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GENETIC MODIFICATION OF STARCH BIOSYNTHESIS PATHWAY IN 

INDICA RICE CULTIVAR IN FAVOUR OF RESISTANT STARCH 
PRODUCTION 

 
Arindam Chakraborty 

Supervisor: Dr. Asitava Basu and Prof. Ananta Kumar Ghosh 
Advanced Technology Development Centre 

Accession No.: NB16237 
 

Oryza sativa essentially a major food crop has been used as food by a large population 
throughout the world. However, high glycemic index and low resistant starch content of 
processed rice often appear as an impediment to continuing its use as staple food for a large 
population; especially who are at the risk of diabetes type 2. To address this problem the present 
study was aimed at developing an improved variety of O. sativa var. Swarna with increased 
amylose through RNA interference of rice starch branching enzyme 3 (RBE 3) gene involved in 
starch biosynthesis pathway in order to facilitate increased resistant starch production after 
cooking Therefore, a fragment of rbe 3 gene of 540 bp was set apart and characterized by the 
presence of the conserved peptide motifs responsible for its substrate binding and catalytic 
activity in the derived amino acid sequence. Additionally, a minimal GluB 1 promoter of 264 bp 
with endosperm-specific motifs was isolated and its efficacy was determined. Introduction of 
RNAi inducing gene silencing cassette under gluB 1 promoter linked with hygromycin resistant 
gene through Agrobaterium mediated transformation in calli from mature embryos of rice 
resulted in the production of four transgenic lines as revealed by PCR amplification and Southern 
hybridization. The endogenous rbe 3 gene was found to be downregulated in varying quantum as 
revealed by northern hybridization as well as by its enzymatic activity in the independent 
transgenic. A direct correlation between down-regulation of RBE 3 and high apparent amylose 
content in rice was observed between transgenic lines with the highest increment of ~ 2 fold 
compared to control. Increase in amylose content in the transgenic lines resulted changes in 
granule surface morphology, granule size, types of crystal polymorph, gelatinization and 
retrogradation properties as well as the increment of resistant starch. Maximum increment in 
resistant starch was observed in T063 line by ~ 2.4 fold. Thus, the present study suggested that 
the suppression of rbe 3 gene is an efficient method to improve rice in terms of increased 
resistant starch production. Furthermore, the presently developed transgenic rice plants have the 
perspective to become useful for consumption by the people suffering particularly from diabetics 
and could be considered to have medical implication.  
  
Keywords: Oryza sativa, amylose, crystallinity of starch, transgenics, resistant starch 
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PRESSURE FIELD SENSITIVE FLEXIBLE MEMS SENSOR SKIN FOR 
SITUATIONAL AWARENESS 

 
Abhijit Kakati 

Supervisor: Prof. Soumen Das 
Advanced Technology Development Centre 

Accession No.: NB16461 
 

An electronic sensor skin that can perceive spatiotemporal variation of physical parameters 
associated with an environment is an integral part of an artificial intelligence system for 
developing situational awareness. Usually, an electronic sensor skin consists of arrays of many 
tiny sensors such as pressure sensor, temperature sensor, strain sensor, humidity sensor, etc. 
Among these sensors, the flexible pressure sensor is an essential part of any electronic skin 
which allows a machine to interact naturally with its environment. The present study aims to 
develop membrane based differential pressure sensor skin using MEMS technology for mapping 
variation of pressure over any surface. The sensor skin was realized with arrays of pressure 
sensor micromachined on biocompatible PDMS elastomer. Initially, micromachining of 
polydimethylsiloxane (PDMS) film was systematically investigated with wet chemical etching 
for developing MEMS structures and is essential for realizing a membrane-based pressure 
sensor. Subsequently, thin Au film microstructure was fabricated on PDMS film for developing 
highly sensitive strain sensitive resistor. As the reliability of a flexible sensor depends on the 
adhesion between the thin metallic film and underneath polymer film, a self-assembled (3-
Mercaptopropyl) trimethoxysilane (MPTMS) molecular adhesive layer was liquid deposited on 
PDMS surface. The random buckles developed on the thin metal film was successively oriented 
by controlled heating without using any ridge surface and prestrain PDMS film. The elemental 
flexible pressure sensor with a single resistor and full Wheatstone bridge configuration was first 
designed for low-pressure sensing range (< 5 kPa) and then simulate in COMSOL Multiphysics 
software for efficient performance considering PDMS as a nonlinear hyperelastic substrate 
material. The simulated model was fabricated with microfabrication technology and then 
characterized for sensitivity, range, hysteresis, response time, power rating, repeatability, RMS 
noise, and flexibility. Finally, pressure sensor skin of 3×4 array configuration was fabricated on 
the same PDMS platform considering a high degree of flexibility and a lesser number of 
processing steps using standard fabrication processes. Experimentally, it was observed that 
sensor skin showed very high sensitivity over a range of 0 - 5.5 kPa and can be integrated on a 
curved surface of radius of curvature as small as 2.3 mm. The pressure field mapping capability 
of the sensor skin was successfully tested for both static and dynamic pressure field. The 
dynamic pressure field was created by moving an underwater cylindrical object near the sensor 
skin. The pressure pulse produced by the moving cylinder was measured by all the pressure 
sensors in the skin and analyzed for comprehending the dynamics of the pressure field. 
 
Keywords: Flexible electronics, etching, MEMS, microfabrication, MPTMS, PDMS, pressure 
sensor, situational awareness, sensor skin, thin film. 
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STRUCTURAL AND FUNCTIONAL STUDY OF 
STAPHYLOCOCCAL SUPERANTIGEN-LIKE PROTEINS 

 
Debabrata Dutta 

Supervisor: Professor Amit Kumar Das and Professor Amit Basak 
Advanced Technology Development Centre 

Accession No.: NB16415 
 

Staphylococcus aureus (S. aureus), a human pathogen, produces an arsenal of virulence factors 
for the survival of the bacterium inside the host. Amongst the repertoire of staphylococcal 
exotoxins, fourteen staphylococcal superantigen-like proteins (SSLs) are located within a mobile 
genetic element called pathogenicity Island in S. aureus genome. SSLs share similar structural 
architecture of classical bacterial superantigens; although they are functionally distinct. Previous 
study shows that SSLs have host immune evasion properties and target different component of 
host immune system, plasma proteins and receptors. SSL3 has been shown to bind the Toll-like 
receptor 2 (TLR2) and inhibit TLR2 activation. SSL7 has been reported to bind complement 
component C5 and inhibit membrane attack complex (MAC) formation and lysis of bacteria. 
 
This study is focused on the crystal structure determination and functional characterization of 
SSL1. The 2.5 Å crystal structure of SSL1 reveals the presence of N-terminal β-barrel and C-
terminal β-grasp domain adopting the classical superantigenic folds. A unique N-terminal dimer 
is found in the SSL1 structure in which β-barrel domains of each monomer is forming the 
dimeric interface. Glu70, His77, Thr112, Glu94 and Arg109 have been identified as dimeric 
interface residues in SSL1. Site directed mutagenesis of SSL1 (Glu70Ala, His77Ala, Glu94Ala 
and Arg109Ala) has been performed and a SSL1 mutant containing all four mutations has been 
purified as monomer in the size exclusion chromatography indicating the roles of these residues 
in dimer formation. A partially conserved glycan binding site has been identified in SSL1 
structure in which a glycerol moiety is placed forming hydrogen bonds with the conserved 
glycan binding residue (Arg208) and His196 of SSL1. This indicates that the partially conserved 
glycan binding site of SSL1 can accommodate new ligand molecule. It has also been revealed 
that SSL1 induces the release of tumor necrosis factor α (TNF-α), a proinflammatory cytokine 
from macrophage cells (Raw 264.7) in a dose dependent manner and a subtle decrease in TNF-α 
level in macrophage culture filtrate after incubation with SSL1 monomer (mutant form) is 
observed when compared with the dimeric form (wild-type). Moreover, human mitogen 
activated protein kinase ERK2 (hERK2) has been identified by pull down assay and peptide 
mass fingerprinting analysis as interacting partner protein of SSL1, SSL7 and SSL10. Pull down 
and reverse pull down of SSLs with cloned and purified hERK2 confirms this interaction. 
Furthermore, it has been shown by nanoLC coupled MALDI MS/MS and peptide mass 
fingerprinting that a post-translationally modified form of plasma IgA1 with hydroxylation at 
Pro285 is affinity purified with SSL7 conjugated sepharose. But the role of hydroxyproline post-
translational modification in SSL7-IgA1 interaction remains elusive and needs to be 
characterized in future. 
 
Keywords: Staphylococcal superantigen-like proteins, SSL1, crystal structure, sitedirected 
mutagenesis, TNF-α, interacting partner, hERK2, peptide mass fingerprinting 
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SHALLOW TO DEEP MACHINE LEARNING ALGORITHMS FOR 
ANATOMICAL STRUCTURE SEGMENTATION IN CLINICAL 

ULTRASOUND AND THEIR APPLICATION TO HIGH DENSITY 
COMPRESSION 

 
Debarghya China 

Supervisor: Prof. Pabitra Mitra and Dr. Debdoot Sheet 
Advanced Technology Development Centre 

Accession No.: NB16476 
 

ULTRASOUND (US) imaging is widely used at primary health-care centers for preliminary 
investigation, as a low-cost alternative to infrastructure intensive clinical imaging modalities like 
computed tomography or magnetic resonance imaging. Since speckle intensity in US images is 
inherently stochastic, clinicians are often challenged in their ability to identify pathological 
regions while reading a 3D volume which is typically rendered as a large collection of 2D 
images. While clinicians aspire using image analysis solutions to identify suspicious regions of 
interest, they are challenged by the limits of data communication framework to transmit and 
archive on long time such voluminous data. 
 
This thesis presents two different approaches to segment anatomical structures in 2D images and 
3D volumes of diagnostic US images. Subsequently these methods are employed to construct the 
compressor block for a high density US compression. The first approach employs mathematical 
modeling of tissue specific likelihood of speckles within known paradigm of US statistical 
mechanics, thereby employing classical machine learning (ML) techniques like random forests 
and random walkers to solve segmentation as a tissue posterior prediction problem. The second 
approach employs a data driven approach of associating stochastic US speckles to tissue types 
employing recent understanding of deep convolutional neural network (CNN) and its adversarial 
learning for semantic segmentation. 
 
In the third contribution, these algorithms are demonstrated for their ability to segment lumen 
and external elastic luminae in intravascular ultrasound (IVUS) with clinical use demonstrated 
for inside-out imaging. The classical ML approach obtains a Dice score of 0:916_0:030 assessed 
on 2D frames and 0:921_0:023 assessed on 3D volume of a whole pullback. The CNN based 
segmentation approach achieves a Dice score of 0:919_0:011 in 2D frames and 0:930_0:080 in 
3D volumes. 
 
In the fourth contribution, its use is demonstrated for outside-in imaging using the thyroid, to 
obtain a Dice score of 0:854_0:066 in segmenting 2D frames and 0:889_ 0:043 with 3D volume 
segmentation while processing each frame of size 372_252 in under 1:23_0:27s. The CNN based 
approach achieves Dice score of 0:900_0:034 in 2D frames and 0:920_0:060 in 3D volumes, 
while processing each frame in under 0:035s using a GPU. A moderate gain in performance 
measured for a CNN based approach is observed over classical ML, while both near the best case 
in segmentation. The data driven approach consuming significantly low processing time 
advocates its use. 
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In the fifth contribution, high density compression of US is presented using the developed 
segmentation methods. The decompressor is an adversarially learned CNN. Achieving a 
compression factor of 750_, the decompressed images retain pathologically realistic speckles 
rivaling standards like Joint Photographic Experts Group (JPEG) and JPEG2000 and recent 
developments likeWebP and Better Portable Graphics (BPG). This is demonstrated by the 50% 
chance of experts to spot an original vs. its compressed version when presented as a pair in a 
visual Turing test. 
 
Keywords: Adversarial learning, deep convolutional neural networks, iterative random walks, 
random forest, ultrasound segmentation. 
 
 
UNDERSTANDING THE MECHANISTIC BASIS OF THIOL STABILIZED 

COPPER NANOPARTICLES AND BIOSURFACTANT STABILIZED 
SILVER NANOPARTICLES IN EXERTING THE ANTIMICROBIAL 

ACTIVITY 
 

Ganesh Kumar. N 
Supervisor: Professor Anindya Sundar Ghosh and Professor Sudip Kumar  Ghosh 

Advanced Technology Development Centre 
Accession No.: NB16306 

 
The use of metallic nanoparticles has gained importance as one of the therapeutic options to treat 
infections. Here, a stable copper nanoparticles (CuNPs) were synthesized using thiosalicylic acid 
and assessed their antimicrobial activities against various Gram-negative bacteria. The CuNPs 
synthesized, had the absorption maxima of 570 nm with a size range of 5-11 nm and face-centred 
cubic (FCC) crystal structure. The bacterial cells in their planktonic and sessile forms were 
susceptible to the CuNPs. Further, the nanoparticles were found to be cytotoxic to murine 
macrophage (RAW264.7) cells below 60 μg/ml. Interestingly, localization of FtsZ and FtsI were 
destabilized in the presence of CuNPs that in turn inhibits bacterial cell division. However, 
expression of oxidative stress defence gene ahpC revealed the possibility of ROS generation 
upon treatment with CuNPs. Overall, we summarize that the CuNPs were synthesized by 
chemical reduction method and has the ability to kill bacteria by arresting cell division and/or 
ROS generation. In addition, in this work the antimicrobial potential of silver nanoparticles was 
also (AgNPs) assessed. Silver nanoparticles (AgNPs) are used as an antimicrobial agent since 
ages. However, it is unknown whether AgNPs exert inhibitory effects over the bacterial cells 
carrying metallo-beta-lactamases (MBLs). Here, using biosurfactin stabilized AgNPs, having a 
size range of 5-25 nm, and we have established its antimicrobial effect against NDMs possessing 
cells. Antimicrobial effectiveness of AgNPs was assessed on E. coli cells harbouring NDM 
genes and its clinical isolates, which showed that the cells expressing NDM become susceptible 
to AgNPs. When sub-inhibitory concentration of AgNPs combined with various groups of beta-
lactams antibiotics, a synergistic increase in sensitivity was observed. Purified NDM enzymes 
were also inhibited by AgNPs, which was revealed by inabilities of NDMs in hydrolysing the 
nitrocefin (a chromogenic cephalosporin) in presence of AgNPs. Further, the results obtained  
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from biochemical analysis indicate that the Ag+ ions possibly bind to the sulfhydryl (SH) group 
of cystine in NDMs to inactivate these enzymes. Nonetheless, these AgNPs have the ability to 
exert antimicrobial activity without affecting the RAW 26.4 and HCT15 host cell viability when 
used at a moderate concentration (<40 μg/ml). In summary, thiol-stabilized CuNPs and 
biosurfactin stabilized AgNPs might serve as good candidates for inhibiting bacterial population, 
either individually or in combination with other antibiotics. 
 
Keywords: Copper-nanoparticles, HR-TEM, bactericidal, Cell division inhibition, DNA 
degradation, AgNPs, Nitrocefin, toxicity to NDM, synergistic effect. 
 
 
 

BIOMICROFLUIDICS IN DEFORMABLE CHANNELS 

 
Kiran Raj M 

Supervisor: Prof. Suman Chakraborty and Prof. Sunando DasGupta 
Advanced Technology Development Center 

Accession No.: NB16359 
 

Despite the phenomenal advancements in medical science and technology, hydrodynamics in 
physiological vessels remains to be poorly understood. A complete analytical treatment of the 
problem is extremely difficult, but the availability of sophisticated experimental systems and the 
support from the numerical simulations has pushed the limits of the current understanding of the 
subject. Coupled with microfluidics technology, in-vitro models for physiological vessels offer a 
good starting point to investigate the fundamental physics of the problem as well as to derive 
quantitative aspects for the design and development of many medical diagnostic devices. 
Microfluidic channels fabricated using polydimethylsiloxane (PDMS) along with blood analogue 
fluids are potential candidates to study hydrodynamics in physiologically relevant deformable 
vessels. In the present work, starting with a simple rectangular microchannel with steady flow of 
a Newtonian fluid, realistic situation of blood flow in physiologically relevant biomimetic 
hydrogel microchannels has been systematically investigated. Detailed studies are carried out 
using pressure drop experiments, deformation analysis using image processing and flow 
visualization using micro-particle image velocimetry (micro-PIV) and micro-particle tracking 
velocimetry (micro-PTV). The prime focus of the thesis is to understand how the deformability 
of the wall affects the hydrodynamics of blood and its components flowing through a 
biomimetically engineered microchannel. Polydimethylsiloxane (PDMS) as well as gelatin are 
used as the base material for fabrication purposes. Newtonian fluid (DI water), non-Newtonian 
blood analog fluid (Xanthan gum solution) and the blood itself in the diluted form as working 
fluids are employed in the present study. Both steady and pulsatile flows are studied in detail. 
Relevant mathematical models are developed to estimate the deformation of the channel walls 
and the predictability of the model is demonstrated by comparing with the experimental results. 
The scope of the work extends from a biofluid dynamic study in deformable microchannel 
transporting complex fluids to design aspects of deformable microchannels for lab-on-a-chip 
applications. 
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Keywords: Microfluidics, Deformable microchannel, Lab-on-a-chip (LOC), Hydrogel, PDMS, 
Xanthan gum, Soft lithography, Non-Newtonian fluid, Blood, Red blood cells (RBCs), Blood 
rheology, Cellular deformation, Image processing. 
 
 

BIOTRANSFORMATION OF RENEWABLE LIGNOCELLULOSIC 
(SUGARCANE TOPS) FOR 2G BIOETHANOL PRODUCTION: A 

SUSTAINABLE ECOFRIENDLY PROCESS DEVELOPMENT 
 
 

Knawang Chhunji Sherpa 
Supervisor: Prof. Rintu Banerjee Prof. and Makarand M. Ghangrekar 

Advanced Technology Development Centre 
Accession No.: NB16269 

 
Second generation bioethanol has been advocated as a promising substitute of petroleum based 
fuels for alleviating greenhouse gas emissions and reducing the dependency on fossil based fuels. 
In the present scenario, bioethanol production on a commercial scale is largely based on food 
grains such as corn and sugarcane which are termed as first generation ethanol. However, using 
first generation ethanol faces a lot of criticism due to the direct use of food as a substrate for 
bioethanol that directly affects the prices of food and its security. Therefore, in order to 
overcome this hurdle, use of lignocellulosic biomass is being exploited in the recent years for 
ethanol production with the help of biotechnological tools that can help in improving the yield of 
ethanol. In this context, green biotechnology offers an encouraging approach towards conversion 
of lignocellulosics into bioethanol. In the present study, sugarcane (Saccharum officinarum) tops 
was used as the substrate of interest for the production of ethanol due to its surplus availability in 
India and rich holocellulose content. Bioconversion of ethanol from lignocellulosic biomass 
majorly depends on an efficient pretreatment process so as to increase the liberation of 
monomeric sugars for efficient ethanol conversion. Laccase, produced from Pleurotus djamor 
was used for alleviating the hindrance imposed by the lignin barrier towards holocellulases 
thereby loosely exposing the cellulose and hemicellulose to be easily acted up on by 
holocellulases during saccharification. Lignin degradation by the catalytic role of laccase was 
able to attain maximum delignification of 79.1 % in 6 h at solid loading of 21 % (w/v) at 40 °C, 
pH of 7 and enzyme titre of 430.30 IU/mL. Upon hydrolysis of the pretreated sugarcane tops by 
cellulase-xylanase produced from Trichoderma reesei RUT C30, maximum reducing sugar of 
508.92 mg/g was obtained under optimized conditions of solid loading 14 % (w/v), temperature 
of 50 °C, incubation time of 7 h, pH of 5 and cellulase titre of 19.33 IU/mL. Comparative 
analysis of ethanol production obtained from separate hydrolysis and fermentation (SHF) and 
simultaneous saccharification and fermentation (SSF) were conducted using Saccharomyces 
cerevisiae. The results obtained showed higher ethanol production in SSF with 5.69 % (v/v) 
ethanol in 30.67 h of fermentation time in comparison to SHF with 3.76 % (v/v) ethanol in 48 h. 
In an attempt to achieve high ethanol concentration, co-fermentation and integrated methods 
were applied in the present study. Co-fermentation using S. cerevisiae and xylose fermenting 
strain AKBR 212 were used in integrated 
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fermentation approaches such as simultaneous saccharification and co-fermentation (SSCF) and 
partially consolidated bioprocessing (PCBP). In the present study, PCBP was conducted by 
performing simultaneous pretreatment and saccharification at 50 °C for 4 h followed by co-
fermentation at 37.8 °C. Maximum ethanol concentration of 7.57 % (v/v) was obtained through 
PCBP in 24.30 h of fermentation time. Growth study of S. cerevisiae and xylose fermenting 
strain AKBR 212 inoculated on hydrolysate of sugarcane tops were also studied along with 
ethanol tolerance study. Mutagenesis of xylose fermenting strain AKBR 212 was also attempted 
with the aim of improving its ethanol tolerance and bioethanol production.  
 
Keywords: Sugarcane tops; Enzymatic pretreatment; Enzymatic saccharification; 
Cofermentation; Bioethanol 
 

GRAPH BASED MACHINE LEARNING TECHNIQUES FOR 
CLASSI_CATION OF HYPERSPECTRAL IMAGES 

 
Ramanarayan Mohanty 

Supervisor: Prof. Aurobinda Routray 
Advanced Technology Development Centre 

Accession No.: NB16400 
 

Hyperspectral imaging technique captures a detailed contiguous spectrum of the received light in 
each spatial position in the image. Since different substances exhibit different spectral signatures, 
hyperspectral imagery is a well-suited technology for accurate image classification. Therefore, it 
is an important task in many application domains. However, the high dimensionality of the data 
presents challenges for image analysis. Majority of the previously proposed classification 
techniques process each pixel independently without considering information about spatial 
structures. Recent research in hyperspectral image processing has highlighted the importance of 
the incorporation of spatial context in a classifier. 

The goal of this thesis is to address the issues that arise before and during the 
hyperspectral image classification; therefore this thesis mainly focuses on the feature reduction 
and classification task of the hyperspectral images. Especially, the major focus of this thesis is to 
work on both linear and nonlinear feature reduction as well as feature extraction with application 
to the classification of the hyperspectral data. In this thesis, we have developed some advanced 
graph based feature reduction techniques for better classification of hyperspectral data by using 
both the spectral as well as spatial domain information. 

In the first objective, we noticed that the majority of the algorithms assume that the data 
is in linear Euclidean space and perform the task without considering the data geometry, which 
degrades the performance. To address that issue, we developed a geometry aware mapping 
technique that maps the hyperspectral data to a new discriminative space for better classification 
performance. 

In the second objective, we observed that the majority of these feature reduction 
techniques are based on L2-norm, which is very sensitive to noise and outliers. To tackle that 
problem, we developed a new graph based L1-SC method. Although the L1-SC handles the noise 
and outliers issue, it ignores the correlation property of the data. Hence, again we extended that 
work with a newly developed regularizer "Trace lasso and proposed TL-L1GC for handling the 
sparsity and correlation adaptively. The TL-L1GC considers all the samples of the class as well 
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as spectral information of the data. To make it more robust and computationally efficient, we 
reformulate it to the spatial spectral TL-L1LGC method. 

Then in the third objective, we proposed a graph based spatial spectral regularized local 
scaling cut (SSRLSC) feature reduction technique to handle the data singularity and the small 
sample size (SSS) problem. However, the SSRLSC ignores the data nonlinearity and limited 
training sample problem. Hence, in the fourth objective, we proposed a semi-supervised 
manifold learning technique semi supervised spatial spectral regularized manifold local scaling 
cut (S3RMLSC). The S3RMLSC handles both nonlinearity and limited training sample problem. 

In the final objective, a spectral graph based deep neural network classifier has been 
investigated for better classification performance. This deep graph based classifier uses the 
geometrical structure of the data. The new techniques, developed in this thesis, improve 
classification results as compared to the previously proposed methods and thus show great 
potential for various image analysis scenarios. 

 
Keywords: Dimensionality reduction, hyperspectral image, graph cut, trace lasso, spatial- 
spectral, semi-supervised, manifold, graph convolution neural network, scaling cut, local scaling 
cut. 

 
 

MEMS BASED MICRONEEDLE AND MICROPUMP FOR 
TRANSDERMAL DRUG DELIVERY SYSTEM 

 
Richa Mishra 

Supervisor: Prof. T. K. Bhattacharyya and Prof. T. K. Maiti 
Advanced Technology Development Centre 

Accession No.: NB16467 
 
The development of drug delivery devices which can administer large and viscous drug 
molecules in a painless way has gained momentum recently. In this work, design, fabrication and 
characterization of microneedles and micropump has been addressed which are integral parts of 
drug delivery systems for delivering drug transdermally. For microneedle design, hollow 
cylindrical structure (100μm external diameter, 40μm inner diameter and 500μm length) of SU-8 
is chosen. These microneedles have flow in the laminar regime (Reynold’s number 3.9). The 
microneedles were fabricated by two processes of UV photolithography and direct laser writing 
(DLW) where it was seen that microneedles by DLW (optimised dosage 1277mJ/cm2) were 
better than microneedles by UVL process. They possessed hardness and Young’s modulus of 
0.3GPa and 4.94GPa. The maximum compressive and bending forces for the microneedles were 
reported as 0.27N and 0.022N per microneedle respectively. Flowrate of deionised (DI) water 
through the microneedle was found to be 0.017μL/s at 8 KPa. These microneedles could 
penetrate successfully in mice and rat skin.In order to enhance strength and biocompatibility of 
microneedles, Carbon Microelectromechanical systems (C-MEMS) based process was adopted 
where glassy carbon microneedles (outer diameter 55μm, inner diameter 35μm)were obtained by 
pyrolyzing the SU-8 microneedles precursor (outer diameter 100μm, inner diameter 70μm) in a 
novel attempt. This process increased their hardness 8 times and Young’s modulus 4.8 times.  
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These microneedles had 418 times higher compressive strength and 363 times higher bending 
strength than the skin resistive forces. These microneedles did not break even after multiple 
insertions in mice skin and showed a flowrate of 0.012 μL/s of DI water at 8KPa. For 
micropump, flatwalled nozzle diffuser based design was chosen and ionic polymer metal 
composite (IPMC) membrane based actuation showed better results than piezoelectric actuation 
at voltages (3-8 volts). Gold coated Nafion 115 membrane showed resonant frequency 150Hz in 
air. This micropump achieved flowrate of 30μL/min at 5V square wave at 0.1Hz. Future work 
shall encompass the integration of the microneedle and micropump with the drug reservoir 
(Indian patent pending design) to form an integrated transdermal drug delivery system. 

 
 

Keywords:  Microneedle, micropump, C-MEMS, microfabrication, transdermal drug delivery 
 

 
 

SECURITY ANALYSIS OF ATTRIBUTE BASED ACCESS CONTROL 
SYSTEMS 

 
Sadhana Jha 

Supervisor: Dr. Shamik Sural 
Advanced Technology Development Centre 

Accession No.: NB16174 
 

Attribute based access control (ABAC) has been emerging as a suitable choice for access control 
due to its exibility in expressing various types of security policies. In ABAC, subjects are 
granted access to resources based on the set of attribute values they are associated with. 
However, the exibility of ABAC comes with increased complexity of the system makes 
management of attribute assignments a tedious job, which that cannot be done single-handedly. 
Access control policies of an organization can be enormous and might involve hundreds of 
subjects and thousands of resources. Moreover, to ensure appropriate access control, they are 
often associated with constraints. Since access control mechanisms, which are instantiation of 
access control models, are used to enforce these policies, it is of utmost importance to understand 
and analyze the security properties of access control models prior to their deployment in any 
system. This dissertation focuses on designing a comprehensive administrative model for 
decentralized administration of ABAC systems, enforcement and verification of constraints in 
ABAC and security analysis of ABAC in the presence of the proposed administrative model. 

In this work, we present an attribute based administrative model for ABAC, named as 
AMABAC. It uses ABAC itself to administer a user ABAC system (an ABAC system without 
administrative components). AMABAC includes a set of twenty administrative relations and 
commands to manage the various components of ABAC. While administrative relations define 
the set of attribute values an administrative user should be associated with in order to perform 
modifications in the components of user ABAC, administrative commands are used for 
performing the actual modifications. 

Next, we introduce the problem of SoD verification in ABAC (ABAC-VFSoD) and the 
problem of SoD enforcement verification in ABAC (ABAC-EF-SoD) in ABAC systems. While  
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ABAC-VF-SoD aims at verifying whether a set of policies is enforced in a state of an ABAC 
system, the objective of an instance of ABAC-EF-SoD is to verify whether a set of SoD policies 
remains enforced across state transitions. The problem of ABAC-VF-SoD has been proved to be 
CoNP-complete and two different approaches have been proposed for solving it. Based on the 
di_erent scenarios in which solving an instance of ABAC-EF-SoD is required, different classes 
of ABAC-EF-SoD problems have been identified and their solutions have been discussed. 
Effectiveness of the proposed solutions for solving the instances of ABAC-EF-SoD has been  
evaluated using a large set of experimental data sets. Finally, we present methodologies for 
performing security analysis of ABAC systems in the presence of AMABAC. The analysis has 
been done using the Alloy analyzer and the µZ tool. The Alloy analyzer is a SAT based model 
checker and µZ is a fixed point constraint solver developed as an integral part of Z3 SMT solver. 
Both are freely available and have been widely used for verifying properties of a system. Impact 
of the various components of ABAC as well as AMABAC on the time taken for analysis has 
been studied. 
 
Keywords: ABAC, Administrative model, SoD verification, SoD enforcement, Security 
analysis, Alloy analyzer, µZ 

 
 

SUSTAINABLE DEVELOPMENT OF GREEN AND ECO-FRIENDLY 
PROCESS FOR BIOBUTANOL PRODUCTION UTILIZING NON-EDIBLE 

LIGNOCELLULOSICS 

 
Sanjeev Kumar 

Supervisor: Prof. Rintu Banerjee 
Advanced Technology Development Centre 

Accession No.: NB16259 
 

Energy demand is escalating continuously due to rapid industrialization and modernization of the 
world which leads to depletion of fossil fuels and increases the cost of fuels. Higher consumption 
of fossil fuels increases the emission of greenhouse gases (GHGs), which adversely impacts the 
biodiversity and environment. Hence, concern towards energy security and environment has 
shifted our attention towards developing alternative fuel from renewable resources. Biobutanol, 
bioethanol and biodiesel represent major liquid transportation biofuels among which biobutanol 
has greater energy density and is compatible with the existing transportation infrastructure unlike 
ethanol and biodiesel. 
 
Biological butanol production from first generation feedstock makes the process economically 
unviable because of the high cost of the raw materials that incurs 60-70 % of the total production 
cost. In this milieu, the second generation (2G) feedstocks are an alternative to reduce the cost of 
the raw materials. Lignocellulosic feedstock is a potential source of sugars owing to the presence 
of a large percentage of cellulose and hemicellulose. Agricultural residues, energy crops, and 
agro-industrial wastes are attractive 2G feedstock for biobutanol production. Lignocellulosic 
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biomass is sufficiently abundant and generates low net greenhouse emissions, thus can be an 
ideal precursor to produce biofuels. 
 
In the present study, Bambusa bambos was used a raw material for biobutanol production which 
is rich in holocellulose content (~62 % w/w on the dry weight basis) and has no commercial alue. 
India has the second largest diversity of bamboo in the world and produces 5.4 million metric 
tons of bamboo residues annually. Laccases from Pleurotus djamor and cellulases-xylanases 
from Trichoderma reseei RUT C30 were used for delignification and enzymatic hydrolysis of 
holocellulose, respectively. Enzymatic hydrolysis of laccase pretreated bamboo was optimized 
through central composite design (CCD) based response surface methodology (RSM) and 
maximum reducing sugar 529.53 mg/g reducing sugar was obtained in 8 hours of 
saccharification time with 76.24 %, w/w saccharification efficiency. Simultaneous pretreatment 
and saccharification (SPS) of bamboo was carried out using enzyme cocktail of laccases from 
Pleurotus djamor and cellulases-xylanases from Trichoderma reseei RUT C30 for pretreatment 
and producing reducing sugar in single step to save energy and time. After optimization of SPS 
process using CCD based RSM maximum reducing sugar (503.11 mg/g) was obtained in 8 hours 
of incubation time with saccharification efficiency of 72.44 %, w/w. Reducing sugar obtained 
through separate pretreatment and enzymatic hydrolysis (SEH), and SPS were evaluated for 
butanol production using Clostridium beijerinckii ATCC 55025-E604. Fermentation studies 
showed that similar efficiency of fermentation of both SEH and SPS hydrolysate. Further 
optimization of butanol production from SPS hydrolysate was carried out and after optimization 
of the fermentation process maximum butanol 11.54 g/L was obtained with the yield of 0.231 
g/g-reducing sugar with productivity of 0.192 g/L. h. 
 
Keywords: Bamboo, Laccase, Pretreatment, Clostridium beijerinckii, Fermentation, Biobutanol 
 
 

IN VITRO STIMULATION OF ISOLATED RETINA WITH FLEXIBLE 
MULTIELECTRODE ARRAY FOR EPIRETINAL PROSTHESIS 

 
Satarupa Biswas 

Supervisor: Prof. Soumen Das 
Advanced Technology Development Centre 

Accession No.: NB16459 
 

Epiretinal prostheses typically stimulates the surviving neurons of the retinal circuitry, in blind 
patients with photoreceptor degeneration diseases like Retinitis Pigmentosa and Age related 
Macular Degeneration. Although, existing implants restore vision empowering patients with 
execution of daily life activities, enhanced resolution and color incorporation is necessary to 
improve the performance. In this dissertation, the electrode-tissue interface was studied under in-
vitro condition to understand the conversion of external (electrical and optical) stimulus to 
biological signals in the retina. In this context, a multielectrode array (MEA) with a hexagonal 
arrangement, of alternating ground and recording electrodes surrounding a stimulating electrode, 
was proposed through simulation study of electrical and thermal parameters for focal stimulation 
and uniform recording from retinal ganglion cells (RGC) using COMSOL Multiphysics  
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software. Further, using photolithography technique, the MEA of gold thin film disc electrodes 
was fabricated on exible Polydimethylsiloxane (PDMS) surface, in which the buckling of thin 
_lm due to PDMS substrate added advantages over rigid substrate in terms of lower impedance 
and higher charge injection capacity. Additionally, normal goat retina, having morphology 
comparable with other vertebrates commonly used for retinal investigations, was standardized 
optically using histology and OCT, and electrically with impedance spectroscopy. To illustrate 
the contribution towards epiretinal prosthesis research, in vitro experiments were conducted with 
normal goat retina for comparison of light and electrically evoked responses. Wavelength 
information of a light stimulus and effects of variation of stimulus parameters for both light and 
electrical stimuli were decoded from the RGC responses through _ring rate, interspike interval, 
latency analysis, and estimation of generalized linear model. Through successful clustering of 
certain light and electrical responses, this study proposes that the wavelength information could 
be encoded through specific electrical stimulus pulse parameters, which envisage the potential of 
introducing color through epiretinal prosthesis.  
 
Keywords: Epiretinal electrical stimulation, colored light stimulation, retinal ganglion cell 
responses, spike train, multielectrode array, exible PDMS substrate, isolated goat retina, 
electrical impedance spectroscopy, thickness from OCT images. 

 
STUDY OF LAND COVER FROM REMOTELY SENSED IMAGES 

 
Shashaank M. A. 
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Current research investigations using remotely sensed images are offered with a plethora of 
sources to explore land cover/ land use applicability. In the last two decades, various techniques 
have been developed for classification of satellite imageries. A vast majority of them are 
supervised/ semi-supervised approaches that require manual selection of samples for each class. 
Some of the unsupervised approaches are based on hard thresholds which are particular to image 
acquisition modules. In this study, unsupervised classification techniques have been proposed to 
classify land cover in multi-spectral and hybrid polarimetric SAR imageries. A set of rules has 
been defined using the properties of spectral slopes for selecting training samples from multi-
spectral imageries, which are used for training a machine learning algorithm to classify the land 
cover into three/ five classes. Then, using hybrid polarimetric SAR images, the scatter values 
from land surface are clustered into three primary scattering mechanisms. In this case, pseudo-
power components from Stokes parameters based decompositions of SAR data are used. These 
pseudo-power components are clustered into latent classes (scatter components) using finite 
mixture models with multivariate Gaussian distribution priors. Through multi-spectral images, 
land features are characterized by their spectral reflectance. SAR images would give an idea of 
the land cover with reference to scattering characteristics. These two modalities of images, i.e., 
multi-spectral and hybrid polarimetric SAR imageries, are used to form their combined features 
to classify land cover. Two different kinds of perceptions of land cover by these two modes of 
imageries are semantically bridged to infer seven distinguishable land cover classes in an 
unsupervised framework. Such multi-modal pipeline imbibes advantages of both spectral and 
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scattering properties in analyzing the land cover classes. The defined land cover classes in each 
of the classification schemes are generic in existence which are commonly found in majority of 
inhabited regions of globe, leading to generalization of the proposed classification techniques. 
Experiments show robustness of the proposed classification pipelines across different imagery 
products and study regions. The adaptability of such generic classification technique in 
application to specific target detection algorithm is also demonstrated through a case study on 
open-cast coal mine detection problem. Classification maps are assessed by validating them with 
manually collected ground truths that are in sync with temporal stamps of imagery products. 
 
Keywords: Unsupervised land cover classification, polarimetric SAR data, hybrid polarized SAR 
images, multi-spectral images, multi-modal image analysis. 
 

 
MONOCULAR VISION BASED MAP GENERATION FOR MOBILE 

ROBOT 
 

Soumabha Bhowmick 
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Advanced Technology Development Center 
Accession No.: NB16344 

 
Map generation is a process of learning of a robot about the environment it shall be acting on. Its 
primary task is to get the information about location and orientation of various objects, present in 
the environment, in a globally consistent coordinate system, and store these information in a 
suitable data structure for the navigation of a robot freely in the environment. The primary 
objective of the work done in this thesis is to develop a monocular vision based map. Two types 
of approaches have been considered in this regard, namely metric mapping and topological 
mapping. A metric map preserves the spatial properties of an environment. Whereas, a 
topological map is a qualitative representation, where each location is usually mapped as a node 
in a graph. 
 
Targeted for mainly an indoor arena, a novel metric mapping technique has been proposed. The 
navigable region has been extracted from a frame, and the world coordinates of the navigable 
region have been computed from these images. A probabilistic occupancy grid has been used to 
map the world coordinates to form a composite map. Path planning algorithms on an occupancy 
grid have also been proposed in this work. Two types of algorithms have been proposed, namely 
path planning using distance minimization, and path planning exploiting the geometry of the 
obstacles. In the former, the next location is chosen in such a way that the distance from the goal 
is minimized. This algorithm suffers from the problems of local minima for which an algorithm 
exploiting the geometry of the obstacles has been proposed. This algorithm provides a near 
optimal path in a computationally efficient way, as compared to many state of the art algorithms. 
However, the proposed representation in occupancy grid does not ensure precise obstacle 
boundaries. Moreover, as the dimension of the mapped arena increases, the path planning 
becomes computationally expensive. For building a topological map, a vocabulary based 
approach has been proposed. But it suffers from huge computation overhead. A global feature  
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based topological map has been proposed, to avoid the task of building vocabularies in a 
dynamic environment. But these algorithms have certain parameters, which change as the 
mapping environments change. However, to overcome these limitations, a local feature based 
map generation technique has been proposed. Experiments have been carried out using several 
benchmark topological mapping datasets, and it has been observed proposed technique provides 
superior performance compared to the state of the art techniques. 
 
Keywords: SLAM, Metric map, Topological Map, Occupancy Grid, Path Planning, Floor 
segmentation, Convex hull, Vocabulary, Global feature descriptors, VLAD, ULBP, Local feature 
descriptors, SIFT, SURF, ORB, KD-tree, Perceptual Aliasing. 

 

STUDIES ON TWO DIMENSIONAL MOLYBDENUM 
DISULFIDE NANOSTRUCTURES FOR 

HETEROJUNCTION PHOTONIC DEVICES 
 

Subhrajit Mukherjee 
Supervisors: Prof. Samit K. Ray & Prof. Soumen Das 

Advanced Technology Development Center 
Accession No: NB16131 

 
Limited use of graphene in optoelectronics opens the door for 2D molybdenum disulfide (MoS2) 
for photonic applications due to the presence of a size tunable bandgap (∼1.2−1.9 eV), moderate 
mobility (∼100 cm2.V−1.s−1), absence of dangling bonds, flexibility, efficient multiple carrier 
generation etc. However, most of the devices reported using MoS2 nanosheets have either very 
small device area requiring complex nanolithography process or exhibit inferior properties. 
Moreover, the low yields of highly crystalline, luminescent MoS2 layers hinder their widespread 
application in devices.  
 
In this dissertation, the synthesis of highly luminescent, size controlled MoS2 nanocrystals (NCs) 
using a simple yet inexpensive and impurity free sono-chemical exfoliation method is reported. 
The present investigation demonstrated strong and progressively tunable optical properties of 
MoS2 NCs with superior excited charge carrier life time, as compared to MoS2 flakes. Thus, size 
tunable optical characteristics enable the selection of the spectral detection range for tunable 
devices applications just by controlling the MoS2 NCs size. The structural phase transformations 
of as-synthesized MoS2 NCs have been extensively monitored by optical and electrical probing 
to explain the possible conduction mechanism in details. Electrical carrier transport through NC 
assemblies was modeled for different temperature regions to reveal the presence of multiple 
conduction mechanisms. Collectively the size-, phase- and temperature-dependent charge 
transport properties of MoS2 NCs assembly is systematically presented here and provided a 
thorough understanding of electrical conduction. Several new methodologies have been explored 
to improve and engineer the performance of MoS2 based nanoscale photonic devices. The 
fabricated metal-semiconductor-metal (MSM) type photoconductor using MoS2 NCs exhibits a 
peak responsivity of ~200 mA/W. Wafer scale, vertical 2D/3D hybrid heterojunctions using n-
type MoS2 NCs integrated with p-type Si have been realized and characterized.  
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The heterojunction exhibited excellent diode characteristics suitable for multifunctional 
optoelectronic devices, where it works as an emitter in forward bias and photodetector in the 
reverse bias. The device exhibits a significantly enhanced and broad band spectral response with 
a peak responsivity of ~850 mA/W and detectivity of ~8 × 1011 Jones, making it attractive for 
integration with CMOS compatible devices. The electroluminescence (EL) characteristics of 
fabricated heterostructures exhibit white light emission (450-800 nm) which is stable over a wide 
temperature scale (10-350 K) exhibiting its efficacy for LED applications. Keeping in mind the 
growing demands of modern ultrathin, flexible, broadband, high-speed photonic devices for large 
scale industrial production, 0D/2D hybrid heterostructures, using MoS2 nanosheets and PbS 
quantum dots on flexible (PET) platform have been successfully fabricated and the device 
characteristics are thoroughly investigated. Maximum responsivity of the photodetector has been 
found to be ~412 mA/W and ~540 mA/W for ~500 nm and ~1200 nm illumination, respectively. 
In order to achieve the enhanced light matter interaction in 2D MoS2, Au nanostructures were 
incorporated on top of a CVD grown MoS2 film. Optical simulation of the hybrid heterostructure 
interfaces was done to explain the detection selectivity tuned by varying the size, shape, 
periodicity and dielectric environment of Au nanostructures on MoS2 film and their enhanced 
light-matter interactions. The fabricated hybrid Au-MoS2 nanostructures showed an improved 
optical absorption, illustrating enhanced responsivity in the visible wavelength region, making 
them attractive for selective and multicolor photon detection. Overall, the results of this study 
reveal a pathway and potential of colloidal MoS2 NCs and MoS2 based hybrid heterostructures 
for future large area, ultra-dense CMOS compatible photonic integrated circuits. The 
performance of the devices presented in the dissertation is found to be comparable or even 
superior to that of commercially available photodetectors. 
 
Keywords: MoS2, Tunable optical properties, Charge transport properties, Photodetector, CVD, 
Plasmonics. 
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STATISTICAL SIGNAL PROCESSING AND DEEP LEARNING 

 
Suman Samui 

Supervisor: Prof. Indrajit Chakrabarti and Prof. Soumya Kanti Ghosh 
Advanced Technology Development Centre 

Accession No.: NB16385 
 

This thesis primarily focuses on effectively utilizing statistical signal processing and deep 
learning technologies in the single-channel speech enhancement task. The statistical estimation 
based approaches to speech enhancement mainly process the signal in a time-frequency 
representation, more often than not in the short-time Fourier transform (STFT) domain. In the 
majority of these techniques, the short-time spectral amplitude (STSA) is modified (enhanced) 
by applying a gain function which can be derived from the assumed statistical spectral 
distribution of speech and noise signal, while the noisy spectral phase has been left unaltered. 
This is mainly because of the earlier trend towards unimportance of phase in audio perception. 
However, many recent experimental studies have shown the positive impact and usefulness of  
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the phase spectrum for improving the speech intelligibility and perceived quality in the context 
of speech enhancement. These observations have led to the development of various speech 
enhancement techniques in the present thesis which exploit the properties of spectral phase. We 
have termed these proposed techniques as phase-aware speech enhancement methods. Firstly, 
we have derived the gain function of a phase-aware parametric Bayesian STSA estimator under 
the generalized Gamma speech prior assumption. In addition, the performance of the proposed 
psycho-acoustically motivated Bayesian STSA estimator has been evaluated with different types 
of STFT domain phase estimation methods. Furthermore, a new phaseaware spectral subtraction 
method, namely Multi-Band Complex Spectral Subtraction has been proposed for enhancing 
speech in low SNR conditions. Next, we have delved into the intricate theoretical details of the 
learning algorithm necessary to train a deep neural architecture for developing a Time-Frequency 
masking based speech enhancement system. It has been mainly established that significant 
performance improvement can be achieved if the deep neural network is pre-trained by using 
Fuzzy Restricted Boltzmann Machines, rather than using regular Restricted Boltzmann 
Machines, and if phase-sensitive training target is selected for DNN training. Next, leveraging 
the temporal information in speech, a single-channel speech enhancement framework using 
Recurrent Temporal Restricted Boltzmann Machines has been proposed to jointly model all the 
sources within a mixture as targets to a deep recurrent neural network. 
 
Keywords: Speech Enhancement, Deep Learning, Time-Frequency Masking, Bayesian 
Estimator, Phase-Aware Speech Enhancement. 

 
 

POLYMER AND SILICON WAVEGUIDE BASED  
STRUCTURES FOR PHOTONIC INTEGRATED CIRCUIT  

APPLICATIONS 
 

Swagata Samanta 
Supervisors: Dr. Pranabendu Ganguly & Prof. Pallab Banerji 

Advanced Technology Development Centre 
Accession No: NB16145 

 
Design and development of SU-8 polymer and silicon waveguide-based devices are undertaken 
in this thesis work. Design of these step-index waveguides for both transverse electric (TE) and 
transverse magnetic (TM) polarizations has been accomplished using effective index-based 
matrix method; and the results are validated with finite difference time domain method. Initial 
fabrication attempt for obtaining single-mode SU-8 waveguides is made using laser direct 
writing technique on thermally oxidized silicon substrate with 375 nm continuous-wave laser 
source. Measured propagation losses of PDMS- and air-cladded SU-8 wire waveguides of 5.3 
μm width and 1.35 μm thickness are 0.30 dB/mm and 0.51 dB/mm respectively. From measured 
mode profiles of single-mode SU-8 waveguides, refractive index profiles and mode index of 
waveguide have been extracted at 1550 nm wavelength, which match reasonably well with 
designed values. A feasibility study with focused ion beam lithography shows that it is well- 
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suited to fabricate photonic crystal structures or making any precise modifications in micro- and 
nano-scale photonic waveguide structures, rather than fabricating conventional long waveguides. 
Proceeding with I-line optical lithograpgy using chrome mask, optical directional coupler, 
laterally-coupled microring resonator (MRR) and a photonic crystal structure on SU-8 
waveguide are developed using plasma enhanced chemical vapour deposited oxide layer on 
silicon substrate. Characterization of MRR has been performed using a simple setup consisting 
of a semiconductor laser diode emitting 1550 nm wavelength, grating monochromator, and 
InGaAs detector. Obtained free spectral range of MRR for TE mode is 16nm, which matches 
well with the simulated value of 16.76 nm. Through port of this fabricated MRR can be used as 
an optical bandpass filter around 1565 nm transmitting wavelength with a 3-dB bandwidth of 
5.36 nm. Photonic crystal structure fabricated by focused ion beam lithography on SU-8 wire 
waveguide may be applied in optical integrated circuits as input/output light coupler. A three-
waveguide polarization-independent power splitter using coupled-silicon rib waveguides on 
silicon-on-insulator platform of device layer thickness 5 μm, has been designed and 
demonstrated. Measured total insertion loss and power imbalance between output ports for 
transverse electric and transverse magnetic modes confirm the polarization-independent behavior 
of the device. 

Keywords: single-mode waveguide, rib waveguide, wire waveguide, mode index, bent 
waveguide, coupled waveguides, micro-ring resonator, photonic crystal, power splitter, effective 
index based matrix method, refractive index profile, polarization-independent, I-line lithography, 
laser direct writing, focused ion beam lithography, cut-back method, SU-8, silicon photonics. 

 

GENETIC MODIFICATION OF LIGNAN BIOSYNTHETIC 
PATHWAY TO INCREASE SECOISOLARICIRESINOL 

DIGLUCOSIDE CONTENT IN SESAMUM INDICUM 

T. Gayatri 
Supervisor: Prof. Nirupama Mallick 

Advanced Technology Development Centre 
Accession No: NB16144 

 
Sesamum indicum, an important oilseed crop, is also well known for its therapeutic values since 
ancient times. It is one of the richest sources of several health beneficiary lignans. However, its 
potentiality as nutraceutical is restricted due to the presence of secoisolariciresinol diglucoside 
(SDG), a potent anticarcinogen, in imperceptible amount (~ 0.03 mg/25 gm of seeds). Therefore, 
a rational approach was undertaken to enhance the SDG content in S. indicum by heterologous 
expression of pinoresinol- lariciresinol reductase (plr) gene of Forsythia intermedia through 
biotechnological interventions. A reproducible regeneration and transformation system for 
sesame was developed, as evidenced by histological studies of the presently developed gfp 
transformed sesame lines. Thereafter, four individual transgenic lines were (PT01, PT04, PT07 
and PT08) generated by Agrobacterium-mediated transformation of pCAMBIA/Fiplr gene 
cassette into S. indicum, as indicated by PCR and Southern blot analyses. The segregation pattern  
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was found to follow the Mendelian law of inheritance as provided by hygromycin selection of 
the seeds of T0 lines. Among the T1 progenies, PT11.1 was found to show higher expression (~ 
3.5 fold) of plr transcript when compared to untransformed control as showed by real time PCR. 
The plant also showed an increased PLR enzyme activity by ~ 2 fold with respect to 
untransformed plant. The present transgenic line exhibited better accumulation of SDG content 
(increased by ~ 3 fold) compared to untransformed control as displayed by the HPLC analyses of 
lignan of defatted sesame flour. Thus, the study suggested that the presently developed FiPLR 
transgenic sesame line may have the better perspective, due to favourable increase of SDG 
content in its seeds, to become useful for consumption by the people suffering particularly from 
estrogen induced cancers and could be considered to have significant medical implication. 
 
 
Keywords: Estrogen related cancer, Secoisolariciresinol diglucoside, Pinoresinol Lariciresinol 
reductase, Sesamum indicum, direct regeneration, Agrobacterium mediated-transformation. 

 
 

CANTILEVER TYPE DIELECTRIC BREAKDOWN ASSISTED 
IONIZATION SENSORS FOR ON-CHIP APPLICATIONS 

 
Tania Mukherjee 

Supervisor: Professor Tarun K. Bhattacharyya 
Advanced Technology Development Center 

Accession No.: NB16204 
 

Energy efficient miniaturized devices with enhanced sensor performance for system-on chip 
application are the present need. The thesis overcomes the challenges of risky high voltage 
operation, bulky, complex device architecture, unstable and irregular signal output and high-
power consumption of ionization-based sensors through the design, and development of 
cantilever type corona discharge (CD) mediated dielectric breakdown (DB) based devices with 
an array of poly Si micro-tips as the top electrode. The sharp micro-tip corners and the narrow 
inter-electrode gap facilitate in the generation of high electric field E~10 MV/m sufficient to 
cause DB at low bias voltage Vb=10 V. DB is associated with avalanche free ionization process 
and collision less transport which helps to achieve stable and controlled output signal. The 
mechanical stability of the cantilever type device against external vibrations was reduced through 
design of dual beam structure. This dual beam architecture increases the effective width of the 
suspended beams and reduces the cross-axis vibration due to their anti-directional twisting. The 
phenomenon of DBAI is utilized in the development of (a) ambient pressure sensors, (b) 
chemical recognition and concentration determination of leakage gas (L-gas) and (c) food 
storage environment (FSE) monitoring. The e-avalanche free DB assisted ionization (DBAI) and 
collision free transport provided fast response, increased electrical stability, and reduced 
hysteresis error in the output signal current and thus utilized for real time ambient pressure 
monitoring in the wide dynamic range (DR) of 10-4-50 mbar. Continuous food storage  
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environment (FSE) monitoring device was realized on a single chip through the integration of 
temperature (TSEN) and CO2 sensors, where they independently monitor the respective 
variations in temperature and CO2 gas concentrations in storage ambience. The TSEN and CO2 
sensor operate in a wide dynamic range of 253-303 K and 0.05-1 pp respectively and can be used 
for monitoring FSE of wide variety of food products. The thesis also demonstrates the 
development of DBAI based sensing platform for diverse gases using the multi-tip devices. 
Owing to the chemical selectivity of DBAI to different gases, the GSEN was integrated with 
TSEN for recognition and detection of various binary mixtures of leakage gases in air. The major 
contribution of the thesis lies in the design and development of DBAI based miniaturized, and 
energy efficient devices for system on chip applications. 

 

COUPLED MODEL STUDY ON UPPER OCEAN HEAT 
CONTENT AND CYCLONE-EDDY INTERACTIONS 

OVER THE BAY OF BENGAL 

Anandh T S 
Supervisor: Prof. Arun Chakraborty and Prof Jayanarayanan Kuttippurath 

Center for Oceans Rivers Atmosphere and Land Sciences 
Accession No.: NB16255 

 
The Bay of Bengal (BOB) of the North Indian Ocean is unique due to its location, seasonal 
reversal of surface winds, huge river discharge and high monsoonal precipitation. The BOB is 
also influenced by remote forcing from the equatorial Indian Ocean (EIO) and western Pacific 
Ocean. As a part of this study, long-term analysis of Ocean Heat Content (OHC) in BOB, using 
measurements and model simulations, indicates a positive trend since 1998, and the heat flux 
diagnosis suggests accumulation of heat in the central BOB. Also, a regional coupled Ocean-
Atmospheric model is customised and validated for the BOB region, and the simulations attest 
the observed increase in upper ocean heat content, which could also intensify cyclones during La 
Nina years. The intensification of cyclones in BOB is influenced by the changes in upper ocean 
conditions and the remote forcing. The study shows that coastal eddies are influenced by remote 
forcing from the EIO, as the simulations exhibit distinct signatures of remote forcing by the 
positive and negative Indian Ocean Dipole (IOD) events. The model well simulates the track of 
cyclones with slight underestimation for the minimum central lower pressure and maximum 
surface winds. This study also finds that the cyclones are intensified by eddies in BOB. The eddy 
feedback to cyclones as estimated from the model simulations indicates that the structure of eddy 
and depth of mixed layer affect the amount of energy transfer from the ocean to atmosphere. The 
eddy feedback factor for the cyclone Phailin is about 101 (45%), Aila is 41 (80%), Laila is 30 
(78%) and Hudhud is 87 (84%). These analyses, thus, suggest that model is able to reasonably 
simulate air-sea interactions over the bay. 

 
Keywords: Bay of Bengal, Air-Sea interactions, coupled model, OHC, cyclone, eddy, IOD 
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ANALYSIS OF TROPICAL CYCLONE ACTIVITY OVER NIO 
BASINS AND ITS NUMERICAL STUDY OF AIR-SEA 

COUPLING USING MESOSCALE COUPLED MODELING 
SYSTEM 

 
Balaji M 

Supervisors: Dr. Arun Chakraborty and Dr. Prasad Kumar Bhaskaran 
Center for Oceans, Rivers, Atmospheres and Land Sciences 

Accession No: NB16163 
 
 

Tropical Cyclones (TCs) are atmosphere-ocean coupled weather systems, wherein complex 
oupled atmosphere-ocean interactions occur in terms of energy transfer at various timescales. 
The large scale atmosphere-ocean variability are observed to cause significant changes in TC 
activity over major tropical basins like North Atlantic and Western North Pacific at inter-annual 
and inter-decadal time scales. Also, atmosphere-ocean feedback system that occur during the 
lifetime of TCs modulates their intensity. The present work addresses the role of large scale 
atmosphere-ocean coupled variability on TCs through analysis of TC activity over NIO basins 
based on historical datasets and investigates atmosphere-ocean coupled feedback system using 
Mesoscale Coupled Modeling System (MCMS).  
TC activity over NIO basins is analyzed using an energy metric called Accumulated Cyclone 
Energy (ACE). ACE indicates a clear increasing trend in NIO owing to observed increase in 
frequency and duration of intense cyclones (wind speed >64 knots). The statistical change-point 
analysis reveals the shift in mean ACE from 1997, with twofold increase observed in ACE for 
the recent epoch (1997-2014). The mean genesis location of intense cyclones exposes a 
longitudinal eastwards shift of 2:3° in Bay of Bengal (BOB) during the recent epoch, which 
potentially increased the TC duration. Total column water vapor and sea surface temperature 
show good agreement with TC variability. Analysis of large scale variability reveals that increase 
in frequency of intense storms post 1997 concur with the cold phase of Pacific decadal 
oscillation (PDO). The co-existence in cold phase of Pacific decadal oscillation with strong La-
Nina, negative Indian ocean dipole and negative phase of tropical intra-seasonal oscillation are 
the deciding factors for strong TC activity over NIO basins. Evaluation of MCMS indicates the 
significant improvement in the prediction of cyclone intensity through implementation of air-sea 
coupling. The peak intensity, landfall position and time are accurately predicted by MCMS, 
whereas the uncoupled simulation over predicted the storm intensity. A numerical study of BoB 
cyclone Phailin (2008) shows the significance of two-way atmosphere-ocean feedback system. 
The model study reveals the formation of stable boundary layer over the cold wake, which cut-
down convection over and downstream to the cold wake. 
 
Keywords: Accumulated Cyclone Energy, Mesoscale Coupled Modeling System, Air-sea 
interactions and Stable Boundary Layer. 
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COASTAL VULNERABILITY ASSESSMENT STUDIES FOR THE WEST 
BENGAL COAST, INDIA 

 
Nalakurthi N V Sudharani 

Supervisor:  Prof. A.N.V. Satyanarayana and Prof. Prasad Kumar Bhaskaran 
Centre for Oceans, Rivers, Atmosphere and Land Sciences 

Accession No.: NB16226 
 

Coastal zones are widely exposed to different environmental factors such as sea level rise (SLR) 
wind-wave action, coastal slope, bathymetry and geomorphic features, tropical cyclones and 
associated storm-surges, salt water intrusion etc. The anthropogenic intervention with increased 
population and infrastructure, and lack of basic facilities additionally increases stresses upon 
coastal zones. Over the years, importance of coastal zones has fairly increased and one needs to 
acknowledge the regional level stresses and their transferability throughout. The coastal 
vulnerability assessment is not related to one particular parameter, but comprises a combination 
and influence of different parameters with one single motive. The common theme would be to 
analyse and describe the elements that determine the vulnerability rate of coastal systems and 
their response to climate change. The present study aims to improve the understanding of coastal 
vulnerability with respect to parameters at the regional level and also develop a coastal 
vulnerability map with different hazards and risks. This is accomplished starting with the 
influence of climate features ENSO and IOD on sea level variations and the sea level 
climatologic trends along the Indian coastal states using the tide-gauge data. The Indian coast, 
especially, Sundarbans along the WB (West Bengal) coast is highly susceptible to natural 
disasters and highly vulnerable to SLR and tropical cyclone induced storm-surges. One of the 
major hazards over WB coast is shoreline shift and its influence on the local geomorphologic 
setting. Lower coastal elevation levels along with high population density makes this region 
highly vulnerable. Consequently, a comprehensive assessment of integrated coastal vulnerability 
for WB is developed. One prime factor included in the integrated vulnerability index is, salt 
water intrusion that shows varying impact over the coastal zone. Addition of social parameters 
further enhanced results for the management and adaptation policies at regional level. This result 
clearly brought out the vulnerability variability range at closer proximity. Especially in North-
24-Parganas region it is distinctly visible. Overall, the study recommends that understanding the 
coastal zones is a need and necessity especially in context to changing climate scenario that 
requires regular monitoring specifically over the low lying and ecologically sensitive regions.  
 
Keywords: Vulnerability, Costal Management, CVI, shoreline change, sea level rise, Coastal 
inundation, salt water intrusion. 
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MODELLING FOREST COVER RESILIENCE USING GEOSPATIAL 
APPROACH 

 
Pulakesh Das 

Supervisor: Dr. Mukunda Dev Behera and Dr. V. M. Chowdary 
Centre for Oceans, Rivers, Atmosphere and Land Sciences 

Accession No.: NB16446 
 

The structure and function the forest ecosystem are continuously degrading due to 
overexploitation of ecosystem services supplemented with anthropogenic and climate alterations 
at a much higher rate than would cause by the natural processes only. The differential impact of 
anthropogenic activities and climate alteration in assessing the forest cover resilience is 
understudied, especially in consideration with the role of precipitation in defining forest cover 
resilience. This thesis (i) assessed the impact of climate and anthropogenic alternations on forest 
cover distribution, (ii) estimated climate dependent forest cover resilience using empirical 
modelling, (iii) projected forest cover resilience using empirical and dynamic vegetation 
modelling (DVM), and (iv) prescribed PAs planning prescriptions based on forest cover 
resilience protocol in India. This study was performed in two different landscapes as (a) India, 
where the forest cover are more dependent of anthropogenic disturbances than climate, compared 
to the (b) Hindu Kush Himalayan (HKH) mountainous region, characterized by less 
anthropogenic than climate drivers. The Dyna- CLUE model well captured the past trends as 
well as the spatial heterogeneity for the study sites and projected the future probable LUFC 
distribution. At river basin scale, the role of anthropogenic disturbances in forest degradation 
was prominent than climate. In the HKH mountainous region, the impact of anthropogenic 
activity follows the negative logarithmic trend indicating higher disturbances at the lower 
altitudes. The life form map derived using ‘percentage of tree canopy cover’ data overestimated 
the scrub and grassland and underestimated forest cover spread in India, it provided first-hand 
data for forest cover monitoring at medium scale. The forest covers in drier regions exhibit lower 
resilience; whereas, the majority of forest covers in India estimated highly resilient owing to the 
precipitation limits of 1400 mm. The higher resilience capacity of forest cover indicates that it 
can withstand minor climate disturbances, followed by scrub and grassland. Majority of the 
scrubs and grasslands in wet precipitation regime may experience regime shift to forest and 
scrubs, respectively, if the anthropogenic disturbances are called off. The identified precipitation 
regimes and thresholds (indication of tipping points) is expected to have conservation 
implications. The MC2 DVM well performed in life form simulation and productivity 
estimation, where the biases in global climate data would induce the majority of the observed 
differences. The MC2 simulated and projected results exhibits, the forest cover in wet climate 
regimes were highly resilient; however, the lower resilience in the seasonal dry tropical forests 
(SDTF) in Deccan Peninsular region; could be indicating the moisture limitation in this region. 
The protected areas conservation prioritization was done based on the current, and future 
resilience state for the forest dominated. The future scope of the study may include the 
components as plant dispersal, life form co-existence and anthropogenic contributions in the 
MC2 DVM to better simulate the vegetation distribution. The identified forest cover resilience 
maps and precipitation thresholds have potential implications in ecological research, forest 
management and conservation of South Asian countries including the HKH region. 
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CHARACTERISING LAND DEGRADATION IN THE INDIAN GANGA 
RIVER BASIN USING GEOINFORMATICS 

 
Shafique Matin 

Supervisor: Professor Mukunda Dev Behera 
Centre for Oceans, Rivers, Atmosphere and Land Sciences 

Accession No.: NB16465 
 

Land degradation is a long-term loss of ecosystem functions and productivity and its 
characterization requires a deep understanding of the related biological, physical, chemical and 
morphological properties. Land degradation in the drylands lead to irreversible process of 
desertification, thereby may affect the global food production by up to 12% over the next 25 
years. There are different approaches for assessing land degradation such as field measurements, 
expert’s opinion, remote sensing indicators and modelling. However, integrated studies 
combining sets of indicators are either limited or restricted to local studies. The advantage of 
combining multiple indicators includes the opportunity of targeting different dimensions of land 
degradation. Vegetation is one of the most important indicators of the ecosystem health; and a 
loss in the vegetation cover, species invasion, and forest fragmentation can trigger land 
degradation process. Increase in the aridity and evapotranspiration may accelerate the formation 
of barren land, coupled with increased runoff and soil erosion. Geoinformatics is a powerful tool 
and have the ability to cover large and inaccessible areas and can provide long-term repetitive 
coverage of the land degradation indicators. In this thesis, an integrated indicators-based study 
was carried out to characterize the land degradation in Indian Ganga River Basin (IGRB). 
Indicators were selected from different spheres of environment with emphasis on vegetation 
based indicators. The study further discriminates the cause of land degradation into natural and 
human-induced. Finally, a land degradation sensitivity index (LDSI) map was prepared and 
validated using independent variables; that depicts the magnitude of land degradation, having 
management implications.  
 
Land use and forest cover (LUFC) type mapping for three-time periods (1975, 1995 and 2010) 
were carried out using 312 satellite (Landsat TM) scenes for the IGRB with 47-LUFC classes 
(40 vegetation and 7 non-vegetation). Change in the area statistics suggested the highest negative 
change (loss) in the dry deciduous forest and grasslands, with an increase in the conversion to 
artificial surface and barren land. Forest fragmentation as an evidence of land degradation was 
measured to account the degradation during 1975 and 2010 using the customized SPLAM 
software. Relatively lower fragmentation was observed in low fragmented areas (fragmentation 
value 1; 23%) which was decreased to 12% in the 2010 fragmentation map. Aridity index (AI) 
calculation was done for 1975 to 2010 to identify the regions with different sensitivity levels for 
land degradation. Maximum AI anomaly was observed in three pockets of the basin with an 
alarming aridity departure of >2 in 36 districts. To discriminate human-induced land degradation, 
rain use efficiency (RUE; 2000-2010) and the Residual trends (RESTREND) analysis was 
conducted. The RUE distribution map for 15 years’ duration (1995-2010) generated using 
MODIS NPP and CHIRPS rainfall data at 0.25-degree scale clearly indicates degradation of the 
drylands in the south-western part of the IGRB and south east pocket comparing to aridity index. 
However, a detailed investigation into RUE pattern exhibited deviation trend during 2000-2008 
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in the covariance matrix. Human-induced land degradation was identified in the eastern part of 
the IGRB using RESTREND analysis. A good correlation observed between NDVI and soil 
moisture (R2: 0.62) and NDVI and rainfall (R2:0.61), also talks about the accuracy of 
RESTREND output. The analysis showed conversion to barren land and degraded forest 
indicating accelerated rate of land degradation. The land degradation sensitivity was assessed 
using the Mediterranean Desertification and Land Use (MEDALUS) method, wherein sixteen 
indicators of land degradation were grouped into four indices of land quality (vegetation, 
climate, soil, and management). The indicators were rasterized and rescaled to 4115 m2 cell size, 
using the statistical downscaling algorithm. A total of 37% of the IGRB was found under the 
critical category of land degradation, 47.28% under fragile category and only 14.23 % land were 
found not-affected by any form of land degradation. Validation of the LDSI map resulted in a 
significant correlation between low LDSI; and high diversity (r2:0.66), and high soil moisture 
availability (r2:0.92). Based on the LDSI output, vegetation distribution and health a total of 51 
districts in IGRB were recommended for immediate action to avoid further land degradation. In 
which 25 districts marked under high priority, 18 districts with moderate priority and 8 districts 
under low priority.  
 
A rapid increase in the land degradation was observed in the IGRB that is well-correlated with 
(a) the increase in human population density from 400 persons/ Km2 to 887 persons/ Km2 
during the year 1971 to 2011, (b) the natural forest cover decline (by 6131 Km2) and (c) 
improper land management. The vegetation cover loss is marginal while vegetation quality 
degradation was substantial, indicating the impact of land degradation in the IGRB. The human 
contribution to aridity change was evident with significant anomaly in three pockets of IGRB. 
The integration of indicator variables critically estimated the magnitude of land degradation that 
further validated with the inversely proportional relationship with field-sampled plant diversity 
and soil moisture. Hence, the use of Geoinformatics tools to characterize large and inaccessible 
lands with indicator-based integrated analysis is suggested for land degradation study. Overall, 
this thesis provides a logical synthesis of the role of remote sensing for land degradation 
assessments and integration of other data into a GIS format. 
 
 

KELVIN WAVES AND THEIR IMPACT ON UPPER OCEAN 
CHARACTERISTICS OF THE BAY OF BENGAL 

 
Subhra Prakash Dey 

Prof. Mihir Kumar Dash 
Centre for Oceans, Rivers, Atmosphere and Land Sciences 

Accession No.: NB16282 
 

The thesis attempts to study the Kelvin waves and their effect on upper ocean characteristics of 
the Bay of Bengal (BoB) using observations, reanalysis datasets and the Regional Ocean 
Modeling System (ROMS). The first part of the thesis finds employing numerical experiments 
with a climatological setup of ROMS that the seasonal Kelvin wave signals in the coastal BoB 
become prominent and realistic with inclusion of river runoff to the model. For example, the 
second downwelling Kelvin wave (dKW) is prominently recognized in the coastal BoB. The 
second part explores using Reanalysis data that the interannual variation in the time rate of 
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change of upper ocean heat content (UOHC) in the BoB is correlated to meridional heat transport 
through its southern boundary. The second upwelling Kelvin wave (uKW) becomes strong and 
the second dKW is replaced by an uKW in the positive Indian Ocean Dipole (IOD) – El  Niño 
co-occurrence years, resulting in southward heat transport in the eastern bay. The opposite 
scenario happens during the negative IOD – La Nina co-occurrence years. The UOHC in the 
BoB shows the presence of quasi-biennial oscillation being prominent during 1994 – 2000. The 
numerical experiments with an interannual setup of ROMS show that this biennial variation in 
the BoB is linked with that over the eastern equatorial Indian Ocean UOHC through coastal 
Kelvin waves. The period 1994 – 2000 witnessed two positive IOD – El  Niño, one negative 
IOD – La Niña co-occurrence years, one negative IOD only, and one La Niña only year. The co-
occurrences along with individual occurring ENSO and IOD bring out the quasi-biennial 
variation prominent in the period. Finally, the thesis examines the characteristics of Kelvin 
waves during pre-monsoon period of June Indian summer monsoon years, 2009 and 2012, 
occurred during recent global warming hiatus. It is found that the strength of the first uKW was 
reduced in these years. This resulted in lowering the cyclonic EKE by 35% and 50% during April 
– May of 2009 and 2012 respectively; whereas, cyclonic eddy area is reduced by 18% and 24% 
respectively. The reduction in cyclonic eddy activity reduces the upwelling which is reflected in 
UOHC, thermocline depth, and primary productivity also.  
 
Keywords: Kelvin waves, Upper ocean heat content, Interannual variability, ROMS, Bay of 
Bengal, River runoff. 
 

INVESTIGATION OF INTERANNUAL AND INTRASEASONAL 
VARIABILITY OF INDIAN SUMMER MONSOON USING HIGH 

RESOLUTION REGIONAL CLIMATE MODEL 
 

Suman Maity 
Supervisor: Dr. ANV Satyanarayana 

Center for Oceans, Rivers, Atmospheres and Land Sciences 
Accession No: NB16160 

Present study primarily focuses on the investigation of Indian Summer Monsoon (ISM) and its 
spatio-temporal variability through seasonal scale simulation (SCS) using Regional Climate 
Model. RegCM version 4 is employed for this purpose. The model was customized through 
sensitivity studies on cumulus convection (CCS) and land surface (LSM) parameterization 
schemes based on SCS of ISM. Two different model versions viz., RegCM4.1 and RegCM4.4.5 
with five CCSs namely, MIT, KUO, GRELL, GO ML and GL MO and three LSMs such as 
BATS, CLM (version 3.5) and CLM (version 4.5) are considered in this study. Results from 
different combinations of CCSs and LSMs are analyzed and verified with observation/reanalysis 
datasets. Analysis of the results indicate that RegCM4.4.5 in combination with CLM4.5 and GO 
ML scheme performed better in simulating different synoptic features during ISM. Variability of 
ISM rainfall at interannual (IAV) and intraseasonal (ISV) time scales based on 32 years (1982 - 
2013) SCS of customized RegCM4 are investigated and verified with the high resolution rainfall 
observation data from India Meteorological Department. Model performance is evaluated over 
all India as well as over different homogeneous regions. Based on the analysis, the model is able 
to capture spatial distribution of climatological rainfall, surface temperature and wind. However, 
large deviation is noticed in their temporal variation. An attempt has also been made to evaluate 
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the impact of soil moisture (SM) initialization towards SCS of ISM. Numerical simulations are 
conducted using customized RegCM4, initialized with satellite derived and high resolution SM 
data by replacing the default SM data during two contrasting monsoon years such as normal and 
deficit monsoon years. The ingestion of high resolution SM data has shown improved model 
performance by reducing the unusual biases that are observed in model simulations with default 
SM. But the model could not capture different epochs of ISM accurately, thereby, influences its 
ability to predict the temporal variation. Based on the results, the present study advocates that the 
use of high resolution RegCM4 model, within its limitations, can be employed for the 
understanding and prediction of ISM rainfall variability.  
 
Keywords: Indian Summer Monsoon, Regional Climate Modeling, Interannual Variability, 
Intraseasonal Variability, Soil moisture, Monsoon Rainfall. 
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The Ooty Radio Telescope (ORT) is being upgraded to function as a linear radio-interferometric 
array the Ooty Wide Field Array (OWFA). This is expected to operate at central frequency of νc 
= 326.5MHz that directly corresponds to the HI radiation from a redshift zc = 3.35. OWFA can 
operate simultaneously in two independent radio-interferometricmodes - PI and PII. Observation 
of the HI 21-cm signal holds the possibility of being a valuable cosmological probe over large  
redshift range in the cosmic history. Such observations are however dominated by the different 
astrophysical foregrounds that pose a challenge towards measuring the redshifted HI 21-cm 
signal. In this thesis we have made quantitative predictions for measuring the HI 21-cm power 
spectrum using OWFA. In the post-reionization era (z ≤ 6) the HI 21-cm power spectrum is 
believed to be a biased tracer of the underlying matter power spectrum, and thereby of the 
underlying matter distribution at that epoch.  
 
First, we have used the Fisher matrix analysis to predict the prospects of measuring the 
redshifted HI 21-cm power spectrum with OWFA. We have particularly aimed at making 
predictions of the Signal-to-Noise Ratio (SNR) for measuring AHI where A2 HI sets the 
amplitude of the HI 21-cm power spectrum. We found that it is possible to have a 5 – σ 
measurement of AHI with 150 hrs of observation using OWFA PII. We have next made SNR 
predictions of for measuring the amplitude of the HI power spectrum in a number of k-bins using 
OWFA PII. This can be used to place constraints on the shape of the HI 21-cm power spectrum. 
We found that a 5−σ measurement of the binned HI 21-cm power spectrum is possible with 1000 
hrs of observation in the k-range 0.05 ≤ k ≤ 0.3Mpc−1. It should be noted that both the studies 
have ignored the effect of foregrounds and any possible radio-interference in these analyses. 
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We have further considered the possibility of measuring the cross-correlation of the OWFA 
redshifted HI 21-cm signal and the Lyman-α forest from a spectroscopic survey like SDSS-IV. In 
addition to being an independent probe of cosmology, the cross-correlation signal has the 
advantage that the effect of foregrounds are less severe as compared to the HI 21-cm 
autocorrelation signal. Our results show that it is possible to have a 6 − σ detection of the cross-
correlation power spectrum with OWFA PII using an observing time of 200 hrs each in 25 
independent fields-of-view. It is possible to have measurements of the binned cross-correlation 
power spectrum at a confidence level of 5 − σ or more for a number of k-bins at k ≤ 0.3Mpc−1. 
 
Simulations play a crucial role in testing and validating HI 21-cm power spectrum estimation 
techniques. The computational requirements may be large if we wish to simulate large number of 
statistically independent realizations of the HI 21-cm signal over a large cosmological volume 
incorporating both the chromatic response of the telescope parameters and the Light-Cone (LC) 
effect. This motivates us to consider an analytical method for simulating the HI 21-cm visibility 
signal expected at OWFA. This requires less computation as compared to numerical simulation 
techniques, and also accounts for the both the chromatic response of the telescope and the LC 
effect. We demonstrate and validate our method by applying it to simulate HI 21-cm visibility 
signal expected for OWFA PI. 
 
Keywords: Cosmology, large scale structure of the Universe, intergalactic medium, diffuse 
radiation, neutral hydrogen, statistics, cross-correlation, power spectrum. 
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Perforated plate matrix heat exchangers (PPHEs) are constructed of a stack of high thermal 
conductivity perforated plates interspaced with low thermal conductivity spacers. They offer high 
surface area density, uniform flow distribution, reduced longitudinal heat conduction loss and 
manufacturing advantage over other types of compact heat exchangers. The PPHEs are increasingly 
used in cryogenic refrigeration and liquefaction systems, cryosurgery, air separation plants and 
helium plants etc.  
 
Standard equations for heat exchangers do not serve the purpose of designing cryogenic PPHEs 
because of the complex mechanism of heat transfer and longitudinal heat conduction losses through 
the walls. The design is obtained either numerically or by using approximated analytical equations. 
Analytical or closed form expressions offer many advantages such as straight forward solution, less 
computational time etc. and they can be used in design optimization and studying transient behavior 
of the heat exchanger.  



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 29 

 

 
The existing closed form expressions for PPHEs, however, are available only for balanced flow 
conditions. In many applications e.g. gas liquefiers or process plants involving multiple fluids, the 
heat exchangers often operate in unbalanced flow conditions. Therefore, the first work done in this 
thesis is to derive (or modify the existing ones) expressions for unbalanced flows. Initially, 
unbalanced flow with longitudinal heat conduction only through the separating wall is considered. It 
is proved that an analytical expression for a balanced flow can be used for an unbalanced flow by 
using a modified axial conduction parameter. In order to study the effect of the outer wall, 
performances of PPHEs having various flow channel geometries are computed numerically. The 
studies indicate severe performance degradation for very low mass flow rate or for high NTU heat 
exchangers. The available closed form expressions with longitudinal heat conduction only through 
the outer wall and for balanced flow are modified for using them in unbalanced flows.  
 
Analysis of PPHEs requires convection heat transfer coefficient at the outer wall. The complex 
geometry of a PPHE, however, makes it difficult to obtain heat transfer coefficient at the outer wall. 
Considering this uncertainty, investigations on the influence of heat convection or heat transfer 
coefficient (at the outer wall) on the heat exchanger’s performance are carried out and approximate 
way of solution is brought out.  
 
Having obtained the closed form expressions, with axial conduction losses separately for fluid 
separating and outer walls, the next step considers the combined effect of both the walls. In such a 
case, the governing equations are strongly coupled and closed form analytical expression is not 
possible to obtain even for balanced flow heat exchangers. In the present work, a procedure for 
obtaining analytical solution considering both the wall effects and with balanced as well as 
unbalanced flows is presented.  
 
Another issue which strongly influences the design of PPHEs is the heat transfer and flow friction 
correlations. A number of correlations for perforated plates are available in literature. However, they 
do not include all the geometrical variables. In this thesis, heat transfer and flow friction correlations 
as functions of all the variables are developed by using an efficient numerical model. From the 
computed. 
 
 

HIGH POROSITY OPEN-CELL METAL FOAM AS  
EXTENDED HEAT TRANSFER SURFACES 
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Development of open porous metal foam with porosity more than 90% is relatively new. The 
prospects of using this novel material as extended heat transfer surfaces in some of the 
applications pertaining to cryogenic activities have been explored in this dissertation. Uses of 
metal foam as fins have been envisaged in the recuperative type thermal devices, namely, passive 
cryogenic radiators and heat exchangers where the radiative and convective modes of heat 
transfer are predominant. One of the prerequisites for using this newly created material in the 
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aforesaid equipment is the thermal characterisation of open-cell metal foam subjected to 
radiative and convective heat transfer conditions. Appropriate experimental investigations duly 
supported by theoretical studies are the primary objectives of this work. 
 
Experimentation as well as mathematical modelling of open porous foam, owing to the 
complexity involved in the convoluted morphology, is often challenging. Working with the 
digitized replica of the real foam sample or idealized geometry like Weaire-Phelan and Kelvin 
cell structures needs special computational tools, whereas the model based on simplified 
geometry such as cubic-cell model can make foam analysis relatively easier. In this dissertation, 
both the cubic-cell model and the three dimensional actual foam images have been used. In the 
process of digitizing metal foam using X-ray micro-computed tomography (μ-CT), simultaneous 
verification of the foam physical parameters, like pore density and porosity, against the values 
provided by the supplier has been done. 
 
On this backdrop, experimental radiative characterization of open-cell metal foams has been 
carried out with the aim of using it as radiant fins in passive cryogenic radiators for space 
applications. It includes: (1) measurement of cool-down time-temperature profiles of several 
(copper and aluminium) foam samples in a space-like vacuum environment at liquid nitrogen 
temperature and (2) determination of steady-state metal foam radiative cooling capacity as a 
function of temperature. Afterwards, the thermo-hydraulic behaviours of open-cell foam have 
been gauged experimentally considering widespread thermal applications of open porous metal 
foam fin subjected to convective fluid flow. 
 
The experimental data, in all cases, are in good agreement with the outcomes predicted by the 
analytical and computational studies involving the aforementioned foam models. Moreover, the 
precise foam geometrical model, in combination with the commercial computational software, 
creates unique opportunity of probing some of the finer radiative and convective aspects which  
are usually beyond the scope of most experimental investigations. Finally recommendations have 
been proposed to decide the optimum foam-fin length depending on the open-cell metal foam 
geometric characteristics and environmental conditions (convective or radiative). 
 
Keywords: Porous metal, aluminium foam, copper foam, simple cubic-cell, X-ray μ-CT, thermal 
radiation, cool-down, passive cryogenic radiator, radiative cooling capacity, forced convection, 
microscopic probing, optimum fin length, experimental study, analytical model, computational 
simulation 
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Parameterized analytical models that describe the trimmed in flight behavior of classical aircraft 
have been studied and are widely accepted by the flight dynamics community. Therefore, the 
primary role of aircraft parameter estimation is to quantify the parameter values which make up 
the models and define the physical relationship of the flight vehicle with respect to its 
surrounding environment. Aerodynamic models play extremely important role during aircraft 
design cycle and also during aircraft exploitation life for pilot training on modern flight 
simulators. Aerodynamic model parameters are traditionally defined in experimental tests in 
wind tunnels and using various computational methods. Identification of aerodynamic model 
parameters using time processes of motion parameters registered in special flight tests are also 
now well developed technology. These methods are well documented and widely used meeting 
needs of aeronautical industry. However new tasks in aeronautics need fast and reliable on-line 
identification methods for aerodynamic characteristics for example implementation of adaptive 
automatic control, flight envelope prediction, determination of aerodynamic characteristics for 
impaired aircraft, etc. Earlier computational intelligence (CI) and machine learning (ML) 
evaluation methods has been used outside of aeronautical applications have now proved to be 
potent tools to meet new challenges in aerodynamic model identification. In the present work the 
identification of aerodynamic models and evaluation of model parameters have been considered 
on the basis of proposed Adaptive Neuro Fuzzy Inference System (ANFIS) network (Chapter 4) 
in combination with three different computational optimization intelligent methods, the Particle 
Swarm Optimization (PSO) method (Chapter 4-ANFIS-PSO), the Genetic Algorithm (GA) 
method (Chapter 5 - NF-GA), and the Artificial Bee Colony (ABC) method (Chapter-6 - 
HNFABC). The obtained results for estimated parameter, considering ATTAS, HANSA-3 and 
HFB-320 aircraft, in all three proposed approaches are compared with results predicted using 
traditional parameter estimation methods, the Least Squares (LS), the Maximum Likelihood 
Estimation (MLE) and the Filter Error Method (FEM). Presented comparisons demonstrated the 
efficacy of the proposed estimation methods based on the artificial intelligence methods and also 
inherited some of their advantages in case of noisy signals of recorded motion parameters. To  
validate the methodology, proof of match exercise is carried out and then compared with the 
predicted and the actual values. The proposed methodology is investigated for parameter 
estimation of the aerodynamically stable aircraft, the highly maneuvering unstable aircraft. A 
comprehensive theoretical analysis is carried out to explain the parameter estimation process and 
nature of the estimates, pertaining to linear and nonlinear unstable aircraft dynamics, using the 
ANFIS PSO, NFGA , and HNFABC approach. It is shown that the new estimation methods yield 
results, which closely match with the observed values. Results from classical methods are 
presented. Equation for the standard deviation is derived and verified through numerical 
simulation. Moreover, parameter estimates from simulated noisy data for unstable aircraft are 
also presented to assess and support the theoretical developments presented. It is shown that 
these methods give comparable results; however, the proposed approaches yield more accurate 
result in presence of noise. Moreover, the results of the approaches have been compared to the 
results obtained from the classical methods. The proposed methods approach does not suffer 
from numerical instability and are robust; those does not rely upon priori knowledge, 
sophistication of mathematical model and choice of initial guess value. These techniques can be 
extended to the nonlinear aerodynamic regime and to the unstable aircraft parameter estimation. 
 
Keywords: Flight Dynamics, artificial intelligence, ANFIS, Time Domain, Parameter 
Estimation, System Identification, ABC, PSO, GA. 
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Sloshing is a fascinating physical phenomenon characterized by the oscillation of the 
unrestrained free surface of liquid in a partially filled container due to external excitation. The 
phenomenon is of great engineering importance associated with several engineering applications. 
The general problem involves the viscosity and compressibility of the liquid, complicated 
temporal and spatial motion of the liquid free surface, the elasticity of the container walls and the 
inertias of both. The surface tension at the free surface may become important in situations 
where the gravity force is small. Often, a liquid tank contains submerged components that 
contribute greatly to the overall dynamical behavior of the system. In addition, the dynamic 
boundary condition at the fluid free surface is nonlinear and the position of the free surface 
varies with time in a manner not known a priori. The need for economization of space and cost 
add another dimension to the problem. 
 
The solution of the completely general problem is not essential in many practical applications 
and many simplifying assumptions can be made. The effects of fluid viscosity and 
compressibility are usually very small and their contribution to slosh dynamics can most often be  
neglected. Further, the resulting fluid motion in the sloshing of contained liquid is usually small 
and the convective momentum transport can be neglected. If the free surface displacements are 
assumed small, the related boundary conditions become linear. These assumptions are found to 
work quite satisfactorily in both uncoupled and coupled slosh dynamic problems. 
 
In the present study, the slosh dynamic problems are modeled using the above assumptions. To 
simplify the problem further the container is assumed rigid. The problem is discretized in the 
fluid domain using Galerkin finite element with isoparametric quadrilateral and triangular 
elements. The finite element semi-discretized equations are integrated in time using iterative 
time-stepping techniques. The complete numerical algorithm is coded in C++ and is used to 
solve large number of sloshing problems. The present thesis is focused to containers with 
internal components as slosh suppression devices. Attempts are made to evaluate the efficacy of 
horizontal baffles, bottom-mounted and surface-piercing vertical baffles, perforated baffles and 
screens as dynamic control devices in rectangular and cylindrical tanks. Performances of the 
various control devices are analyzed and their dependence on various parameters is enumerated. 
Slosh dynamics of contained liquid in triangular and trapezoidal tanks and in their capped 
variants are also investigated. Investigations are further carried out for liquid sloshing in 
cylindrical, conical, truncated conical and capped conical tanks. Efficacy of ring baffles and 
coaxial cylindrical baffles in a cylindrical tank is also investigated wherein coaxial baffles are 
found to be more effective anti-slosh device. Numerical results are presented that assess the 
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applicability of the developed code. The studies show that the surface-piercing vertical baffles 
are the most efficient dynamic control devices. While a vertical screen with a large bore is found 
most suitable for slosh suppression, a screen with multiple bores is more effective in reducing 
baffle loading and providing flow uniformity. The trapezoidal tanks are found most suitable from 
stability against sloshing point of view as the base shear and overturning moment in trapezoidal 
tanks are considerably smaller than in other tanks of same volume.  
 
Keywords: free surface, sloshing, horizontal baffle, bottom-mounted baffle, surface-piercing 
baffle, perforate baffle, screen, ring baffle, coaxial cylindrical baffle, triangular and trapezoidal 
tanks, conical tanks, frustum, cap 
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By using the laser-induced spark ignition method, the challenges associated with environmental 
pollutants and the production of clean energy can be possibly addressed. In this regard, the 
method was applied using two lasers (one with low pulse energy (LPE) of 270 mJ/pulse, and 
another with high pulse energy (HPE) of 50 mJ/pulse) to investigate the ignition phenomenon of 
the atomized ethanol-air spray. With the LPE, no display of ignition was observed even though it 
fulfils the threshold conditions. Therefore, the experiment with LPE raises some questions to our 
current understanding. This study answers these questions by highlighting some points raised by 
pioneers in this field. These answers were further supported by providing experimental evidence 
while applying a HPE. It was observed that the breakdown created by the LPE was unable to 
ignite ethanol-air spray mixture because the lifetime of the plasma kernel was very small (in 
microseconds). While performing the study with HPE, it was observed that the breakdown 
becomes a sufficient condition for ignition only when the lifetime of the kernel lasts for few 
milliseconds. If the kernel does not continue for milliseconds, then ignition will not occur even 
after energy deposition, the energy left with plasma kernel is higher than minimum ignition 
energy 
(MIE). 

To clearly understand the interaction of the breakdown plasma and the fuel spray this 
study provides some important additional data of laser-induced breakdown (LIB) in ambient air. 
This additional data led to an enhanced physical understanding of blast wave, third lobe, and 
plasma kernel. In addition, this understanding aided in answering the questions regarding 
requirements for initiation of ignition by LPE. To make a useful guideline for designing practical 
laser ignition system, this study has proposed the favorable conditions for initiating ignition after 
LIB, which also summarises the overall phenomenon into three chronological stages with their 
physical time of occurrence. Knowledge of the proposed conditions is not only important for the 
fundamental understanding of the laser-ignition process, but it can also play a vital role in the 
selection of lasers, optical windows, and beam delivery system for the design of a practical laser 
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ignition system. A new framework is presented in this study to explain a previously unexplained 
(generation of third-lobe) and newly observed physical phenomena (generation of fourth-lobe 
and multiple shock-waves). Additionally, this study also presents the role of the third lobe to 
help ignition, a new two temperature photoionization equation based on Saha ionization 
equation, relativistic approach for calculation of shockwave expansion, spray formation process 
with their effect on spray velocity and spray ignition, and successive laser energy deposition to 
enhance the lifetime of the plasma kernel. 
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The atomization of blended liquid droplets with biofuels as the additives has the potential to 
reduce the harmful pollutant emissions as well as increase the combustion efficiency. Since 
droplets form the sub-grid level component of a spray, it is of utmost significance to understand 
the physical mechanisms responsible for the atomization in such blended droplets during their 
combustion. In this dissertation, the sequence of events associated with the breakup phenomena 
in burning multi-component droplets comprising components with large volatility differential is 
studied using time-resolved high-speed imaging. The droplets consist of alcohols as the higher 
volatile components while jet fuel and tetradecane are chosen as the lower volatile components. 
The occurrence of physical processes such as nucleation, bubble growth, and bubble breakup are 
studied in detail. It is showed that along with bubble growth via micro-bubble coalescence; vapor 
growth also occurs through the merging of large bubbles due to an increase in the rate of bubble 
nucleation in the droplet. For the blended droplets with a relatively low volatility difference 
between the components, only bubble expansion contributes to the breakup. In contrast, for 
blends with high volatility differential, both bubble growth, as well as the Rayleigh-Taylor (RT) 
type of instability at the interface, contribute towards droplet breakup. After the inception of RT 
instability, capillary wave propagation is also witnessed on the droplet surface. The breakup of 
the vapor bubble results in the creation of ligament that subsequently undergoes pinch-off into 
one or more secondary droplets depending on its aspect ratio. The ligament pinch-off 
mechanisms are observed to govern the diameter and velocity of secondary droplets along with 
succeeding volumetric shape oscillations in the parent droplet. The observation of a crown-like 
sheet expansion and its subsequent atomization is also studied in burning fuel droplets with 
significant volatility differential (ethanol/tetradecane). The breakup of high-pressure vapor 
bubble results in the formation of radially expanding crown-like hemispherical sheet. The 
expansion of the liquid sheet and the development of radial ligaments on its destabilized rim 
results in the creation of several secondary droplets. 
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Keywords: Multi-component droplets; Bubble breakup; Ligament breakup; Plateau-Rayleigh 
instability; Rayleigh-Taylor instability; Crown formation. 
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Large eddy simulation (LES) of high-speed compressible flows over various geometries has been 
of great interest among researchers for the past few years. In this thesis, a high-order accurate 
finite-difference based three-dimensional Navier Stokes equations solver has been developed to 
perform large eddy simulations over a number of geometries. The numerical technique is first 
validated with various 1D and 2D test case problems and further validation of the 3D code is 
carried out by performing large eddy simulation of the shock wave-boundary layer interaction 
(SWBLI) problem wherein a shock generated from a 6o wedge in a free stream Mach number of 
M∞ = 2:0 impinges at an angle of 35:36o on a laminar boundary layer over a at plate. Simulated 
streamwise mean pressure and skin friction distributions on the mid plane of the flat plate as well 
as velocity profiles at several stations are validated against experimental data. 
 
The solver is further used to perform large eddy simulation of supersonic intakes. Two different 
intake geometries are simulated at different design Mach numbers, namely 2:2 and 3:0. Both 
intakes are simulated with bleed holes at open and closed conditions. The computed mean  
pressure distribution in the two intakes match quite well with the corresponding measurements. 
With the bleed holes closed intake 1 operates in started condition but with considerable amount 
of total pressure loss due to the shock-induced turbulent separated bubble at the throat. The 
hairpin vortices in the turbulent flow are well resolved. With bleed holes opened the flow is 
completely controlled and the separation bubble is eliminated. When the bleed holes are closed 
intake 2 can not start as the separation bubble on the vehicle side surface slowly moves upstream 
and grows in size simultaneously to block the mass flow completely. When the bleed holes are 
opened, the intake operates in start condition with an oblique shock at the throat and with very 
small total pressure loss at the diffuser exit. 
 
Large eddy simulation of the supersonic flow at M∞ = 1:35 and ReD = 3; 103; 553 over a three-
dimensional cavity with L=D = 5 and W=D = 1 is performed and analysis is carried out on the 
generated flow field database. The cavity is observed to experience violent  hear layer 
oscillations with associated forward and backward oscillation of the acoustic waves and 
compression waves inside the cavity raising the peak sound pressure level (SPL) up to 176 dB 
near the aft wall of the cavity. Investigation carried out on one typical feedback cycle of 
oscillation inside the cavity shows the feedback compression wave reflected from the front wall 
of the cavity not only adds perturbations to the shear layer at the leading edge but also couples 
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with a K-H roll-up vortex at the time of interaction with front wall and travels along with the 
vortex over the cavity length. This observation is further consolidated from one of the five 
dominant modes of pressure extracted using the dynamic mode decomposition (DMD) 
algorithm. The oscillation of the compression waves inside the cavity is seen to influence the 
stretching of the streamwise elongated vortex filaments which are visualized using the second 
invariant of the velocity gradient tensor. Investigation on the helicity of these stretched vortices 
shows that the vortices are aligned with the velocity either in the opposite or in the same sense 
corresponding to the direction of movement of the pressure wave and thus confirms the 
possibility of existence of vortices with helical behavior in an open cavity flow. 
 
Keywords: WENO, LES, mixed time scale, SWBLI, intakes, cavity 
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Damages in any structure can cause changes in the stiffness and other mechanical properties of 
the structure and thus affect the vibration response parameters such as frequency, mode shapes, 
damping ratio, etc. These response parameters can be used in the inverse approach for the  
identification of damages in structures with the help of optimization algorithms. This vibration 
based method open a scope for damage assessment in the entire structure by measuring the 
vibration response at a few locations of the structure. In a damage detection problem three 
objectives have to be attained; (i) the existence, (ii) location and (iii) intensity of damages. In the 
present study, a robust numerical procedure is developed to detect and quantify damages in 
composite structures using Particle Swarm Optimization (PSO) technique. An in-house 
MATLAB code has been developed using Finite Element Analysis (FEA) and has been used to 
extract the vibration responses of undamaged and anisotropically damaged composite structures. 
The effects of anisotropic damage on vibration characteristics of damaged composite structures 
are also presented. According to the vibration response of the structure, the damage is detected 
considering this as an inverse problem. A mathematical relationship is established in the form of 
an objective function between damages in the structure and the corresponding changes in the 
vibration characteristics. Thorough comparative study for the use of different PSO algorithm as 
well as different objective functions are also presented for both noisy and noise-free conditions. 
The efficacy of the proposed methodology which is developed in MATLAB environment to 
identify damages, is demonstrated using some numerically simulated composite beam, plate and 
shell structures with single and multiple damages. Finally, a MATLAB interface code is 
developed to couple the general purpose software, ANSYS, for damage detection considering 
complex laminated composite structures. Experimental validation of the proposed damage 
detection method is carried out using fabricated composite beams. The outcome of the developed 
method is quite encouraging. 
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In the present study, flow field around rigid flat plate rectangular wings of aspect ratio 1.0 and 
1.5 executing main flapping motion at 1.5 and 2.0 Hz frequency has been studied in quiescent 
water. Velocity field was obtained using phase-locked two dimensional particle image 
velocimetry (PIV) and normal force by using load cell. Main flapping motion is a single degree 
of freedom motion in which the wing undergoes pure flapping with a pivot/hinge point located at 
a fixed distance from the wing root. The wing chord wise pitch is zero degree and the wing has 
zero deviation from stroke plane while flapping. Out of total six cases studied, four cases are 
with no winglet and two cases with winglet. 
  
The first part of the study involves wing without winglet in which velocity field, vorticity and λ2  
criterion have been investigated for the complete flapping cycle in great detail. Based on this a 
hypothesis has been proposed which identifies the phenomena of organized vortex sheet 
formation along the locus of the wingtip during downstroke (vortex filamentation) followed by a 
weak vortex sheet formation which culminates in dispersed and disintegrated vortex structures 
during upstroke (vortex fragmentation). This symmetry breaking of vortex sheet occurs primarily 
due to the 3:1 angular asymmetry of the flapping kinematics about the horizontal plane and 
unequal time spent by the wing during downstroke and upstroke. This asymmetry also leads to 
normal force generation. Wingtip vortex, bound vortex, spanwise flow, residual or wake flow, 
wake capture, added mass, etc have been systematically observed. Evolution of peak vorticity & 
its spatial distribution, kinetic energy of the flow field, circulation, rate of strain, rate of rotation 
and enstrophy have been studied to identify the effect of nominal change in aspect ratio and 
flapping frequency. The second part of the study involves winglet. Birds have feathers in the 
outboard portion of their wings which are deployed as deformable winglets to augment 
performance and maneuverability. This motivated use of winglets in fixed wing aircrafts to 
reduce induced drag. However, effect of winglet is not well studied in flapping wings. Taking 
note of the above points, flow field characteristics around a square planform wing with winglet 
was investigated in the present study. It was observed that presence of winglet modifies the 
vortex filamentation and fragmentation phenomena; reduces kinetic energy content of the flow 
field and localizes it in the proximity of the wing and reduces added mass effect. From load cell 
measurement it was observed that wing with winglet produces normal forces comparable with 
wing without winglet using lesser power and therefore provides superior performance, especially 
for low aspect ratio wing.  
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NOZZLE AND DIFFUSER FLOWS WITH AND WITHOUT 
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High-order accurate large eddy simulation (LES) of compressible flow through nozzles and 
diffusers with and without shocks using an explicit filtering approach similar to the approximate 
deconvolution method is performed. The nozzles and diffusers have circular cross-section with 
isothermal walls. The emphasis of the thesis is on compressibility effects in these flows due to 
mean property variations and due to dilatation fluctuations. In the first part of the thesis, LES of 
compressible flow through nozzles having different outlet to inlet area ratios are presented. The 
incoming supersonic pipe flow for the nozzles have centerline Mach numbers of 1:5 and friction 
Reynolds number of 245. The effect of the area variations on the Reynolds stresses as well as on 
the production and pressure-strain correlations in the Reynolds stress transport equations is  
demonstrated. A Green’s function analysis of the Poisson equation for pressure fluctuations 
using LES data is presented. The analysis shows how the rapid and slow source terms in the 
Poisson equation for the pressure fluctuation contribute to the pressure-strain correlations. LES 
of the shock train phenomenon in turbulent supersonic diffuser flows is studied in the second 
part of the thesis. The incoming pipe flow is at friction Reynolds number 245 and centerline 
Mach number 1:7 . Alternate regions of compression and expansion are found in the shock train 
which is followed by a shock-free ‘mixing’region as observed in exper- iments and simulations 
in the literature. Turbulence amplification and local peaks in pressure-dilatation correlation are 
observed in the vicinity of the shocks. Low-frequency oscillations of the shock train are also 
observed and analysed. In the last part of the thesis, we present results from compressible flow 
through a convergent-divergent nozzle using LES. The incoming flow is a turbulent, subsonic 
fully-developed pipe flow at M = 0:37 and friction Reynolds number 214. A smooth transition 
from subsonic to supersonic flow occurs in the nozzle when the back pressure is kept small, 
accompanied by a reduction of turbulence intensities. Strong reductions in production and 
pressure-strain correlations are observed as the flow undergoes acceleration and expansion. 
 
Keywords: LES; supersonic nozzle flow; shock train; diffuser; convergent divergent nozzle 
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NUMERICAL AND EXPERIMENTAL STUDY OF HEAT AND MASS 
TRANSFER DURING SOLAR DRYING OF CARROT SLICES 

 
 

Archana Mahapatra 
Supervisor: Dr. Punyadarshini Punam Tripathy 
Agricultural and Food Engineering Department 

Accession No.: NB16186 
 

The current work has been undertaken to study the effect of different solar drying processes on 
the drying characteristics, heat and mass transfer parameters and quality of carrot slices. The 
thermal performance of direct, indirect and mixed mode solar dryers were evaluated in terms of 
efficiency of dryer and convective heat transfer coefficient from absorber plate to air, hc, p-a 
under no load condition. The average instantaneous efficiency and hc, p-a were found to be 
31.40%, 27.55% and 41.43% and 16.31, 14.92 and 23.81 W/m2°C for direct, indirect and mixed 
mode solar dryers, respectively. A three dimensional finite element model was developed using 
COMSOL Multiphysics® (Version 5.2a) software to predict the temperature distribution inside 
the dryers. Further, carrot slices of 5, 7 and 10 mm thickness and 30 mm diameter were dried in 
natural convection direct, indirect and mixed mode solar dryers. Dryer performance indicators 
like drying efficiency, pick-up efficiency and specific energy consumption indicated the mixed 
mode solar dryer to be the most efficient one, followed by direct and indirect solar dryer. The 
convective heat transfer coefficient, hc, moisture diffusivity, Deff and convective mass transfer 
coefficient, hm were determined during solar drying of carrot slices. It was observed that samples 
dried in mixed-mode solar dryer achieved higher values of hc (24.95 W/m2ºC) followed by 
indirect (15.80 W/m2ºC) and direct solar dryer (13.52 W/m2ºC). The hc values were correlated 
with the standard dimensionless numbers in the form Nu=C(Ra)n. The Deff and hm of carrot 
slices ranged from 2.59×10-8-6.36×10-8 m2/s and 3.15×10-7-4.28×10-7 m/s, respectively. A 
Multiphysics approach was chosen to model the process of heat and mass transfer during drying 
of carrot slices. The numerical results were compared against experimental data and the outcome 
suggested that the sample temperatures and moisture ratios are in close agreement with the 
model predictions. The effect of solar drying in terms of quality of dried product indicated that 
indirect solar drying preserves most of the nutrients with minimum damage to the cell due to 
attainment of lower drying temperature as compared to direct and mixed mode solar drying. 
 
Keywords: Solar dryer, carrot, convective heat transfer coefficient, moisture diffusivity, 
convective mass transfer coefficient, finite element model, COMSOL Multiphysics, quality 
 
 
MICROWAVE PUFFING OF PRESSURE PARBOILED BROWN RICE 

Ajay Kumar Swarnakar 
Supervisor: Prof. S. K. Das and Prof. P. P. Srivastav 

Agricultural and Food Engineering Department 
Accession No.: NB16362 

 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 40 

 

Microwave puffing of brown (unpolished) rice gives a healthy, low cost and fresh snack for 
consumption as compared to traditionally hot-sand-bed puffed polished rice. Puffed rice is 
prepared through three processing steps viz, parboiling, pre-conditioning and high temperature 
treatment. In this study, puffing process of brown rice was compared in microwave and hot-sand-
bed method on the basis of its puffing and nutritional qualities. Normal parboiled rice showed 
less expansion during its puffing as compare to pressure parboiled rice. Therefore, pressure 
parboiling method was used for this study to improve the puffing quality of brown rice. 
Optimum steam pressure, steaming time and pre-puffing moisture content for microwave puffing 
of pressure parboiled brown rice was found to be 303 kPa, 14 min and 11.6% (wb), respectively. 
Hot-sand-bed puffing of brown rice showed significant differences for these parameters, and 
optimum levels were found to be 260 kPa, 15 min and 8% (wb). Pre-conditioning of kernels 
involved slow heating of salt moistened rice. These changes improved the puffing and sensory 
quality of puffed rice. Optimum preconditioning temperature was found to be around 76°C for 
both puffing methods whereas, the optimized salt content was 2.5% (w/w) and 3.5% (w/w) for 
microwave and hot-sandbed puffing, respectively. Sensory quality of puffed brown rice was 
found satisfactory for pre-conditioning temperature of 70-80°C and salt content of 2-4% (w/w). 
Microwave power level of 900 W with 35 s heating was optimum for puffing of pre-conditioned 
pressure parboiled brown rice. Satisfactory puffing quality (shelf life) of pre-conditioned brown 
rice was obtained up to 36 days of storage when the pre-conditioned rice was stored at 90% RH 
and 38±2°C with paper envelope as primary and low density polyethene as secondary packaging 
materials. Puffing methods and the steps in this process have the significant effects on the 
retention of nutrients, and showed changes in proximate composition and mineral contents. 
Microwave puffed brown rice was found to be more nutritious than hot-sand-bed puffed brown 
and polished puffed rice. 
 
Key words: Microwave puffing, Hot-sand-bed puffing, Puffed brown rice, Grain puffing, Puffed 
cereal, Pre-conditioning, Pressure parboiling, Sensory quality, Stored preconditioned rice 
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Control release urea fertilizers play an important role in reducing urea usage and saving 
agricultural environment from being contaminated with nitrogen (N) derivatives. The major 
challenges in control release urea (CRU) fertilizer research include to understand N-release and 
movement of its transformations in irrigated soils using simulation models and to formulate cost-
effective CRUs using locally available low-cost materials. The existing mathematical models are 
not capable in simulating both water and N-transport in paddy soils treated with CRUs. Urea 
coated with sulphur and polymers are costly and leave undesired residue of coating materials in 
the soil environment. In this study a conceptual model (CRUF) was developed by integrating 
paddy water and N-balance models with an N-release model for simulating water and N- 
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transport in CRU treated paddy fields. CRUF model uncertainty and performance were studied 
using field (Kharif and Rabi seasons) and literature data. CRUF model was tested for coated 
urea, uncoated urea and their mixture. Furthermore, low-cost CRUs were fabricated in the 
laboratory using urea as base material, zeolite as coating material and white cement, corn starch, 
potato starch, and acrylic polymer as binding materials. The fabricated CRUs were characterized 
and used to study N-release and N-movement. The CRUF model performance was tested for the 
fabricated CRUs using laboratory soil column studies. The optimal coating thickness and radius 
of urea granules were determined using Response Surface Methodology (RSM) by maximising 
nitrogen-release time and minimising CRU production cost. 
 

The CRUF model was able to simulate water flow, nitrogen movement in paddy soils treated 
with uncoated and coated urea, and their mixture. Relative uncertainty in water balance 
components of CRUF can be minimised by taking extra precision on field measurements during 
Rabi season. The CRU formulated with 50% urea, 33% zeolite, 6% bentonite, 6% white cement 
and 5% acrylic polymer, was found to be the best and structurally stable. The production cost of 
the best CRU was 1.5 and 2 times lower and saved ₹ 1000 and ₹ 800 per hectare when compared 
to polymer and sulphur based CRUs, respectively. The best CRU can control nitrogen release by 
54% compared to other fabricated CRUs and 65% lower N-loss through leachate when compared 
to uncoated urea and neem based CRU. The optimum coating thickness and radius of urea were 
found to be 0.08 cm and 0.3 cm, respectively for which the maximum nitrogen release time the 
minimum production cost were found to be 44 days and of ₹ 56/kg, respectively. 

Keywords: Paddy water balance, control release urea fertilizer model, uncertainty analysis, 
fertilizer granulation, response surface method. 
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Microalgae are the third generation biodiesel feedstock, which have high photon-tobiomass/ 
conversion efficiency as well as high biomass production per unit area. In addition, microalgae 
can be cultivated round the year in non-fertile lands, which make them advantageous than their 
plant competitors. In oleaginous microalgae, the accumulation of lipid is observed to be a stress-
linked phenomenon. The nutrientstarvation is one of such popular strategies used to boost the 
intracellular lipid accumulation (% dcw) in microalgae. However, under autotrophic cultivation, 
application of such stresses resulted in significant lowering of biomass yield consequently  
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declining the total lipid yield obtained for biodiesel production. Furthermore, two-stage 
cultivation adopted to overcome this problem led to several technical and financial complexities. 
In this respect, single-phase mixotrophic cultivation could serve as an energy- and cost-efficient 
strategy to target the quantitative enhancement of the total lipid. Hence, in this study, the two 
independent 
strategies, viz., mixotrophy and nutrient deficiency have been combined to target the 
maximization of the triacylglycerols (TAGs) accumulation. Two different oleaginous microalgal 
strains, viz., Chlorella minutissima UTEX 2219 and Chlorella minutissima MCC 27 were 
evaluated for enhanced lipid accumulation. In addition, a phyco-myco co-cultivation was 
developed under laboratory conditions and evaluated as an alternative biodiesel feedstock. The 
phyco-myco co-cultures were prepared by the amalgamation of the individual microalgal strains 
selected in this study with an oleaginous filamentous fungus, Aspergillus awamori. 
Subsequently, the N 11 medium was optimized for both the monoalgal culture and phyo-myco 
co-culture individually targeting the maximization of total lipid yield (mg L-1) under mixotrophic 
growth. Further, biodiesels were produced from both the feedstocks by utilizing the 
celiteimmobilized lipase as a biological catalyst for transesterification. 
 
Limited nitrate feeding and supplementations of glucose and acetate as mix-carbon source have 
been identified as crucial parameters and optimized for enhanced lipid accumulation in C. 
minutissima using CCRD-RSM. In comparison to the individual optimization of the biomass 
yield (BO) and lipid content (LCO), the simultaneous production of biomass and lipid content 
and their optimization (SBLCO) was found to be the most efficient strategy to achieve the 
maximum lipid productivity of 108.81 mg L-1 d-1, which was about 10 folds higher than that of 
the autotrophically cultivated C. minutissima MCC 27 culture. Under the optimized conditions of 
5.96 g L-1 glucose, 4.12 g L-1 acetate, 0.73 g L-1 nitrate, and 10 days of incubation, the maximum 
lipid yield obtained was 1129.75 mg L-1 in C. minutissima MCC 27. On the other hand, the 
phyco-myco co-culture led to substantial enhancements of biomass and lipid accumulations in 
both C. minutissima UTEX 2219-A. awamori and C. minutissima MCC 27-A. awamori co-
cultures. Glycerol and potassium nitrate were observed to be the most effective C- and N-source  
for phyco-myco co-cultures. A 2.6-3.9 folds increase of biomass (g L-1) and 3.4-5.1 folds 
increase of total lipid yield (mg L-1) were observed in the co-cultures in presence of glycerol in 
comparison to the axenic monocultures. The critical parameters of the phyco-myco co-culture 
have been subsequently optimized via CCRD-RSM approach. The biomass optimized conditions 
(BO) of 17.31 g L-1 glycerol, 1.50 g L-1 nitrate, and 4.93 pH on the 8th day of incubation resulted 
in the maximum biomass yield of 4.42 g L-1 along with the maximum total lipid yield of 1353.85 
mg L-1 in the C. minutissima MCC 27 and A. awamori co-culture. It was approximately 3.9 folds 
higher biomass yield compared to autotrophically grown C. minutissima MCC 27 monoalgal 
culture while 1.4 folds higher than the mixotrophic C. minutissima MCC 27 culture grown in 
optimized N 11 medium utilizing SBLCO strategy. The step-wise optimization of lipase-
mediated transesterification led to a maximum of 91.52 ± 2.28 % and 93.25 ± 1.93 % FAME 
conversions in C. minutissima MCC 27 monoculture and C. minutissima MCC 27 and A. 
awamori co-culture, respectively. The fuel properties of the biodiesels produced from C. 
minutissima MCC 27 monoculture and C. minutissima MCC 27 and A. awamori co-culture 
showed comparable results, which fall within the specified limits of various biodiesel standards 
such as ASTM D6751-15ce1, EN 14214:2012, and IS 15607:2005. As a whole, this work 
suggests that phyco-myco co-culture between C. minutissima MCC 27 and A. awamori can be a 
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suitable alternative for biodiesel production owing to the enhanced lipid yield at an earlier 
incubation time against the monoalgal culture of C. minutissima and the resultant biodiesel is 
suitable for fuel application. 
 
Keywords: Microalgae, Phyco-myco co-cultivation, Mixotrophy, CCRD, Lipase, Biodiesel 
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Pineapple (Ananas comosus L.) is a tropical or subtropical fruit belonging to Bromeliaceae 
family. India is the fourth largest producer of pineapple with an annual output of 1.96 million 
tonnes. Concentration of fruit juices, a major unit operation in food processing industries, is used 
to reduce transportation, packaging and storage cost, to extend storage time and to ensure off-
time availability of juices. An alternative process for concentration of pineapple juice was 
developed using volumetric heating of juice inside microwave oven and its evaporation under 
vacuum. A microwave assisted vacuum evaporator (MAVE) consisting of six main parts 
including microwave power source, microwave-food interaction assembly, vapour chamber, 
condenser, vacuum pump and water cooler was developed. To know the suitability of pineapple 
juice for microwave heating its physical properties, thermal properties, dielectric properties 
along with electrical conductivity were determined for nine different concentration levels from 
10.9–50 ˚brix in the temperature range of 10–90˚C. Numerical simulation of microwave heating  
of pineapple juice was done in finite element based software, COMSOL Multiphysics-3.3a, to 
predict heat absorption and temperature profile after 30 s of heating for three different conditions 
of pineapple juice placement inside microwave oven. The model was validated by comparing the 
simulated results with experimentally measured temperatures immediately after 30 s of heating. 
Process parameters (vacuum level and microwave power) were optimized for MAVE to get 
higher evaporation rate and less browning index. The optimum condition emerging from the 
study was 80 mm Hg vacuum and 100 % microwave power level (rated microwave power 900 
W). Sensory quality attributes of reconstituted pineapple juice prepared in this project work were 
compared with the fresh pineapple juice and a packaged pineapple juice available commercially 
in the market. The reconstituted pineapple juice ranked higher in terms of sensory quality 
attributes than the pineapple juice sample taken from the market and was found comparable with 
sensory attributes of fresh pineapple juice. Performance of the developed MAVE system was 
evaluated based on the colour kinetics parameters (L, a, b and ΔE) and rate of evaporation at 
optimum condition and also compared with the conventional method of concentration of fruit 
juices in rotary vacuum evaporator (RVE).  
 
Keywords: Pineapple juice concentrate, microwave heating, numerical simulation, microwave 
vacuum evaporation, sensory analysis, optimization, colour kinetics, evaporation rate. 
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Light plays an important role in regulating the morphology and physiology of plants. Various 
studies have reported the impact of red:blue photon flux ratio (PFR) on plant growth and nutrient 
content. However, studies investigating the influence of red:blue PFR on the underlying 
physiological processes are limited. The present study was carried out to assess plant growth, 
photosynthetic attributes, nitrate assimilation, metabolite profile, oxidative stress and antioxidant 
defense for spinach (Spinacia oleracea L. cv. All Green) grown under red:blue PFRs of 100% 
red, 75% red + 25% blue, 50% red + 50% blue, 25% red + 75% blue and 100% blue provided by 
customized light-emitting diode (LED) panels. Canopy and leaf digital-images were analyzed for 
non-invasive assessment of spinach growth and health status under the different light treatments. 
It was observed that steady growth under blue + red combined LED treatments co-occurred with 
stable photosynthetic activity and reduced oxidative stress. Subdued photosynthetic activity 
under monochromatic red light was associated with arrested growth. Presence of blue photons 
was favorable for eliciting enzymatic antioxidant defense responses. Contents of antioxidant 
compounds and non-enzymatic antioxidant activity were increased under 50 – 100% blue light. 
However, the antioxidant machinery was unable to ameliorate the excessive oxidative stress 
under 100% blue light treatment resulting in suboptimal plant growth. Canopy cover information 
obtained from canopy images revealed that equal red:blue PFR was most suitable for spinach 
growth. Multivariate data analysis of leaf digital-image features allowed the detection of healthy, 
viz. 75% red + 25% blue to 25% red + 75% blue LED treated, and stressed, viz. 100% red and 
100% blue LED treated, plants. Amongst the different trichromatic coordinates obtained from 
leaf digital-images, viz. RGB (red, green and blue), rgb (normalized red, green and blue), HSI 
(hue, saturation and intensity), CIE (Commission Internationale de l’Eclairage) L*a*b*, 
CIEXYZ, and CIE-xyY, relative chlorophyll content estimated via multiple linear regression of 
CIE L*a*b* values was the most accurate.  
Keywords: Light-emitting diodes (LEDs), photosynthetic pigments, chlorophyll fluorescence, 
nitrate assimilation, metabolite profiling, reactive oxygen species (ROS), antioxidant defense, 
image analysis, RGB color space, Spinacia oleracea L. 
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The present study was undertaken to develop a decentralized power generating system using de-
oiled Jatropha seed cake (JSC) and Jatropha biodiesel (JB) to help in rural electrification. A 
pelleting machine capable of producing JSC pellets at the rate of 25 kg/h was developed and the 
performance of the pellets in terms of percentage of pellet formation, length, density and 
compressive strength were evaluated. A power generating system consisting of a downdraft 
gasifier (12.5 Nm3/h) with cooling and cleaning system, a 5.6 kW diesel engine coupled to a 5 
KVA generator was developed to produce 4kW-h electricity using producer gas obtained from 
gasifier using pellets of JSC and JB. The combustion characteristics (ignition delay, cylinder 
pressure, heat release rate), performance parameters (brake specific energy consumption, BSEC; 
brake thermal efficiency, BTE; exhaust gas temperature, EGT) and exhaust emissions (CO, HC, 
CO2, NOx) of the engine used in the power generating system were studied at six different levels 
of system load (no load, 20%, 40%, 60%, 80% and 100% of rated capacity) as per the ISO 
standard. JB, high speed diesel (HSD) and their blends (B10 and B20) were used in single fuel 
mode and with producer gas (PG) in dual fuel mode. The PG was obtained from the gasification 
of pellets of diameter 18 mm made from de-oiled JSC with a gasification efficiency of 43%. The 
ignition delay of different fuels in dual fuel mode operation was prolonged on an average by 
11.45% as compared to their respective pilot fuels in single fuel mode. Peak cylinder pressure 
and heat release rate (HRR) of biodiesel blends in single fuel mode and with producer gas in dual 
fuel mode were observed to be decreased on an average by 5.10% and 7.71% as compared to 
HSD. The increments in load on the engine increased the BTE, EGT and lowered the BSEC for 
all the fuels tested in both single and dual fuel modes of operation. Exhaust emissions like CO, 
CO2 and HC were found lower in biodiesel blends compared to HSD in single fuel mode 
however, in dual fuel mode, increase in CO, CO2 and HC emissions and reduction in NOx were 
observed compared to single fuel mode of operation. An average of 48.25% reduction in NOx 
emission was observed with all the fuels in dual fuel mode as compared to HSD. Based on 
Taguchi-grey analysis taking into consideration the performance (minimum BSEC and EGT with 
maximum BTE), emissions (minimum CO, HC, CO2 and NOx) and reduction in HSD 
consumption, biodiesel blends up to 10% (B10) in single fuel mode and B10PG (B10 with 
producer gas) in dual fuel mode were recommended for power generation at higher system 
loading with the developed system. Economic analysis of the developed power generating 
system costing Rs. 12,00,000/- was carried out. The cost of producing kWh of electricity with 
B10 and HSD in dual fuel mode with producer gas was found to be Rs. 67.71 and 49.50, 
respectively as compared to Rs. 49.59 and 46.83 for the 
same fuels in single fuel mode resulting in 49% saving of pilot fuel. Compared to single fuel 
mode, while operating with the power generating system in dual fuel mode, there was reduction 
in BTE and system efficiency up to 40% and 50%, respectively with significantly lower NOx 
and higher CO, CO2 and HC. 
Keywords: Pellet; Jatropha seed cake; Producer gas; Biodiesel; Combustion characteristics; 
Brake specific energy consumption; Exhaust emissions. 
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Projected changes in weather parameters, mainly temperature and rainfall, have already started to 
show their effect on agricultural production. To cope with the changing scenarios, adoption of 
appropriate management strategies is of paramount importance. The reported study was 
conducted to evaluate the impact of climate variabilities on peanut and rice growth and yield 
parameters under different management practices namely sowing date and fertilization level for a 
sub-tropical region of West Bengal state in the eastern India. Field experiments were conducted 
during the pre-summer and kharif (rainfed) seasons of 2012 and 2013 on peanut and rice crops 
with varying dates of planting and fertilization as treatments, at the experimental farm of the 
Indian Institute of Technology, Kharagpur to evaluate the optimum combination of sowing date 
and fertilization levels. The DSSAT v4.5 CROPGRO-Peanut model as well as CERES-Rice 
model was used to simulate the growth and yield of peanut and rice crops under a wide range of 
sowing dates and fertilization levels. The models were calibrated with 2012 dataset of growth, 
phenology and yield for determining the genetic coefficients of the cultivars of peanut (TMV-2) 
and rice (IR36) and were validated with the 2013 dataset for the same parameters. Moreover, 
investigation was also done to determine suitable sowing date and corresponding ET estimation 
method to get maximum water use efficiency for the peanut crop under climate variability. 
DSSAT v4.5 CROPGRO-Peanut model was used with varying dates of planting and varying 
levels of maximum allowable depletion 
(MAD) of available soil water (ASW) such as: 10% (T1), 30% (T2), 50% (T3), and 70% (T4),  
along with two ET estimation methods (Penman-Monteith and Priestly-Taylor). For rice, 36 
years (1977–2013) of rainfall data were analyzed for Kharagpur for characterization of monsoon 
season. Weekly rainfall values were computed from daily values and were used for initial and 
conditional probability analysis as well as consecutive dry and wet spell analysis using Markov 
chain probability model. The growth and yield of Peanut and rice crops under present weather 
and ambient CO2 concentration as well as different future climate variability scenarios of rise in 
temperature and CO2 concentration were simulated using DSSAT CROPGRO-Peanut and 
CERES-Rice models to determine appropriate sowing dates and fertilization levels. Field 
experiments on peanut revealed that the highest yield was achieved during 2nd fortnight of 
January to 1st fortnight of February sowing for 40 and 80 kg P2O5 ha-1 in the sub-tropical 
climate of Eastern India. For rice, sowing on June 30 to July 15 along with 140-180 kg N ha-1 
gave the highest grain yield. Sensitivity analysis of CROPGRO-Peanut model and CERES-Rice 
model indicated that sowing of peanut between second week of January and end of February, 
using 30-50 kg P2O5 ha-1 is profitable. Whereas, fertilization of 120 kg N ha−1 and July 15 
sowing date provided maximum rate of increase in yield for rice crop. The CROPGRO Peanut 
model with Penman-Monteith approach gave the highest crop water use efficiency for 14 
January sowing for irrigation scheduling at 50% (T3) MAD. The elevated CO2 concentration of  
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420, 530 and 650 ppm showed gradual increase in yield and biomass yield with delay in sowing 
dates from normal sowing time for both peanut and rice crop under 2020, 2050 and 2080 
scenarios, respectively.  
Keywords: Climate variabilities, DSSAT v4.5, CROPGRO-Peanut, CERES-Rice, Sensitivity 
analysis, ET estimation, Markov chain probability model, CO2 concentration 
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In the present study, physically based distributed hydrological modelling system MIKE SHE was 
applied for assessing the impact of the watershed structures on surface runoff and groundwater 
recharge. Two adjacent micro-watersheds, located in the western part of West Midnapore district 
of West Bengal, India, Guptamani (treated) and Manikpara (control) were selected for the 
present study. The modelling results of MIKE SHE for both treated and control micro-
watersheds showed that the model simulated surface runoff and groundwater levels satisfactorily 
over the model area. Evaluation of the existing structures showed a significant reduction in 
surface runoff (9%) compared to the control micro-watershed, leading to moisture conservation 
and enhanced groundwater recharge (10%). Moisture conservation in subsurface layer due to 
recharge increased 4% actual evapotranspiration in case of the treated micro-watershed. To 
evaluate the impact of the watershed structures on surface runoff and groundwater recharge, 
three management scenarios i.e., simulation with no structures (S1); simulation with existing 
structures (S2); and simulation with existing structures and additional planned structures (S3) 
were considered. Simulation with S2 and S3 scenarios showed a notable decrease in surface 
runoff and increase in groundwater recharge and actual evapotranspiration compared to S1 
scenario.  
 
The effect of DEMs on modelling various hydrological cycle processes showed that the mean 
slope of DEM impacts the generation of surface runoff and groundwater recharge. The decrease 
in mean slope increased groundwater recharge and reduced surface runoff. Further, relative 
difference up to 10% in various hydrological cycle processes was observed among DEMs.  
 
Rainfall trend analysis was carried out for the base period (1979 to 2009) and for the future 
projected rainfall (2010 to 2040). The base period showed an increasing trend, however, the 
projected annual rainfall under RCP 4.5 and RCP 8.5 scenarios showed decreasing trend. The 
decreasing trend for the rabi season rainfall was seen for the base period, RCP 4.5 and RCP 8.5 
scenarios. The long-term simulations were carried out with the combination of climate scenarios 
and three crops (rice, mustard and chickpea) with the projected rainfall data from 2010 to 2040 
for RCP 4.5 and 8.5 scenarios from RegCM4 climate model. The yield evaluation for current 
crop (rice) and two proposed crops in crop diversification (mustard and chickpea) for the rabi  
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season showed maximum returns of INR 2,961/ha, INR 22,940/ha and INR 19,050/ha for rice, 
mustard and chickpea crops, respectively. The maximum returns showed that rice is less 
remunerative crop compared to mustard and chickpea crops. Crop diversification in the rabi 
season reduced the risk of the crop failure and augmented the income of marginal and small 
farmers as compared to current rice crop. The study demonstrated the advantages of applying a 
physically based comprehensive hydrological modelling tool MIKE SHE to assess the impacts of 
conservation measures on watershed hydrology.  
 
Keywords: Hydrological modelling, MIKE SHE, watershed structures management, effect of 
DEM, crop diversification 
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Insect infestation is an alarming concern in stored wheat grain, accounting for losses in quality as 
well as quantity. Major portion of the post-harvest losses can be saved by detecting the insects in 
early developmental stages and then disinfest the stored grains. Freshly harvested wheat was 
conditioned with moisture content of 12, 14, 18% (wb). The conditioned grains were artificially 
infested with Sitophilus oryzae and Rhyzopertha dominica at a level of 0, 5, 10, and 15 number 
of insects per 100 g of grain and stored at 27ͦC and 65% relative humidity for 180 days to  
produce various level of infestation. The samples were drawn at 45 days interval for analysis of 
physical and chemical properties, uric acid analysis. A total of 128 infested samples of each 
grain were analyzed in FTNIR, E-nose, hyperspectral imaging and data library was created by 
considering both the responses from conventional analysis and from non-destructive methods. 
After insect detection, ozone fumigation and combined MW-UV treatment processes were 
optimized for insect disinfestation in the stored wheat grains using response surface 
methodology. 
 
FT-NIR spectral data were analyzed using partial least squares regression (PLS). The best model 
for properties with lowest RMSE values for moisture, protein, uric acid, 1000 kernel weight and 
hardness were 0.485, 0.248, 2.58, 0.576, and 0.762 respectively. R2 obtained for the above said 
quality parameters were 0.901, 0.938, 0.895, 0.907 and 0.912 demonstrating good fit of the PLS 
models. E-nose responses were modelled using principal component analysis (PCA), which 
efficiently classified the most infested wheat grain samples among the stored samples. The fuzzy 
logic analysis suggested that T30/1, PA/2, P30/1, and P30/2 were the most reactive sensors to the 
volatile organic compounds generated due to infestation, which indicated presence of alcohol 
and ammonia. The Enose sensor responses closely predicted the uric acid (R2=0.958; RMSE= 
1.401) and protein content (R2=0.978; RMSE= 0.275). By using hyperspectral imaging, the 
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reflectance spectra were analyzed using PCA to discriminate the uninfected kernels from infested 
ones. The R2 and RMSE values of the developed ANN models were 0.999, 0.968 and 0.910 for 
number of insects, protein and uric acid content respectively. E-nose was proven to be an 
efficient method for the detection of infestation in stored wheat. Alcohol and ammonia sensors 
were integrated with a microcontroller unit to fabricate the sensor, which was effective enough to 
detect the level of infestation based on the headspace gas composition. The optimized condition 
for ozone fumigation in stored wheat grain were found to be moisture content of 12% (wb), 2.44 
g/m3 ozone concentration and 7.8 h of exposure time for mortality of 99%, 100%, 100%, and 
100% adults respectively. The optimized combined MW-UV treatment process were moisture 
content of 13.7% (wb), 600 W microwave power level, and 106 s of exposure time for mortality 
of 99.3%, 98.3%, 97.6% adults, larvae and eggs respectively. The final moisture content at 
optimized treatment condition was found to be 10% (wb). The outcome of the project leads to 
use of a convenient, rapid yet nondestructive approach for quality determination of insect 
infested wheat grains at various stages during the storage. Also, an effective disinfestation 
process for disinfestation of adult insects as well as the immature stages was optimized. 
 
Keywords: Infestation, FTNIR, E-nose, hyperspectral imaging, Ozone, microwave UV 
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Drying of black tea was thoroughly studied by developing characteristic drying curves for tray 
and vacuum drying of orthodox and CTC tea at three selected temperatures of 65, 75 and 85ºC. 
Constant rate and falling rate periods of drying were identified and drying mechanism during 
falling rate period was determined. For both orthodox and CTC tea, duration of drying was 
shorter in case of vacuum drying than tray drying. Drying time was reduced at elevated 
temperatures. The moisture loss during falling rate period was very low as compared to the 
constant rate drying period. The data obtained from tray and vacuum drying of orthodox and 
CTC tea were fitted to four thin layer drying models viz. Lewis, Page, Handerson & Pabis and 
modified Page models. Page model provided best fitness as it showed the highest value of 
coefficient of determination (R2) and the lowest values of chi square (χ2) and root mean square 
error (RMSE).  
 
Effects of different parameters of drying such as level of vacuum inside the drying chamber (mm 
Hg), plate temperature (oC ) and loading rate (kg dry solid. m-2) on tea quality viz. redness index 
(Δa) and yellowness index (Δb) of tea liquor and aroma index of dried tea were studied. For CTC 
black tea, highest value of redness index (Δa) was obtained at moderate vacuum (670-700mm 
Hg) and high plate temperature (95 ; but in orthodox, highest redness was obtained at high 
vacuum level (730 mm Hg) and moderate temperature (85 . Highest value of yellowness 
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index (Δb) for CTC tea was obtained at high vacuum (724 mm Hg) and at moderate plate 
temperature (85oC) and the same was obtained for orthodox tea at low vacuum (670 mm Hg) and 
extreme plate temperatures such as 75 and 95 oC. Drying at higher levels of vacuum resulted 
higher aroma in CTC tea. But in orthodox, more escape of aroma was observed at higher vacuum 
(730 mm Hg) level as the leaves were largely loose fragments. 
 
Vacuum drying parameters were optimized to obtain maximum values of Δa, Δb and aroma 
index. For orthodox tea, the optimized values of the independent parameters viz. vacuum level, 
plate temperature and loading rate were 672.35 mm Hg, 75 	 and 0.15 kg dry sold m - 2 

respectively and the values of predicted dependent parameter,	 Δa, Δb and aroma index were 
13.84, 3.94 and 8.89 respectively. For CTC tea the optimized values of independent parameters 
were 722 mm Hg, 75 	 and 0.18 kg dry sold m - 2 respectively and the values of predicted 
dependent parameter,	 Δa, Δb and aroma index were 19.83, - 2.33 and 9.38, respectively. Heat 
utilization efficiency of vacuum dryer was 64.73 % for orthodox tea and 52.4 % for CTC tea. 
 
Key Words: Vacuum dryer; Orthodox; CTC; Quality of tea; Heat utilization efficiency 
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Cryogenic grinding of spices improves the quality of the ground powder by reducing the loss of 
volatile compounds which would have otherwise evaporated due to high temperatures that 
develop inside the grinder. Screw conveyor is used in this work as a pre- cooler to reduce the 
temperatures of the spices before they are fed in to the grinder. Understanding of the flow and 
residence time distribution inside the pre-cooler is important for improving and scaling up the 
cryo grinding process. The Discrete element Method (DEM) is widely used for understanding 
flow behaviour of the particles in different process applications. Black pepper is modelled with 
the DEM to investigate the mass flow and residence time distribution in a screw conveyor used 
as a pre-cooler in the cryogenic grinder and the results are compared with the experiments. A 
Rotating drum apparatus was used to analyze the angle of repose and flow characteristics of 
black pepper to select the DEM input parameters. The Coefficient of static friction for particle to 
particle contact and the Coefficient of rolling friction for particle to wall contact have the highest 
impact on the results. The simulations that best matched the experimental results have values of 
coefficient of static friction for both particle to particle and particle to wall contact as 0.4 and 
Coefficient of rolling friction between particle to particle contacts of 0.03. The validation of the 
parameters to model the particle flow was carried out on a screw conveyor at rotational speeds of 
5, 10, & 20 rpm and mass input of 25g and 50 g. The mass flow rates and residence times 
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predicted using DEM are in agreement with the experimental results. The residence times 
obtained using EDEM (API) are comparable with the pulse input tracer methods confirming that 
DEM can be applied for accurate prediction of residence times in screw conveyors. Optimization 
of the screw dimensional parameters was then carried out with the validated parameters. The 
optimized screw conveyor had screw flight of 66mm, screw shaft of 42mm and pitch to diameter 
ratio of 0.42. The mass flow rate from the screw conveyor was 6.67 kg/h and a residence time of 
401s for 1.87 m length. A vertically aligned pre-cooler was developed to replace the horizontal 
screw conveying pre-cooler. The mass flow rate in the vertically aligned pre-cooler was 
dependent on paddle height, baffle diameter and rotational speed. On the other hand, the 
residence time was found to be a function of rotational speed of the paddles and angle of baffle 
cut section only. Particle breakage in the hammer mill was 
modeled using the particle replacement method of DEM. It was found that the particle 
replacement method with four numbers of progenies and a size ratio of 0.33 can be used to 
qualitatively model the breakage to understand mill material interaction. 
 
Keywords: Cryogenic grinding, Discrete Element Method, pre-cooler, screw conveyor, 
modeling, validation, optimization, vertically aligned pre-cooler, particle breakage, particle 
replacement method, mill material interaction, hammer mill, shape of hammer 
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The synergistic blends of sunflower (SO) and sesame oils (SEO) (51:49) were exhaustively 
characterized for thermal and oxidative stability by Rancimat, thermogravimetry (TG), and 
differential scanning calorimetry (DSC). The temperature dependent kinetics of lipid oxidation 
was described using Arrhenius equation (ln k vs. 1/T) and activated complex theory (ln k/T vs. 
1/T) to calculate the kinetic parameters viz. activation energies, activation enthalpies, and 
entropies that varied from 91.80 to 99.57 kJ/mol, 86.94 to 95.35 kJ/mol, -30.57 to -4.78 J/mol K, 
respectively (R2> 0.90, p< 0.05). The optimized blend (SSOB) consisted of 50.8 and 49.2% of 
SO and SEO, respectively, and showed highest synergism (115%) and Rancimat IP (100 °C) 
than SO (13.2 vs. 6.1 h). SSOB possess nutritionally stable composition of ω-fatty acids than SO 
(ω-9, 34.5 vs. 28.7%; ω-6, 50 vs. 52%) and superior thermal stability (onset temperature, 387 vs. 
212 °C; oil induction time, 21.6 vs. 15.7 min) as measured by gas chromatography and TG/DSC, 
respectively. Spray dried microcapsules of optimized oil blend were fabricated using modified 
starch (MS) and protein isolates (PI) (70:30 w/w) as wall matrices. The best microcapsules (ME: 
93%) (D[3,2]: 0.63 μm; D[4,3]: 28.9 μm) (oil blend = 25 %) (MS : PI =3:1) revealed close match 
of oxidation onset temperature (293 vs. 347 °C), satisfactory retention of MUFA (35.1 vs. 
34.5%), PUFA (44 vs. 50 %) and calculated oxidizability (4.83 vs. 5.52) vs. oil mix. FTIR 
confirmed minimal interactions between oil and wall components while SEM revealed semi-
spherical microcapsular morphology with insignificant surface fissures. 
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The best formulation of microcapsule was further optimized for the spray drying process 
conditions based on seven major response parameters using response surface methodology 
(RSM) and multilayer perceptron (MLP) artificial neural networks (ANN). The optimum ME 
(%), PV, color (L*), moisture (%), porosity (%), hygroscopicity (%) and BD were obtained as 
92.61 %, 12.82 meq / kg oil, 87.04, 3.66 %, 52.07 %, 4.49 % and 404.83 kg/m3 at inlet 
temperature 170.3 °C and feed rate 2.9 mL/min. The developed neural network (MLP ANN) was 
able to predict efficiently different physico-chemical parameters studied for the 
microencapsulated vegetable oil blend (MESSOB) with a R2 values ranging between 0.75-0.98. 
The overall relative error during training (0.75) and testing (0.55) obtained were also 
satisfactory. Adsorption isotherms of MESSOB were determined by static gravimetric technique 
at 15, 30 and 45 °C. The data obtained were fitted to five different sorption models. A non-linear 
least square regression analysis was adopted to evaluate the model constants. The experimental 
sorption data were best fitted to four parameter Peleg model. The monolayer moisture contents 
found from GAB model were in the range of 2.83-3.99 kg H2O per kg dry solids. Net isosteric 
heat of sorption was evaluated using the Clausius–Clapeyron equation and differential entropy 
decreased with increasing moisture content. Gibbs-free energy decreased with increasing 
equilibrium moisture content. The spreading pressure increased with the rise in water activity for 
all temperatures. 

The storage stability of MESSOB in terms of MC (%), ME (%), PV, p-AV, FFA (%) and 
CI of MESSOB packed in aluminium laminated low density polyethylene (ALLDPE) were 
studied along with their change kinetics under ambient (30 °C, 75 % RH) and accelerated (40 °C, 
90 % RH) conditions. Based on Rancimat analysis, the shelf-life determined of MESSOB and oil 
blends at 30 °C was 214 and 192 days respectively. In frozen dessert formulation, based on 
similarity value, it can be concluded that 30 % milk fat replacement with vegetable oil powder in 
frozen dessert has no significant difference with control ice cream in terms of sensory attributes. 
In comparison to the control ice cream, the optimized frozen dessert has 83.6 % higher DPPH 
radical scavenging activity and higher amount of PUFA (20.2 %) than control ice cream sample 
(2.7 %). 
 
Keywords: Vegetable oil blend, omega fats, rancimat, microencapsulation, thermooxidative 
stability, frozen dessert. 
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The present study was aimed to prepare a stable cerium oxide nanoparticles added water 
emulsified Mahua biodiesel blend (NWEB) and to study its fuel properties, combustion, 
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performance and emission characteristics in a four stroke, single cylinder 10 kW diesel engine 
vis a vis diesel, B20 and water emulsified Mahua biodiesel blend (WEB). Initially, dispersion 
stability of CeO2 nanoparticles dispersed in water (pH 7.3) with 20, 40, 60, 80 and 100 mg/L 
concentration was measured using electrophoretic light scattering method. The highest stability 
(zeta potential -46.4 mV) of CeO2 nanoparticles was observed with 60 mg/L concentration and it 
was selected for preparing more samples of NWEB. The Mahua biodiesel was produced 
following acid-base transesterification process and B20 blend was used as base fuel to prepare 
emulsified fuels. The data of NWEB prepared with different levels of water amount, surfactant 
amount and stirring speed were used in radial basis function neural network-particle swarm 
optimization (RBFNN-PSO) technique to predict the optimal emulsifying parameters to prepare 
a stable NWEB with lesser surfactant amount and stirring speed so as to save chemical and 
electricity. The combination of optimal emulsifying parameters i.e. 10% water, 1% surfactant 
and 2500 rpm of stirrer was selected with which actual separation from emulsion layer was 
found to be 0.84% after 30 h as compared to a predicted separation of 0.90%. The fuel properties 
of NWEB and base fuels were measured following the ASTM Standards and were found within 
the limits of American, European and Indian Standards for diesel, biodiesel and biodiesel blends. 
NWEB was used to run a four stroke, single cylinder, water cooled, direct injection 10 kW diesel 
engine to investigate its combustion, performance and emission characteristics at 0, 20, 40, 60, 
80 and 100% of rated load as per Indian Standard and to compare the same with diesel, B20 and 
WEB. The mean peak pressure for NWEB with all loads tested was measured to be 61.55 bar as 
compared to 62.48, 60.31 and 61.14 bar for 
diesel, B20 and WEB, respectively. The peak heat release rate for NWEB was found to be lower 
than diesel and WEB due to lesser heating value and shorter ignition delay. The blending of 
CeO2 nanoparticles with WEB increased the fuel reactivity which reduced the ignition delay up 
to 0.35 °CA as compared to WEB. The fastest combustion was observed with NWEB by which 
mean total combustion duration at all engine loads reduced by 4.65%, 5.09% and 3.43% as 
compared to that of diesel, B20 and WEB, respectively. The engine was found to be more 
efficient at 80% engine load for all the fuels tested where maximum BTE (30.41%) and 
minimum EGT (646 °C) were obtained with NWEB as compared to other test fuels. However, 
mean BSFC for NWEB was found to be 8.6% higher as compared to that of diesel (346.7 
g/kWh) due to its lesser energy content and higher density. The mean CO, HC and NOx 
emissions obtained with NWEB were reduced by more than 12%, 30% and 14%, respectively as 
compared to diesel and WEB due to improved air-fuel mixing, increased fuel reactivity and 
lower residence time at higher cylinder temperature.  
 
Keywords: Mahua biodiesel; Water emulsified fuel; Cerium oxide; Stability; Diesel engine;  
Combustion characteristics; Performance; Exhaust emissions 
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Careful monitoring of both physiological and biochemical parameters of rice and soil water 
regime under water stress conditions is required for management of water stress in paddy field. 
The diffuse reflectance spectroscopy (DRS) approach is shown to have potential to monitor both 
crop and soil attributes. In this study, the DRS approach was evaluated for estimating both soil 
and crop attributes using chemometric models from spectral reflectance of rice canopy grown 
under controlled water stress conditions. Five different chemometric modeling approaches such 
as partial-least-squares regression (PLSR), support vector regression (SVR), random forest 
regression (RFR), locally-weighted PLSR (PLSRLW), and PLSR with feature selection (PLSRFS)) 
approaches were evaluated. These approaches were tested on crop and soil water stress  
parameters using four datasets: 1) 600 leaf area index (LAI) values, 2) 480 canopy water content 
(CWC) values, 3) 780 whole soil water potential (SWP) values measured over the water stress 
period, and 4) 72 terminal SWP values measured just before the water stress was broken. All 
these parameters and the spectral reflectance data were collected from an experimental field trial 
conducted over two rice growing seasons (December to May of 2014-15 and 2015-16). For the 
crop water stress parameters such as LAI and CWC, PLSRLW performed with a coefficient of 
determination (R2) of 0.77 and 0.66 with root mean squared residual (RMSR) of 0.85 m2 m-2 and 
96.25 gm-2, respectively. For the SWP, SVR approach yielded the best performance with the R2 
values of 0.71 and 0.55 for the calibration and validation datasets, respectively. Observed RMSR 
values for the predicted SWPs were in the range of -7 to -19 kPa. A new spectral water stress 
index was also developed using the reflectance values at 745 nm and 2002 nm, which showed 
strong correlation with relative water contents and electrolyte leakage. This new approach is 
rapid and non-invasive and may be used for estimating LAI, CWC and SWP over large areas. 
 
Keywords: Diffuse reflectance spectroscopy; Soil water potential, Leaf area index, Canopy 
water content; Partial-least-squares regression; Locally-weighted partial-least-squares regression; 
Spectral vegetation indices 
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Swertia chirata, a critically endangered medicinal plant was explored for its reducing ability to 
synthesize silver and gold nanoparticles (Ag/AuNP). The appearance of surface plasmon 
resonance (SPR) band at 440 and 540 nm confirmed the biosynthesis of Ag/AuNP respectively. 
The optimum condition for maximum AgNP synthesis was 2.92 mM concentration of silver 
nitrate (SN), 23.83 % leaf extract (LE), pH 8.31 and temperature of 44.60 ºC. Maximum 
biosynthesis of AuNP was achieved under the optimized condition of 4 mM concentration of  
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gold chloride (GC), 17.24 % LE, pH 4.6 and temperature of 53.61 ºC. The synthesized Ag/AuNP 
were characterized by transmission electron microscopy (TEM) along with selected area electron 
diffraction (SAED) pattern and energy dispersive X-ray (EDX), atomic force microscopy 
(AFM), X-ray diffraction (XRD) and fourier transform infrared (FTIR) analysis. TEM analysis 
revealed that the average size of AgNP synthesized was 20 nm and mainly spherical in shape. 
AuNP was also spherical shaped along with that a few Nano triangles and hexagonal particles 
were observed. The diameter of AuNP ranged from 0.5 to 60 nm where average size of AuNP 
was 50 nm. XRD analysis of the particles confirmed the crystalline nature. Results of AFM and 
XRD were in accordance with the results obtained from TEM. The plausible mechanisms for the  
reduction of SN/GC to Ag/AuNP, respectively were proposed following the identification of 
functional groups by FTIR. The biological activities of AgNP mainly focused on the studies 
pertaining to in vitro shoot regeneration of S. chirata and genotoxicity assessment both at mitotic 
and meiotic levels using Allium cepa chromosomal model. Incorporation of AgNP in the culture 
medium improved the shoot regeneration of S. chirata. Possible role of AgNP by incorporation 
of ethylene inhibitor and precursor with or without AgNP along with ROS regulation has been 
illustrated. In contrast to the stimulatory effect on S. chirata, AgNP induced severe chromosomal 
aberrations (CA) in both mitotic and meiotic cells of A. cepa. Apart from biological activities, 
catalytic activity of Ag/AuNP was tested against three textile organic dyes like methylene blue 
(MB), methyl orange (MO) and rhodamine B (RB) under fluorescent (FL) and LED light 
conditions. The study revealed that combination of proper nanocatalyst and efficient light source 
was necessary for proficient degradation of dyes. 
 
Keywords: Nanoparticles, silver, gold, optimization, shoot regeneration, mitosis, meiosis, 
catalytic activity, dye. 
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Fresh Sugarcane (Saccharum officinarum) juice is a popular beverage in South Asian countries. 
It is obtained by crushing of sugarcane stems or stalks using juice extractor. It has many 
therapeutical and nutritional properties. It is a rich source of vitamins, minerals, phenolic 
compounds and many health promoting compounds. However, the shelf-life of sugarcane juice is 
limited due to high incidences of microbial contamination and enzymatic browning which takes 
place immediately after extraction of juice. The seasonal availability and short shelf-life is 
limiting the market availability of sugarcane juice in packaged form. Conventional thermal 
processing of sugarcane imparts jaggery flavour with loss of bioactive components and was not 
acceptable to the consumers.  
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Among different sugarcane juice extractors under study, the three roller power operated 
sugarcane juice extractor recorded highest juice extraction of 81% followed by diesel operated 
(75%) and hand operated (73%). Hence, for hygienic production of sugarcane juice, power 
operated three roller juice extractor was recommended for small juice processing units. In the 
present scenario, to meet the consumers demand for “fresh like” products free from chemicals, 
non-thermal processing such as high pressure processing (HPP) need to be explored. The major 
advantage with HPP is retention of nutritional qualities while maintaining the microbial stability 
of the product. Hence, HPP of sugarcane juice was attempted and its effect on physico-chemical, 
nutritional, enzymatic and microbial qualities of juice was studied within the range of pressure 
300‒600 MPa, temperature 30-60 °C and dwell time 10-25 min. Pressurization at higher 
temperatures resulted in color change of sugarcane juice within “well visible” range (3.0<ΔE*< 
6.0). Total phenols and antioxidant activity in HPP treated sugarcane juice were well retained up 
to 50 °C within the pressure domain of 300‒600 MPa. A maximum loss of 25% ascorbic acid 
was recorded under HPP treatment at 600 MPa/60 °C /25 min.  
The highest inactivation of Polyphenol oxidase (PPO) (98%) was attained at 600 MPa/60 °C/25 
min while for Peroxidase (POD), it was 92%. PPO, the major enzyme causing enzymatic 
browning in sugarcane was found to be sensitive to temperature and pressure. During HPP,  
among the microorganisms studied, aerobic mesophiles were found to be baro-resistant and 
above 50 °C, all the microorganisms were eliminated below detection limits. Both enzyme 
inactivation and microbial destruction followed first order kinetics in HPP sugarcane juice within 
the experimental domain (300-600 MPa; 30‒60 °C, 10-25 min).  
The process conditions were then optimized within experimental domain using Design Expert 
software. The optimum condition for HPP treatment of sugarcane juice was 523 MPa/50 °C/11 
min with a desirability value of 0.647. Under optimized condition, the sugarcane juice sample 
resulted in 62% PPO inactivation, 69% POD inactivation, 95% antioxidant capacity, microbial 
safety (> 5 log10 reduction) with ΔE* value < 3.0. The shelf-life studies were carried out for 
optimized HPP sample (523 MPa/50 °C/11 min), thermal processed sugarcane sample (90 °C/5 
min) and untreated sample, packed in two different packaging materials ethyl vinyl alcohol 
(EVOH) and multilayered polyethylene terephthalate (ML-PET) under two different storage 
temperatures of 4 and 25 °C upto 120 days. The quality analysis together with sensory evaluation 
was carried out at regular intervals for shelf-life estimation. Based on quality parameters, the 
shelf-life of HPP treated sugarcane juice samples was extended upto 100 and 25 days under 
storage temperatures of 4 and 25 °C, respectively. 
  
Keywords: Sugarcane juice; High pressure processing; Enzyme inactivation; First order 
kinetics; Microbial destruction; Optimization; Shelf-life. 
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The development of Nuclear Power Plants (NPPs) are expanding in India for which a very 
stringent siting criteria has been established by Atomic Energy Regulation Board. Hence, a 
comprehensive flood risk assessment procedure is needed to ensure the safety of site against 
flooding. The present study aims to develop risk based flood management measures for two NPP 
sites located in two entirely different hydro-climatological zones and terrain conditions. One site, 
Chutka site, is located in a hilly terrain adjacent to the water spread area of Rani Awanti Bai 
Lodhi Sagar (RABLS) reservoir on Narmada river in Mandla district of Madhya Pradesh, India. 
At this location, major sources of flooding include flow in river Narmada and its tributaries, 
breach outflow from upstream storage projects and back water effect of RABLS dam. The 
second site, Gorakhpur site, is located in low relief floodplain in Fatehabad district in Haryana, 
India near a major irrigation canal where the catchment rainfall and canal breach are the major 
source of flooding. The design rainfall values are estimated using L-moment based frequency 
analysis of annual maximum daily rainfall data and convoluted with synthetic unit hydrograph 
derived from physiographic characteristics of the study catchment. The design rainfall values 
(48-h duration rainfall for 10000 year return period) for Chutka and Gorakhpur study areas are 
computed 864 mm and 1808 mm, respectively. For Chutka study area, the corresponding design 
floods at Manot, Manot to RABLS, Burhner and Banjar inflow locations are computed as 
63188.55 m3/s, 85159.99 m3/s, 54523.2 m3/s and 40741 m3/s, respectively. Similarly, for 
Gorakhpur site the design flood is computed as 17277.38 m3/s. MIKE FLOOD package is used 
to develop 1D-2D coupled hydrodynamic flood model and the damage inducing parameters are 
computed in spatial domain. Several issues of flood modelling and risk management especially 
related to data constraint and inclusion of climate change impact are deliberated. The 
performance of various modelling approaches: 1D and 1D-2D coupled models are evaluated. 
Further, the impact of DEMs from different sources like detailed survey, Survey of India (SOI) 
toposheets, SRTM and Cartosat-1 satellite data and DEMs of varying grid sizes of 10 m, 30 m, 
90 m and 120 m, on flood inundation characteristics are evaluated. A simple, yet comprehensive 
approach of including future flooding under climate change impact on flood risk assessment is 
demonstrated. For flood hazard assessment, a hazard classification scheme based on depth, 
velocity x depth and flood duration is formulated and the cumulative effect of these three 
parameters is used to define the overall flood hazard. The flood hazard assessment at catchment 
level flooding scenario is used for preliminary evaluation of NPP site. The flood hazard 
assessment at local or site level is carried out for planning a suitable flood risk reduction 
measure. Based on the flood hazard assessment at Chutka site, it is recommended to install the 
plant at safe grade elevation of reduced level (RL) 437.53 m while for Gorakhpur site, for site 
level flood hazard, a flood-proofing plan in the form of land grading to the safe grade elevation 
of RL 218 m is recommended. 
 
KEY WORDS: MIKE FLOOD, flood risk assessment, flood hazard, climate change factor, 
DEMs' source, DEMs' grid size, nuclear power plant siting. 
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Increasing energy demand and exhausting finite resources are driving forces for paradigm shift 
from using conventional oils to single cell oils. In biodiesel industry, biotransformation of crude 
glycerol into fatty acid methyl esters (biodiesel) using oleaginous yeast is a viable approach for 
development of sustainable, eco-friendly and cost-effective process. In the present study, crude 
glycerol a by-product of biodiesel production was supplemented to Trichosporon shinodae for 
single cell oil accumulation using central composite design of response surface methodology. 
The proposed modelling and optimization considered the individual, square and interaction 
effects of the production variables namely pH, temperature, FeSO4, MgSO4, inoculum volume, 
incubation time and C/N ratio on the total lipid content. The developed quadratic model was 
found to be significant with the R2 value of 95.20% and adj. R2 value of 91.97%. An optimal 
single cell oil content of 49.85±0.8%(w/w) was obtained using T. shinodae with 6.2%(v/v) 
inoculum volume, pH- 3.6, C/N ratio-105, 1.52 (g/L) of MgSO4 and 4.55 mM FeSO4 in 120.72 
h at 30°C. These lipids are further subjected to ultrasonic assisted extraction (UAE) which 
resulted 44±0.33 %(w/w) of lipid content using chloroform/methanol binary solvents in 20 min 
at 30 °C with a frequency of 50 Hz and 2800 W power, respectively.  
Enzymatic transesterification of single cell oil resulted maximum FAME yield of 90.03 %(v/v) 
with the methanol to oil ratio of 14.98, solvent to oil ratio of 0.270 in 12.52 h at 25.99 oC with 
1.26 %(v/v) initial water content. The fatty acid methyl esters were tested for suitability of fuel 
properties and found that the iodine value (114.6–116.4 g I2/100 g), cetane index (47-48), 
saponification value (204-207 mg/KOH), acid value (0.9-1.1 mg KOH/g) and higher heating 
value (37-39 MJ/kg) shows that the oleaginous yeast biodiesel has immense potential to be used 
either as an additive or as a blend to the conventional fuels that ultimately mitigate the 
greenhouse gas emissions and climate change. 
  
Keywords: Biodiesel; Enzymatic transesterification; Oleaginous yeast; Trichosporon shinodae; 
Ultrasound assisted lipid extraction. 
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Microalgal biodiesel production experiences hurdles in every step, starting from cultivation 
followed by harvesting, drying, oil extraction, transesterification and overall, the cost of 
production. An approach was made in minimizing the cost of biomass production using the 
locally available agricultural fertilizers, viz. urea, NPK, diammonium phosphate, potash, 
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magnesium sulfate and superphosphate as macronutrients, and fertilizer-grade copper sulfate, 
ferrous sulfate and zinc sulfate as micronutrients for cultivation of the green microalga 
Scenedesmus obliquus (Trup.) Kutz. (SAG 276-3a, Gottingen, Germany). The optimized urea 
medium (OUr) depicted a cost reduction by 50-fold as compared to the N 11 control medium. 
The biomass yield was enhanced by 33.5% with reduction in the requirements of the major 
nutrients, such as potash by 29%, magnesium sulfate and superphosphate by 25% following 
optimization. Urea requirement was however, increased by 20% in the newly formulated OUr 
medium. The latter was also found suitable for cultivation of other eight green microalgal 
species, viz. Scenedesmus accuminatus, Scenedesmus armatus, Chlamydomonas sp., 
Haematococcus pluvialis, Chlorella sorokiniana, Chlorella vulgaris, Chlorella minutissima and 
Selenastrum sp. 
 
The pilot-scale cultivation of S. obliquus in open raceway ponds in OUr medium depicted 
maximum biomass and lipid yield of 1.23 g L-1 and 125.3 mg L-1, respectively, at 30 cm culture 
depth with 65 rpm impeller speed on 30th day of cultivation during winter season. Thus the areal  
biomass and lipid productivities were estimated to be 12.61 and 1.2 gm-2 day-1, respectively for 
the winter season followed by summer (10.89 and 1.08 gm-2 day-1, respectively), and least for 
rainy season (4.75 and 0.42 gm-2 day-1, respectively). 
 
Various harvesting techniques, viz. pH-induced flocculation, use of inorganic chemicals, cationic  
polymer, dissolved air flotation and electro-flotation were studied to harvest the microalgal crop 
economically in an eco-friendly way. Among them, the pH-induced flocculation by NaOH was 
found to be the most pertinent one for pilotscale cultures. Moreover, the supernatant was reused 
as growth medium with nutrient re-supplementation and pH adjustment. 
 
The harvested microalgal slurry was hydrothermally processed for the production of bio-
crude/bio-oil. Hydrothermal liquefaction was standardized at 300°C, 200 bar pressure and 60 
min of residence time. The use of CH3COOH as catalyst increased the bio-crude yield to 45% 
(wt.%), thus resulting an increase by 10% with catalyst use. The higher heating value of both 
petro-crude and bio-crude was found to be in the same range. The bio-crude however, showed 
higher oxygen and nitrogen contents, thus demonstrating the need for hydrodeoxygenation and 
upgradation for better stabilization of bio-crude. 
 
Keywords: Agricultural fertilizers; Bio-crude; Harvesting; Hydrothermal liquefaction; 
Microalgae; Raceway pond cultivation; Scenedesmus obliquus. 
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Parboiling of paddy renders firmer rice kernel and improved nutritional profile due to migration of 
nutrient into the endosperm. Parboiling brings about improved physical integrity (hardness), which has 
been proved to be the major factor in withstanding physical damage and insect infestation. However, the 
chemical aspect pertaining to above mentioned process has got prime importance in terms of starch 
hydrolysis behaviour. Reduced crystallinity of parboiled rice leads to increased digestibility in its native 
state and favours fungal based amylolytic actions. During parboiling, rice undergoes various chemical 
phenomena such as gelatinization/retrogradation but slowly digestible starch and resistant starch content 
is not up to the mark. The probable cause of this could be the immediate drying, which limits the 
retrogradation phenomena and left the kernel with lower crystallinity. Lower crystallinity also exhibits 
higher affinity to moisture, which is primarily a contributing factor towards water activity of the kernel. 
Keeping above issues in mind, the present investigation was initiated by characterizing fungal damaged 
rice (parboiled) to understand its crystallinity and susceptibility to enzymatic hydrolysis, followed by 
establishing relationship between starch crystallinity of parboiled rice and moisture absorption 
behaviour. Subsequently, conventional parboiling process was modified and optimized to reduce the 
susceptibility of starch to amylolytic hydrolysis by altering its crystalline polymorph and enhancing 
resistant starch content. Finally, suitable hydrothermal process (Heat and Moisture Treatment-HMT) was 
investigated to transform the parboiled rice with low acceptability (non-issuable) into valued rice having 
higher crystallinity and resistant starch content.  

The outcome of the investigation prompted about high moisture absorption behaviour and lower 
crystalline ordered starch increase of fungal damaged parboiled rice kernel. Moreover, higher 
susceptibility to amylolytic digestion was adjudged to be the primary intrinsic properties, which promote 
fungal infestation in parboiled rice. Subsequently, a model was developed to explain the relationship 
between starch crystallinity and moisture absorption, which can also explain the mechanism of moisture 
absorption by pregelatinized (parboiled) starchy matter. Further, process modification in paddy 
parboiling was attempted to achieve enhanced and modified crystallinity. Using numerical optimization 
technique, the parboiling process was optimized and soaking at low pH (3.4 for 3.5 h) followed by 

steaming (20 min) and cooling (5 
o
C) for 1 h was found to be the best condition for crystallinity 

modification in parboiled rice. The optimized rice was tested for its amylolytic hydrolysis behaviour and 
significant reduction in glycemic index of the optimized sample was observed (GI = 42). In a subsequent 
study, heat and moisture treatment (HMT) was employed to enhance the starch crystallinity of parboiled 
rice having severe parboiling effects. Experiments at various temperature, moisture and time illustrated 

that, treatment of parboiled rice (with low crystallinity, 9.6%) at 120 
o
C and 15% moisture content could 

significantly increase the crystallinity, which was comprises of major V type starch polymorph. Apart 
from this, HMT treated parboiled rice could exhibit around 30% of resistant starch. The mechanism of 
crystallinity and resistant starch enhancement was adjudged to be the increased crystal size and 
perfection. The crystal diffracted at 2ϴ = 13o was found to contribute maximum towards resistant starch 
formation during HMT of parboiled rice starch. 

Keywords: Crystallinity, Fungal damage, Heat and Moisture Treatment, Parboiled Rice, Starch  
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Bread, an ideal functional cereal product has been consumed widely all over the world despite a 
wide variation in types and forms based on cultural habits. However, consumption of a particular 
product on a regular basis evidenced some detrimental effects on health such as lysine deficiency 
and coeliac disease caused due to the frequent consumption of wheat. Thus, the demand for 
commercially marketed nutraceutical items has generated a need for healthy functional 
ingredients which can be shelf-stable as well as simple to use in formulations. In this aspect, 
germinated (sprouted) grain products are the most recent advances in the cereal world owing to 
several nutritional, functional and sensorial benefits. In this study, the sprouted wheat flour was 
proved to have higher nutritive values, antioxidative properties and digestibility. In contrast, the 
sprouted wheat flour depicted poor dough rheology and water hydration properties resulting in 
inferior baking quality. So, sprouted wheat flour (SWF) should be fortified with nutritionally rich  
cereal grains like rye, oat, barley, and almond to develop functional multigrain bread. The 
influence of addition of rye (10-20%), oat (3-5%), barley (10-12%), and almond (5%) with SWF 
(65-70%) on dough gelatinization temperature, water absorption index (WAI) and loaf volume 
was studied. The substitution of rye, oat, and barley with SWF significantly (p<0.05) increased 
the gelatinization temperature from 61.72-69.14°C, loaf volume from 27.44-61.72% and WAI 
from 1.85-2.58 respectively. The ingredients composition was optimized using response surface 
methodology (RSM) and the numerical optimization revealed that dough containing 65% SWF, 
20% rye, 10% barley and 5% oats exhibited optimal gelatinization temperature, loaf volume and 
WAI. The optimized dough mixed with 5% almond flour was baked in a conventional baking 
oven. The effects of baking temperature (180-200°C) and time (20-30 min) on bread quality 
parameters like crumb hardness, total colour change in crumb and crust and specific loaf volume 
were assessed and optimized using CCRD-RSM and PCA-RSM hybrid technologies. Bread 
baked at 190°C for 25 min explored the optimal condition of crumb hardness (3.622 N), total 
colour change in crumb (22.37) and crust (14.42) and specific loaf volume (2.41 cc/g). Robust 
heat and mass transfer during baking was studied using COMSOL Multiphysics by fixing the 
boundary conditions as T= 190°C and t= 25 min. The models were calibrated and validated. The 
strong positive correlation (r= 0.99) between experimented and simulated temperature profile 
and water distribution profile indicated the baking performance of the oven. The developed 
multigrain bread has enhanced proximate values, mineral composition and antioxidant properties 
with rich in phenolics like ferulic acid, p-coumaric acid, vanillic acid, caffeic acid and ethyl 
gallate. The developed bread was stored at four different temperature viz., 5, 25, 35, and 45°C 
for six days to assess the shelf-life and microbial spoilage. The bread was found to be stable up 
to six days at ambient condition (25°C and 75% RH). During this period, the bread quality 
parameters like bread texture, colour, water activity and microbial load were within safe limits 
for consumption.  
 
Keywords: SWF, Multigrain bread, Baking, Rheology, CCRD, RSM, PCA, Shelf-life 
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For efficient flood forecasting in real-time, the existing models are constrained with static and 
lumped approaches, unavailability of real-time streamflow and reliable meteorological forecasts, 
missing records of hydro-meteorological observations for model setup, and low accuracy levels 
of satellite-based precipitation data products. Integration of deterministic rainfall-runoff models 
with machine learning techniques could minimize the forecasting uncertainties due to the model 
as well as error component of the input data at different lead-times. To address these issues, this 
study (i) reanalysed the Kohonen Self Organizing Map (KSOM) estimator for estimation of 
missing hydromclimatic datasets of rainfall, temperature, discharge and evapotranspiration; ii) 
developed a novel Wavelet-based Non-linear AutoRegressive with eXogenous inputs (WNARX) 
dynamic neural network (NN) forecasting model using Tropical Rainfall Measuring Mission 
(TRMM) satellite-rainfall estimates, and evaluated its efficiency with the existing models of 
AutoRegressive Moving Average with eXogenous inputs (ARMAX), static-NN, Wavelet-based 
NN (WNN), and Nonlinear Autoregressive with Exogenous Inputs (NARX) models; and iii) 
developed the VIC-WNARXc (coupled) and VIC-WNARXu (error-updating) models integrating 
the Variable Capacity Infiltration (VIC) deterministic rainfall-runoff model with the WNARX  
model under availability/unavailability of real-time rainfall forecasts from the European Centre 
for Medium-range Weather Forecasts (ECMWF). Moreover, due to the highly-biased satellite 
rainfall and the unreliable deterministic meteorological forecasts, the quantification of predictive 
uncertainty associated with the flood forecasts was carried out using Quantile Regression of the 
prediction error. 
 
The developed models were field-tested in the Hirakud reservoir catchment in eastern India for 
real-time inflow forecasting at 1-5 day lead-times. The results revealed that the WNARX model 
outperformed the existing NN models, even with the biased TRMM satellite rainfall products. 
Similarly, the developed VIC-WNARXc and VIC-WNARXu model variants outperformed the 
stand-alone VIC and WNARX models, resulting in the VIC-WNARXc to be the best model. The 
developed modelling approach could be a very good alternative for operational inflow 
forecasting with improved early flood warning and reservoir operation in any world-river basin 
in general, and the Hirakud reservoir, in particular. 

 
Keywords: Neural network, KSOM, Missing data, Reservoir, Inflow, VIC, WNARX, Updating 
 

PECTRAL REFLECTANCE OF BULK SOIL SAMPLES AND THEIR 
AGGREGATE SIZE FRACTIONS FOR ESTIMATING SOIL 

PROPERTIES 
 

Vasava Hiteshkumar Bhogilal 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 63 

 

Supervisor: Professor Bhabani Sankar Das 
Agricultural and Food Engineering Department 

Accession No.: NB16390 
 

Diffuse reflectance spectroscopy (DRS) continues to emerge as a rapid approach for estimating 
several soil properties. Large database on soil properties and their reflectance spectra are 
prerequisite for developing robust chemometric models. To improve the accuracy of DRS 
approach for soil properties estimation, a new data fusion approach was tested in which the 
reflectance spectra over 350-2500 nm of bulk soil and its aggregate size fractions obtained by 
dry sieving approach were combined with three chemometric models such as partial-least-
squares regression (PLSR), a locally-weighted PLSR (PLSRLW) and PLSR with feature 
selection (PLSRFS). This newly developed approach was tested using three different spectral 
libraries containing a total of 1013 soil samples each with 9 different aggregate size fractions. 
Correlation analysis suggested that soil properties were correlated to the respective mass 
fractions and average spectra of macro aggregates (aggregate size > 0.20 mm) while the  
adjacency analysis suggested that the micro aggregates (aggregate size <0.13 mm) mass fractions 
and average spectra might hold more information for estimating soil properties in the DRS 
approach. In general, the PLSRLW and PLSRFS approaches with micro aggregate spectra as the 
additional data source showed lower root-mean-squared errors (RMSE) than those obtained 
when bulk soil spectra were used alone. The newly developed data fusion approach improved the 
estimation of soil properties. The improvement in the RMSE ranged from 3% to 46 % for 
texture, 2% to 18 % for structure, 3% to 40% for chemical properties such as pH, and 1% to 24 
% for nutrient contents. Hence, the results of improving the performance of spectral algorithm 
using aggregate size fraction spectra is a step forward in soil analysis through DRS approach. 
Although collecting soil aggregate spectra involves additional time, compared to bulk soil 
spectra alone, the analysis provides mean weight diameter property as well. 
 
Keywords: Texture; Aggregate size distribution; Diffuse reflectance spectroscopy; Visible and 
near-infrared spectra; partial-least-squares regression; Locally-weighted partial-leastsquares 
regression 
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Precise information of microclimate variation in the greenhouse and application of optimum 
amount of water and nutrients to plants are crucial for enhancing crop production under the 
greenhouse. The present study aims to establish crop coefficient, irrigation and fertigation 
requirement of two varieties of Dutch rose crop (First red and Gold strike) under Greenhouse.  
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The influence of cladding materials (UV stabilized diffused and clear poly films) on the 
microclimate in the greenhouse was investigated during all three seasons of the year 2011 to 
2016. Simulation of greenhouse microclimate was done using Artificial Neural Network (ANN) 
model for prediction of greenhouse temperature and relative humidity. The inputs for model  
were maximum and minimum temperature (T), and relative humidity (RH) of greenhouse, 
outside average wind speed (WS) and solar radiation (RS). A greenhouse was designed using 
SAP2000 software and developed for year round cultivation of Dutch rose crop. 
 
Microclimate in the greenhouse cladded with diffused film was found to be always favorable in 
comparison to that of greenhouse cladded with clear film. Diffused film cladded greenhouse 
observed 3 to 3.5 °C, 2 to 5 °C and 3 to 4 °C lesser air temperature than that of the greenhouse 
cladded with clear film during winter, summer and rainy seasons, respectively. The ANN model 
architecture 6-4-2 resulted in the best suited network architecture for prediction of inside mean 
temperature and relative humidity of greenhouse (R2 = 0.980 & 0.967, RMSE = 0.711 oC & 
2.514%, respectively for temperature and relative humidity). The Dutch rose crop 
evapotranspiration (ETC) grown in the greenhouse was observed to be between 1.42 mm day−1 
and 4.99 mm day−1 , which was always lesser than the open field (1.87 mm day−1 to 5.44 mm 
day−1) cultivation. Total annual water requirement of rose plant was found as 1000.5 mm and 
1237.0 mm under greenhouse and open field conditions, respectively. The average crop 
coefficient (KC) for Dutch rose was 0.53 during initial stage (KC In), 0.72 for development stage 
(KC Dev), 0.92 for middle stage (KC Mid) and 0.86 for late season (KC Late) under greenhouse 
condition. The corresponding average KC values were 0.59(KC In), 0.77(KC Dev), 0.97(KC 
Mid) and 0.89(KC Late) for open field condition. Fertigation of 120% of recommended dose of 
fertilizer application to Gold 
strike variety resulted in maximum number of shoots per plant (18), root length (43.8 cm), LAI 
(3.1) and number of flowers per m2 per year (310). The maximum wind load acting on the wall 
of modified greenhouse of 100 m2 floor area was obtained as 144.35 kN and (-)97.95 kN on the 
windward and leeward side of the wall, respectively. However, maximum wind load on the roof 
of the modified greenhouse is (-)164.97 kN. The outer diameter and thickness of side column is 
60 mm and 2.5 mm, respectively and corresponding values for middle columns are 48 mm and 
2.5 mm, respectively. The hoops, beams and trusses of 42 mm outer diameter with 2.0 mm 
thickness are adequate to bear the total load. Modified greenhouse maintained favorable 
microclimate for rose cultivation throughout the year. 
 
Keywords: Dutch rose, greenhouse, clear and diffused film, greenhouse microclimate, ANN, 
crop coefficient, crop water requirement, drip fertigation, fertilizer use efficiency, economic 
evaluation, wind load estimation, SAP2000, greenhouse design 
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In the present times, construction sector is termed as an industry. The real estate sector 
acts as an essential participant in making the construction industry successful. Housing accounts 
for a major share of the real estate sector. Majority of the housing projects being constructed in 
India are beset with time and schedule overruns. Schedule overruns are caused due to a wide 
range of factors, e.g., site-related issues, land litigations, issues related to payment, market 
demand. Although the principal reasons for construction delays are comparable across different 
locations within a country, several factors pertaining to local industry, socio-economic issues, 
cultural effects and project characteristics also contribute to construction delays. Various 
research and literatures have indicated the relationship between construction delay and its 
possible causes. Estimating the schedule is an important aspect in deciding the viability of a 
construction project, especially if the project invests huge amount of money. Utilizing the 
experience from past construction projects can be helpful in predicting the delay in construction 
projects. Case-based reasoning (CBR), a technique that uses knowledge from past experiences, 
can be viewed as an effective method in estimating the construction delay. Even though CBR has 
been frequently used to predict the construction project costs in previous studies, studies 
performed for determining construction schedule and delay are rare.  

Research literature stops short of developing a methodology for predicting construction 
delay. The prediction of construction delay is one of the prime areas of modern construction 
management research. Forecasting the amount and nature of delay in any construction is a 
complex process and varies with various situations and locations. Moreover, a prediction model 
that can predict construction delay in the construction activities of individual buildings of a 
construction project would be beneficial to project stakeholders in the long run. With emphasis 
on residential high-rise construction and using information from past projects, this research 
focuses on developing a methodology for predicting construction delay using CBR with the 
attribute weights determined from certain analysis methods. The attribute weights were input 
from multiple regression analysis (MRA) and artificial neural network (ANN).  

Against the previously mentioned background, the present study is an attempt to develop 
a systematic model for predicting the delay in specific construction activities, pertaining to the 
execution of high-rise buildings, using the learnings from previous projects. Initially, a primary 
survey was carried out in four metro cities of India (Bengaluru, Kolkata, Mumbai and National 
Capital Region) to identify the various causes of construction delay and its relative impact. In the 
x second part of the research, the prediction of schedule overrun is forecasted on the basis of (i) 
primary level building data and (ii) repetitive construction activities. The study considers the data 
from several projects that are nearing completion in the city of Kolkata as the basis for 
developing such a model. The prediction of delay is computed using case-based reasoning 
(CBR). The attribute weights for the analysis were input from multiple regression analysis 
(MRA) and artificial neural network (ANN).  

The results indicate that as compared to conventional multiple regression methods, CBR 
performed better in forecasting the construction delay. Though this study focusses on residential 
high-rise construction, the construction industry may be benefitted using the learnings from this 
study. A project database consisting of the details related to previous projects can prove to be 
useful for the construction professionals not familiar with the challenges existing in new  
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locations. Consequently, this study can provide means of predicting the construction 
schedule in construction projects using preliminary project information. Techniques like case-
based reasoning (CBR) can be beneficial for construction project stakeholders as an excellent 
tool for systematically utilizing past experiences for future projects.  
 

Key words: construction delay; delay prediction; repetitive activities; high-rise construction; 
case-based reasoning; residential buildings. 

 
DEVELOPING A COMPOSITE SATISFACTION INDEX TO EVALUATE 

MIDDLE-INCOME GROUP HOUSING: CASE STUDY OF KOLKATA 

 
Amit Kaur 

Supervisor: Dr. Sumana Gupta 
Department of Architecture and Regional Planning 

Accession No.: NB16408 
 

Rapid urbanisation led to rising demand in the housing sector and group housing model was 
adopted by the housing boards across India. West Bengal Housing Board (WBHB) adopted such 
model for Kolkata. Middle-Income Group (MIG) dwelling units in government group housing 
were delivered at subsidised rates to those who belonged to the income bracket as they were 
sociological and financial constrained. Limitations to access urban land also promoted group 
housings through Public-Private Partnership (PPP) ventures. The two models were assessed on 
their level of satisfaction in three discrete domains -"within premises", "at neighbourhood" and 
"with cost" incurred. Cost emerged as the significant factor which affects overall level of 
satisfaction "with location". Subsequently, Composite Satisfaction Index (CSI) a weighted 
average of level of satisfaction on cost and available attributes was devised where weights were 
obtained from unbiased pool of experts. The computed CSI values were consistent with the 
overall level of satisfaction score indicating its reliability and applicability in similar contexts. 
However variations in the overall level of satisfaction existed due to the influence of many 
social, locational factors giving a biased response. The overall level of satisfaction is a 
qualitative score derived from an independent resident opinion good or bad developed eventually 
over the period of stay but CSI is specific and composite giving first hand clue to a MIG buyer. 
Thus is the importance of working out the CSI. The PPP model emerged more successful despite 
higher prices due to higher affordability evident from residents level of satisfaction and CSI. 
Index values compared with average income of the residents showed the existence of 
discrepancy, hampering the successful outreach of the implemented government policies to the 
intended beneficiaries. This hints at a need of policy revision for successful outreach to the 
desired group. This could be abridged to a certain extent by determining the upper limit of MIG 
income bracket that qualifies purchase of subsidised housing, deciding upon the dwelling unit 
sizes and its proportionate distribution among "Seekers" and "Strivers".  
 
Keywords: Middle-Income Group (MIG); Group Housings; Public-Private Partnership (PPP) 
Model; Level of Satisfaction; Composite Satisfaction Index (CSI); Policy Revision 
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APPROACHES TO LINK WATER RESOURCE MANAGEMENT WITH 
LAND-USE PLANNING IN GANGETIC WEST BENGAL, INDIA 

 
Anita Mukherjee 

Supervisor: Prof. Somnath Sen and Prof. Saikat Kumar Paul 
Department of Architecture and Regional Planning 

Accession No.: NB16428 
 

Availability of water with acceptable quality is crucial for economic growth, social peace, 
equality and environmental sustainability. Occurrence and distribution of water is getting skewed 
due to anthropogenic disruptions, thereby increasing water scarcity. Since 1970s, various 
approaches of water resource management and water scarcity indicators have been evolved to 
examine this water availability quandary, even though, functional inter-dependence of land and 
water resource has been less understood. Ways to link water resource management with land-use 
planning has not been explored explicitly. Focus of this research is on developing suitable 
methods and tools for integrating land and water planning towards alleviating water-crisis over 
an urbanizing landscape. 
  
Hydro-meteorological, spatial and socio-economic components that affect stock and supply of 
water resource have been identified throughout this research. Considering functional inter-
relationship of all the components and guided by the principles of water-balance of a region, 
Water Adequacy Index (WAI) and Per capita Water Adequacy (PWA) have been derived for 
quantifying the level of water-crisis. Hydrologic Sensitivity Index (HSI) has been developed to 
assess the impact of different pattern of land-use on hydrological processes. Efforts to keep score 
of HSI within 0.35 to 1.0 have been found to be sustainable for maintaining balance of 
hydrological cycle. The indices of WAI, PWA and HSI along with the proposed Water Sensitive 
Planning Estimator (WSPE) have been used as key assessment and control tools in water 
sensitive urban planning across different spatial scales of study area in Gangetic West Bengal.  
 
Additionally, a deviation from standard quality approach has been developed for evaluating 
qualitative acceptability of accessible water resource for specific human usage across the 
selected micro-watersheds of middle-Kangsabati and Saraswati-Hugli sub-basins of Paschim 
Medinipur and Hugli district, respectively. This research concludes by proposing an integrated 
planning approach for managing land and water resource as a function of bi-directional 
interdependence across different spatial scales of hydrologic units.  
 
Inclusion of qualitative factor in quantifying water adequacy and cost-benefit analysis in process 
of determining sustainable planning options will enhance utility and applicability of this 
integrated approach of sustainable land and water resource planning in future.  
 
Keywords: Hydrological cycle, Hydrologic sensitivity, Land-use planning, Urban Planning, 
Water-balance, Water resource management, Water scarcity. 
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A METHODOLOGY TO MODEL LINKAGES BETWEEN 
RESIDENTIAL ENERGY CONSUMPTION AND 

CARBON DIOXIDE EMISSIONS 

Aparna Das 
Supervisor: Professor Saikat Kumar Paul 

Department Of Architecture and Regional Planning 
Accession No: NB16155 

 
A significant amount of primary and secondary energy is consumed by the residential sector. 
Consumption of household goods and services leads to direct as well as indirect energy 
consumption. In this thesis, energy consumption of Indian households have been quantified in 
order to analyze its causes and significance through Input-output analysis for 1993-94, 1998- 99, 
2003-04 and 2006-07. Complete decomposition analysis of the changes in CO2 emissions 
between 1993-94 and 2006-07 have been done to differentiate the causes into pollution, energy 
intensity, structure, activity and population effects according to broad household consumption 
categories. Households consume fuels like electricity, LPG and petrol for activities like cooking, 
transport, space cooling and heating, illumination, education and entertainment, communication, 
water heating, food preservation, personal care and house cleaning. In order to analyze esidential 
energy consumption in detail a primary survey using stratified random sampling has been 
conducted for households comprising of Bungalows, Duplexes, Twin Houses, Row Houses, 
Linear Apartments and Angular Apartments at a residential neighborhood in Kharagpur, India. 
Multiple linear regression has been applied to the dataset to generate consumption based models 
of major household fuels. Calculation of the hours of low natural illumination within a room for 
an anisotropic sky has been made with the help of LOWLUX, a MATLAB based code developed 
in this research. Further, a binary logistic regression has been applied to the dataset to predict 
artificial illumination during daytime. Finally energy management options like application of 
fuel conservation, fuel substitution, energy efficiency and renewable energy measures have been 
explored to achieve CO2 emission targets. 
 
Major findings from the research work reveal that there is a gradual structural shift from items of 
food and clothing to “lifestyle”, “education”, “house building”, “recreation”, “transport” and 
Abstract ii “other personal services” along with increased per capita expenditures. Activity, 
structure and population effects are the main causes of increase in household CO2 emissions. 
The LOWLUX code is applicable for calculating hours of low illumination for an anisotropic sky 
and estimate diffuse radiation data for a place using the universal Boland-Ridley-Lauret model. 
Multiple linear regression models for electricity, LPG and petrol help in analysis of direct energy 
consumption and estimate energy footprint for different housing typologies. To achieve the 
national target, energy consumption and consequent CO2 emissions have been predicted for 
target years based upon analysis results of direct and indirect energy consumption. Energy 
management options have been recommended at the industry and household levels. 
 
Therefore this methodology is a guideline for the residential sector for achieving national     
emission reduction targets through energy management tools in relation to household energy 
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consumption. This would help in balancing socioeconomic development with environmental 
protection.  
Keywords: Household energy consumption and CO2 emissions; Energy input-output analysis;  
Complete decomposition analysis; Warm humid tropical climate; Anisotropic sky conditions,  
Daylight illuminance, Artificial illumination during daytime, Occupant behavior; Multiple linear 
regression; Housing typology; Binary logit regression; Energy efficiency applications; 
Renewable energy applications; Marginal abatement cost for energy efficiency 
 
 
METHODOLOGY TO EVALUATE THE VULNERABILITY OF REGIONS 
FROM NATURAL HAZARDS USING INTELLIGENT AND SPATIALLY 

EXPLICIT ASSESSMENT TECHNIQUES 

 
Jublee Mazumdar 

Supervisor: Dr. Saikat Kumar Paul 
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Anticipating future vulnerability to natural hazards entails an assessment of existing scenario of 
risk. The degree of exposure of a place from a natural hazard is not entirely dependent upon 
nearness to the source of a hazard event. Socioeconomic and physical infrastructural factors play 
an essential role in determining the vulnerability of a place. The research assesses societal 
elements (socioeconomic and physical infrastructure) of vulnerability from potential cyclones 
using intelligent and spatially explicit techniques. The initial vulnerability assessment was based 
on district-level analysis of eastern coastal states of India. The record of past hundred years 
shows that the physical factors like frequency and intensity of tropical cyclones are four times 
more as compared to the western coastal states. Nevertheless, these physical factors played an 
imperative 
role in determining the vulnerability of the eastern coast. However, the socioeconomic and 
infrastructural factors influence the risk of exposure exponentially to a threat. The inclusion of 
these factors would provide better insight regarding the preparedness and resilience of a place to 
hazard events. Further, detailed vulnerability analysis was based on the sub-districts of Odisha 
considering socioeconomic, physical infrastructure and physical vulnerability. The principal 
component analysis was used for reduction of a large number of variables into few indicative 
factors of vulnerability. Factor scores were mapped to ascertain highly vulnerable places. 
Additionally, spatial analysis was done using Moran’s I and Getis-Ord Gi* to identify hotspots 
of vulnerability. The usefulness of vulnerability indices is dependent on its validation to the 
actual event. Therefore, the validation of vulnerability indices was done using the artificial 
neural network (ANN), and comparison has been made with multiple linear regression (MLR) 
results. The research further explores the most influential vulnerability component in the 
research by applying global sensitivity analysis (GSA). Results reveal a substantial spatial 
variation in the distribution of vulnerable factors over space. The exploratory spatial analysis 
shown in the research is an attempt to study the societal attributes of vulnerability at different 
administrative level spatial units in the Indian context. Further, the implication of ANN shows a 
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better prediction of cyclone damage as compared with MLR. The research provides an intelligent 
vulnerability assessment methodology with model calibration that validates the prediction power 
of indices, thus increases its utility and authenticity. 
 
 
Keywords: Vulnerability Indices, Artificial Neural Network, Validation, Principal Component 
Analysis, Hotspot Mapping, Socioeconomic, Cyclone, India 
 
 

POST DISASTER HOUSING PERFORMANCE ASSESSMENT: A 
PROJECT MANAGEMENT PERSPECTIVE 

 

Shyni. Anilkumar 
Supervisor: Dr. Haimanti Banerji 

Department of Architecture and Regional Planning 
Accession No.: NB16391 

 
The successful housing recovery is crucial to the overall socio-economic and psychological 
recovery of the disaster-affected community. Post-disaster housing projects in previous contexts 
have been experiencing differential degrees of success and failure. However, only limited studies 
have been attempted to assess the performance of these projects, globally. Meanwhile, 
researchers advocate improving the existing frameworks for assessing the performance of post-
disaster housing projects to better understand the critical factors of their success and failure. 
Learning from the literature the current research emphasized assessment of both process and 
outcome of reconstruction projects concurrently to comprehend project performance. Against 
this backdrop, building on existing performance measurement frameworks, the study developed 
a project management based model for assessing the performance of donor-driven housing 
projects for the disaster-affected community. The model developed is an adaptation of a 
performance assessment model for building construction projects and presented as a web of 
dependence relationships between project management dimensions and performance indicators. 
The significance of the model is assessed drawing on donor-driven housing for Post Tsunami 
(2004) displaced community in Kerala, India as a case study context.  
The empirical analysis established and validated a coherent model encompassing strategic 
dimensions of project management as well as key performance indicators. The study established 
project management performance measurement scale with project management dimensions such 
as organizational leadership, reconstruction strategy, stakeholders’ management, partnership 
building as well as their constituent critical success factors. The study also derived project 
performance measurement scale with two key performance indicators namely project efficiency 
and project effectiveness as measures of performance outcome. The model enables to assess the 
performance of project management practices as well as to interpret their impact on the 
performance of housing projects. The main implication of the study is that various project 
management dimensions should be seen as having individual as well as the cumulative impact on 
the performance of post-disaster housing projects. 
  
Key Words: Post-disaster Housing, Project Management, Performance Assessment 
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INFLUENCE OF INTERACTIONAL SPACE ON 
RESIDENTIAL SOCIAL COHESION: CASE STUDY OF 

HIGH-RISE GROUP HOUSING COMPLEXES AT 
KOLKATA, INDIA 

 
Soumi Muhuri 

Supervisor: Prof. Sanghamitra Basu 
Department Of Architecture and Regional Planning 

Accession No: NB16164 
 

Studies across the globe, dealing with socio-psychological impacts of high-rise housing identify 
behavioural problems and impersonal social relations amongst its residents. In spite of such 
socio-psychological concern, India, presently with 18.78 million urban housing shortages (in 
2012), and an expected 600 million urban population by 2031, has perhaps no other option but to 
encourage high-rise housing. With a promise to offer a heightened living experience, such forms 
of isolated high-rise towers or group housing complexes are becoming an inevitable part of urban 
India. Thus to ensure a better living environment in these high-rises, this research tries to 
understand the impact of built environment (if any) on residents’ social relations. It evaluates 
residential social cohesion (social relation of the residents) and identifies the role of interactional 
spaces (the spaces of interaction) in strengthening social cohesion, created through day to day 
activities and opportunities of a chance encounter within high-rise group housing complexes for 
the chosen city, Kolkata, in India. It examines some of the indoor (floor lobby-corridor and 
ground floor lobby) and outdoor (park-playground-common terraces, street, tot-lot) interactional 
spaces through objective and perceived attributes of the physical environment and also the types 
of use of those spaces. Incorporating both, the researcher’s perspective (through behaviour 
observation, on field inventory, space syntax analysis), as well as the users’ perspectives (user 
perception), it achieves unbiased evaluation. The analyses primarily rely on the opinions of the 
head of 652 households from fifteen housing complexes. Later, for measuring residential social 
cohesion from the perception of the households in a high-rise housing complex of India, 
following confirmatory factor analysis (CFA), this research identifies three dimensions: Sense of 
belonging, Neighbourliness and Neighbour annoyance. Subsequently, with the help of 
hierarchical linear models (HLM), it identifies how the significant attributes of the physical 
environment and use of the interactional spaces are associated with the dimensions of residential 
social cohesion. The result shows that the arrangement and use of the streets and tot-lots 
contribute more than any other spaces. Further, it indicates that more than actual use, the 
opportunities of a chance encounter and opportunities of use of the spaces contribute more in 
social cohesion. The findings of the research would likely to help the architects, urban planners 
and policy makers to adopt a more user-oriented approach in design and policy formulation in 
future. 
 
Keywords: High-rise, Housing complex, Interactional space, Residential social cohesion 
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BIOPROSPECTING OF ENDOPHYTIC FUNGI FOR ANTIMICROBIAL, 
QUORUM SENSING INHIBITORY AND ANTIOXIDANT METABOLITES 

 
Abhirup Mookherjee 

Supervisor: Prof. Mrinal K. Maiti 
Department of Biotechnology 

Accession No.: NB16191 
 

Endophytes are microorganisms, which reside inside the living plant tissues asymptomatically or 
instigating pathogenicity to the host plant for a brief period. Endophytic fungi are considered as 
‘mines of pharmacological therapeutics’ owing to their recognition as inexhaustible sources of 
structurally and functionally novel bioactive compounds. The present study aimed to identify, 
optimize biosynthesis, isolate and characterize a few antimicrobial, quorum sensing inhibitory 
and antioxidant metabolites originated from endophytic fungi. Among several endophytic fungi 
isolated from a few medicinal and crop plants, three endophytes and their corresponding 
bioactive metabolites were characterized in details. The endophytic yeast-like fungus 
Geotrichum candidum PF005 from Solanum melongena (brinjal) fruit was found to synthesize 
antifungal volatile mixture which inhibited 54% mycelial growth of rice pathogen Rhizoctonia 
solani, besides having mild antifungal activity against a few other fungi. Feeding precursors of 2-
phenylethanol and 3-methyl-1- butanol biosyntheses or exogenous naphthalene addition 
enhanced the antifungal activity of G. candidum. An endophytic yeast Kwoniella sp. PY016 
isolated from Terminalia bellirica (Bahera) fruit was documented to exhibit substantial quorum 
sensing (QS) inhibition and anti-biofilm activities against Chromobacterium violaceum. Sugar, 
sugar alcohol, lipid, carboxylic acid, and phenolic classes of metabolites (predominantly xylitol) 
in the Kwoniella sp.’s endo-metabolome were found to be responsible constituents for the 
desired bioactivity. The QS inhibitory activity of Kwoniella sp.’s metabolome was increased by 
~ 30% upon optimization of culture medium components through hybrid model (i.e., artificial 
neural network coupled with genetic algorithm). The endophytic fungus Cercospora sp. PM018 
isolated from Aerva javanica Juss. Ex. Schult (Lal-bisalyakarani) leaf was noted to possess 
broad-spectrum antimicrobial, antioxidant and QS inhibitory activities. Optimization of carbon 
sources in growth medium and culture conditions enhanced the desired bioactivities of 
Cercospora sp.’s endo-metabolome. Among several constituents, palmitic acid, stearic acid, and 
mannitol were found to be crucial for the three bioactivities of Cercospora sp. Interestingly, the 
host plant botanicals modulated Cercospora sp. to grow more at the expense of reduced 
bioactivities, and the altered endo-metabolomic profile was accountable for this reduction. In 
conclusion, owing to such diverse bioactive potentials, all three endophytic isolates (G. 
candidum PF005, Kwoniella sp. PY016 and Cercospora sp. PM018) have worthy future prospect 
to be utilized as mycofumigant for controlling phytopathogens or in pharmaceutical and 
processed food/feed industries. 
 
Keywords: Antimicrobial, Antioxidant, Cercospora sp., Chromobacterium violaceum,  
Endometabolome, Endophytic fungi, Geotrichum candidum, Kwoniella sp., Medicinal plant, 
Mycofumigant, Quorum sensing inhibition. 
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The soaring energy demand and the consequent emissions of greenhouse gases are encouraging 
researchers to consider H2 as an alternative renewable energy source. H2 is considered as “fuel of 
the future”, by virtue of the fact that it is carbon neutral, and it has the highest energy content per 
unit mass of any known fuel. Among various routes, biological H2 production has certain 
advantages over its chemical counterparts such as environmental compatibility and renewable 
nature of the feedstock used. Amongst the different biohydrogen production processes, dark 
fermentation appears to be more promising. It is independent of light energy and it requires 
moderate operating conditions. Besides, it can also use wastewater as substrate for H2 

production. The present dissertation focuses on the evaluation of potential of bioH2 production 
using a lab isolate, Klebsiella pneumoniae IIT-BT 08. Effect of different nutritional requirements 
such as nitrogen source, carbon source, metal ions, and vitamins were thoroughly investigated in 
the batch mode of operation. The impact of various organic and inorganic nitrogen sources on H2 
production was also studied using glucose as substrate. Among the nitrogen sources, 
supplementation of yeast extract (YE) and di-ammonium phosphate (DAP) showed a higher 
hydrogen yield of 1.91 ± 0.06 and 1.68 ± 0.08 mol H2 mol-1 glucose, respectively. Statistical 
tools such as Plackett-Burman design, the path of steepest ascent and Box-Behnken design were 
employed to study the effects different metal ions and vitamins for H2 production. A total 
cumulative H2 production of 1810 ± 25 mL L-1 and a yield of 2.05 ± 0.05 mol H2 mol-1 glucose 
was achieved using the optimized medium. For sustainable H2 production, the feedstock must be 
renewable, easily available and should be of low cost. Different organic wastes viz., cane 
molasses (CM), distillery effluent (DE), and starchy wastewater (SWW) have been explored as 
feedstock for H2 production rather than pure substrates. Deoiled cakes (DOC) from agricultural 
processing industry viz., groundnut, coconut, and mustard etc. were further used as co-substrate 
with organic wastes. Groundnut deoiled cake (GDOC) was found to be most suitable as both sole 
substrate and co-substrate for H2 production. Using GDOC as supplement has increased the 
cumulative H2 production by 1.06, 1.16, and 4.30 folds as compared to non-supplemented CM, 
DE, and SWW, respectively. To achieve a higher rate of H2 production, different operational 
strategies have also been attempted. In case of regulated and intermittent adjustment of pH, a 
maximum H2 yield of 15.8 ± 0.32 and 13.6 ± 0.28 mol H2 kg-1 CODremoved, respectively was 
observed. The maximum H2 production rate reached 2.7 ± 32 L L-1 h-1 at 0.6 h-1 dilution rate in a 
20 L packed bed reactor. A study was conducted in 10 m3 reactor to explore the feasibility of 
bioH2 production process in pilot scale using co-digestion of CM (1 %w/v) and GDOC (2.5 
%w/v). Total H2 production of 76.2 ± 2.5 m3 was obtained from the 10 m3 reactor. Total energy 
recovery of 21.6 % and 37.9 % in terms of substrate added and removed, respectively were 
achieved. In the pilot scale study, net energy gain value of 4.6 kJ g-1 COD and 1.62 folds 
increase in the cumulative H2 production was observed as compared to lab scale studies. Thus, 
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the present study showed that the K. pneumoniae has the potential to utilize the organic residues 
for biohydrogen production in the pilot scale level. This conjointly indicates the possibility of 
commercial exploitation of dark fermentative hydrogen production technology with dual benefit 
of bioremediation and green energy generation.  
 
Keywords: Klebsiella pneumoniae IIT-BT 08; biohydrogen; dark fermentation; organic waste; 
groundnut deoiled cake; packed bed reactor; pilot scale. 
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Long term exposure to elevated levels of geogenic arsenic in the groundwater (> 10 μg As/L of 
permissible safe limit) of Bengal basin (covering the alluvial landscapes of India and 
Bangladesh) has created chronic health risks to millions of inhabitants. The problem is endemic 
to other countries around the world including many Southern and South-Eastern Asiatic 
counterparts. Biogeochemical functions of diverse microbial populations inhabiting the alluvial 
groundwater along with hydro-geological factors are attributed towards the mobilization of toxic 
As species (As3+ and As5+) from sub-surface sediment into the groundwater. Characterization of 
microbial communities and metabolic properties of few cultivable members have been reported 
from parts of the As affected states; although investigation on thorough eco-physiological 
provenances of predominated organisms, analysis of their genomic repertoire (through whole 
genome sequencing) and their role in As-biogeochemistry in subsurface conditions remain 
incomplete. The present study encompasses detailed eco-physiological and genomic 
characterization of As-transforming groundwater bacteria to gain better insights into the role of 
microorganisms in sub-surface As release processes. A comprehensive suite of state-of-the-art 
geo-microbiological techniques (including culturomics, whole genome sequencing, proteomics, 
and sediment microcosm experiments) is used. Four As-resistant (minimum tolerance values: 5-
15 mM As3+, 10-100 mM As5+), As5+-reducing, facultative anaerobic bacterial strains initially 
designated as KAs 5-22T, KAs 5-3T, KAs 3-5T, and Cont-1 isolated from As-contaminated 
groundwater of West Bengal are characterized. All the strains are able to utilize multiple 
substrates as terminal electron acceptors (TEA) with following order of preference: NO3

- > NO2
- 

> Fe3+ > SO42
-. Anaerobic respiration with As5+ as TEA is observed only by the strain KAs 5-

22T. Among the carbon sources, preference towards organic acid, sugar, fatty acids, and most 
interestingly aromatics and low chain alkanes like catechol, benzene, dodecane, pentadecane, 
and nonadecane is noted for all the strains. Functional gene-based analysis validates the observed 
eco-physiological attributes of all these strains. Based on polyphasic taxonomy, all three strains 
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(KAs 5-22T, KAs 5-3T, KAs 3-5T) are proposed to be novel species of the genus Rhizobium (R. 
arsenicireducens), Pseudoxanthomonas (P. arseniciresistens), and Achromobacter (A. 
arsenitransformans).  
 
Whole genome sequencing and comparative genomics corroborate the eco-physiological 
attributes of the test organisms and establish coherence to their respective type species members. 
Moderate to high genome size (4-6 Mb), fewer copies (1-2 copies/genomes) of 16S rRNAs 
genes, high number of transmembrane helices, and higher G+C content (49-66 %) describe the 
genomic features highlighting the strains’ adaptive capabilities to survive within the As-rich, low 
nutrient groundwater. Open pan genomic structures (asymptotic curve) with substantial evidence 
of possible horizontal gene transfer events, as evident from genomic islands are observed for all 
the studied strains. It is interesting to note that the test bacteria are differentially enriched with a 
number of genes for hydrocarbon utilization (bphA, nph, catAB, bssA), NO3

- reduction 
(narGHJ), and As5+ reduction (arsCBHR, arrA). Presence of these genes and other properties 
highlight the genomic capabilities of these organisms to survive in the alluvial groundwater 
environment, particularly the niche colonization and As transformation abilities of these bacteria.  
 
Sediment groundwater-microbiome (obtained from one of the high As contaminated 
groundwater samples of West Bengal) incubation within laboratory microcosms shows 
significant role of groundwater bacteria in bringing out changes in both sediment as well as 
aqueous geochemistry. Considerable reduction (r = 0.91, p< 0.05) of pH (7.2 to pH 5.9), 
dissolved oxygen (2.2 to 0.11), Eh (from 11 mV to -58 mV) and increased release of Fe (mainly 
as Fe2+, 138 mg/L, 137 fold) and As (mainly as As3+, 43.2 mg/L, 42.2 fold) from sediment to 
groundwater are noted. Effect of added organic carbon (OC) in enhancing the changes is 
observed. The native groundwater-microbiome is mainly composed of Acinetobacter, 
Brevundimonas, Sideroxydans, Alkanindiges, Nocardiodes, Rhizobacter, Janibacter, 
Enhydrobacter, etc. Following sediment incubation with added OC, a shift in microbiome 
composition with predominance of Rhizobium, Escherichia, Clostridium sensu stricto 1, 
Acidiphilium, Bacillus, Shewanella, Salinicoccus, Halomonas is observed. 16S rRNA gene 
sequences of these enriched organisms highlight close relatedness to organisms with known 
abilities towards As5+/Fe3+ reduction/respiration, alkane utilization, fermentation, and elemental 
dissolution. Quantitative PCR with cDNA obtained from the total RNA extracted from sediment 
microcosm slurry confirmed the high abundance of Alphaproteobacteria as the most active 
population along with enhanced transcript expression of both respiratory As5+ reductase (arrA) 
as well as cytosolic As5+ reductase (arsC). Simultaneous presence of arsC and arrA genes; 
predominance of Rhizobium, Bacillus, Shewanella, and Clostridium members suggest a complex 
role of bacterial members in high As release. Anaerobic isolation of cultivable bacteria from the 
sediment-groundwater microbiome confirms presence of As5+ respiring, hydrocarbon 
metabolizing Rhizobium spp. and Bacillus spp. X-ray diffraction (XRD) and fluorescence (XRF) 
analyses of sediment samples indicate alteration of Fe-oxide minerals, while X-ray photoelectron 
spectroscopy (XPS) data show relative abundance of Fe2+ (53 relative % abundance) over the 
abiotic control. The data strongly suggest a definite role of groundwater bacteria in metabolising 
the As and Fe bearing minerals, facilitating relevant geochemical changes leading towards As 
release. A second microcosm containing aquifer-sand incubated anaerobically with Rhizobium 
arsenicireducens KAs 5-22T confirms the simultaneous role of both cytosolic and respiratory 
As5+ reductases in As metabolism. X-ray absorption of near edge structures (XANES) analysis 
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validates preferential transformation of solid phase As5+, while dissolution of other elements like 
Ca, K, Si is observed through ion chromatography. Overall data highlight a multipartite As 
release process by the bacterial members affecting strong interaction with Fe and As minerals of 
the sediment, utilizing the organic substrates available as the main mechanism for solid phase As 
release. Our study confirms that dissimilatory As or Fe reduction through respiratory metabolism 
although plays an important role, synergistic involvement of fermentative metal reducing 
organisms allowing indirect release of As through non-respiratory Fe transformations including 
mineral weathering facilitate As mobilization. Further study involving transcriptome, 
metabolome, and interactome based responses of the groundwater microbiome might help in 
deciphering more detailed mechanisms of As release in the groundwater and strategies for 
sustainable groundwater management.  
 
Keywords: Arsenic, Groundwater, Geomicrobiology, Polyphasic taxonomy, Whole genome 
sequencing, Comparative genomics, Microbial diversity, Sediment-microcosm 
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The life cycle of Entamoeba consists of highly motile trophozoites and nonmotile, chitin walled 
dormant cysts. The conversion of trophozoites into cysts is known as encystation. The study of 
encystation is of public health importance since the cysts are responsible for transmission of the 
parasite. Here we studied the developmental events during encystation using the in vitro 
encystation model Entamoeba invadens. The encystation process starts with the formation of 
multicellular aggregates inside which cysts are formed. Time-lapse imaging of early encystation 
showed that E. invadens assumed a highly motile, stable bleb driven polarized morphology in the 
encystation media. The polarized morphology was found to be highly chemotactic and 
aggregation 
competent, that indicates the aggregate formation may be mediated by chemotaxis. Adenosine 
receptor antagonist, pentoxifylline was able to replicate the polarization, fast motility, and 
aggregation even in the growth medium which led to the identification of purinergic signalling 
that controls the morphology and motility of Entamoeba. Inside cell aggregates, chitin is 
deposited on the cell surface to make the cyst wall. During the early hours of encystation, a 
difference was observed in the number of the detergent resistance cells and chitin positive cells. 
This may be due to the presence of cysts with incomplete chitin wall which could be 
intermediate stages of cyst wall deposition. Staining these cells for known cyst wall components 
showed that chitin wall formation started from a single point and eventually spread over the 
whole surface. In the encysting cells, the actomyosin cytoskeleton was reorganized into the 
cortical region, and it was found to be 
required for the proper deposition of chitin by anchoring the chitin synthase on the cell surface. 
Apart from the cyst, a rare multinucleate stage was found inside the cell aggregates, formed by 
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continuous cell fusion and cytofission. Analysis of the changes in genomic content indicated cell 
fusion was followed by haploidization producing haploid nuclei. These nuclei later aggregated 
and fused to form a polyploid nucleus which could cause outcrossing in E. invadens. The 
presence of cell fusion, haploidisation, and nuclear fusion shows that MGC could be the sexual 
or parasexual stage of E. invadens. These results show that the encystation is not just the 
differentiation of trophozoite into the cyst, but a complex process involving intercellular 
communications, intracellular rearrangements, and genetic exchanges. 
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Klebsiella pneumoniae is an opportunistic pathogen of Enterobacteriaceae family and is 
resistant to many antibiotics presently available, especially the beta-lactams due to extensive 
production of beta-lactamases. The enormous capacity of such beta-lactamases to hydrolyse 
majority of beta-lactam antibiotics including, monobactams and carbapenems has created 
alarming situation in global healthcare. Moreover, horizontal transfer of genes encoding the beta-
lactamases within normal bacterial strains further disseminates the antimicrobial resistance to a 
wider level. The alterations among the different class of beta-lactamases active sites further limit 
single inhibitor-based therapy against all beta-lactamases. However, Amino acid substitutions 
outside the active-site cleft can also affect beta-lactamase activities. Interestingly in our study 
amino acid substitution in omega-loop of SHV-14, a serine beta-lactamase (SBL) and putative 
omega-loop region of New Delhi Metallo-beta-lactamases (NDM) variants have drastically 
affected the susceptibility profile of bacterial cells harbouring such mutant genes. Our study 
includes biochemical characterisation of blaSHV-14, blaNDM-5, blaNDM-7, and their various 
mutants near the active site (putative omega-loop) to comprehend the role of substituted amino 
acid residues (glutamate and serine) in maintaining resistance profile compared to the strains 
carrying wild-type proteins. Both full-length and soluble construct of the genes were expressed 
for cellular expression and in vitro experimental studies, respectively. Minimum inhibitory 
concentration (MIC) was assessed for both the strains expressing wild type and mutated proteins 
to check the cellular level expression of the genes. The soluble constructs of the genes were 
expressed and their protein products were purified to homogeneity. Protein molecular mass and 
protein folding patterns were assessed via mass spectrometry and circular dichroism (CD) 
spectra analysis. Thermal stability of the mutant proteins was assessed by CD spectra analysis at 
various temperatures to comprehend the impact of the mutation on protein secondary structure 
stability. Antibiotic susceptibility test emphasized the significance of mutated residues in 
maintaining the resistance profile. Majority of the strains carrying mutated proteins became 
sensitive to all the antibiotics tested in the study as compared to the strains carrying wild-type 
beta-lactamases. In addition, kinetic studies were in synchrony with the antibiotic susceptibility 
data. Furthermore, the drastic decrease in the enzyme affinity (Km), the turnover number (kcat) 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 78 

 

and enzyme efficiency (kcat/Km) were observed for the mutated proteins. The thermal stability 
assay revealed a decrease in beta-sheet stability of xvi the mutant proteins compared to their 
wild-type counterparts suggesting a crucial role of mutated residues in maintaining the protein 
stability. 
 
Keywords- Beta-lactam, Antibiotic resistance, Carbapenemase, Serine beta-lactamases, Metallo-
beta-lactamases, Site directed mutagenesis, Omega-loop. 
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Elucidating the structure-function relationship of proteins provides new perspective about the 
mechanisms of critical cellular processes and contributes in the understanding of novel drug 
development against pathogenic bacteria. Presuming the distinctive nature of each protein, 
investigation of the structure-function relationship becomes essential for the detailed 
apprehension of cellular processes. Our study is motivated towards the structural and functional 
characterization of proteins involved in oxidative stress response and chromosome segregation. 
Proteins from Staphylococcus aureus and Mycobacterium tuberculosis have been taken into 
account. Both the bacteria being intracellular pathogens, their survival and pathogenesis depend 
severely on cell cycle progression in a host cell and defense mechanisms to fight against host 
immune response. Oxidative stress response proteins are members of bacterial defense system, 
whereas chromosome segregation proteins are indispensable for their growth and survival. 
Among the various oxidative stress response proteins present in S. aureus, we have focused on 
the proteins involved in repairing oxidative damage on other proteins and maintenance of the 
redox homeostasis in cell. On the other hand, chromosome segregation is a crucial process to 
achieve proper cell division and maintenance of chromosomal inheritance. Little disturbance in 
the mechanism may cripple the daughter cells and play havoc on the growth and survival of the 
pathogen. Essentiality of both the processes attracts the attention for the characterization of the 
proteins involved from a structural and functional point of view.  

Part A of the thesis describes structural and functional characterization of oxidative stress 
response proteins from S. aureus. Being an intracellular pathogen, S. aureus has to encounter a 
vast array of reactive oxygen species (ROS) produced by the oxidative defence mechanism of the 
host. In response, the pathogen implements different strategies to maintain the redox homeostasis 
of cytoplasm. A series of disulfide exchange reactions mediated by thioredoxin (Trx) and 
thioredoxin reductase (TR) results in repairing the oxidatively damaged proteins. Here we have 
characterized an active thioredoxin system of the S.aureus. Crystal structure of staphylococcal 
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thioredoxin2 (SaTrx2) in its reduced form reveals that it contains the conserved redox active 
WCXXC motif and a thioredoxin fold. Staphylococcal thioredoxin reductase2 (SaTR2) is a 
flavoprotein and consists of two Rossmann folds as the binding sites for FAD and NADPH. 
Crystal structure of the holoenzyme shows that the protein consists of two domains and the 
catalytic site is formed by an intramolecular disulfide bond formed between two sequentially 
distal Cys residues (C248 & C265). Biophysical and biochemical studies unveil that SaTrx2 and 
SaTR2 can interact in solution and in the course of sustaining the redox equilibrium the latter 
reduces the former. A mechanism of the redox reaction has been proposed in light of formation 
of the mixed disulfide intermediate.  

Part B of the thesis provides a molecular insight regarding the chromosome segregation process 
of M. tuberculosis. Members of ParABS (partition) module play a crucial role in chromosome 
segregation and cell cycle progression in bacteria. The proteins are involved in positioning of the 
chromosomal assembly in dividing cells via the movement of a supramolecular segrosome 
complex formed by an original proximal parS site, ParA and ParB. This unique system of 
bacteria is essential for their growth and survival and due to their absence in higher eukaryotes it 
can be a lucrative drug target to prevent their pathogenesis. In this report, we have proposed the 
role of Rv1709 as a potential ParB. Our results show that ATPase activity of Rv1708, a ParA 
homolog, is accelerated in the presence of Rv1709 and parS sequence. We have also reported 
that Rv1709 physically interacts with Rv1708 and parS, which is a fundamental feature of ParB 
family of proteins. The N-terminal domain and the central helix of Rv1709 actively participate in 
the binding events. Self-association of Rv1709 indicates its property to form a large 
nucleoprotein segrosome complex, which is an essential step for faithful chromosome 
segregation. We have identified Rv1708 and Rv1709 as a novel ParA-ParB pair involved in 
mycobacterial chromosome segregation process.  

Keywords: oxidative stress response, chromosome segregation, thioredoxin, thioredoxin 
reductase, ParA, ParB. 
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Rice (Oryza sativa) grains containing heavy metals or metalloids such as cadmium (Cd) or 
arsenic (As) is a significant contributor of dietary Cd/As intake that acts as a major risk factor for 
several human diseases. When As or Cd contaminated water is used for irrigating paddy, the 
entry vis-à-vis mobilization of these heavy metal(loid)s inside the plant from root to shoot to 
grain is facilitated. This also causes physiological stress to the plant cells leading to abnormal 
growth. Thus, attempt has been made to isolate and functionally characterize three genes from 
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indica rice in relation to As and Cd stress tolerance and accumulation. To understand the role of 
multidrug and toxic compound extrusion (MATE) protein OsMATE2 in As accumulation, 
constitutive expression in tobacco was carried out. Transgenic tobacco plants exhibited 
decreased root-to-shoot As transfer coefficient (33.3-39.6%) along with augmented As 
sensitivity by increasing oxidative stress compared to untransformed control plants, indicating 
the involvement of OsMATE2 in As 
accumulation. Consequently, RNAi strategy was utilized for endosperm-specific silencing of 
endogenous OsMATE2 to mitigate As accumulation in rice grains. Transgenic rice lines 
demonstrated significant reduction of both OsMATE2 transcript (~38-87%) and grain As content 
(36.9-47.8%) compared to the control plants, without undesirable effects on agronomical traits. 
Further, a novel allele of rice phytochelatin synthase OsPCS2, which showed enhanced 
transcriptional activity and an alternative splicing mechanism under Cd stress in rice, was 
heterologously expressed in Saccharomyces cerevisiae, and the transformed yeast cells exhibited 
significantly increased As and Cd tolerance and accumulation. Encouraged from this finding, for 
enhanced down-regulation of both OsPCS1 and OsPCS2 simultaneously, RNAimediated gene 
silencing was carried out in endosperm-specific manner, which resulted reduced accumulation of 
As (~35%) and Cd (~51%) in the transgenic grains. Additionally, for functional characterization 
of the OsMTP1 belonging to the metal tolerance/transport protein (MTP) family was 
heterologously expressed in tobacco resulting in the reduction of Cd stress-induced phytotoxic 
effects, including growth inhibition, lipid peroxidation, and cell death in transgenic plants. 
Moreover, compared to untransformed control, the transgenic tobacco plants showed enhanced 
vacuolar thiol content, indicating localization of the sequestered Cd in vacuole. The transgenic 
tobacco plants exhibited significantly higher biomass growth (2.2–2.8-folds) and 
hyperaccumulation of Cd (1.96–2.22-folds) compared to the untransformed control under Cd 
exposure. The transgenic tobacco plants also showed moderate tolerance and accumulation of As 
upon exogenous As stress, signifying broad substrate specificity of OsMTP1. Taken together, the 
results indicate the involvement of OsMATE2, OsPCS2 and OsMTP1 genes in As and/or Cd 
stress tolerance and accumulation. Further, this study also suggests the potential application of 
these genes in genetic engineering of plants for increasing tolerance against toxic elements and 
phytoremediation of contaminated soils. 
 
Keywords: Alternative splicing; Arsenic (As); Heavy metal(loid)s tolerance and accumulation; 
Cadmium (Cd); Heterologous expression in yeast; RNAi-mediated gene silencing; OsMATE2; 
OsMTP1; OsPCS2; Phytoremediation; Transgenic tobacco; Transgenic rice 
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Microbial community composition and functional potential of a petroleum refinery waste sludge 
from Digboi refinery, Indian Oil Corporation Limited (IOCL), Assam, India was investigated to 
assess the scope for its bioremediation. High total petroleum hydrocarbons (171 g/Kg), sulfur, 
ammonium, and heavy metal (As, Cd, Cr, etc.) content, low dissolved O2, nitrate, nitrite, 
phosphate and negative oxidation reduction potential characterized the sludge. Analysis of 
microbial community through sequencing of 16S rRNA genes (V3 and V6 regions) from the 
metagenome revealed preponderance of anaerobic hydrocarbon oxidizing Actinobacteria 
(Coriobacteriaceae), Chloroflexi (Anaerolineaceae), along with Proteobacteria 
(Sphingomonadaceae), sulfur metabolizing Caldiserica (Caldisericaceae), Firmicutes 
(Thermodesulfobiaceae), etc. and acetoclastic methanogenic archaea Methanosaetaceae within 
the sample. Presence of 39 bacterial and archaeal candidate phyla was also evident. Successful 
identification of dsrB and mcrA genes indicated the community’s potential in dissimilatory 
sulphite reduction and methane metabolism. Pseudomonas, Bacillus and Microvirgula spp. 
populated the normal cultivable taxa while prolonged enrichment with hydrocarbons and crude 
oil yielded isolation of Burkholderia, Brevundimonas, Enterobacter Kocuria, Pandoraea, 
Paraburkholderia, and Rahnella isolates. The enrichment isolates showed assemblages of 
versatile metabolic properties: superior aliphatic (C6-C22) and polyaromatic hydrocarbons 
utilization abilities, anaerobic growth with multiple terminal 
electron acceptors and higher biosurfactant production. Biodegradation of dodecane and total 
sludge by selected five bacteria (of genera Burkholderia, Pandoraea and Paraburkholderia) was 
studied by GC-FID. A systematic study towards bioremediation was adopted through both 
bioaugmentation and biostimulation based approaches. Amendment of the waste sludge with the 
consortium of the five strains yielded >85% TPH reduction. Suitability of the bioremediated 
waste sludge for its safe disposal was further assessed through ecotoxicity study with cultivation 
of Triticum sp. Compared to the untreated sludge, the bioremediated waste amended soil 
supported growth of Triticum sp. with increased germination index, higher chlorophyll content 
and plant biomass. The biomass indicators were close to that of a healthy soil. Overall study 
provided the first metagenome based details of microbial community composition of the Digboi 
refinery waste; allowed us to gain information of the bacterial hydrocarbon degradation potential 
through enrichment culture and evaluated the bioremediation potential of natural strains 
successfully. 
 
Keywords: Digboi refinery; Oily sludge; Microbial community; 16S rRNA amplicon 
sequencing; Enrichment culture; Paraburkholderia; Candidate divisions; Bioremediation; Total 
petroleum hydrocarbon. 
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Matrix metalloproteinases (MMPs) are well-known proteolytic enzymes in animal system, and 
have roles in tissue differentiation, growth and defence. Although a few plant MMPs have been 
reported, their exact functions in development and growth remain elusive. We document 
characterization of the promoter and coding sequence of OsMMP1, one of the putative MMP 
genes in rice (Oryza sativa). The cloned OsMMP1 coding DNA sequence (CDS), the promoter 
region, and the partial 3'-UTR region were used for the preparation of five different gene 
constructs. One gene construct (OsMMP1 CDS expression driven by the T7 promoter) was used 
for recombinant protein production in Escherichia coli. The recombinant OsMMP1 protein was 
used for the protease assay as well as for raising the polyclonal antibody that was required for 
different immunological experiments. The second and third gene constructs were prepared for 
OsMMP1 promoter analysis. For this, transgenic rice lines were generated with the 
Agrobacterium binary plasmid containing the β-glucuronidase (GUS) reporter gene under the 
control of ~2 kb putative promoter of OsMMP1. The same ~2 kb OsMMP1 promoter was also 
fused with the green fluorescent protein (GFP) gene, and the recombinant binary plasmid was 
introduced in tobacco plant for analysis of OsMMP1 promoter in heterologous system. The 
fourth gene construct (OsMMP1 expression driven by 2X35S CaMV promoter) was used for 
transgenic expression of OsMMP1 in tobacco for studying gain-of-function phenotypes. For 
studying ‘loss-of-function’ phenotype, the fifth gene construct (the RNAi-mediated gene 
silencing with an inverted repeat of OsMMP1 3’ UTR part flanking an arbitrary DNA linker, 
under the rice polyubiquitin1 gene promoter) was prepared and transgenically expressed in rice 
plant. Structural commonalities of the OsMMP1 protein with other reported MMPs were 
documented using bioinformatics, and physiological functions of this protease were 
demonstrated through morphological, histochemical, and biochemical studies. The OsMMP1 
catalytic domain is structurally similar to human MMPs with respect to cofactor orientation as 
predicted by homology modeling. Bacterially expressed recombinant OsMMP1 shows protease 
activity with bovine serum albumin and gelatin as substrates. Analyses of transcript 
accumulation and promoter-reporter gene expression revealed that OsMMP1 is spatio-temporally 
expressed in vegetative and reproductive parts of plants. The plasma membrane-localized 
OsMMP1 protease affects plant development upon heterologous expression in tobacco and 
endogenous gene silencing in rice. Transgenic tobacco plants expressing OsMMP1 show 
enhanced deposition of cellulose and callose, leading to impairment of symplastic and apoplastic 
translocations. Moreover, transgenic tobacco tissues exhibit tolerance to oxidative stress-
inducing agent by confining the area of tissue death owing to callose lining. Collectively, these 
findings demonstrate the involvement of a plant MMP in growth, organ differentiation, and 
development in relation to cell wall modification. 
 
Keywords: Apoplastic transport, callose, cellulose, cell wall, development, matrix 
metalloproteinase (MMP), RNAi, symplastic transport, transgenic rice, transgenic tobacco 
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Fatty acid synthase type II (FAS-II) brings about the mycolic acid synthesis in Mycobacterium 
tuberculosis. This pathway employs a MaoC like β-hydroxyacyl-ACP dehydratase in the third 
step of the elongation cycle (HadAB or HadBC heterodimer). We have determined the crystal 
structure via Pb-SIRAS method. Aided by enzymatic studies we have established the roles of 
HadA and HadB as a scaffolding component and the catalytic component, respectively. Both are 
required for the enzymatic activity. Further detailed structural analyses of HadAB in 
combination with MD simulations endorse the role of the orientation of the central “hot-dog” 
helix and the dynamic nature of its associated loop in regulating the substrate specificities in the 
dehydratase/hydratase enzyme families. Also, in order to repurpose thiacetazone (TAC) as an 
effective anti-TB drug targeting the HadAB complex, we determined the likely binding mode of 
TAC to HadAB by molecular docking analysis. It has been proposed that similar MaoC like 
dehydratases are involved in the bypass fatty acid synthesis pathway of M. tuberculosis. These 
enzymes are among the least studied in terms of substrate specificity and inhibitor design. We 
have solved the structure of one of these enzymes, HtdX, a MaoC-family dehydratase involved 
in a Coenzyme A dependent fatty acid metabolic pathway in two different space groups, P43212 
and I41. These crystal structures along with deletion/mutation, molecular dynamics simulation 
and fluorescence anisotropy studies have shown that the α2-β2 loop and its associated hot-dog 
helix (α2) play a regulatory role in the substrate binding affinity. Moreover, these studies have 
helped in the understanding of the role of the proposed gate keeper residue (Ile89) that can affect 
an inhibitor designing strategy. FabG, an enzyme that belongs to the short-chain 
dehydrogenase/reductase (SDR) family, controls the second step of the fatty acid elongation 
cycle. FabG reduces β-ketoacyl-acyl carrier protein using NADPH as a cofactor. The “in 
solution” oligomeric arrangement of FabG subunits tend to differ in various organisms although 
the crystal structures are mainly tetrameric. Importantly, this oligomerization propensity is 
crucial because it directs enzymatic activation upon cofactor binding and substrate cooperativity. 
In order to understand the underlying molecular basis involved in the attainment of different 
oligomeric conformations in FabGs, a chimeric FabG was designed by using a domain swapping 
strategy. The data suggest that the substitution of a modified P-interface can alter the dimer-
tetramer equilibrium in FabGs. Overall, it provides an insight to the structural dynamics of 
FabGs highlighting the key structural features regulating the oligomeric conformation as well as 
the substrate and cofactor binding. 
 
Keywords: Mycobacterium tuberculosis, HadAB complex, HtdX, Crystal structure, Domain 
swapping, Chimeric FabG. 
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The damage to the skin is most prominent and evident as this organ is our first line of 

defense and unremittingly under attack by biological, physical and environmental factors. The 
restoration of the skin is dependent on the extent of the injury. Accordingly, it needs epidermal, 
dermal or both tissues to be healed. This thesis explores the potential utilization of nonmulberry 
tropical tasar Antheraea mylitta silk protein sericin for the skin regeneration through two 
different forms of matrix namely hydrogel and nanofibrous matrices aiming at dermal and 
epidermal repair, respectively. The integrity of the hydrogels is achieved by combining sericin 
(SS) with chitosan (CS) as the sericin itself does not impart required stability to achieve the 
desirable hydrogels. These porous hydrogels retain the intrinsic antibacterial and antioxidant 
property of their components which are beneficial in skin tissue healing. These sericin containing 
hydrogels (2CS:1SS, i.e., with CS and SS in 2:1) exhibits enhanced attachment, proliferation, 
migration, and viability of human dermal fibroblasts and keratinocytes in skin-like co-culture in 
vitro model. The in vivo biocompatibility analyses reveal that sericin containing hydrogels 
promote the repair of skin tissue, angiogenesis and illicit minimal immune response (systemic 
and local). The glycosaminoglycans (GAGs) are vital components of the extracellular matrix. 
Therefore, these hydrogels are further improved by incorporation of glycosaminoglycans 
(chondroitin sulfate and hyaluronic acid) and growth factors (GFs) such as vascular endothelial 
growth factor and transforming growth factor-β. The in vitro and in vivo experiments show that 
the presence of both sericin and GAGs (SS+CS+GAGs+GFs) enhances the cellular functions in 
terms of their growth and production of matrix metalloproteinase and collagen along with the 
recovery of impairment with the reconstruction of the lost dermal tissue. In another approach, the 
nanofibrous matrices are fabricated from the sericin mixed with chitosan and polyvinyl alcohol 
by electrospinning. Several in vitro experiments indicate enhanced adhesion and expansion of 
keratinocytes with improved ability to deliver antibiotic (cephalexin hydrate) through sericin 
containing matrices. The in vivo wound healing investigation demonstrates the accelerated 
wound closure, re-epithelialization, formation of dense collagen bed, appearance of skin 
appendages and formation of new blood vessels. The inflammatory gene expression analyses and 
immunohistochemical evaluations show the minimal immunogenic nature of the fabricated 
materials. Overall in vitro and in vivo analyses indicate the biocompatibility of these sericin 
based hydrogels and nanofibrous matrices. Both hydrogels and nanofibrous matrices show the 
prospects in skin tissue regeneration by providing an appropriate physical environment and 
biological cues for the promotion of skin tissue reconstruction and repair.  
 
Keywords: Nonmulberry Antheraea mylitta silk sericin; chitosan; hydrogels; nanofibrous 
matrices; biocompatibility; wound healing; dermal substitute; skin regeneration and repair 
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In this thesis, an effort was given to present the current research trend in wastewater treatment 
that is on demand in terms of some emerging technologies at the replacement of conventional 
methods. The usage of ample amount of chemicals as well as high energy consumption are some 
of the major constraints of conventional methods. Hence, increasing environmental concern is 
driving the researcher to adopt more effective, low cost and environment friendly methods.  
The first objective was to apply bio-sorption as a cost effective and sustainable method for dye 
removal from the water. The bio-sorbent was synthesized from the spent stevia leaves after the 
extraction of stevioside, which is used for preparing natural sweetener, followed by chemical 
activation and carbonization of the waste material. It was successfully exploited for the 
adsorption of Malachite Green (MG) dye from the water. The rapid uptake of the dye at almost 
neutral pH and high renewable capacity made this bio-sorbent an attractive alternative to the 
commercial ones.  
In second objective, composite materials were synthesized by impregnating different metals on 
activated carbon using sonochemical method and applied for fluoride adsorption. The uniqueness 
of sonochemical method for developing the composites was the fast reaction rate aided by the 
free hydroxyl radicals generated during acoustic cavitation. It accelerated the hydrolysis of the 
metal salts in the aqueous medium and helped them anchoring on activated carbon. The dramatic 
reduction in the reaction time helped in saving a substantial amount of energy during synthesis.  
The unique conditions generated in the medium during cavitation made ultrasound as a 
promising way for controlling algal growth in water bodies by damaging the cells. In the third 
objective, an initial study was done to see the response of different algal species grown in pure 
culture at laboratory towards ultrasonication. In later stage, water sample was collected from an 
oxidation pond where algae was grown in open atmosphere along with other microorganisms. 
Interesting part was to see how they response to ultrasonic treatment in presence of other 
microorganisms. The effect of treatment on growth rate, photosynthesis process and to the extent 
of cell membrane damage were studied.  
 
Keywords: Water treatment; Bio-sorption; Ultrasound; Acoustic cavitation; Composites; 
Fluoride removal; Algal biomass 
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The present study aims to investigate draining characteristics and hydrodynamics of gas-liquid 
downflow from circular tubes in mesoscale. To understand the influencing parameters, extensive 
experimentation and theoretical analysis have been performed. Prior to investigating two-phase 
downflow, the characteristics of liquid draining from closed top millichannels has been studied. 
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The experiments have been performed over a wide range of tube diameter (0.0025 m -0.0125 m), 
liquid surface tension (0.038 -0.0783 N/m) and tube inclination (0⁰- 90⁰). We observe that 
draining from closed top tubes can be enhanced by just a minute top pierce and also by inclining 
the tube from vertical orientation  
 
Interestingly, the physics of draining is different in closed top and pierced top tube and a 
draining regime map denoting the different types of draining in the mesoscale has been presented 
in terms of Eӧtvӧs number and fraction of top opening. A mechanistic model based on basic 
physics has been proposed to predict time and rate of draining.  
 
The hydrodynamics of gas-liquid two-phase downflow has been studied. Experiments have been 
performed to understand the influence of phase flow rate, tube diameter and entry section on 
flow patterns, pressure drop and void fraction in vertical pipes of diameter 0.0025 -0.0125 m. 
Mechanistic models have also been proposed to predict flow pattern transitions. Drift flux model 
and two fluid model have been formulated to predict void fraction and pressure drop in mixed 
and separated flow patterns respectively. The phenomenological models show good agreement 
with experimental data of the present work and those reported in literature.  
 
 
Keywords: Mesoscale; Liquid draining characteristics; Two-phase downflow; Flow pattern; 
Void fraction; Pressure drop. 
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Recent advances in the design and fabrication of novel microfluidic platforms have made a 
paradigm shift in micro and nanoscale flow; particularly in the control, monitoring and analysis 
in a number of applications, most notably in biomedical applications. Based on the 
configurations and techniques of fluid handling and manipulation, microfluidics platform can be 
divided into two distinct categories, namely, closed and open microfluidics with their 
characteristics and specific uses. The work presented in this thesis addresses scientific issues 
involved in novel applications of both open and closed microfluidics. In the closed microfluidics 
platform (Part A), the capillary force driven flow of water in a polydimethylsiloxane (PDMS) 
microchannel is investigated. The flow is achieved by enhancing the hydrophilicity of an 
inherently hydrophobic PDMS surface by oxygen plasma treatment. The effect of plasma 
treatment on the surface properties (roughness and hardness) and the concomitant changes in the 
flow velocity are also examined in detail along with a theoretical model correlating the various 
effects. In the second part of the thesis (PART B) evaporation induced self-assembly of proteins, 
namely Aβ(25-35) peptide, human serum albumin (HSA) and lysozyme, in open microfluidic 
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configurations are studied. These proteins are relevant in protein fibrillation studies that provide 
platforms for understanding neurodegenerative diseases. Influence of fluorescence micro and 
nanoparticles on the dried pattern of HSA and lysozyme have been studied and distinctive 
features are extracted by image analysis. This methodology is further extended to develop a rapid 
quantification method for HSA fibrils and compared with the conventional method (far-UV 
circular dichroism). Additionally, the effect of physical parameters (e.g., surface wettability, rate 
of evaporation) on the drying pattern of Aβ(25-35) are evaluated in presence of Thioflavin T, a 
fibril binding dye. The pertinent physics at the contact line region of a droplet in terms of the 
relevant forces and their effect on the evaporation process are probed. The formation of the 
'coffee rings' and specific patterns during the drying of a sessile colloidal (containing proteins) 
droplet are investigated (both qualitatively and quantitatively) to examine the interesting 
phenomena with significant applicative potential in greater details.  
 
Keywords: Microchannel, Capillary flow, Plasma treatment, Human serum albumin, Lysozyme, 
Aβ(25-35), Coffee ring effect, Evaporation, Microparticle, Nanoparticle, Protein fibrils, 
Fluorescence microscopy, Surface wettability, DLVO forces, Capillary force, Clustering 
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Water pollution caused by industrial effluent containing various toxic organic and inorganic 
chemical compounds such as phenol, dye, heavy metal and fluoride ions etc., has become a 
global issue nowadays. Adsorption and photocatalysis have been found as very promising waste 
water treatment processes due to their high removal efficiencies. Preparation of such adsorbents 
and photocatalysts from industrial waste materials makes the treatment process even more cost 
effective. In this work, the potential application of LD slag, a steel industries’ solid waste, as raw 
material for synthesis of efficient adsorbents and photocatalysts for waste water treatment is 
explored which may be considered as possible alternative solution for waste management.  
Raw LD slag has been modified by microwave activation for preparing an efficient adsorbent 
from LD Slag to remove phenol from synthetic waste water. The parameters involved in 
microwave activation of LD slag have been optimized by ‘Box Behnken design’ method. 
Microwave Activated LD Slag (MWLDS) adsorbent has been characterized using several 
methods to determine the BET surface area, morphology, point at zero charge, amorphous nature 
of the adsorbent. The adsorptive removal of phenol by MWLDS has been carried out in a batch 
system by performing isotherm, kinetic and thermodynamic studies.  
Raw LD slag has been utilized as a raw material for synthesis of geopolymeric adsorbent through 
alkaline activation method for removal of heavy metal and fluoride ions from artificial waste 
water. The characterization results of LD slag geopolymer adsorbent (LDSGP) shows that 
calcium oxide content of the raw LD slag has been found to be playing a pivotal role for  
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geopolymerisation. The adsorptive removal of heavy metal ions i.e. nickel and zinc ions, in 
single element and binary element systems, by LDSGP, has been performed to evaluate its heavy 
metal removal efficiency. Fluoride ions have been removed using fresh and spent LD slag 
geopolymeric adsorbents (LDSGP, Ni-LDSGP & Zn-LDSGP) by carrying out similar 
experiments.  
The LD slag geopolymer (LDSGP) has been further used to synthesize ZnO based nancomposite 
(ZnO/LDSGP) as a visible light photocatalyst, by a facile hydrothermal method, for degradation 
of congo red dye (CR), an azo dye containing chromophore (–N=N–) in its molecular structure. 
The physico-chemical and optoelectronic characterizations have been performed to determine 
morphology, crystallinity and bang gap etc., of the ZnO/LDSGP photocatalyst. The superior 
photocatalytic activity of ZnO/LDSGP nanocomposite over commercial ZnO nanoparticles have 
been observed by performing kinetic studies at various experimental conditions.  
A Metal-Organic Framework (MOF) nanocomposite has been prepared from LD slag, by one 
step solvothermal method, to degrade organic dye removal under UV irradiation. The iron oxide 
and silica content of the raw LD slag has been utilized to synthesize MIL-53(Fe)/SiO2 
nanocomposite with an improved photocatalytic activity for methylene blue degradation. The 
photodegradation mechanism by MIL-53(Fe)/SiO2 has been proposed with help of the 
characterization results and kinetic studies. 
  
Keywords: LD Slag, Adsorbent, Photocatalyst, Microwave Activation, Geopolymer, ZnO 
nanocomposite, MIL-53(Fe)/SiO2. 
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Hydrocyclones are devices used in many chemical and mineral based process industries for 
separation of fine particles. Several design modifications have been proposed to improve the 
hydrocyclone performance. In this present investigation, a ribbed hydrocyclone (RH) is designed 
and fabricated to study the effect of rib on performance of the hydrocyclone. A ribbed 
hydrocyclone is nothing but a conventional hydrocyclone in which a spiral rib is introduced in 
the cylindrical part of the conventional hydrocyclone and the new hydrocyclone is dubbed as the 
ribbed hydrocyclone. It is interesting to note that by using a rib in the cylindrical part of the 
hydrocyclone resulted in lower pressure drop and improved separation efficiency. The pressure 
drop decreases by 17.5% and total efficiency increases by 10.5% at a feed velocity of 5 m/s and  
at a vortex finder depth of 7.6 cm. CFD (Computational fluid dynamics) is a useful tool to study 
the velocity and pressure distribution of complex turbulent flow in a hydrocyclone. Flow 
simulations are carried out using a threedimensional double precision, segregated, steady-state 
solver tool. The obtained CFD simulated results in correlation with experimental data shows that  
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the pressure drop reduces by 13.9% at a velocity of 2.5 m/s by using rib. The influence of vortex 
finder diameter on pressure drop and performance was analyzed by experimentally as well as 
numerically. Decreasing the vortex finder diameter of the RH by 24.2%, the pressure drop and 
split ratio increases by 66% and 136% respectively. Experiments have been conducted to remove 
both alumina and fluoride from aqueous solution using ribbed hydrocyclone in a continuous 
mode. Maximum fluoride removal efficiency was 49.5%, and 80% for alumina and HCl treated 
alumina for the initial concentration of 10 mg/l at a slurry flow rate of 50 LPM. Wastewater 
purification have been done by removing both fly ash and dyes in a ribbed hydrocyclone. 
Maximum methyl orange removal efficiency was 68% for the initial concentration of 60 mg/l for 
the dose of 3 g/l at a slurry flow rate of 50 LPM. The novelty of this study revealed that pressure 
drop decreases and separation efficiency increases with the introduction of the spiral rib. 
 
Keywords: Ribbed hydrocyclone; Performance efficiency; Pressure drop; Separation efficiency; 
Computational fluid dynamics; wastewater purification 
 
 

ADDITIVE BASED JET IMPINGEMENT COOLING OF A HOT STEEL 
PLATE 
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The broad area of the current research is the enhancement of heat transfer of a steel plate using 
jet impingement with different types of additives. The main reason for using additives is to 
enhance the spreading and the evaporation rate of the impinged jet. Moreover, additives like 
nanofluids have been found to significantly enhance thermal conductivity of coolant and also 
produce active nucleation sites for increasing cooling rate. Hence, the current research aims to 
use additives such as different types of surfactants and their binary mixtures, polymer and 
nanofluids to achieve high cooling rate in jet impingement. The experiments have been carried 
out on a stainless steel plate having an initial surface temperature above 900 °C. It has been 
found that cooling rate increases appreciably with use of additives and ultrafast cooling can be 
obtained using additives at optimized concentrations. The cooling rate has been observed to 
increase up to a maximum of 111 % with respect to water with the use of polymer at optimum 
concentration. The effect of cooling by a free falling jet array has also been studied as one of the 
objectives. It has been revealed that it produces uniform cooling over the surface in contrast to a 
single jet and high cooling rate can be obtained using different additives in jet array. Thus these 
additive based cooling techniques can be used for high heat flux applications and these lead to 
production of steel with improved mechanical properties.  
 
Keywords: ROT, jet impingement, cooling rate, heat flux, PVP, TiO2, Cu-Al LDH, nanofluid, 
jet array, surface heat flux 
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COMBINED COOLING AND ANTISOLVENT CRYSTALLIZATION OF 
L-ASPARAGINE MONOHYDRATE: EXPERIMENTS AND MODELLING 
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Accession No.: NB16263 
 

Crystallization is a commonly used operation in pharmaceuticals, fine chemicals, and 
agrochemicals industries for the production, separation and purification of solid crystals. 
Controlling the crystal size distribution (CSD) is often the primary goal of a crystallization 
operation because of the close relation of the CSD to the characteristics and efficiency of the 
crystalline product. As the CSD of the product crystals strongly depend on the supersaturation 
profile, controlling the supersaturation profile during the crystallization process is considered as 
key to the successful control of the process. A considerable effort has been put into developing 
crystallization processes that would allow effective control of crystal size. To this end, 
combining cooling and antisolvent modes of crystallization is advantageous as it enhances yield 
and also offers two manipulative variables to influence the supersaturation profile and thus the 
outcome of the crystallization process. The work in this thesis investigates various aspects of 
combined cooling and antisolvent crystallization of l- asparagine monohydrate (LAM) from it’s 
aqueous solution using isopropanol as antisolvent. 
 

This thesis first describes the experimental determination of solubility and metastable 
zone width (MSZW) that defines the operating region for the system. The experimental solubility 
data are correlated with thermodynamic models such as Universal quasi chemical (UNIQUAC) 
and Non random two liquid (NRTL). In order to calculate various nucleation parameters, the 
obtained MSZW data are analysed using classical Nyvlt theory and Kubota method. Based on 
the solubility information, a set of cooling-only and antisolvent-only crystallization is first 
conducted using three different control profiles for each and then combined cooling and 
antisolvent crystallization experiments are conducted using all possible nine combinations of 
these control profiles. These various combinations of cooling and antisolvent addition profiles 
generate diverse supersaturation profiles leading to various crystal sizes or crystal size 
distributions. A significant enhancement in the yield has been observed in all combined modes 
compared to individual modes of crystallization. The yield obtained for combined cooling and 
antisolvent crystallization is 42.45% higher than cooling-only crystallization and 30.65% higher 
than antisolvent-only crystallization. The experiments conducted produced enough data for 
developing a predictive model for the system. Both one-dimensional and two-dimensional 
population balance models are developed for the system and solved using high resolution finite 
volume discretization with a flux limiter. Finally, a model-free approach is developed for 
effective control of CSD using internal seeding with a cooling/heating cycle for the combined 
cooling and antisolvent crystallization process. This strategy increases the mean crystal size by  

 
45% as compared to conventional cooling/anti-solvent crystallization experiments. 
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Keywords: Combined cooling and antisolvent crystallization, L-asparagine monohydrate, 
Solubility, Metastable zone width, Crystal size distribution, Population balance modelling, 
Internal seeding 
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Carbon dioxide emission in the atmosphere is a major cause of climate change. Borate-based 
compounds as homogeneous catalysts have been observed to be CO2 capture agents in natural 
and synthetic setups [Guo et al., 2011]. Carbon capture in such systems has been proposed to 
take place via hydration of CO2 (CO2+H2O⇌ HCO3ˉ + H+) resulting in bicarbonate ion 
formation. Several experimental studies have reported borate-based catalysts for CO2 hydration 
reaction and the mechanism of the reaction has been proposed to follow the enzymatic carbonic 
anhydrase action. In view of the absence of detailed physical insights into the mechanistic 
aspects of borate-catalyzed CO2 hydration, computational investigations were carried out in this 
study under the density functional theory (DFT) framework to explain the mechanism of the 
reaction over borate-based systems. Three borate-based catalysts viz., borate ions, triborate ions 
and tetraborate ions were tested as for the aqueous phase carbon capture reaction. Free energy 
landscapes provided the details of the elementary steps of the reaction concluding the mechanism 
of the reaction to be indeed biomimetic consisting of parallel and bent CO2 complexation, 
intramolecular proton transfer, bicarbonate ion complex formation and displacement of 
bicarbonate ion by water molecule to form (poly)borate-water complexes. All three ions were 
found to be active for catalyzing the reaction. NMR and FTIR spectra of all the intermediates 
proposed during the biomimetic mechanism were computed and compared against the 
experimentally reported spectra. The comparative analyses proved the identities of the 
intermediates thus further confirming the mechanism of the reaction. 
 
In the series of development of biomimetic for CO2 capture catalysts, DFT calculations were 
carried out with five transition metals (Co, Ni, Pd, Rh, Ru) testing their activities towards 
biomimetic carbon dioxide hydration. Periodic plane wave calculations demonstrated the 
formation of surface species which were in accordance with the mechanism of reaction known 
for _-carbonic anhydrase action. To determine activation barriers for different elementary steps 
involved during the reaction, DFT calculations using a cluster model of transition metals with 
Gaussian-type orbitals were carried out. Feasibility of CO2 capture with varied activities by 
transition metals was established by DFT calculations. Carbon dioxide, carbonate ion and  
bicarbonate ion adsorption were observed previously on titania surfaces by experimentally and  
computationally. A titania nanocluster of 15 molecules was used to develop the mechanistic 
insight into CO2 hydration by DFT calculations. Titania nanoclusters followed the mechanistic  
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cycle of CO2 hydration catalyzed by _-carbonic anhydrase enzyme with five elementary steps of 
H2O dissociation, parallel CO2 adsorption, CO2 bending, proton transfer, HCO3ˉ ion by second 
H2O molecule adsorption. Proton transfer was observed as the rate limiting step with highest 
activation energy. NMR and FTIR spectral analyses were done to validate the formation of 
intermediates existing in CO2 hydration reaction and further confirm the mechanism on titania 
nanocluster. 
 
Biomimetic CO2 hydration activities of Ru/Rh-doped fullerenes, hydrogen terminated metal 
doped carbon nanotube/graphene (M-CNT/Gr, MN3-CNT/Gr, M=Ru/Rh) and Ru cluster 
decorated carbon nanotube/graphene (Ru4- NT/Gr) were revealed by DFT calculations. The 
carbonic anhydrase action was followed for the reaction of CO2 with H2O resulting in a 
bicarbonate ion and a proton. All the catalysts were found to be active for CO2 hydration and the 
mechanism proved them to be biomimetic. Free energy landscapes over the catalysts were 
developed for CO2 hydration. Activation energies of H2O dissociation and CO2 bending were 
observed to be substantially smaller over Ru4-CNT when compared to those over the other 
catalysts. Thus, Ru4-CNT was concluded to be the best catalyst for CO2 hydration amongst the 
tested carbonaceous supports with rate limiting step as the HCO3ˉ ion formation. 
 

 
MOLECULAR DYNAMICS STUDY ON MORPHOLOGY OF P3HT:PCBM 

FOR ORGANIC PHOTOVOLTAIC APPLICATION 
 

Mohit Garg  
Supervisor: Prof. Sudarsan Neogi and Prof. Venkat Padmanabhan 

Department of Chemical Engineering 
Accession No.: NB16292 

 
Owing to the growing demand for energy and depletion of fossil fuels, organic photovoltaics 
(OPV) have gained considerable attention to become a potential energy resource. The ultra thin 
photovoltaic technology has captured major interest among the researchers due to their light 
weight, low production cost, durability, flexibility and ease of processing. The efficiency of OPV 
has increased from 1%, in conventional single layer devices, to 10% when the materials are 
mixed in bulk heterojunction (BHJ). The BHJ technology comprises of both donor and acceptor 
materials 
mixed together in the active layer. The thermal annealing protocol which is a cheap 
manufacturing 
process allows the donor and acceptor material to phase separate. Usually there are two limiting 
phenomenon that effect the charge separation efficiency, i.e., the extent of phase separation and 
the formation of nano structure which interpenetrates within the bulk heterojunction. Thus 
improving the morphology of Poly(3-hexylthiophene-2,5-diyl) (P3HT): [6,6]-Phenyl-C61 -
butyric acid methyl ester (PCBM), one of the widely used combination of donor-acceptor 
materials used in organic photovoltaics, is important to acheive high charge separation 
efficiency. Using molecular dynamics simulations we study the effect of nanoparticles on the 
morphology of PCBM in P3HT for polymer-based solar cell applications. 
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P3HT-grafted silica nanoparticles (SiNP) effect the spatial arrangement of PCBM in P3HT. The 
addition of SiNP not only alters the morphology of PCBM clusters but also improves the 
crystallinity of P3HT. We exploit the property of grafted SiNP to self-assemble into a variety of 
anisotropic structures and the tendency of PCBM to preferentially adhere to SiNP surface, due to 
favourable interactions, to achieve morphologies with desirable characteristics for the active 
layer. We also observe that by tuning the grafting parameters of SiNP, it is possible to achieve 
structures ranging from cylindrical to sheets to highly interconnected network of strings. Next we 
studied the effects of adding anisotropic shaped SiNP on morphology of BHJ solar cells. We 
varied the weight fraction of P3HT:PCBM and studied the impact of various shapes of SiNP 
such as cube, cylinder, disk and octahedron on morphology of P3HT:PCBM and compared the 
results with its pure counterparts. We also studied the effect of incorporation of nanorods (NRs) 
to the BHJ of P3HT:PCBM. We varied NRs aspect ratio and type to study the morphological 
changes induced  by the NRs on P3HT:PCBM during thermal annealing. Due to higher strength 
of van der Waals interaction between PCBM and NRs, the PCBM covers the surface of NRs. As 
the aspect ratio of NRs increases the crystallinity of P3HT increases. This is due to the local 
organisation of P3HT  on the surface of NRs. NRs used in this study consists of oxides of two 
types of particles, silicon (SNR) and titanium (TNR). TNR offer higher crystallinity compared to 
SNR because of higher strength of interaction between P3HT and TNR. Moreover TNR acts as 
additional electron acceptor which can further increase the efficiency compared to SNR. We also 
optimised the weight fraction of all the three components in BHJ. Our results suggest that an 
equal weight fraction PCBM:SiNP leads to better morphology. 
 
We quantified several morphological properties like surface area of contact between 
P3HT:PCBM domain size, percolation of domains and crystallinity of domains due to the 
formation of different morphologies by these particles. The effective control of all the 
morphological parameters help in improving the charge generation, extraction and transport to 
electrodes, thereby improving the performance of BHJ solar cells. These changes in 
morphological properties of P3HT:PCBM can be used as a benchmark to study the ternary blend 
solar cells with enhanced power conversion efficiency. 
 
 
MULTISCALE DYNAMICS OF HEMICELLULOSE HYDROLYSIS FOR 

BIOFUEL PRODUCTION 
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Hemicelluloses are the earth’s second most abundant structural polymers, found in 
lignocellulosic biomass. Efficient enzymatic depolymerization of hemicelluloses by cleaving 
their β-(1→4)-glycosidic bonds to produce soluble sugars is instrumental to the cost-effective 
production of liquid biofuels. Here we show that the enzymatic hydrolysis of hemicellulose is a 
multiscale reactive process comprising of molecular scale, pore scale, and reactor scale, and that 
the complex, coupled interactions between the scales, leading to oscillatory spatial patterns in the 
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reactor, improve sugar yields. We use a tightly coupled experimental and theoretical analysis to 
quantify the dominant phenomena at each scale during hydrolysis.  
Our substrate characterization results show that the average pore size of xylan is 9.8 nm, which is 
tenfold smaller than its average molecular size (109 nm), which in turn is significantly smaller 
than the reactor length scale. Thus, the pore scale is the smallest of the three scales involved in 
hemicellulose hydrolysis, and therefore, the sequence of the length scales is: Reactor scale > 
Molecular scale > Pore scale, which is a deviation from the classical sequence of scales in most 
multiscale reactive processes.  

Adsorption of the enzyme to the solid particles of xylan is the first step in hemicellulose 
hydrolysis, followed by the cleaving of β-(1→4)-glycosidic bonds by an endoenzyme in the solid 
and liquid phases. Our experiments show that enzyme adsorption occurs primarily on the pore 
surface, and that the adsorption, which is initially non-equilibrium, attains equilibrium at 5 h. 
Our particle size analysis shows that the hydrolysis system, which is dominated by the surface 
reaction/ molecular scale in the first 10 min manifested by 45-54% decrease in particle size, is 
driven by two to fourfold swelling of the hemicellulose and the reaction at the pore scale, leading 
its porosity to increase to 84-96% in the first 5 h. Further analyses performed by blocking the 
pores of the xylan particles show that more than 75% of the total soluble sugars produced are 
from pore scale hydrolysis. Timescale analysis of various transport and reaction processes show 
that the pore scale reactive dissolution and particle swelling determine the overall time required 
for soluble sugar production from solid hemicellulose.  

Our experimental results show that the hemicellulose hydrolyses in both liquid and solid 
phases are found to be non-competitively inhibited at the molecular scale by the products xylose 
and xylobiose, with the inhibition being more potent in the liquid phase. The optimum solid 
loading is obtained as 5 mg/ml, above which substrate inhibition sets in. Model-experiment 
comparisons allow us to quantify the adsorption and desorption rate constants and the xylobiose 
inhibition constants in the solid and liquid phases.  

Our reactor scale analysis shows that reactor mixing does not alter the non-competitive 
nature of product inhibition, but produces stronger inhibition that results in 8-15% reduction of 
sugar yield, as the mixing speed increases from 0 to 200 rpm. The kinetic constants (Km,Vmax, 
Kx) assume mass-transfer disguised values at no or low mixing speed. An optimal mixing 
strategy, comprising of 55-70 min of initial rapid convective/ macro-mixing followed by 
diffusive/ micro-mixing for the rest of the hydrolysis, increases xylose and reducing sugar yields 
by 6.3-8% and 13-20%, respectively, over continuous mixing at 200 rpm, for 1-5 mg/ml 
substrate loading at an optimum enzyme to substrate ratio of 1:20, with an energy saving of 94-
96% over 24 h. When using the optimal mixing strategy, the reaction time is the rate-determining 
timescale in the hydrolysis system till the optimal mixing time, after which the micromixing (or 
diffusion) time in the reactor becomes the rate-determining timescale for hemicellulose 
hydrolysis.  

The interplay between pore scale processes such as adsorption and reactive dissolution 
with reactor scale macromixing is further amplicated by the interaction between activator-
inhibitor type molecular reaction and micromixing. This leads to oscillatory spatial (Turing) 
patterns in tubular reactors, which increase reducing sugar yields by 9-11%, 16-19%, and 3-6% 
over no mixing (0 rpm), continuous mixing (150 rpm), and optimal mixing, respectively, while 
xylose yield increases by 4-5%, 7-9%, and 2.8-3.2%, respectively, for 1-5 mg/ml substrate 
loading. We simulate a reaction-diffusion model to predict the Turing patterns formed during 
hemicellulose hydrolysis in tubular reactors, and validate our simulations with the 
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experimentally-obtained spatial patterns. Our model-experiment comparison shows that the 
activator and inhibitor are out-of-phase, and the amplitudes of the activator’s spatial patterns 
decrease with time, while those of the inhibitor increase significantly. We use this example to 
illustrate how the complex, coupled interactions between the three scales can be used to engineer 
an enhancement of soluble sugar and bioethanol yields.  

 
Keywords: Multiscale dynamics; Hemicellulose; Pore scale dissolution; Molecular scale non-
competitive inhibition; Reactor scale mixing; Turing patterns; Enzymatic hydrolysis; Kinetic and 
reaction-diffusion modeling 
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This thesis explores the following aspects on polyurethanesnamely: (a) Bulk and surface 
transitions when castor-oil is gradually substituted in place of a synthetic model hydroxyl 
component (hydroxyl terminated polybutadiene)(b) Elucidation of solvent interaction with castor 
oil generated PU network (c) Elucidation of toluenetransport throughPU-clay nanocomposite 
followed by effect of other common solvents on segmented morphology of nanocomposites (d) 
Investigation of wetting effects on segmented morphology of polyurethanes. The findings under 
these sections are described in chapter 2-4. 
 

In chapter 2 (Investigation of transition in bulk, surface and alterations in block 
heterogeneities upon solvent interaction in castor-oil co-generated model polyurethane 
networks),the phase segmentation of A-B blocks with increasing concentration of castor-oil in 
the PU network is investigated. With increasing castor oil concentration, the radius of individual 
hard B blocks as well as overall degree of phase segmentation between A-B blocks increased. A 
bimodal distribution in size of free volume hole radius was noticed in all networks and the size 
of bigger free volume hole radius decreased with an overall increase in fractional free volume. 
The bi-soft segments phase mixed with each other and decreased the overall crosslinking density 
of the network. An overall increase in carbon percentage compared to nitrogen at the surface 
indicated segregation of soft polyol chains towards the surface of castor oil generated PU 
network. The soft segments where composed of both butadiene and castor-oil generated urethane 
chain segments and the overall adhesiveness of the polymer increased. Higher concentration of 
castor oil on the surface of PU networks decreased the phase shift between A-B segments. The 
interaction of the PU networks with solvents like tetrahydrofuran, toluene and benzene decreased 
the existing phase segmentation between A-B blocks with a concomitant increase in radius of 
hard B blocks. The hard-hard interaction increased in hexane and DMF and overall degree of 
phase segmentation decreased slightly compared to THF, toluene and benzene. The equilibrium 
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swelling ratio of PU networks upon its interaction with solvents namely (toluene, benzene and 
THF) were larger compared to hexane and DMF.  
 

In chapter 3(Effect of solvent interaction on block heterogeneities and filler dispersion in 
polyurethane-clay nanocomposites) anomalous transport of toluene was noticed in PU clay 
nanocomposites in contrast to the free volume and tortuous path theories. This phenomenon was 
attributed to differential interaction of solvent in this multicomponent system. The transient 
effect of solvent (toluene, benzene, tetrahydrofuran, hexane and dimethylformamide) interaction 
on segmented block morphology and filler dispersion in nanocomposites was further explored. 
The SAXS analysis revealed increase in size of hard B block with time upon solvent interaction. 
At the highest duration of solvent (THF, Toluene, Benzene, and DMF) interaction the parent 
hard assemblies of nanocomposites having (3% and 5%) clay concentration underwent de-
clustering into individual hard B blocks. Formation of ‘splinter’ assembly by breakage of parent 
hard assembly and swelling of splinter assemblies were noticed at shorter time intervals (15 min, 
30min, 45 min) of solvent interaction in all nanocomposites. With increasing time of solvent 
interaction, the interlamellar d001 spacing of intercalated nanoclays increased and its volume 
fraction decreased in tetrahydrofuran, toluene and benzene compared to hexane and 
dimethylformamide.  
 

In chapter 4(Wetting influence on block heterogeneities of segmented diblock 
polyurethanes) we quantified several parameters related to phase segmentation of class of 
polyurethane induced by surface and subsurface wetting. Wetting decreased the degree of phase 
segmentation in polyether-based PU foam and polyester based TPU, while it increased in 
polybutadiene-based PU coating. Wetting caused swelling of individual hard B block as well as 
de-clustering of parent assembly in PU foam and TPU. Hard B block swells but de-clustering of 
assembly was not noticed in PU coating which implies that wetting dynamics is system 
dependent. 

 
Keywords: Bio-renewable resources for polyurethane; PU network; bi-soft segments; segmental 
dynamics; A-B block segments; sub-nanoscopic free volume; surface elemental transition; 
spluttering; binding energy; dangling chains; segmented phase transitions; domain distribution; 
degree of phase separation; fraction of microphase mixing; fraction of intersegment mixing; 
fractional free volume; surface adhesive force; surface energy; subsurface; phase shift; phase 
mixing; de-clustering; splinter assembly; parent assembly; alteration in individual hard B block 
and hard assemblies; alpha relaxation of chain segments; solvent transport; barrier properties; 
solvent interaction; multi-component systems; diffusivity coefficients; equilibrium swelling 
ratio; tortuous path theory; hydrophobic and hydrophilic chain segments; solubility parameter; 
clay intercalation; nanoclay dispersion; intradomain stickiness factor; scattering contrast; 
wetting; thermodynamic compatibility; mesostructure; intersegment interaction; interfacial 
regions; hard-hard interaction. 

 
THERMO-PHYSICAL CHARACTERIZATION OF LAYERED DOUBLE 
HYDROXIDE NANOFLUID AND ITS APPLICATION IN SPRAY HEAT 

TRANSFER 
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The current dissertation deals with a new kind of mixed metal based (layered double hydroxide, 
LDH) nanofluid which combines multiple metal ions to form a nanofluid. Both Cu-Al LDH and 
Cu-Zn-Al LDH nanoparticles used for this study were prepared by co-precipitation technique. 
The elemental molar ratio and nanofluid concentration were varied to study its effect on thermo-
physical properties (thermal conductivity, surface tension, and viscosity), stability and heat 
transfer performance of the same. Structural, elemental, morphological features and size analysis 
of the nanoparticles have been evaluated. In terms of thermal conductivity and stability analysis, 
Cu-Al LDH nanofluid has shown more promise as a coolant than Cu-Zn-Al LDH nanofluid 
without the aid of any dispersant. Among both the nanofluids, the highest thermal conductivity 
value of 0.68 W/m.K was attained by Cu-Al LDH (Cu:Al=4:1) nanofluid at 160 ppm 
concentration.  
The heat transfer experiments were conducted on high temperature (900-600 ºC) steel plate using 
nanofluid based spray cooling technique. Nanofluid helps in improving the thermal conductivity 
of the coolant and when nanoparticle is deposited on the steel plate, it provides more nucleation 
sites. Without the addition of surfactant, the maximum cooling rate value of 168.6 ºC /s was 
obtained for Cu-Al LDH nanofluid at 160 ppm loading. In order to further enhance the thermo-
physical properties and heat transfer performance, two types of surfactant, namely, anionic 
(SDS) and non-ionic (Tween 20) were used along with the aforesaid nanofluids. Presence of 
non-ionic surfactant in nanofluid has shown poor thermal conductivity, stability and heat transfer 
performance whereas with the use of anionic surfactant, it has led to further improvement in heat 
transfer performance. With anionic surfactant (600 ppm) addition, the maximum cooling rate of 
174.8 ºC /s was obtained for Cu-Zn-Al LDH nanofluid at 160 ppm loading.  
 
Keywords: Layered Double Hydroxide; Nanofluid; Surfactant; Spray Cooling; Thermal 
Conductivity; Stability; Cooling Rate; Heat Flux. 
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The present work aims at exploring the potential of three water stable metal organic frameworks 
(MOFs) in the context of purification and treatment of drinking water and industrial effluent.  
The potential of aluminium fumarate (AlFu) MOF was investigated for remediation of fluoride 
from groundwater. It was incorporated in different polymeric membranes and porous beads using 
cellulose acetate phthalate (CAP) and polyacrylonitrile (PAN) polymers and their efficacy in 
fluoride remediation from synthetic solution as well as real life groundwater. 0.75 g/l AlFu MOF 
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was good enough for complete removal of 30 mg/l fluoride concentration in feed solution. The 
maximum adsorption capacity for fluoride was 600, 550, 504 and 431 mg/g, respectively, at 293, 
303, 313 and 333 K. The adsorption capacity of the flat sheet CAP-AlFu membranes for fluoride 
varied from 107 to 179 mg/g for MOF concentration of 2 to 10 wt% in membrane and 128 to 205 
mg/g for MOF content (3 to 10 wt%) in PAN-AlFu hollow fiber membranes. The efficacy of the 
MOF as well as the mixed matrix modules were also tested for real life groundwater. Porous 
chromium terephthalate (MIL-101-Cr), a highly porous MOF was employed to remove 
industrially relevant reactive dyes from synthetic solution as well as textile effluent. MIL-101-Cr 
MOF was incorporated into PAN matrix to prepare novel mixed matrix hollow fibers using an 
indigenous method and its performance in terms of dye removal and subsequent filtration 
efficiency was investigated. Maximum Langmuir adsorption capacities of nascent MIL-101-Cr 
for four reactive dyes were in the range of 377-397 mg/g. Performance of the MOF as well as the 
mixed matrix membrane in presence of salts and for real life textile effluent was also 
investigated. Bactericidal MIL-100 (Fe) was synthesized in a facile green route and its 
application in arsenic mitigation was studied. The arsenic adsorption capacity of MIL-100 (Fe) 
was 160 mg/g and 90 mg/g for As (V) and As (III) species, respectively.  
 
Keywords: Aluminium fumarate; Metal organic framework (MOF); Mixed matrix membrane; 
Polymeric beads; Adsorption; Fluoride removal; MIL-101-Cr; Reactive dyes; MIL-100 (Fe); Arsenic 
removal; Anti-bacterial property. 
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The present study focused on developing material having both electrocatalytic oxygen evolution 
property and Photo-electrochemical property. Several material were fabricated so as to find the 
experimental and theoretical determination of their physical properties. First of all, silver doped 
titanate nanosheets was fabricated with different atomic percent of silver doping in the lattice. 
Physical properties such as crystallinity, morphology, optical, electronic and electro-chemical 
properties were determined using different experimental techniques. Lattice volume expansion 
due to silver intercalation in titanate nanosheets were explored by TREOR and DICVOL 
algorithm. Titanate nanosheets with 2 atomic percent of silver doping shows optimum 
performance for both the electrocatalytic oxygen evolution and visible light photocatalytic 
degradation of methyl orange and phenol. 

Afterwards, a novel n-type semiconductor, silver nitroprusside was fabricated by ion-
exchange route. First principle calculation was employed with the help of density functional 
theory. Electronic band structure and density of states were calculated by an abinitio quantum 
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chemistry calculation package, Quantum ESPRESSO. Ten least lying spin permitted transitions 
were deduced with the help of time dependent density functional theory calculation.  heoretically 
calculated properties of the material were compared with the experimental observation so as to 
see the concurrency of the result. Material was found to be efficient catalyst for both 
electrocatalytic oxygen evolution and photocatalytic degradation of an antibiotic drug 
chloramphenicol. 

Afterwards, nano silver nitroprusside were fabricated using surfactant assisted self-
assembly of Ag+. A faceted nano silver nitroprusside were also fabricated using the similar route 
with the help of hexamine addition in the precursor solution. For comparison purpose, nano 
silver phosphate was also fabricated using the same technique. Faceted nano silver nitroprusside 
shows 
highest performance for both the electrocatalytic oxygen evolution and visible light 
photocatalytic degradation of clioquinol. Afterwards, all the catalyst were employed for visible 
light photodegradation of clioquinol to compare the performance as both electrocatalyst and 
photocatalyst. Faceted nano silver nitroprusside shows optimum result for both electrocatalytic 
oxygen evolution reaction and photodegradtion of clioquinol. 

Next, a novel semiconductor, copper nitroprusside nanosheet was fabricated using 
surfactant assisted self-assembly. Electronic band structure and density of state were calculated 
with the help of first principles density functional theory calculation. Experimental observation 
was also compared with the theoretical calculation to check whether they are in good agreement 
or not. Material was found to be efficient for electrocatalytic oxygen evolution. Material 
photocatalytic properties were also observed using methylene blue as target pollutant but it 
shows some limitation due to weak optical absorbance in visible light. 

Lastly, a novel polyoxometalate compound, ferric phosphotungstate was hydrothermally 
fabricated in nanoscale. Morphology, crystallinity, opto-electronic property and defect density of 
the ferric phosphotungstate microflower were estimated by several experimental calculation. It 
was observed that several defects in the material act as a electron trapper in conduction band of 
the material and thus hinder the electron-hole recombination. Photodegradation of neurotoxic 
drug amphetamine and electrocatalytic oxygen evolution were observed using this material, 
which shows efficient catalytic performance. All the designed catalyst were used to degrade 
chloramphenicol to compare the optimum performance with respect to dual catalytic activity. 
Based on the result, a brief conclusion was drawn. 

 
Keywords: Photocatalysis, Electrocatalysis, Oxygen evolution reaction, Titanate, Nanosheet, 
Silver nitroprusside, copper nitroprusside, Methyl orange, Phenol, Chloramphenicol, Clioquinol 

 
 

CFD STUDIES ON BUBBLE/DROPLET FORMATION IN 
MICROCHANNELS 

 
Sontti Somasekharagoud 

Supervisor: Dr. Arnab Atta 
Department of Chemical Engineering 

Accession No.: NB16318 
 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 100 

 

In recent years, bubble/droplet–based microfluidics offers a wide range of applications in 
the fields of lab–on–a–chip, chemical, biological and nanomaterial synthesis. In a microfluidic 
device, each droplet provides a compartment microreactor where species transport or reactions 
can occur. In such systems, Reynolds number (Re) is typically low and the dominant forces 
governing droplet/bubble formation include surface tension, viscous, and inertial forces. 
Consequently, the rheology of fluid considerably influences droplet/bubble formation 
characteristics when non–Newtonian fluids are involved. This work aims to systematically 
investigate the influences of non–Newtonian properties on the physical process of droplet/bubble 
formation at the microscale. Two–phase Volume– of–Fluid method (VOF) and Coupled Level 
Set and Volume of Fluid (CLSVOF) 
formulations are employed to capture the droplets/bubbles breakup dynamics and relevant 
hydrodynamics. Systematic investigation in various microfluidic configurations are carried out to 
examine the effect of various controlling parameters. 

Firstly, a CFD model is developed to understand the Taylor bubble behavior in 
Newtonian and non–Newtonian liquids flowing through a confined co–flow microchannel. 
Simulations are methodically carried out to explore the influence of surface tension, inlet 
velocities, and apparent viscosity on the bubble length, shape, velocity, and film thickness 
around the bubble. In all cases, bubble length is found to decrease with increasing Capillary 
number, inlet gas–liquid velocity ratio, and non–Newtonian liquid concentration. However, 
bubble velocity increases due to increasing liquid film thickness around the bubble. Liquid film 
thickness predictions are compared with the correlations proposed for Newtonian liquid. At 
higher Capillary number and inlet velocity ratio, significant changes in bubble shapes are 
observed. With increasing non–Newtonian liquid concentration, bubble formation frequency and 
velocity increase, but length decreases. Furthermore, formation and dynamics of Taylor bubble 
in power–law and Carreau liquids (aqueous solutions of carboxymethyl cellulose (CMC) and 
Polyacrylamide (PAAm)) flowing through a circular co–flow microchannel are numerically 
investigated. Influences of PAAm and CMC concentrations, gas-liquid velocities, and surface 
tension on bubble shape evolution are explored. Various mechanisms of bubble breakup are 
observed in the different concentration of PAAm and CMC. Based on the bubble length with 
respect to the channel diameter, three different bubble shapes are identified. For the first time, 
flow pattern maps are constructed based on inlet velocities for power–law and Carreau liquids. 
Additionally, scaling laws are proposed to estimate the bubble length in such configuration. 

Later, a three–dimensional CFD model is developed to analyse droplet formation in the 
flow–focusing and T–junction microchannels. Various influencing factors such as continuous 
and dispersed phase flow rates, and interfacial tension are examined to understand the droplet 
formation mechanism. Three different regimes, viz., squeezing, dripping and jetting are observed 
in a T–junction microchannel. In the range of considered conditions, squeezing phenomenon is 
not detected in the flow–focusing microchannel. Droplet shape is reported by defining a 
deformation index. Near spherical droplets are realized in dripping and jetting regimes. 
However, plug–shaped droplets are observed in squeezing regime. The genesis of Newtonian 
droplets in non–Newtonian 
liquid is also numerically studied and characterized in a T–junction microchannel. It is found that 
rheological parameters have significant influences on the droplet length, volume, and its 
formation regime. 

The development of microfluidic methods to generate and manipulate monodisperse 
droplets have led to an increasing number of potentially interesting applications. Although the 
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computational study cannot completely diminish the necessity of exhaustive and expensive, at 
times, experimental investigation; well–validated CFD models can certainly complement with 
various aspects of physical phenomena that are not attainable by experiments. The findings of 
this work are expected to provide better understanding and experimental guidelines in terms of 
controlling parameters on the formation of desired bubble/droplet of different shape and size in a 
Newtonian/non–Newtonian medium.  

 
Keywords: Computational fluid dynamics; Taylor bubble; Droplet; Microfluidics; Non–
Newtonian liquid; Two–phase flow; Flow regime 
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This work aims at synthesizing the extended generic model controller (EGMC) coupling with 
different state estimators for energy efficient cost effective distillation columns. The differential 
geometry based EGMC controller is quite flexible in that it can be used for processes having any 
number of relative orders. At first, we develop the high gain observer (HGO) and neuro-
estimator (NE) to provide state information to the EGMC controller. Obtaining better 
performance from the HGO than NE for a reactive distillation column (ethylene glycol system) 
in both open-loop and closed-loop study, the hybrid EGMC-HGO scheme is forwarded for 
further advancement and use. In the subsequent study, attempt is made to enhance the energetic 
and economic potential of batch distillation, for which vapor recompression is introduced 
between the overhead vapor and reboiler content. Showing a substantial improvement in terms of 
utility consumption and total annual cost (TAC) with reference to a conventional batch reactive 
distillation column (butyl acetate system), it is subjected to control with the EGMC-HGO to 
maintain constant distillate composition. Compared to the traditional proportional integral (PI) 
controller, the model based EGMC provides a better product purity and larger amount of 
distillate collected. In the next study, a soft sensor is developed based on artificial neural network 
(ANN) to infer the distillate composition based on measured tray temperature and it is coupled 
with the HGO, yielding neuro HGO (NHGO). Additionally, we develop a neuro extended 
Kalman filter (NEKF) in the similar fashion to compare with NHGO for a reactive batch 
distillation (ethyl acetate system). Investigating the comparative performance between NHGO 
and NEKF with (closed-loop) and without EGMC (open-loop), attempt is made to further 
compare them in the next study. For this, heat integration is proposed in a ternary batch 
distillation (cyclohexane/n-heptane/toluene) by horizontally dividing the tray tower into two 
sections. The bottom section that includes the reboiler is operated at nominal pressure, whereas 
the top section that accompanies the condenser is operated at elevated pressure by installing an 
overhead compressor. These two diabatic sections are thermally coupled by a series of internal 
heat exchangers placed between them. Achieving energy savings and cost benefit by this heat 
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integrated configuration over its conventional analogous, it is further used to illustrate the EGMC 
controller. It is confirmed that the EGMC-EKF shows a better performance than the EGMC-
HGO. This nonlinear observer based EGMC controller is recommended for online use because 
of its simplicity, ease of tuning and high-quality control.  
 
Keywords: Extended generic model control; state estimator; soft sensor; reactive distillation; 
batch processing; vapor recompression; heat integration 
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Harnessing solar energy is one of the major routes to reduce the consumption of fossil fuels and 
abate pollution. To achieve this goal, cheaper and faster techniques for manufacturing of 
efficient photovoltaic cells are needed. In this thesis we show various methods for efficient 
production of solar cell components. The main focus of this work is rapid preparation of ZnO 
based solar cell components using solution based techniques and fabrication of dye-sensitized 
solar cells using these components. The overall scenario in this direction has been discussed in 
Chapter-1. In the rest of the thesis, individual chapters discuss independent but related works and 
the current literature on individual topics are discussed in those chapters. 
 
The second chapter deals with preparation of aluminium-doped zinc oxide (AZO) based 
transparent conducting oxide films using sol-gel techniques. Usually sol-gel derived AZO films 
require additional post-annealing treatment under inert or reducing gas environment for better 
conductivity, typically resistivity in the range in the range of 10-2 to 10-4 Ω-cm. This step 
increases the complexity of operation and processing time could increase by 6 hours or more. In 
this work we have shown an efficient technique to replace this post treatment. Our technique is 
based on rapid cooling and gas blanketing strategy. This cooling method requires typically 5 min 
to improve the electrical properties. Several properties such as electrical, optical, crystalline and 
morphology of the films were investigated thoroughly in this work. The properties of the films, 
prepared using this new technique is found to be similar to those prepared using the post 
treatment. 
 
The third chapter focuses on the preparation of ZnO based nanoforest like structures using 
microwave-assisted hydrothermal technique. Compared to conventional hydrothermal technique 
that requires typically 30-40 h, the proposed microwave-assisted hydrothermal technique is much 
faster and produces nanoforest of similar quality within 3-4 h. Microwave-assisted synthesis 
requires tuning of various parameters such as zinc and ammonia concentration, duration of 
microwave irradiation etc. which have been optimized to find out the sweet zone where the 
nanowire density and branching can be controlled effectively. An efficient seed deposition 
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technique is also developed in this work for efficient branch growth. Such seeding technique 
needs around 5 min instead of hour long bath deposition methods. Using these techniques, dense 
nanoforest of ZnO could be produced within a few hours. Morphological and crystalline 
properties of the nanoforest layer was studied using a battery of tests like SEM, XRD, EDS etc. 
which demonstrate that the microwave synthesized films are nicely crystalline material with 
epitaxially grown crystal faces.  
 
The fourth chapter discusses a work where we have used the ZnO nanoforest grown using 
microwave-assisted synthesis for preparation of dye sensitized solar cells. Usually, the DSSC 
fabricated using ZnO nano-structured photoanode with ruthenium-based photosensitizer dye 
molecules are less efficient (1-6 %) in compared to those using TiO2 as mesoporous layer 
(typically 10 %efficiency). This chapter explores the reasons for this. Usually a dilute dye-
solution (typically 0.5 mM) is used for dye loading for about 1-2 hours. Using scanning electron 
microscopy, we show that Ru-based dye corrodes the ZnO electrode surfaces. Within a few 
minutes of dye soaking, such corrosions take place and this corrosion is extremely severe for 
ZnO nanoforest because branches and sub branches are very thin. Hence, highly concentrated 
dye solution (3 M) should be used with very low dye loading time (2 min) for reasonable 
efficiency. We study these two parameters in detail and optimize the dye loading condition for 
cell efficiency. The efficiency of the DSSC obtained by us is significantly higher than that 
reported for similar configuration (2.9 %). With optimum dye loading we could increase the 
current density of the cells to a great extent.  
 
Keywords: Transparent conducting oxide, sol-gel method, AZO film, Zinc oxide photoanode, 
nanowire, nanoforest, microwave synthesis, hydrothermal method, dye-sensitized solar cell, dye 
induced corrosion, dye adsorption, N719, Ruthenium based dye. 

 

BENEFICIATION OF LOW GRADE INDIAN COAL BY CHEMICAL 
LEACHING TECHNIQUE 

 
Sushanta Kumar Behera 

Supervisor: Prof. B. C. Meikap and Prof. Sudipto Chakraborty 
Department of Chemical Engineering 

Accession No.: NB16172 
 

In the present investigation, a laboratory and bench scale experimental set up is designed and 
fabricated to study the effect of chemical pre-treatment on low grade coal from Mahanadi 
Coalfield Limited at various leaching conditions and its characterization was evaluated. The 
investigation has four distinct parts; the first part describes the detailed comminution of coal and 
types of minerals present in the coal and its characterization, using single stage chemical  
leaching under different reagent concentration at moderate leaching conditions. The second part 
deals with the effect of different particle size and leaching parameters on coal demineralization is 
expressed. In this case, two different high ash coal were selected for leaching process. The 
degree of demineralization was obtained to 46% and 34% from coal A consists of 38.8% ash. 
Similarly the results obtained for coal B was 43% and 32% from 43% ash by the effect of 30% 
NaOH and 30% H2SO4 solvent concentration respectively. Chemical leaching is efficient reduce 
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the ash related minerals, but single stage leaching is inefficient for high ash coal. Therefore two 
stage leaching method is approached for high ash coal. The third part stated about the two stage 
leaching effect with varying leaching reagent concentration at different set of experimental 
variables. The combined treatment method is depicted the maximum percent demineralization of 
coal. The demineralization was obtained 27% by alkali leaching and 48% demineralization was 
achieved by acid followed alkali treated coal from 26% ash of Bhubaneswari coal. The size of 
the particle is also effect on the degree of demineralization. The particle size of -60 and -72 mesh 
size were found the most effective demineralized by the leaching process. The percent 
demineralization was obtained up to 53% and 54% for these coal particle size by the combined 
treatment methods. The calorific value of coal also increased with the degree of 
demineralization. The degree of demineralization was increased with the rise of reaction 
temperature and residence time. The fourth part defined the establishment of optimum parameter 
values for different critical process parameters to improve the ash reduction from low grade coal. 
Quadratic models have been developed and subsequently these model predictions are validated 
against experimental results. The results obtained are found to have good agreement with the 
experimental values. The study revealed that the concentration was found the most significant 
effect for ash removal from the coal to produce clean coal. Leaching process optimization was 
carried out and the experimental values obtained for the ash reduction are found closer to the 
values obtained as predicted by the models. Optimal conditions for maximizing the ash reduction 
was obtained at HF concentration 18 vol.% reaction temperature 92°C and leaching time 162  
min. The absolute error was obtained 0.08%. The chemical beneficiation by leaching study of 
coal indicated reduction in ash content as well as substantial reduced the deleterious minerals 
from the coal. 
 
Keywords: Low grade coal; Mineral matter; Chemical beneficiation; Leaching; 
Demineralization; Ash reduction; Calorific value 
 
 
SEPARATION OF HYDROGEN FROM MIXTURES WITH CO2 AND CH4 

BY INDIGENOUS ALUMINA AND MULLITE SUPPORTED SILICA 
MEMBRANES 

 
V Saikumar Reddy R 

Supervisor: Prof. Narayan C. Pradhan & Prof. Sudipto Chakraborty 
Department of Chemical Engineering 

Accession No.: NB16395 
 

Hydrogen is considered as the green energy carrier of the future. Steam reforming is the most 
popular process for producing hydrogen from hydrocarbon feed stocks such as methane. In order 
to get pure hydrogen, it is necessary to remove carbon dioxide and methane from the reformer 
gas by a suitable technique. The present work is concerned with the separation of hydrogen from 
hydrogencarbon dioxide and hydrogen-methane gas mixtures by indigenously developed 
inorganic membranes. Silica membranes with alumina and mullite supports have been developed 
to separate hydrogen from hydrogen- carbon dioxide and hydrogenmethane gas mixtures. The 
basic pressing technique was used to achieve alumina and mullite supports for membranes. Then 
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the silica membranes have been developed on the support by sol gel dip coating method. 
Characterization of membranes was done under scanning electron microscope and surface area, 
pore volume and the average pore size were measured using BET surface area analyser. The pore 
size of alumina supported silica membrane was found to be in the range of 1.54 to 2.69 nm in the 
water and TEOS molar ratio range of 8 to 12 for single to quadruple coated membranes. The 
mullite supported silica membrane pore size was in the range of 1.51 to 2.42 nm in the water and 
TEOS molar ratio range of 8 to 12 for single to triple coated membranes. The membranes were 
found to be porous having good mechanical strength as well as high hydrogen permeance and 
selectivity. The feed mixtures of H2 and CO2, H2 and CH4 were passed separately across the 
silica membranes to study the membrane permanence and selectivity. The effect of pressure and 
temperature were studied and the process conditions were optimized. The most favourable 
condition for hydrogen separation from hydrogen-carbon dioxide gas mixture for alumina 
supported silica membranes was established at 450 kPa pressure and 600ºC  temperature. Under 
this condition, the flux and permeance of hydrogen were 6.77 mol /m2s and 1.48 x 10-5 mol s / 
kg m, respectively and the H2/CO2 selectivity was 8.43. For the mullite supported membrane, 
under the optimum condition (500 kPa pressure and 650ºC temperature), the flux and permeance 
of hydrogen were 6.64 mol /m2s and 1.32 x 10-5 mol s / kg m, respectively and the H2/CO2 
selectivity was 8.08. 

The separation of hydrogen from hydrogen-methane gas mixture at a pressure of 450 kPa 
and a temperature of 600ºC, the flux and permeance of hydrogen were obtained as 7.8 mol /m2s 
and 1.71 x 10-5 mol s / kg m respectively and the H2/CH4 selectivity is 8.05 for alumina 
supported silica membranes. Whereas for mullite membranes at a pressure of 500 kPa and a 
temperature of 650ºC, the flux and permeance of hydrogen obtained are 6.9264 mol /m2s and 
1.377 x 10-5 mol s / kg m, respectively and the H2/ CH4 selectivity is 8.00. The dusty gas model 
was used for mathematical analysis of hydrogen separation from hydrogen- carbon dioxide and 
hydrogen-methane gas mixtures. 

 

Keywords: Hydrogen separation, Mullite, Silica membrane, Sol-gel synthesis, Dusty gas 
model, Permeance, Hydrogen flux, Hydrogen selectivity 
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The family of 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (commonly known as BODIPY or 
dipyrromethane) has gained recognition as one of the most versatile fluorophores owing to its 
application into a wide range of fields such as ion sensing, organic light-emitting diodes 
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(OLEDs), fluorescent labeling of biomaterials, artificial light-harvesting systems and 
photosensitizers for photodynamic therapy. Prompted by the current research trend on tunable 
organic dye lasers, 2,6-diacetylenyl- and 2,6-bis(arylacetylenyl)-functionalized pentamethyl 
BODIPY derivatives, (aryl = phenyl, 4-methoxyphenyl, or 4-cyanophenyl) have been 
successfully synthesized following the strategy of extended π-conjugation. Under transverse 
pumping condition at 532 nm, these dyes exhibit maximum lasing efficiency of 41% with 
tunable range up to 19 nm in toluene solution. Electron withdrawing perfluoroalkyl groups have 
been incorporated at the boron center of these BODIPY dyes to investigate their random lasing 
action in a polydimethyl siloxane (PDMS) based microfluid device (MFD). Due to the presence 
of inherent randomness in the MFD, the emission experiences multiple scattering and give rise to 
randomly positioned sharp spikes with FWHM less than 0.3 nm. On the other hand, the study of 
the triplet excited state of organometallic BODIPYs is an emerging field of research. In this 
regard, three Ru(II)-BODIPY organometallic dyads capped with 4'-(tolyl)-2,2':6',2''-terpyridyl 
ligands have been designed and synthesized by varying the position of the acetenyl linker 
between the BODIPY part and Ru(II) coordination center to access triplet photosensitizers for 
singlet oxygen (1O2) generation. The results obtained reveal that the effective π-conjugation 
between the BODIPY chromophore and metal-coordination center is essential to maximize the 
inter-system crossing (ISC) effect and hence 1O2 sensitizing ability. The electrochemical study 
indicates the electronic interplay between metal to metal or metal to redox active BODIPY 
chromophore which is further supported by the appearance of bands in the NIR region on 
chemical oxidation. In addition, acetylide bridged hetero-bimetallic ferrocene-ruthenium 
complex [BODIPY-C≡C-(tpy)(PPh3)2Ru-C≡C-Fc]+ (tpy = terpyridyl based ligands; Fc = 
ferrocenyl) was synthesized and characterized, which exhibit strong electronic communication 
between the two hetero metal termini (Ru(II) and Fe(II)) and consequent NIR absorption 
centered at 1415 nm due to intravalence charge transfer. Fascinated by the highly luminescent 
properties of BODIPY dyes, two reusable turn-on fluorescent probes comprising of BODIPY 
fluorophore and N,N-bis(2-(pyridin-2-ylmethoxy)ethyl)aniline or dicarboxylate pseudo-crown 
ether [NO4] as receptor have been explored for the selective detection of environmentally toxic 
metal ions like Hg2+ or Cd2+ up to submicromolar level in semi-aqueous or aqueous medium. 
Moreover, long alkyl chain appended π-conjugated luminescent BODIPY and fluorene based 
alternating copolymers with or without having triazole moiety in the polymeric chain have been 
developed for the trace detection of nitroaromatics (NACs) both in solution and solid state. The 
molecular design methods and the synthetic strategies demonstrated in this doctoral thesis will 
certainly help in evolving BODIPY based new smart materials in optoelectronics, photophysics 
and sensing applications.  
 
Keywords: BODIPY, Dye laser, Microfluid device, Random lasing, Triplet photosensitizers, 
Ruthenium, Bimetallic complexes, Organometallics complexes, Singlet oxygen, Cyclic 
volammetry, Electronic communication, Inter valence charge transfer (IVCT), NIR absorption, 
Fluorescent probes, Toxic metal ion detection, Aqueous medium, Reusable, NACs detection, π-
Conjugated polymer, Triazole, Trace detection, Repeatability. 
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STUDIES ON THE USE OF LABEL ASSISTED LASER 
DESORPTION/IONIZATION MASS SPECTROMETRY FOR ANALYTE 
DETECTION AND GARRATT-BRAVERMAN CYCLIZATION FOR THE 

SYNTHESIS OF HETEROCYCLES 

 
Arundhoti Mandal 

Supervisor: Prof. Amit Basak and Prof. Amit Kumar Das 
Department of Chemistry 
Accession No.: NB16299 

 
 
Studies on the Use of Label Assisted Laser Desorption/Ionization Mass Spectrometry for 
Analyte Detection and Garratt-Braverman Cyclization for the Synthesis of Heterocycles This 
thesis is divided into two parts- Part A and Part B. Part A includes exploration of Label-assisted 
Laser Desorption/Ionization (LALDI) MS and it consists of three chapters. Chapter 1 contains a 
literature survey on the recent progress of LALDI technique. In chapters 2 and 3, LALDI 
technique has been applied for the selective and specific detection of small molecules having 
primary amine functionality and metal ions respectively, through a Time of Flight (TOF) mass 
spectrometric measurement. This technique required a probe which contained a polyaromatic 
moiety as well as a chelating group targeting the particular small molecules or metal ions. The 
presence of polyaromatic part helped the ligand-target molecule complex to absorb the laser light 
and then desorb from the surface. Subsequent ionization led to ions which show up in the TOF 
detector. By excluding the external matrix, the mass spectrum becomes lot cleaner being free of 
matrix related peaks and noises. Peaks corresponding to compounds/complexes formed between 
the analytes and the label are mostly seen in the spectrum. The probe molecules along with few 
relevant mass spectra are shown in Figure 1. 
 

 
Part B contains studies on reactivities of indole and quinoline/isoquinoline bis-propargyl ether 
system under Garratt-Braverman (GB) cyclization condition (Chapter 4 and Chapter 5). In fourth 
chapter, a new strategy has been developed to achieve the reaction of bis-propargyl ether to 
follow a diradical pathway under GB cyclization condition. In the process, a methodology for 
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synthesizing 3, 4-furan fused dihydrocarbazole derivatives has been established by tunning the 
progress of the reaction upto intermediate stage. Some of these dihydrocarbazole derivatives 
showed good antifungal activity. In chapter 5, a methodology for synthesizing furan fused 
phenanthridine derivative, the normal GB product, which showed good DNA binding property, 
has been demonstrated. An explanation for this differential behaviour of the two systems is also 
included. 
 

 
 
Keywords: LALDI, Garratt-Braverman cyclization, dihydrocarbazole, phenanthridine, 
antifungal, DNA binding 

 
 
 

SYNTHESIS AND CHARACTERIZATION OF LOW MOLECULAR 
WEIGHT METAL-ORGANIC GELS AND THEIR APPLICATIONS 

 
Chandan Kumar Karan 

Supervisor:  Prof. Manish Bhattacharjee 
Department of Chemistry 
Accession No.: NB16223 

 
Syntheses of supramolecular metal-organic gels (MOGs) have attention for their 

applications in the field of material chemistry, adsorption, photonics, sensors, drug delivery and 
catalysis. Various non-covalent interactions like hydrogen bonding, hydrophobic, and π–π 
interactions are responsible for the formation of MOGs. These weak non-covalent interactions 
can be deformed and recovered easily and reversibly in response to the wide range of external 
stimuli which creates a new horizon in making of the smart materials. Depending upon the 
external stimuli the stimuli-responsive supramolecular gels can undergo a sol-gel transition 
transformation. Due to the dynamic bonding interactions in the metallogels, these thixotropic 
gels are highly appealing as they could be transformed into autonomously healing materials. The 
porous solid xerogel materials play a crucial role in the effective removal of toxic contaminants 
like organic dyes from water. The self-assembled MOGs having high porosity and greater 
surface area are very active towards adsorption. These nano-fibrous MOGs are potential catalysts 
for various organic transformations. They are attractive as catalysts due to their heterogeneous 
nature and recycling ability, low cost and ease of synthesis. The short–range ordered catalytically 
active repeating units are responsible for the enhanced efficiency of these types of MOG 
catalysts.  
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Thus in this dissertation, the results of a systematic approach towards the synthesis of 
transition & main group metal-containing metal-organic gels using low molecular weight 
gelators and their various applications in the different field have been presented. In chapter III, 
the synthesis of zinc and cadmium-containing four new multi-stimuli responsive metallogels in 
MeOH and use of these MOGs for the selective adsorption cationic dyes from the mixture of 
cationic and anionic toxic dyes from water have been reported. Among the four MOGs, MOG-1 
exhibits excellent and rapid self-healing property just after the damage. The subject matter of 
chapter IV is the synthesis, characterization and real-time monitoring of the self-healing process 
by fluorescence lifetime imaging microscopy (FLIM) for a Zn-MOG. In Chapter V synthesis, 
characterization and studies on the self-healing properties of a Ni-MOG have been reported. In 
chapters VI and VII, synthesis, characterization and studies of catalytic properties of two multi-
stimuli responsive copper containing metallohydrogels have been reported. The Cu-MOG1 was 
found to be an efficient catalyst for the reaction of CO2 with epoxides. The Cu-MOG2 was 
found to catalyze the reaction of CO2 and SO2 with epoxides. Thus, both the Cu-MOGs can be 
used as catalysts for the conversion of environmental pollutants to value-added useful products. 
 
Keywords: Metal-organic gel (MOG), Suprmolecular gel, Metallogel, Xerogel, low-molecular 
weight gelators, Transition metal complex, Multistimuli responsive, Thixotropic, Self-healing 
gel, Selective adsorption, Azide-alkyne cycloaddition, CO2 fixation, SO2 fixation, Fluorescence 
lifetime imaging microscopy (FLIM). 
 
 
DIVERSITY ORIENTED SYNTHESIS OF SMALL RING CARBOCYCLES 

AND HETEROCYCLES FROM BIOCATALYTICALLY DERIVED α-
SUBSTITUTED –β-HYDROXYESTERS 

 
Debabrata Das 

Supervisors: Prof. Samik Nanda and Prof. Rajarshi Samanta 
Department of Chemistry 
Accession No: NB16178 

 

Diversity oriented synthesis (DOS) has emerged as a new approach for the synthesis of a library 
of structurally diverse small molecules in recent time. An ideal DOS will be such an approach 
which can yield a large collection of the skeletally diverse molecule from simple starting 
precursors in an efficient and cost-effective manner. Using DOS, we can achieve a wide range of 
chemical entities including bioactive species and also unexplored chemical species. On the other 
hand, enantio and diastereoselective reduction of α-substituted-β-ketoesters through dynamic 
kinetic resolution (DKR) can be achieved using yeast and other microorganisms, and there are 
various reports in the scientific literature.  
 
Our aim was to carry out a biocatalysis based reductive DKR method to synthesize various α-
substituted-β-hydroxy esters first, then using the three active functional groups of the  
orresponding esters we planned to carry out reagent and transformation based DOS to synthesize 
various well-decorated stereochemically pure small ring carbocyclic and heterocyclic molecules 
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such as enantiopure ε-lactone, carbohydrate mimic, aromatic cyclitols, bi-cyclic pyrrolidine and 
isoxazole derivatives, properly substituted tetrahydrofuran derivatives, γ -lactone, substituted bi-
cyclic triazole and fused bi-cyclic molecules. All of the synthesized molecules are relatively 
unknown in the scientific literature but in some cases, have close structural resemblance with 
various bio-active natural products and active pharmaceutical ingredients (APIs). 
 

 
 
Keywords: Diversity Oriented Synthesis, Bioreduction, DKR, Grignard reaction, RCM, Syn- 
dihydroxylation, Enyne metathesis, Halo-cyclization, Cycloaddition, Clickchemistry 
 
 
 

TRANSITION METAL CATALYZED DIRECT, REGIOSELECTIVE 
FUNCTIONALIZATIONS AND CONSTRUCTION OF 2-PYRIDONE 

BASED SCAFFOLDS 

 
Debapratim Das 

Dr. Rajarshi Samanta 
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Accession No.: NB16328 

 

Keywords: (1) 2-Pyridone, (2) C-H functionalization, (3) regio-selective, (4) transitionmetal 
catalysts, (5) carbenoid, (6) nitrenoid, (7) synthetic methodology. 
 
The thesis entitled “Transition Metal Catalyzed Direct, Regioselective Functionalizations 
and Construction of 2-Pyridone Based Scaffolds” describes the development of new step-
economical strategies for site-selective functionalization and construction of 2-pyridone related 
scaffolds.  
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Chapter 1 describes the importance of 2-pyridone scaffolds and recent advances in the direct 
functionalizations of this scaffold. 
Chapter 2 illustrates the regio-selective functionalizations of 2-pyridones and related 
heterocycles using metal-carbenoid/nitrenoid based on migratory insertion. It contains 4 parts. 
Chapter 2, part A illustrates rhodium(III)-catalyzed C6-alkylation of 2-pyridone and other 
related heterocycles using diazo malonates as the alkylating agent under mild conditions 
(Scheme 1). 
 

 
Chapter 2, part B describes rhodium(III)-catalyzed C6-arylation of 2-pyridone and other related 
heterocycles using diazoquinones as the arylating agent under mild conditions (Scheme 2). This 
protocol gives direct access to heteroarylated phenols. 
 

 
 
Chapter 2, part C defines iridium(III)-catalyzed regio-selective amidation of 2- pyridones and 
isoquinolones and its application in the synthesis of the precursor of a pharmaceutically 
important compound (Scheme 3). 
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Chapter 2, part D represents Rh(III)-catalyzed cascade cyclization of α, β–unsaturated oxime 
with a highly electron deficient diazo malonates to furnish C4-arylated highly substituted 2-
pyridone derivatives (Scheme 4). 
 

 
 
Chapter 3 depicts Pd(II)-catalyzed site-selective C5-arylation of 2-pyridones. The 
developed protocol had been used as a key step in the synthesis of a pharmaceutically 
important compound (Scheme 5). 
 

 
Overall Contribution and Remarks 

 

CRYSTAL ENGINEERING STUDIES ON COORDINATION AND 
HYDROGEN BONDED SOLIDS: EXPLORATION OF MAGNETIC, 

LUMINESCENCE AND SENSING PROPERTIES 
 

Debarati Das 
Supervisor: Professor Kumar Biradha 

Department of Chemistry 
Accession No.: NB16224 

 
The thesis addresses the exploitation of coordination bonding and hydrogen bonding along with 
other non-covalent interactions as influential tools for the generation of functional materials. In 
this process, a strategy is developed to generate higher dimensional networks with Ni4O4 
cubanes as SBUs; consequently, the ferromagnetic behavior of the complexes got tuned 
depending on the molecular aggregations and exchanged pathways. The luminescence sensing 
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technique is adapted for the detection and quantification of nitro-explosives and ferric ion from 
aqueous solution in ppm levels by electron-rich coordination networks. Further, the eminent role 
of solvents and anions for the formation of metal-organic gels has been elucidated with an α, β-
unsaturated ketone and silver salts in various organic solvents. The carboxylic acids and 
resorcinol derivatives with two bis-pyridyl substituted α, β- unsaturated ketones are shown to 
generate ionic and neutral complexes where the secondary and tertiary ammine moiety formed 
several charge assisted hetrosynthons and hydrogen bonded networks. Furthermore, two flexible 
tri-carboxylic acids with ether and ammine linkages behaved differently in their complexes with 
various bispyridyl bases in terms of molecular geometry, synthon formation and supramolecular 
network geometry. The study emphasis on crystallization conditions, nature of frameworks, role 
of solvents and anions, molecular geometries and hydrogen bonding or other non-covalent 
interactions in determining the supramolecular assemblies and respective properties. The main 
aspect of these studies is the exploration of the functional properties such as magnetism, 
luminescence, detection of lethal environmental pollutant and waste water management. 
 
Keywords: cubanes, coordination polymers, metal-organic gels, cocrystals, salts, 
ferromagnetism, luminescence, sensing, dye adsorption. 

 
 
 

DESIGN, SYNTHESIS AND CHARACTERIZATION OF π- CONJUGATED 
HOMOPOLYMERS AND A-alt-B TYPE COPOLYMERS FOR 

APPLICATIONS IN CHEMOSENSING AND DYE-SENSITIZED 
SOLAR CELLS 

 
Dipanjan Giri 

Supervisor: Dr. Sanjib K. Patra 
Department of Chemistry 
Accession No.: NB16376 

 
The research on π-conjugated semiconducting and luminescent polymers have attracted much 
attention in the recent past due to their emerging smart applications such as chemosensing 
towards heavy and toxic metal ions and biological analytes, photovoltaic solar cells (BHJ and 
DSSC), organic field-effect transistors (OFETs) and organic light emitting diodes (OLEDs). 
Fascinated by the current research trend on this exciting field, a series of π- conjugated 
homopolymers and A-alt-B type copolymers consisting of benzothieno-imidazole and carbazole 
moiety have been designed and developed for the selective and sensitive recognition of heavy 
metal ions including Cu2+ and toxic Hg2+ with a sub-micromolar detection level. The transition 
metalions coordinated (Cu2++ and Fe3+) metallopolymer shows high selectivity towards amino 
acids and adenosine 5′-triphosphate (ATP) through fluorescence turn-on strategy as a result of 
stable Cu(II)-amino acid binary complex and stronger electrostatic interaction between positively 
charged Fe3+-coordinated metallopolymer with ATP (than that of ADP or AMP). The limit of 
detection of the metal containing π-conjugated probes towards amino acid and ATP was found to 
in ppb level with 
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high association constant in the order of 105 M−1. The detail sensing study has been demonstrated 
to understand the insight of the sensing mechanism. Most interestingly, 1,2,3- triazole 
functionalized polythiophene based π-conjugated emissive polymers have been successfully 
explored for trace detection of nitroaromatics (NACs) both in solution and solid state. The 
reversible fluorescent probes exhibit nanomolar detection of picric acid in contact mode by 
naked eye, demonstrating its practical utility as quick and inexpensive way detection of trace 
NACs. Furthermore, diketopyrrolopyrrole (DPP) and perylene diimide (PDI) based A-alt-B type 
π-conjugated alternating copolymers have been designed and synthesized for the polymer 
sensitized solar cells (PSSCs). All the D-π-A based π-conjugated polymers exhibited high 
reproducibility with power conversion efficiencies upto 3.00% with good stability up to 60 h. 
Moreover, the inclusion of fluoroalkyl side chain enhances the internal dipole moment within the 
polymer backbone, providing less charge recombination and higher photovoltaic performance. 
The design and synthesis of the soluble π-conjugated polymers developed in this doctoral thesis 
will certainly help to further development of new functional smart materials in sensory and 
optoelectronics application. 
 
Keywords: π-Conjugated polymer, GRIM polymerization, A-alt-B type copolymer, 
Benzodithieno-imidazole, Triazole, Diketopyrrolopyrrole (DPP), Perylene-diimide (PDI), 
Fluorescent probes, Turn-off sensing, NACs detection, Amino acid detection, Toxic metal ion 
detection, Pyrophosphate recognition, Selectivity and sensitivity, Trace detection, Repeatability, 
Molecular wire effect, D-π-A, Polymer sensitized solar cells (PSSC), Lowband gap, IPCE. 
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CATALYST 

 
Himadri Sekhar Maity 

Supervisor: Prof. Ahindra Nag 
Department of Chemistry 
Accession No.: NB16414 

 
Based on the fundamental aspects of green chemistry with considering the basic scientific 
challenges of protecting human health and environment, the sustainable development of more 
environmentally benign, efficient, clean and economically feasible organic syntheses under mild 
reaction condition using green reagents, eco-friendly catalysts and benign reaction mediums over 
traditional synthetic processes is a key driving force of the synthetic organic chemistry to achieve 
the ultimate goal of waste-free and energy-efficient syntheses in both industry and academic 
world. The investigations of sustainable and efficient alternative catalyst systems for chemical 
transformations using bio-based, renewable and natural feedstock as eco-catalyst are extensively 
acknowledged owing to their easy access, ease of biodegradability, cheapness, and 
environmental friendliness. Motivated by the search of the greener alternatives, versatile organic 
transformations such as the selective reduction of aromatic aldehydes to alcohols, 
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decarboxylation of substituted aromatic acids to aromatic phenols, deacetylation, and 
debenzoylation of substituted aromatic compounds were performed in presence of cucumber 
(Cucumis sativus L.) juice abbreviated as CSJ. 
In the new millennium, the diversity-oriented synthesis (DOS) for the library of “privileged 
medicinal structures or scaffolds” of heterocyclic architectures via one-pot multi-component 
reactions (MCRs) by using natural catalysts in presence of water acting as a greener reaction 
medium has been received significant importance from the standpoint of green chemistry. A 
greener, efficient, and economic approach for synthesis of several types of symmetric 
trisubstituted methane derivatives (TRSMs) such as bis(indolyl)methanes, bis-coumarins, 
bispyrones, bis(pyrazolyl)methanes, bis-lawsones and bis-dimedones via either electrophilic 
substitution or cascade Knoevenagel-Michael type reaction of one molecule aldehyde with two 
molecules of heterocyclics or 1,3-cyclic diketone systems was disclosed by using “water extract 
of sugarcane bagasse ash (WESBA)” as a renewable, and eco-catalyst from agro-industrial waste 
materials. Knoevenagel condensation is the most classical and versatile C-C bond forming 
reaction in organic chemistry. To develop an efficient and eco-friendly catalytic system for the 
Knoevenagel reaction, WESBA was also used for the fast and sustainable synthesis of 
substituted benzylidenemalononitriles, substituted 2-oxoindolin-3-ylidenes, substituted cinnamic 
acids, and substituted iminocoumarins from a broad range of aromatic aldehydes and substituted 
isatins with active methylene compounds like malononitrile or alkyl cyanoacetates or Meldrum's 
acid. Using the substituted benzylidenemalononitriles as the versatile intermediates, a large 
library of biologically potent 2-amino-4H-pyrans, 2-amino-4H-chromenes, 2-amino-
spirooxindole- chromenes with either nitrile (cyano) or other functionality was successfully 
synthesized from a broad range of aromatic aldehydes or isatin derivatives, malononitrile or ethyl 
cyanoacetate and diverse electron-rich enolizable C-H activated acidic compounds such as 4- 
hydroxycoumarin, 4-hydroxy-6-methyl-2-oxo-pyran, dimedone, 3-methyl-1- phenyl-5- 
pyrazolone, uracil, lawsone, kojic acid and 4-hydroxy-1-methylquinolin-2(1H)-one via one pot 
3-MCRs Knoevenagel condensation followed by Michael addition reaction in presence of 
WESBA as a natural catalyst. Furthermore, a sustainable, and efficient, protocol for the synthesis 
of 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives with a nitrile functionality was 
developed by the condensation of an aromatic aldehyde, malononitrile, and phthalhydrazide via 
one pot 3-MCRs Knoevenagel condensation followed by Michael addition reaction in presence 
of WESBA. 
In the current industrial scenario, heterogeneous catalysis plays an important role in replacing 
hazardous homogeneous reagents for organic transformations. Searching for the efficient 
heterogeneous catalysts, a efficient and eco-friendly method for the formation of 3-hydroxy-1- 
alkyl-3-[(4-aryl-1H-1,2,3-triazol-1-yl)methyl]indolin-2-one derivatives was exploited through 
one-pot, 3-MCRs and “Carbo-Click” chemistry sequential approach for copper-catalyzed 
cycloaddition reaction of azide and alkyne and then the regio- and stereoselective ring-opening 
of spiro-epoxyoxindoles from the less hindered side by using sulfonated sugarcane bagasse ash 
(SBA-SO3H) as an efficient solid acid heterogeneous catalyst in presence of water. Moreover, a 
simple, efficient method for the preparation of 3-substituted phthalides was employed from the 
reaction between phthalaldehydic acid with several types of nucleophilic species such as indole, 
β-keto acids, phenols via one-pot cascade nucleophilic addition followed by intramolecular 
cyclization approach using SBA-SO3H in water as a greener solvent. 
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Key Words: natural feedstock; eco-catalyst; cucumber juice (CSJ); multi-component reactions 
(MCRs); symmetric trisubstituted methane derivatives (TRSMs); water extract of sugarcane 
bagasse ash (WESBA); Knoevenagel condensation; substituted benzylidenemalononitriles; 
substituted 2-oxoindolin-3-ylidenes; substituted cinnamic acids; substituted iminocoumarins; 2- 
amino-4H-pyrans; 2-amino-4H-chromenes; 2-amino-spiro-oxindole-chromenes; Michael 
addition reaction; 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives; 3-hydroxy-1-alkyl-3- 
[(4-aryl- H-1,2,3-triazol-1-yl)methyl]indolin-2-one derivatives; “Carbo-Click” chemistry; 
sulfonated sugarcane bagasse ash (SBA-SO3H); copper-catalyzed cycloaddition reaction; 3- 
substituted phthalides. 
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BIOMACROMOLECULAR HOSTS AND MOLECULAR ASSEMBLIES 
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Supervisor: Dr. Mintu Halder 
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Host biomacromolecules, macrocycles, and molecular assemblies can control the photophysical 
and photochemical processes of guest fluorescent molecular probes in various ways. Pyranine is 
a fluorescent photoacid that is known to undergo the photochemical process, proton transfer in 
its electronic excited state. The intrinsic ligand binding characteristic of the biomacromolecular 
hosts like a protein can control the acid-base equilibrium of a prototropic guest ligand in very 
specific manner. In this thesis, I have explored the Excites state proton transfer (ESPT) process 
of the photoacid HPTS in a host protein lysozyme and in some molecular assemblies of neat and 
mixed ionic micelles. The protein lysozyme was found to modulate the acid-base equilibrium 
and the rate of proton transfer in the excited state of the photoacid in a distinctive manner. 
Addition of an inert electrolyte remodulated the proton transfer behavior of the protein-
associated photoacid in the reverse manner. I have studied the ESPT nature of the photoacid by 
confining it into a neat pluronic micelle F127, ionic mixed micellar aggregates of F127-SDS and 
F127-CTAC systems; and also in neat TX100 micelle, ionic mixed micellear aggregates of 
TX100-SDS and TX100-CTAC systems. These mixed micelles of ionic surfactants with F127 or 
TX100 were detected to govern the ESPT behavior of the probe in quite diverse fashion dictated 
by the water accessibility around the location of the probe inside the host confinements.  
 

A drug gets distributed in the target receptor site and also to other extra or intra cellular 
nonreceptor sites throughout the body after administration. Interaction of a drug-
biomacromolecule pair can alter the conformation, activity of the concerned biomacromolecular 
host; and it can influence the pharmacokinetics of the drug in many ways. For a drug exhibiting 
pH dependent different protonation states, the pKa of such drugs is an important factor relating to 
the drug pharmacokinetics. Now, the binding selectivity of the biomacromolecules towards the 
protomeric forms of a drug can perturb the equilibrium connecting the different protropic species 
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of the drug, thus consequently influencing the pKa related drug distribution. In this thesis, I have 
examined the interaction of an antibacterial fluoroquinolone drug norfloxacin with the 
antimicrobial enzyme lysozyme; and interaction of few structurally different fluoroquinolone 
drugs with double stranded calf thymus DNA. The protein lysozyme was found to prefer one 
specific protomeric species, zwitterionic form of norfloxacin, guided by the specific interaction 
forces, molecular structure and ionic nature of the particular protomer and also pH of the 
medium. The preferential binding led to switchover from one protomeric species to the most 
favoured one. I have found in the study that the fluoroquinolone drugs interact with DNA in their 
protonation state dependent diverse manner. Some binding features were found to be dependent 
on the structure of the drugs, whereas some binding features were detected to be general 
irrespective to their molecular structure. Additionally drug displacement from the DNA bound 
state has been achieved by an external anionic micellar system.  
 

Thus it has been found from the attempted studies that the excited state deprotonation 
dynamics and ground/excited state acid-base equilibria of photoacid and prototropic drugs 
undergo modulation in some specific manner depending on the interaction signature of 
protomeric forms with different hosts.  
 
Keywords: Photoacid, ESPT, Lysozyme, pKa shift, Mixed micellar assemblies, Micellar 
hydration, Fluoroquinolones, Prototropic forms, Selective binding, Prototropic conversion, 
Groove binding, Drug dissociation 
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DESYMMETRIZATION REACTION 
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Supervisor: Prof. Samik Nanda and Prof. Modhu Sudan Maji 

Department of Chemistry 
Accession No.: NB16218 

 
The secondary alcohols act as a potential building block in organic synthesis, and they can be 
synthesized in various processes such as chemical process and enzymatic process. In the 
chemical process, it can be synthesized from various routes like reduction of carbonyl groups, 
oxidation of hydrocarbons hydrolysis of alkyl halides, epoxides ring opening, etc. In the 
enzymatic process, the secondary alcohols can be synthesized from ketones by reductase 
enzymes, from esters by esterase enzymes, from phosphate by phosphatase enzymes, from 
sulfate by sulfatase enzymes, etc. Optically pure secondary alcohol functionality is present in 
many biologically active natural products and active pharmaceutical ingredients (APIs). 
Asymmetric bioreduction processes for the synthesis of enantiopure secondary alcohols by 
ketoreductases enzymes have explored extensively in the last two decades. We have 
demonstrated that Ketoreductases from Klebsiella pneumoniae (NBRC 3319) selectively reduce 
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several 2-substituted ethyl 3-oxobutyrates to yield the corresponding syn-β-hydroxy esters with 
remarkable stereocontrol (de >99%, ee > 99%). At a later stage, the enzymatically synthesized 
enantiopure β-hydroxy esters can be used for the effective construction of many useful small 
molecular scaffolds. Such important and useful scaffolds are enantiopure azetidine, enantiopure 
azepane, Troger base analogue, tetrahydrofuran based lactones, chiral γ and δ lactones with 
exocyclic bromethylene group, (-) Ecklonia lactone precursor, enantiopure aromatic cyclitol, 
enantiopure bicyclic enones, small ring carbocycles, 5'-methylaristeromycin functionalized 
carbocyclic and heterocyclic scaffolds as shown in the following scheme (Scheme 1).  
Ethyl 2, 2-disubstituted-3-oxobutanoates were biocatalytically reduced to the corresponding (S)- 
ethyl 3-hydroxy-2, 2-disubstituted butanoate with the growing cells of Klebsiella pneumonia 
(NBRC 3319) with excellent enantioselection. The biocatalytically derived enantiopure hydroxyl 
esters are then synthetically manipulated to (S)-4-hydroxy -3, 3-disubstituted pentane- 2-ones. 
The whole process can be regarded as an indirect enantioselective enzymatic desymmetrization 
(EED) and diastereoselective enzymatic desymmetrization (DED) method for the synthesis of 
(S)-4- hydroxy -3, 3-disubstituted pentane- 2-ones. 

 
 
Keywords: Asymmetric bioreduction, Enantiopure cyclitols, Enantiopure bicyclic enones, 
Enantiopure azetidine and azepane, γ-Z butenolides, Ring closing metathesis, Johnson orthoester 
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rearrangement, enantiopure small ring carbocycles, Indirect desymmetrization, Enantioselective 
enzymatic desymmetrization. 
 
 

METAL-ORGANIC AND COVALENT FRAMEWORKS OF N- 
HETEROCYCLES: EXPLORATION OF FUNCTIONAL PROPERTIES 

AND GEL STATE [2+2] PHOTOCHEMICAL REACTIONS 

 
K S Narayana Konavarapu 

Supervisor: Prof. Kumar Biradha 
Department of Chemistry 
Accession No.: NB16379 

 
The thesis describes the design and synthesis of functional porous materials based on 
coordination and covalent bonds along with other non-covalent interactions and exploration of 
their structure-based functional properties. In particular, linear bis-pyridyl and tripodal tris-
pyridyl/aldehyde molecules containing amide and ether functionalities have been utilized for the 
synthesis of MOGs, MOFs, CPs, and COFs. The bis-pyridyl olefin containing molecules upon 
silver coordination resulted in the formation of MOGs. The resulted MOGs have been 
characterized and their selective gel-state [2+2] photochemical reactions have been successfully 
explored. The self-sorting phenomenon in the di- and tri-component gel systems have been 
efficiently illustrated utilizing the [2+2] photochemical reactions. Further, supramolecular 
catalysis also was shown to be effective for these reactions through complexation and de-
complexation mechanisms. Metal-organic frameworks (MOFs) with huge channels have been 
shown to selectively adsorb alcohol, water vapour and dyes. The presence of hydrogen bonded 
water chains in the networks resulted in appreciable proton conductivities. Further, the 
electrochemically active and water stable Ni(II) MOFs have been shown to function as efficient 
electro-catalysts for the water oxidation process and for selective CO2 sorption. The eminent role 
of anions for directing the formation of Ag(I)/Hg(II) based macrocycles and capsules with 
flexible tris-pyridyl tris-amide have been studied and their anion recognition and solid-state 
luminescence properties have been explored. Furthermore, a flexible tripodal tri-aldehyde was 
shown to form thermally stable and luminescent covalent organic frameworks (COFs) upon 
condensation reactions with the linear diamines. The resulted COFs have shown significant N2 
and dye sorption with efficient photo-physical properties.  
 
Keywords: MOGs, gel-state [2+2] photochemical reactions, self-soring, catalysis, MOFs, proton 
conduction, vapor, gas and dye sorption, metallomacrocycles, capsules, AgꞏꞏꞏAg interactions, 
CPs, oxidation evoluation reaction, COFs, luminescence. 
 

METAL−ORGANIC FRAMEWORKS BASED ON BIS-PYRIDYL AND 
POLYCARBOXYLATE ORGANIC STRUTS CONTAINING AMIDES: 
EXPLORATION OF POROSITY, DYE SORPTION, CHROMISM AND 

CATALYSIS 
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Supervisor: Prof. Kumar Biradha 
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The thesis deals with the design and synthesis of novel metal-organic functional materials by the 
utilization of coordination bonding and hydrogen bonding along with the other weak 
interactions. A flexible bidentate ligand, containing an aliphatic-aromatic spacer (p-xylyl) 
between amidopyridine moieties, has been shown to form multidimensional coordination 
polymers (CPs) in presence of different metal ions and various anions. The presence of 
tetrahedral anions was found to template the interpenetration of the 2D- and 3D-networks. The 
cationic CPs were resulted due to the presence of non-coordinated counter anions and the 
cationic frameworks have showed the capability of selectively adsorbing anionic dyes, which 
also helps in fine tuning the emission profiles of these materials. The acylamide functionalized 
and water stable CP exhibited appreciable proton conduction ability due to the presence of one-
dimensional polyhedral water cages in its hydrophilic channels. Further a novel strategy has been 
demonstrated for the development of electro-catalyst for oxygen evolution reaction by doping 
Co(II) in to a three-dimensional Cd-based metal-organic frameworks (MOF) that contains naked 
pyridine moieties in the form of uncoordinated ligand. The unusual dye-based MOFs have been 
produced using fluorescein as building unit and the resulted MOFs have exhibited very rare 
optical property, called pleochroism along with the multi-color emitting behavior under the laser. 
The dye based MOFs have also exhibited green to brown reversible piezochromic behavior. The 
deliberate construction of isoreticular (3,6)-connected Cu-MOFs with desired eea-topology has 
been achieved based on the supermolecular building layer approach where three newly designed 
acylamide functionalized ligands with isophthalate and pyridyl coordination sites have been 
employed as building units. Further, a newly designed tetra carboxylic acid has been utilized for 
the construction of thermally stable and highly porous metal-organic polyhedral framework (Cu-
MOPF). Due to the presence of exposed acylamide groups, as well as open paddlewheel Cu(II) 
sites, Cu-MOPF was found to exhibit high CO2 uptake capacity, along with efficient catalytic 
activity in cycloaddition reaction between CO2 and various types of epoxide with high TON and 
TOF values. Further Cu-MOPF also displayed remarkable ability for the storage of hydrogen 
gas.  
 
Keywords: Coordination polymers, Metal-organic frameworks, Gas storage, Dye Sorption, 
Luminescence, Pleochroism, Piezochromism, Oxygen evolution reaction, Proton conductivity, 
Catalysis. 

 
PHOTORESPONSIVE NITRIC OXIDE DONORS WITH REAL TIME 
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Krishna Kalyani Behra 
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Prime focus of the present study is to develop novel photoresponsive nitric oxide (NO) donors 
that can monitor photorelease of NO in real time by fluorescent imaging techniques, for 
anticancer treatment. To this end, we have designed one and two photon activatable cascade 
photocage for diazeniumdiolate (a nitric oxide donor) using o-nitrobenzyl phototrigger. Later on, 
we developed NIR image guided perylene based photoresponsive NO donating nanoparticles 
with real time monitoring ability. Further, we developed a wavelength dependent dual 
component photoresponsive system using 3-trifluoromethylnitroaniline derivative (NO 
photodonor) and coumarin-chlorambucil photocage, to sequentially release NO and anticancer 
drug for combination therapy. Finally, we also designed a single component photoresponsive 
system based on acetyl anthracene chromophore for combination therapy to release NO and 
anticancer drug in a sequential fashion. All the designed systems have shown in vitro real time 
reporting of photoreleased NO. 
 
The thesis entitled as “Photoresponsive nitric oxide donors with real time monitoring for 
anticancer treatment” consists of five chapters. Chapter 1 describes the overview of organic 
photoresponsive nitric oxide donors for biological applications. Chapter 2 deals with cascade 
photocaging of diazeniumdiolate: a novel strategy for one and two photon triggered uncaging 
with real time reporting. Chapter 3 illustrates NIR fluorescent organic nanoparticles for 
photoinduced nitric oxide delivery with self-monitoring and real time reporting ability. Chapter 
4 reports wavelength dependent, sequentially activated, dual component anticancer drug delivery 
system, with photoinduced fluorescence off–on for real time imaging and Chapter 5 explains 
photoresponsive single component system for nitric oxide and anticancer drug delivery with real 
time monitoring ability. 
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SYNTHESIS, STRUCTURAL CHARACTERIZATION AND REACTIVITY 
BEHAVIOR OF COORDINATION AGGREGATES OF CHOSEN 3d 

METAL IONS 
 

Manisha Das 
Supervisor: Prof. Debashis Ray 

Department of Chemistry 
Accession No.: NB16369 

 
During 3d metal ion complex synthesis the chemical reactions between metal ions and ligands 
are purposefully executed in presence of several other ancillary groups to obtain a multinuclear 
product. These are known as coordination aggregates when two or more metal ions are present in 
in close proximity under the control of several bridges in three dimensions. Reproducible nature 
of these syntheses leads to several standardized reaction recipes. The work in this area have gain 
renewed interest due to their importance in synthesis, chemical and physical characterization, 
structural diversity and studies aiming toward identification of functional properties. Phenol-
based Schiff base ligands with the potential for bridging two or three metal ions are the primary 
choice for ligand in this context. A balance between preferred coordination geometry of the 
metal ion, vacant coordination sites and coordination from the primary ligand is important. The 
coordination mode of ligand backbone and side arms of the ligand system are also important as 
inclusion of many such ligand arms increases the ligand flexibility for coordination. Available 
donor groups close to the phenoxido oxygen can generate {M2L} or {ML} type fragments 
bearing cationic charges according to the added 3d metal ion in solution. In the following step, 
aggregation of such fragments involving externally added or in situ generated anionic ancillary 
ligands (NO3 –, ClO4–, RCOO–, CO32−, SCN–, HO–, O2– or RO–) are important for the growth of 
multinuclear complexes of 3d metal ions. Tuning of reaction procedure is thus important to 
explore the generation and isolation of an impressive array of newer structural features. In this 
thesis, four new phenoxido based di nucleating Schiff base ligands have been examined with a 
range of ancillary ligands to provide new family of coordination aggregates of selected 3d metal 
ions (Cu, Ni and Co) showing different geometrical arrangements and interesting magnetic, 
catalytic and biophysical properties. Alteration of reaction conditions and ancillary bridges 
resulted anion coordination directed formation of three topologically different [Cu2], [Cu4] and 
[Cu5] complexes. Usefulness of in-situ generated and trapped HO– ions from water and anionic 
diol amine group from ligand hydrolysis reaction has been discovered for the formation of 
cubane and partial dicubane [Ni4] cages upon changing the ancillary groups from acetate to 
thiocyanate. In the absence and presence of three different carboxylate anions, one diphenoxido 
bridged [Cu2], two µ4-oxido-bridged quasi-tetrahedral [Cu4] and one CuII trapped [Cu5] 
complexes has been synthesized and examined through X-ray structure determinations. They 
were efficient in catalyzing the oxidation of model substrate 3, 5-DTBCH2 for catalytic catechol 
oxidation study. In another study, two mixed-valent-mixed-geometry [CoIII 4CoII] complexes 
were prepared through the involvement of imine-thioether-alcohol arms with the help from HO– 
and RCOO– bridges. Usefulness of in-situ generated HO– and MeO– bridges has been identified 
in three dinuclear [Cu2] complexes bearing phenoxido-bridging thioethercapping ligands. The 
complexes were also studied for solvent and pH dependent catalytic catechol oxidation activity 
along with interaction and cleavage of DNA. 
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Keywords: Phenol-based Schiff base; Multinuclear complexes; Ancillary ligands;   
Selfaggregation; X-ray crystal structure; Magnetic susceptibility; DFT calculations; Catechol 
oxidation; DNA binding and cleavage activity. 

 
 

AGGREGATION/FIBRILLATION OF HEN EGG WHITE LYSOZYME: 
EFFECTS OF NATURAL AND SYNTHETIC ADDITIVES 

 
Mouli Konar 

Supervisor: Professor Swagata Dasgupta 
Department of Chemistry 
Accession No.: NB16398 

 
Protein aggregation impairs the functional and structural activity of native proteins and is linked 
to many disease conditions including Alzheimer's disease, Parkinson's disease, prion disease and 
type II diabetes. Amyloid fibrils are well-ordered, β-sheet rich protein/peptide aggregates. Due to 
lack of knowledge of the mechanism of the fibrillation process, specific therapeutics remain 
largely unknown. However, it is well-documented that early oligomeric intermediates are more 
toxic compared to the proto-fibrillar or fibrillar aggregates. Thus, much of the research in this 
area also focuses on the prevention of protein oligomerization more than that of fibrillation.  
The thesis presents therapeutic approaches for the in vitro aggregation/fibrillation of protein 
under various denaturing conditions in presence of biologically relevant compounds and 
synthetic additives. Hen egg white lysozyme (HEWL) has been chosen as a model protein for the 
studies as it forms fibrils under certain in vitro conditions and shares significant structural 
homology to human lysozyme, an amyloidogenic protein. The interference of the chosen systems 
on HEWL aggregation has been investigated by various biophysical techniques. It has been 
found that HEWL forms a significantly lower extent of fibrils in the presence of a small, 
bioactive polyphenols, gallic acid (GA), under high temperature-physiological pH conditions. 
Results indicate that o-dihydroxy moiety of GA is oxidized into a quinone in situ and stabilizes 
HEWL in its native form under the denaturing environment. To further confirm the specific role 
of the o-dihydroxy moiety of GA in the inhibition of fibrillation, five monocyclic aromatic 
compounds (pyrogallol, 3,4-dihydroxy benzoic acid, 3,5-dihydrozy benzoic acid, 4-hydroxy 
benzoic acid and benzoic acid), structurally related to GA, were co-incubated with HEWL under 
similar conditions. The compounds with an o-dihydroxy moiety (e.g. pyrogallol, 3, 4-dihydroxy 
benzoic acid) showed significant inhibitory activity towards HEWL fibrillation. Following this, 
the inhibitory efficiency of gold nanoparticles (AuNPs) prepared by a “green method” using 
naturally occurring polyphenols such as GA, EGCG, EGC, and ECG were studied. Each of them 
showed enhanced inhibitory efficiency against HEWL fibrillation in comparison to the 
respective molecular polyphenols. Moreover, among EGCG, EGC, and ECG capped AuNPs, 
ECG-AuNPs were found to inhibit the fibrillation process to the maximum extent. Possible 
adsorption of HEWL on the negatively charged polyphenol-AuNP surface helps in better 
interaction between the polyphenols and HEWL that governs the improved inhibition efficacy of 
the polyphenol-AuNPs in comparison to the molecular polyphenols. On the other hand, treatment 
of HEWL with silica nanoparticles (SiNPs) under heat and acidic pH conditions promoted the 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 124 

 

formation of fibrils in a dose-dependent fashion. In this case, anti-parallel β-sheet rich fibrils 
were formed without involving oligomeric intermediates at the higher concentrations of SiNPs. 
The stability of native HEWL was further investigated at different molar ratios of SDS/CTAB 
based catanionic vesicles (SDS/CTAB = 1:5, 1:3, 1:2, 2:1, 3:1, and 5:1) under physiological 
conditions and the results indicated that SDS/CTAB catanionic vesicles at 1:2 ratio are able to 
protect native HEWL from undesirable aggregation/fibrillation to the maximum extent for a 
prolonged time, whereas the catanionic vesicles of higher and lower ratios of SDS/CTAB 
possess greater fibrillation propensity. Glycation of HEWL in presence of glucose, fructose and 
ribose was examined at pH 8.5 in an environment of oleic acid (OA) vesicles. The extent of 
glycation of HEWL is lowered in presence of OA vesicles. The reduced glycation in presence of 
OA vesicles further lowered the extent of HEWL fibrillation and glycation-induced loss of 
enzymatic activity of HEWL. The present studies therefore shed light into systems that are able 
to modulate the fibrillation process either by stabilizing the native state of HEWL or preventing 
the formation of toxic oligomeric intermediates during the fibrillation process.  
 
Keywords: hen egg white lysozyme, gallic acid, gold nanoparticles, silica nanoparticles, 
catanionic vesicles, oleic acid vesicle 
 

TRANSITION METAL COMPLEXES SUPPORTED BY THE 
PYRROLEBASED NNN, PNP-PINCER AND BIS (PYRAZOLYLMETHYL) 

PHENOL LIGANDS 
 

Oishi Jana 
Supervisor: Dr. Ganesan Mani 

Department of Chemistry 
Accesssion No: NB16142 

 
A new type of pyrrole-based NNN-pincer ligand, 2,5-bis(dibenzotriazolylmethyl)pyrrole, 2 was 
readily synthesized in two steps from pyrrole and structurally characterized. The compound 2-
(benzotriazolylmethyl) pyrrole, 3 was also obtained as a side product of the reaction. Similarly, a 
diphosphine ligand, 1,9- bis(diphenylphosphinomethyl)diethyldipyrrolylmethane, 6 was also 
synthesised in four steps starting from pyrrole. A thiophene-based pincer ligand 2,5-bis(3,5-
dimethylpyrazol-1- ylmethyl)thiophene, 8 was also synthesized in two steps and a multidentate 
ligand, 1,9,13- tris(3,5- dimethylpyrazolylmethyl)tripyrrolylethane, 11 was also synthesized with 
pyrrole as the starting material. 
 
A pyrrole-based NNN-pincer ligand 2,5-bis(3,5-dimethylpyrazol-1- ylmethyl)pyrrolehas been 
used to synthesize copper and silver complexes where the neutral ligand forms dinuclear copper 
complexes like [Cu2(μ-Br)2{μ-C4H3N-2,5-(CH2Me2pz)2- N,N}2], 13b and 13c which is the 
iodide analogue. Whereas, the anionic ligand forms tetranuclear copper complex, [Cu4(μ-I)2(μ-
C4H2N-2,5-(CH2Me2pz)2 –N,N,N)2], 14 . The neutral ligand forms linear chain polymeric 
complex, [Ag(μ-C4H3N-2,5-(CH2Me2pz)2-N,N)( CF3SO3 −)]n, 16a and [Ag(μ-C4H3N-2,5-
(CH2Me2pz)2-N,N)(BF4 −)]n 16b, where the anion is BF4 ¯ , whereas the anionic ligand forms 
a trinuclear silver complex, [Ag3(μ-C4H2N-2,5- (CH2Me2pz)2-N,N,N)3], 17. 
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The ligand, 2,6-bis[(3,5-dimethylpyrazolyl)methyl]-4-methyl-phenol has been synthesized in two 
simple steps and its trinuclear sodium complex, [Na{μ-C7H5O-2,5- (CH2Me2Pz)2-NON}]3, 20 
and mononuclear Pd(II) complex like [Pd{μ-C7H5O-2,5- (CH2Me2Pz)2-NON}2], 25 as well as 
binuclear Pd(II) complexes like [PdCl{μ-C7H5O-2,5- (CH2Me2Pz)2-NON}]2, 23, [Pd2Cl{μ-
C7H5O-2,5-(CH2Me2Pz)2-NON}]2, 24, [Pd2Cl4{μ- C7H6O-2,5-(CH2Me2Pz)2-NON}2], 21 
and [Pd(OAc){μ-C7H5O-2,5-(CH2Me2Pz)2-NON}]2, 22. Complexes 21 and 25 exhibit 
fluxional behaviours and were studied by variable temperature NMR method. Complex 21, 23 
and 24 were found to be excellent catalysts for the polymerisation of norbornene with excellent 
activities. Also, tetranuclear Cu(II) complex, [Cu4Br4{μ-C7H50-2,5-(CH2Me2Pz)2-NON}2], 
27 and one-dimensional polymeric silver complexes, [Ag{μ-C7H60-2,5-(CH2Me2Pz)2-
NON}BF4]n, 28a and 28b where the anion is NO3¯ have also been synthesized and structurally 
characterised. 
 
Binuclear halide bridged Ag(I) complexes, [Ag2(μ-Cl){μ-C4H2NH-2,5-(CH2PPh2)2- 
P,P}2]OTf, 30c, [Ag(μ-Cl){μ-C4H2NH-2,5-(CH2PPh2)2-P,P}]2×2H2O, 31a, [Ag(μ-Br){μ- Xx 
C4H2NH-2,5-(CH2PPh2)2-P,P}]2, 31c and Ni(II) complex, [Ni(NCS){C4H2NH-2,5- 
(CH2PPh2)2-P,P}], 32 were obtained via transmetalation of Ni(II) complexes of the type, 
[{C4H2N-2,5-(CH2PPh2)2-k 3PNP}NiX] (X = Cl/Br/I). Direct reaction of the diphosphine 
ligand 6, with silver salts also resulted in the formation of cationic mononuclear Ag(I) complexes 
of the type , [Ag{Et2C(C4H2NH)2-1,9-(CH2PPh2)2-P,P}] X (X = BF4/ OTf/ NO3/ PF6), 33a-c 
respectively and [Ag{Ph2C(C4H2NH)2-1,9-(CH2PPh2)2-P,P}]NO3, 34. 
 
Keywords: Pincer ligand, Multidentate ligand, Pyrrole-based, Thiophene-based, Mononuclear, 
Binuclear, Fluxional, Variable temperature, Polymerisation, Single crystal. 
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The primary objective of this thesis has been to probe the conformational features of the amyloid 
beta (Aβ) peptides, responsible for causing Alzheimer’s disease, in their monomeric as well as 
aggregated forms and their interactions with the solvent (water). The investigations are carried 
out using state-of-the-art molecular dynamics (MD) simulations. The thesis consists of seven 
chapters. Chapter 1 provides a brief overview of the current status of research in this area and the 
methodologies employed in this thesis. In Chapter 2, we have probed the conformational features 
of different full-length Aβ42 (or AβF ) peptide monomers and their nonuniform influence on the 
spatial arrangements and binding energies of the surrounding water molecules. The calculations 
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revealed fluctuating conformations of the peptides with formation and breaking of different 
secondary structural elements. It is demonstrated that water around two crucial hydrophobic 
segments namely, hp1 and hp2, are relatively weakly bound as compared to the other segments 
of the peptide. This is an important finding, as such weakly bound water molecules are expected 
to be easily displaced during the hydrophobic collapse that leads to Aβ aggregation at higher 
peptide concentration. Attempts have been made to explore the driving force behind the early 
stages of the aggregation process of Aβ peptides in Chapter 3. It is shown that the formation of 
helix-helix linkages and nonpolar interactions between the peptides, and nonpolar solvation play 
important roles in bringing the unstructured regions of the peptides closer during self-assembly 
and the stabilization of the nucleated oligomer. In Chapter 4, we have examined the 
conformational properties and free energy profiles of truncated Aβ17−42 (or AβT) protofilaments 
of different sizes (pentamer to tetradecamer). The results indicate that the addition of monomers 
along the axis of an existing protofilament with a critical size (decamer) proceeds via an 
intermediate step with relatively less stable twisted structure that allows the additional monomers 
to bind and form stable larger protofilaments with minor rearrangements among themselves. It is 
demonstrated in Chapter 5 that the presence of both structurally ordered and disordered water 
molecules within the spatially heterogeneous confined environment of the protofilament cores 
can play equally important roles in controlling the growth and stability of the Aβ aggregates. 
Dynamic properties of water molecules confined within the distorted core regions of the 
protofilaments are analyzed in Chapter 6. The calculations revealed that the protein β water (PW) 
hydrogen bonds involving the core water molecules stabilize the aggregates, while breaking of 
the waterβwater (WW) hydrogen bonds within the cores initiates the required impetus in steering 
further growth of the aggregates. Finally, we have highlighted the important findings obtained 
from our studies and the overall conclusions reached therefrom in Chapter 7. 
 
Keywords: Molecular Simulation, Amyloid β, Peptide Aggregation, Confined Water, Hydrogen 
Bonds 
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In the first chapter of my thesis I have described asymmetric total synthesis of (-)-
mangiferaelactone by adopting stereoselective RCM reaction at the penultimate stage of the 
target molecule.  
In the second chapter of my thesis asymmetric total synthesis of (R)-α-cuparenone, (S)-cuparene 
and formal synthesis of (R)-β-cuparenone are documented. Lewis acid mediated Meinwald 
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rearrangement of an enantiopure epoxy compound was the key reaction employed to generate the 
quaternary stereocenter in the target molecules.  
In chapter third of the thesis enantiopure hydroxymethylated cycloalkenols bearing a quaternary 
stereocenter have been synthesized by a Pybox mediated enantioselective desymmetrization 
method. The synthesized cycloalkenols serve as starting precursors for the construction of 
several chiral small ring carbocyclic frameworks by a distinct functional group transformation.  
In the final chapter four of this thesis synthetic studies towards (-)-nardoaristolone B is 
described. In this synthetic journey an EED (enantioselective enzymatic desymmetrization) 
reaction, oxidative allylic transposition and late-stage RCM reaction were employed to access 
the cyclopentenone core of naturally occurring (-)-nardoaristoloneB.  
 
 

 
Keywords: Asymmetric synthesis, Cuparenoids, Meinwald rearrangement, Ring closing 
metathesis, Enantioselective enzymatic desymmetrization, Oxidative allylic transposition, Total 
synthesis. 
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γ-Alkylidenebutenolides, a class of polyketide, originate from the fungal metabolites. Starting 
from the simplest γ-alkylidenebutenolide protoanemonin, lots of γ-alkylidenebutenolide natural 
products like xerulene, xerulinic acid, lissoclinolide, cryptoconcatone I & J, varsicolactone A & 
B etc have been isolated. All of these compounds have received considerable attention due to 
their potent biological properties, which include antifungal, cytotoxic, antimalarial, antiviral, 
antiparasitic, estrogenic, antimicrobial activities. Spirolactone lanceolactone A is a [4,4]-
spirocyclic tetranorsesquiterpinoid natural product isolated recently from the methanolic extract 
of the leaves of Illicium lanceolactum A. C. Sm. It shows antimicrobial activity against the 
periodontal pathogen Porphyromonas gingivalis. Its biological activities and beautiful structural 
features drew our attention towards its total synthesis. Polyquinane natural products have 
generated a worldwide interest among organic chemists due to their unique and fascinating 
molecular architecture and promising biological activities. Hirsutene is one of the most targeted 
triquinane natural products due to its unique cyclic framework.  
 
The thesis briefly describes asymmetric total synthesis of lanceolactone A, cryptoconcatone I, 
versicolactone A & B, goniobutenolide A & B, melodorinols, acetylmelodorinols, hygrophorone 
G & F, ramariolide D and a formal synthesis of triquinane containing hirsutene analogue. For the 
synthesis of the said natural products, we have adopted lipase catalyzed kinetic resolution (EKR) 
and various types of asymmetric transformations involving asymmetric propargylation, 
asymmetric reduction, asymmetric epoxidation, olefination reactions, metal catalyzed 
lactonizations, visible light induced photoisomerization reaction and metathesis reactions like 
RRM and RCM reaction. 

 
 
Key Words: γ-Alkyledenebutenolides, Asymmetric synthesis, EKR, isomerisation, actonization, 
Synthetic methods, Total synthesis, metathesis, Triquinane etc. 
 
 

SILVER AND COPPER – BASED NANOPARTICLES AND APPRAISAL 
OF THEIR SENSING, CATALYTIC AND ANTIMICROBIAL ACTIVITIES 
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The research work embodied in this thesis endeavors to establish a methodology for 

generating stable, aqueous-based colloids of silver-based nanoparticles and explore their efficacy 
in ion-sensing and catalysis, premised on UV-Visible Spectroscopy studies. In addition, the 
thesis also introduces a new chemical approach for obtaining stable and biocompatible colloids 
of copper-based nanoparticles for potential application perceived as antimicrobial agent.  

 
The methodology developed for acquiring stable, aqueous-based colloids of plasmonic 

silver-based nanoparticles is simple, effectual and involves formulation of nanohybrids, 
comprising of silver-nanoparticles (Ag-NPs) and nitrogen doped carbon nanoparticles (NCNPs). 
For this, nitrogen doped carbon nanoparticles (NCNPs) (quantum yield = 1.14 %; average 
diameter ~ 37 nm), derived from microwave pyrolysis of an aqueous solution mixture of 
dextrose and urea, have been prepared and added to the aqueous precursor solution of Ag+ ions 
to obtain the colloidal silver-carbon hybrid nanoparticles (Ag/CNPs) (average size ~ 13 nm). The 
NCNPs in the precursor solution played the dual role of a reducing agent as well as a stabilizing 
agent.  

 
Colour variation exhibited by the colloidal silver-carbon hybrid nanoparticles, due to 

Localized Surface Plasmon Resonance (LSPR), has been exploited to use them as a probe for 
redox based sensing of Au3+ and S2- ions in water by monitoring the attenuation of the LSPR 
band intensity of Ag/CNPs (λmax ~ 416 nm) in UV–Visible spectroscopy. The limit of detection 
(LOD) for Au3+ and S2- ions have been respectively found to be 0.16 μM and 0.18 μM with 
majority of other water-soluble common ions making no significant contribution towards the 
diminution of the LSPR band intensity of Ag/CNPs.  

 
The versatility of the colloidal silver-carbon hybrid nanoparticles have been explored by 

investigating their efficacy as a nanocatalyst, premised on real-time monitoring of the reduction 
of 4-nitrophenol (4-NP) by sodium borohydride (NaBH4) using UV–Visible spectroscopy. 
Ag/CNPs were found to be promising nanocatalysts in the reduction of 4-NP to 4-aminophenol 
(4-AP) in presence of excess of NaBH4, with a catalytic activity of 19.95 Ls-1g-1. The 
investigation undertaken also ascertains the effects of catalyst dose, initial 4-NP concentration, 
NaBH4 concentration, and reduction temperature on the catalytic process. 
 

Further, the thesis puts forward the formulation of colloidal carboxymethylated chitosan-
copper hybrid nanoparticles (CMC-Cu-NPs), for acquiring stable and biocompatible colloids of 
copper-based nanoparticles, which was synthesized through aqueous-based reduction of copper 
(II)–carboxymethylated chitosan complex by hydrazine under microwave irradiation. The 
spherical CMC-Cu-NPs (average size = 4.88 nm) have been found to exhibit remarkable 
antifungal and antibacterial activities against Candida tropicalis and Escherichia coli 
respectively while their cytotoxicity studies indicated them to have no significant toxicity against 
normal cell line, L929.  
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N-RICH FUNCTIONAL METAL ORGANIC FRAMEWORKS (MOFS) 
AND METALO H-BONDED ORGANIC FRAMEWORKS (MHOFS): 

DESIGN, SYNTHESES AND POTENTIAL APPLICATIONS 

 
Santanu Chand 

Supervisor:  Dr. Madhab C. Das 
Department of Chemistry 
Accession No.: NB16320 

 
The thesis entitled, “N-rich Functional Metal Organic Frameworks (MOFs) and Metalo H-
Bonded Organic Frameworks (MHOFs): Design, Syntheses and Potential Applications” has 
been divided into six chapters.  

Chapter 1 gives a brief account of the areas which are of relevance in this thesis, viz. 
MOFs, functional MOFs, their applications in various fields, MHOFs and the scope of the 
present work.  

Chapter 2 of the thesis deals with selective separation of CO2 from N2 and CH4 by a 
humid stable azo-functionalized microporous 3D Co(II)-MOF. High separation selectivity 
supported with high loadings in the mixed gas phase were achieved through IAST calculations.  

Chapter 3 deals with the syntheses of three different free –NH2 group containing MOFs 
of varying dimensionality. Structural analysis, CO2/N2, CO2/CH4 separation selectivities and 
selective cationic dye sorption studies are presented.  

Chapter 4 is divided into two sections. Section A deals with three different luminescent 
MOFs, each having functional bare Lewis basic azo sites for selective detection of Fe3+, Al3+ 
and nitromethane. In section B, a strategy to achieve the ultrahigh performance for Al3+ 
detection by a MOF-based sensor is presented attributed to the synergistic effect of fast diffusion 
of Al3+ into the large pores to get exchanged with cationic guests and enhanced biding with 
highly dense free basic sites decorating the pore walls.  

Chapter 5 deals with a simple yet powerful template assisted strategy for synthesizing 
proton conducting MOFs where the templates remained in the frameworks with charge assist 
proportions. Having different degree of protonation and carrier concentration these templates 
generates intricate array of H-bonded platforms responsible for superprotonic conduction as high 
as 10-1 S cm-1 at 80 °C and 98% RH.  

Chapter 6 describes judiciously selected cationic metal complex and anionic 
disulfonates/dicarboxylates for the construction of three MHOF materials through charge 
assisted H-bonds for their exploration as superprotonic conductors for the first time.  

The thesis ends with a conclusion and provides the scopes for the further research in 
these areas.  
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CATALYTIC ENANTIOSELECTIVE CONJUGATE ADDITION 
OF NITROMETHANE TO ALKYLIDENE MALONATES AND 
ASYMMETRIC AZA-COREY-CHAYKOVESKY REACTION: 

THEIR APPLICATION 

Sk Mohammad Aziz 
Supervisors: Prof. Amit Basak and Prof. Saumen Hajra 

Department of Chemistry 
Accession No: NB16123 

 
Pyrrolidine-3-carboxylic acids (PCA) and their derivatives are important structural motifs 
abundant in biologically active natural products and pharmaceuticals. Conjugate addition of 
nitromethane to activated alkenes such as α, β- unsaturated carbonyl compounds offers a 
powerful synthetic tool for the preparation of useful precursor to various bioactive organic 
molecules including pyrrolidine-3-carboxylic acid derivatives.  
A highly enantioselective conjugate addition of nitromethane to alkylidene malonates, has been 
developed. Bifunctional thiourea based organocatalyst with tethered amine functionality 
efficiently catalyzed the reaction. Among them catalyst 4 was found to be the most efficient 
catalyst. All substrates underwent smooth reaction and provided moderate to good yields. The 
electron withdrawing groups at para-position gave excellent enantioselectivities (ee 98% and 
97%) as well as good conversion. The method is utilized for the synthesis of 4-
phenylpyrrolidine- 3- carboxylic acid esters 3. 

 
Scheme 1 

As a continuation, we have also developed organocatalytic asymmetric nitromethane addition to 
benzylidine benzoyl acetate, which provide α-benzoyl-β-aryl-γ-nitro butyric acid derivative 6, an 
advance intermediate for the synthesis of PCA derivatives. Dihydroquinine derived squaramide 
catalyst 8 was employed to obtain good to excellent stereo-induction (ee up to 99%). The 
methodology was further elaborated by transformation of the appropriate addition product to a 
potent ETA receptor antagonist ABT-627 in overall 15.7% yield with moderate nantioselectivity. 
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Oxindole frameworks and its spirocylic structural motifs are present in a large number of  
biologically active natural products and also proved to be an excellent hit for drug discovery 
including cancer therapy. 
A highly efficient, versatile protocol for the first synthesis of chiral spiro-aziridine oxindoles 10 
via the aza-Corey-Chaykovsky reaction of chiral isatin-derived tertbutanesulfinyl ketimines 9 
has been developed. The method is explored for the synthesis of both terminal and 3-substituted 
spiro-aziridine oxindoles 12 in good yields with excellent diastereoselectivities (dr = 98:2 to 
>99:1). 

 
Scheme 3 

The first catalyst/reagent-free water-mediated regio- and stereospecific ring-opening reaction of 
nonracemic spiroaziridine oxindoles 13 with indoles 15 has been developed with retention of 
configuration. This method provides direct access to enantiopure 3,3′- mixed bisindoles 15 with 
excellent yield and enantioselectivity (up to 98% ee). 

 
Scheme 4 
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antagonist; aza-Corey-Chaykovsky reaction; spiro-aziridine oxindoles; catalyst/reagent-free; on 
water; 3,3′- bisindoles 
 

 

CATALYTIC ASYMMETRIC DOMINO AMINOLACTONIZATION AND 
AMINOARYLATION REACTIONS FOR THE SYNTHESIS OF γ-
LACTONES, δ-LACTONES, TETRAHYDROQUINOLINES AND 

TETRAHYDROBENZAZEPINES 

 
Sk. Md. Samim Akhtar 

Supervisor:   Prof. Dibakar Dhara and Prof. Saumen Hajra 
Department of Chemistry 
Accession No.: NB16219 

 
The concept of aminocyclization i.e. asymmetric aziridination and sequential intramolecular 
opening of the newly-born aziridine has been exploited throughout the thesis. Olefinic substrates 
with pendent nucleophiles were employed in such cyclizing transforms using proper reagents in 
ambient conditions that ended up in comprising stereodefined heterocycles (Scheme 1). 

 
p-Nitrophenylsulphonyliminoiodinane (PhINNs) was accounted to deliver the nitrene to olefinic 
double bond and further one pot selective endo-tet cyclizations were deeply investigated and 
demonstrated in versatile methods. Cu(OTf)

2 
as catalyst performed dual functions in these 

aziridination-cyclization transforms and that chelated with bisoxazoline ligand 3 offered a 
balanced combination towards regiospecific and stereoselective construction of bifunctionalised 
heterocycles.  

Internal carboxylate nucleophile initiated aziridine opening cyclizing concept was 
unfolded as aminolactonization reactions that procreate five-membered or six-membered 
stereodefined  aminolactones 2 starting from tert-butyl homocinnamates 1. The method was 
developed and cultivated with synthetically useful yields and enantioselectivities (up to 94% ee). 
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The strategy was illustrated even in synthesizing δ-aminolactones with all-carbon quarternary 
stereo-centres (up to 98% ee).  

The idea of catalytic enantioselective nitrogen transfer to olefins followed by internal 
functionalization was further explored to the synthesis of annulated heterocyclic nucleus. 
Tethered π-excess arene neucleophile led aziridine opening Friedel-Crafts cyclizations, emerged 
as aminoarylation reactions, were designed in persuasion of pharmacologicaly important 
Dopamine D1 agonist architectures. One such method was evolved to afford trans-3-amino-4- 
aryltetrahydroquinolines 5a (up to 97% ee) from N-tosyl-N-cinnamylanilines 4a, aiming to 
synthesize N-bioisostere of dihydrexidine 6. The present work reached to a matured stage toward 
its goal (Scheme 3). 

 
In continuation, another conceptually similar annulation technique was adopted for the synthesis 
of trans-4-amino-5-aryltetrahydro-2-benzazipienes 5b (up to 97% ee) from N-tosyl-N-
cinnamylbenzylamines 4b (Scheme 3). 
 
Keywords: Asymmetric; Catalytic; Enantioselective; Aminolaconization; Aminoarylation; 
Aziridine; Aminoactone; Friedel-Crafts cyclization; Cu(OTf)

2
; Bis-oxazoline; Dopamine D1 

agonist; N-bioisostere; Dihydrexidine; trans-3-Amino-4-aryltetrahydroquinolines; trans-4-
amino-5-aryltetrahydro-2-benzazipienes. 

 

 

APPLICATION OF VISIBLE LIGHT ORGANIC PHOTOREDOX 
CATALYSTS IN C−H FUNCTIONALIZATIONS AND OXIDATION OF 

ALCOHOLS 
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Our main focus was to develop photocatalytic methods using visible light organic photocatalysts 
for organic syntheses. Keeping this idea in mind, we have developed a metallaphotoredox 
method by combining organic photocatalyst and palladium catalyst for the construction of C–O 
bonds via C–H functionalizations. In addition, we have showed visible light induced aerobic 
oxidation of alcohols using organic photocatalyst and pseudohalide (thiocyanate anion). Finally, 
we have explored photocatalytic method using organic photocatalyst for the synthesis of amides 
via the polarity induced oxidation of alcohols.  
The thesis entitled as "Application of Visible Light Organic Photoredox Catalysts in C−H 
Functionalizations and Oxidation of Alcohols" contains five chapters. Chapter 1 describes the 
mechanism of visible light photoredox catalysis and their application in C−C and C−X bond 
formations. Chapter 2 reports the metallaphotoredox mediated C(sp2)−H hydroxylation of 
arenes under aerobic condition. Chapter 3 deals with the direct oxygenation of C−H bonds 
through photoredox and palladium catalysis. Chapter 4 illustrates the pseudohalide assisted 
aerobic oxidation of alcohols in the presence of visible light. Chapter 5 demonstrates the 
photocatalytic synthesis of amides via aerobic oxidation of alcohols. 
 

 
 

SYNTHESIS AND CHARACTERIZATION OF ORGANOMETALLIC 
WIRE-LIKE BIMETALLIC COMPLEXES: MODULATION OF 

ELECTROCHEMICAL COMMUNICATION BETWEEN TWO REDOX 
TERMINI 
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Supervisor: Dr. Sanjib K. Patra 
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Accession No.: NB16297 

 
Organometallic wire-like complexes of the type, [LnM-C≡C-Ar-C≡C-MLn] (L = ancillary 
ligands, Ar = aromatic π-conjugated spacers, M = redox active transition metal cation), with 
extensive electronic delocalization are of current interest because of conveying information 
through metal-metal communication. Therefore, they can be served as building block for 
application in molecular scale electronics and nanotechnological devices. Prompted by the 
current research on emerging application of bimetallic π-conjugated wire-like complexes, a 
series of π-conjugated thienylethynyl bridging units by systematic control of the length and 
appropriate extension of the conjugation have been developed in this thesis. The diruthenium (II) 
wire-like complexes have been synthesized by installing [(dppe)Cp*Ru(II)] or [(dppe)2Ru(II)-Cl] 
as redox active termini, conjugated with thienylethynyl bridging units. Thienylethynyl π-
conjugated ligands with alkynyl termini are preferred for ensuring improved delocalization 
through retaining of wire-like rigid backbone. The terminal -Ru (II)-Cl moieties were further 
functionalized by incorporating phenylacetylide moiety to afford -Ru(II)-C≡CPh capped 
molecular wires. Electrochemical studies reveal that these Ru(II) diacetylide complexes display 
consecutive redox waves due to stepwise oxidation processes. The comproportionation constants 
(Kc) estimated from the electrochemical data indicate the longrange electrochemical coupling 
transmitted through π-conjugated thienylethynyl bridges. It is highly interesting to observe the 
presence of electronic coupling (Kc in the order of 102) across a ~50 Å RuꞏꞏꞏRu distance 
connected with seven thienylethynyl bridge. DFT calculations (spin-density distribution analysis) 
reveal that the thienylethynyl bridging units heavily participate in redox processes. Furthermore, 
a series of -Ru(II)-Cl capped wire-like complexes bridged with thienylethynyl spacers have been 
synthesized and characterized by systematic variation of the substituents at 3-position of 
thienylethynyl unit. Interestingly, it has been found that the substituents at 3-position play a 
pivotal role in electrochemical communication between the two redox termini. Finally, a series 
of diferrocenyl conjugates, bridged with thienylethynyl and thienyl spacers were synthesized 
with systematic variation in one and two units of π-conjugated spacer and were characterized by 
various spectroscopic tools. The redox properties of the diferrocenyl molecular wires bridged 
with thienylethynyl spacer reveal simultaneous oxidation of the terminal ferrocenyl units 
suggesting the lack of electrochemical communication. In contrast, the diferrocenyl complexes 
with thienyl spacer show two well resolved oxidation waves, indicating the electrochemical 
communication between the ferrocenyl termini showing reasonable Kc in the order of 102, and 
NIR absorption centred at 1805 nm upon single oxidation. The design and synthesis of the 
soluble organometallic molecular wires with thienylethynyl spacers, developed on this doctoral 
thesis, will certainly help in evolving new tunable functional smart materials.  
 
Keywords: π-Conjugated bridging ligands, Thienylethynyl, Diruthenium(II), Ferrocene, Wire-
like organometallic complexes, Diacetylide complexes, Electrochemistry, oxidation, 
Electrochemical communication, Comproportionation constant, DFT Calculations, Longrange 
electronic coupling, Mixed-valent complexes, NIR absorption. 
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EXPLORING THE REACTIVITY OF SPIRO-EPOXYOXINDOLES AT 

SPIRO-CENTER TOWARDS THE SYNTHESIS OF C3-
ARYL/HETEROARYL INDOLE ALKALOIDS 

 
Subrata Maity 

Supervisor: Prof. Rajarshi Samanta and Prof. Saumen Hajra 
Department of Chemistry 
Accession No.: NB16358 

 
Indole alkaloids possess a significant space in the annals of organic chemistry. Among the large 
indole kingdom, specifically, polymeric indole alkaloids have attracted a significant amount of 
attention from the synthetic community in recent decades. The progress of this field continues 
unabated. Due to their diverse molecular architecture and a broad spectrum of biological as well 
as pharmacological activities, these compounds have received the utmost attention. A highly 
efficient, atom economic and divergent protocol for the gram scale synthesis of 3-(3- indoyl)-
oxindole-3-methanols were developed via Lewis Acid-catalyzed, regioselective ring opening of 
spiro-epoxyoxindoles with indoles. This method produced a large library of 3-(3- indoyl)- 
oxindole-3-methanols by a combination of different spiro-epoxyoxindole and indoles. The 
Friedel-Crafts adduct 3-(3-indoyl)-oxindole-3-methanols is efficiently utilized for the formal 
total synthesis of epipolythiodiketopiperazine alkaloids such as (±)-Gliocladin C. This is the first 
report 
for the regioselective ring opening of spiro-epoxyoxindole with carbon nucleophile particularly 
at 
the spiro-center. 
 

 
We have developed a highly efficient Lewis acid catalyzed Friedel-Crafts reaction of phenols 
and spiro-epoxyoxindoles with excellent regioselectivity at the spiro-center under mild 
conditions. The 
Friedel-Crafts adduct 3-(hydroxymethyl)-3-(2-hydroxyaryl) indolin-2-one is efficiently utilized 
for the synthesis of N-methyl analogue of (±) XEN907 and tetracyclic dihydro-benzofuro[2,3- b] 
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indoline having -CH2OH unit, a key intermediate for the synthesis of diazonamide A and 
azonazine. 
 

 
 
We have established the direct synthesis of C(3)–N(1′) unsymmetrical bisindole through Lewis 
acid catalyzed regio- as well as chemoselective coupling of spiro-epoxyoxindoles with 
tryptamine 
with good yield. This is the first report for the regioselective ring opening of spiro-
epoxyoxindole 
with nitrogen nucleophile particularly at the spiro-center. We also have developed the synthesis 
of 
the new class of bisindoles, C(3)–N(1′) diindolylmethane via base mediated and Lewis 
Acidcatalyzed coupling of spiro-epoxyoxindole with tryptamine. 
 

 
 
Apart from previously performed Lewis acid catalyzed F-C reactions, we have developed 
Brønsted acid assisted regioselective ring-opening of a range of spiro-epoxyoxindoles with 
indoles and arenes in an organic solvent as well as in-water as an alternative. 
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STUDIES ON THE INTERACTION OF SOME BIOLOGICALLY 

RELEVANT SMALL MOLECULES WITH PROTEINS: INSIGHTS ON 
STABILIZATION, DISPLACEMENT AND DISTRIBUTION OF LIGANDS 

AND ASSOCIATED STRUCTURAL ASPECTS 

Sudipta Panja 
Supervisor: Dr. Mintu Halder 

Department of Chemistry 
Accession No.: NB16197 

 
Biological systems are very complex and emerge out of various types of interactions 

therein. Out of that, binding interaction of small molecules with proteins plays some important 
roles to steer the biological processes in every living system. Most of the cases, the binding is 
noncovalent and reversible in nature, and affinity of binding controls stabilization, displacement 
and distribution of small molecule in the protein medium. The protein structures can be quite 
flexible to bind the small molecules, and in the majority of cases, the natures of binding produce 
some significant effects on the overall activity profile of the molecule as well as the protein. In 
the thesis, I have explored the pattern of structural changes of the biomacromolecule, i.e., 
proteins as a consequence of the binding of small molecules with it from the perspectives of 
distribution of ligands, stabilization of hydrophobic drugs and competitive binding of the drugs. 

The interaction of lysozyme, namely, human lysozyme (HLZ) and chicken egg white 
lysozyme (CEWLZ) with azo food colorant, tartrazine (TZ) has been investigated in 
physiological pH condition. The binding interaction of TZ is mostly electrostatic in nature in the 
hydrophobic pocket of lysozyme. Strong binding of TZ altered the secondary structure more in 
case of HLZ than that of CEWLZ. Salt-induced changes in the binding strengths and consequent 
refolding of protein structure indicate that the thermodynamic properties are better compensated 
in case of CEWLZ-TZ than HLZ-TZ complex. The results provide important information about 
the binding pattern of lysozyme with an exogenous molecule and salt mediated protein 
purification. The efficiency of hydrophobic drugs is quite dependent upon its stabilization, and in 
that case, the role of carrier protein always needs to be understood very well. I have found that 
solubility and stability of the hydrophobic drug, curcumin are significantly enhanced in the 
presence of two variety of β-sheet-rich silk proteins, where non-mulberry silk provides better 
stability of curcumin than mulberry silk having different location of binding sites. In the 
presence of cocktail of drugs, the distribution of free drugs depends upon the nature of its 
displacement from protein pocket. In the case of drug-drug-competition (methotrexate, folic 
acid) in the pocket of transporter protein HSA, it has been found that the binding parameters are 
largely altered from single drug binding by modifying protein secondary structure and in fact, 
restoration the structure from a more perturbed to a lesser perturbed state. The combination of 
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drug-drug-competition and protein structural change is considered to be the responsible factors in 
controlling the distribution of bound and unbound fraction of drugs. Casein is regarded as one of 
the main protein sources in the diet as all as it carries numerous small molecules including fatty 
acids. It is found that unsaturated fatty acids bind strongly with casein than that of saturated fatty 
acids by imparting hydrophobic nature of interaction in casein unit. With alteration of 
hydrophobic nature of interaction, microenvironment and size are considerably change to show a 
little-ordered structure (α-helix) from the disordered one. The rigid and hydrophobic unsaturated 
fatty bound casein can be a suitable system for oral drug delivery system for hydrophobic drugs. 
I have found that with addition of casein, the size of lipid liposome decreases and along with 
increases the rigidity in the microenvironment. That smaller and rigid casein mixed liposome 
provide greater stability of hydrophobic molecule curcumin and β-carotene than the pure 
systems. 
 
Keywords: Lysozyme, small molecule, enthalpy-entropy compensation (EEC), silk protein, 
secondary structural change, refolding, drug-drug competition (DDC), casein, hydrophobic 
environment, microenvironment, rigidity, drug delivery system (DDS), and casein mixed 
liposome. 

 

IMMOBILIZATION OF INORGANIC SENSITIZERS ON SILICA BASED 
SUPPORT AND SEMICONDUCTOR SYSTEMS FOR 

PHOTOCATALYTIC APPLICATIONS UNDER VISIBLE LIGHT 

 
Sumana Bhar 

Supervisor: Prof. Rajakumar Ananthakrishnan 
Department of Chemistry 
Accession No.: NB16248 

 
In recent years, application of photocatalysis in remediation of aquatic pollutants have been 
grown exponentially. In majority, wide-band gap semiconductors (like TiO2, ZnO, which works 
on UV light) or the metal complexes (as homogeneous catalyst or sensitizers) have been 
frequently utilized in photocatalysis. As the homogeneous catalysts face the limitation of 
separation from the reaction medium, it is aimed to heterogenize the metal complexes on solid 
matrix and also to modify the wide-band gap semiconductor by surface sensitization to activate 
them under the visible light. In this thesis, different heterogeneous catalysts or sensitizer systems 
have been explored to be stabilized on suitable inorganic matrices (mesoporous silica (SBA-15) 
and semiconductors like ZnO, MoS2, etc) for the photocatalytic environmental applications. The 
research works presented in this dissertation are divided into four chapters (Chapter 2 to 
Chapter 5). In Chapter 2, room-temperature photocatalytic degradation of chlorophenolic 
compounds by Ru(II)-complex immobilized on mesoporous silica SBA-15 in water under the 
visible light (95% degradation in 150 min) has been described. Chapter 3, discusses the 
heterogenization and activation of the Fe(II) complex on SBA-15 surface as visible light active 
photocatalyst for the removal of Bisphenol A (BPA) in an aqueous medium (~80% degradation 
of BPA in 120 min at pH ≤ 4). Further, effect of incorporation of Ru(II)-complex on the hybrid 
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has been studied and compared under different experimental conditions (1.8% enhancement in 
rate of degradation at neutral pH). In Chapter 4, a substituted Ru(bpy)32+ complex has been 
investigated as a photosensitizer to the UV light active ZnO. The hybrid was utilized in 
photodegradation of organic pollutants (2, 4-DCP and 4-nitrophenol) and reduction of 4-
nitrophenol in presence of a co-catalyst (trace amount of Pt(II)) under the visible light. In 
Chapter 5, MoS2, a well-known layered transition metal dichalcogenide, has been employed for 
O2 activation in degradation of two model pollutants (2, 4-DCP and BPA) under the visible 
light. Being an indirect band gap material, MoS2 shows very poor visible light activity and 
therefore, a suitable sensitizer, AgBr, has been selected and deposited on its surface to activate 
the hybrid under the visible light. Further, reduced graphene oxide (rGO) has been incorporated 
into the catalyst to achieve enhanced photocatalysis. A series of control studies was performed 
(in each catalyst system) to elucidate the nature of the photodegradation processes, intermediates 
formed, and to identify the reactive oxygen species (ROS) by different catalytic systems. 
Overall, we had demonstrated the syntheses of series of hybrid systems (as heterogeneous 
catalysts), and arrived at their suitability for the photocatalytic remediation of various organic 
pollutants under the visible light along with their degradation pathways. 

 
 

STUDIES TOWARDS THE ASYMMETRIC TOTAL SYNTHESIS OF C8-
DEOXY-GUAIANOLIDES AND THEIR UNNATURAL STEREOISOMERS 

Susit Acharyya 
Supervisor:  Prof. Manish Bhattacharjee and Prof. Saumen Hajra 

Department of Chemistry 
Accession No.: NB16418 

 
Guaianolides (GNLs) are one of the major subgroups of sesquiterpene lactones. Other than few 
exceptions, GNLs possess a cis-fused 5-7-5 hydrazulene core and trans-fused γ-butyro lactone 
moiety e.g. (+)-Chinensiolide B, 8-epigroshemin. Our synthetic strategy for the synthesis of 
these two molecules restricted the stereochemical configuration of five contagious carbon units 
in two steps and also described a new route for the seven-member ring formation.  
 
(+)-Chinensiolide B was isolated from the plant Ixeris chinensis Nakai and showed promising 
cytotoxic behaviour against human primary liver cancer and two human lung fibroblast cell lines.  
We have successfully accomplished the total synthesis of (+)-Chinensiolide B in 14 steps starting 
from L-3a and R-2 with an overall yield of 11.7%. Multi-gram scale stereoselective Evans syn-
aldol reaction, one-pot chemoselective reduction-lactonization, RCM, and chemoselective 
double reduction are the key features of the synthesis. Consequently, this could be a general 
strategy for the synthesis all C8-deoxy guaianolides with a variation of cyclopentanoid aldehyde.  
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functionality at the hydrozone carbon centre. This new strategy would be suitable for the 
preparation of the 5-6-5 ring system of C8-deoxy-guaianolides also.  

 
 
Key Words: Total synthesis; Chinensiolide B; syn-aldol; Reductive lactonization; 
Deoxygenation; RCM; Rhodium catalyst; Cyclization; Unnatural Isomers 
 
 
TRANSITION-METAL-CATALYZED EXTERNAL OXIDANT FREE C–C 

AND C–N BOND FORMATION 
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The thesis entitled as, “Transition-Metal-Catalyzed External Oxidant Free C–C and 

C–N Bond Formation” has been divided into five chapters.  
Chapter 1 portrays a brief outline about the areas which are of relevance in this thesis 

work, such as, C–H bond functionalization, Transition-metal catalysis, External oxidant-free 
approach for C–C and C-N bond formation using d7 transition metals, especially with rhodium.  

Chapter 2 of the thesis deals with the C–C bond formation through a high valent 
Cp*Rh(III) catalysis Under mild reaction conditions using a newly designed amidine directing 
group. The developed allylation strategy shows a broad substrate scope and worked even at a 
lower temperature (-20 oC).  

Chapter 3 describes the atom and step economical approach for the construction of C–N 
bond through the amination of an aldehyde C–H bond. This amination protocols brought an 
implementation of bi-functional aminating agent anthranil for the synthesis of the amide linkage.  

Chapter 4 illustrates the strategy for the stereospecific synthesis of enamides through an 
aldehyde C–H bond functionalization. The methodology successfully delivers the 
thermodynamically less stable Z-enamide, which has an immense impact in nature and medicinal 
chemistry.  

Chapter 5 depicts the synthesis of biologically highly important chromone moiety 
through an iridium-catalyzed C–H bond functionalization. Water solvent was introduced for the 
time in Ir-catalysed C-H activation as a green strategy for chromone synthesis. A one-pot 
decarboxylative strategy has also been established based on the water-assistance.  

 

 
Keywords: C–H Functionalization, Transition Metal, External oxidant free, Allylation, 
Amidation, Enamides, Chromones, Water. 
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MORPHOLOGICALLY TUNED METAL AND METAL CHALCOGENIDE 
NANOCOMPOSITES AS SUPERIOR CATALYST FOR ORGANIC 

REACTIONS, SENSING AND ENERGY APPLICATIONS 

 
Teresa Aditya 

Supervisor: Prof. Tarasankar Pal and Prof. Anjali Pal 
Department of Chemistry 
Accession No.: NB16191 

 
The thesis principally elucidates how morphological variation which is widely noted in 
nanomaterials, can exhibit shape and size selective catalytic activity. It is a challenging task to 
tune morphology to improve efficiency of the nanomaterials by many fold. The reaction 
medium, change of precursor, utilization of growth directing agent, or the in situ evolution of 
gases etc. largely influence the evolution of variable morphology having different size, shape and 
facet. It is also noteworthy to mention the role of noble metal in the electron transfer process 
whereas transition metal oxides as excellent catalysts due to their morphological variation and 
different oxidation states, during an ongoing chemical and electrochemical reaction. Also 
synthesising nanocomposite with graphene oxide (GO), reduced graphene oxide (rGO) and 
graphitic carbon nitride (g-C3N4) greatly improves the efficiency of catalysts. Graphene is the 
building block of graphitic materials and has one-atomic thickness of sp2 hybridized carbon 
atoms. They have very low band gap, shows remarkable thermal conductivity and exhibits high 
charge carrier mobility. In addition, they possess incredible intrinsic strength and high surface 
area. Hence, synthesizing metal/metal chalcogenide with rGO or g-C3N4 in the form of 
nanocomposite improves their efficiency by many times. The nanocatalysts prepared has been 
extended to applications which affect the sustenance of human life. 
 
Environmental remediation with eradication of toxic materials like nitrophenol and Cr(VI) has 
become crucial. Hence we developed copper oxide catalysts for this purpose. The aim of our 
work was the inexpensive and facile syntheses of morphologically tuned metal oxides like Cu2O. 
The morphology tuning of Cu2O nanomaterial, factors affecting their growth of facet and finally 
catalysis has been explicitly studied. 
 
Supported metal oxide like CuO-Cu2O/g-C3N4 nanocomposite has been prepared by one pot 
heat treatment protocol, combining two thermochemical reactions resulting in copper oxide 
embedded perforated g-C3N4 nanosheet. We have been able to establish successfully that the 
extent of perforation in the sheet morphology is the cause of enhanced catalysis in case of two 
dimensional nanocomposites. Reduction of toxic nitrophenol to benign aminophenol was 
achieved successfully. 
 
In contemporary environmental research, Horseradish peroxidase (HRP) enzyme mimicking by 
nanomaterials has gained remarkable impetus due to disadvantages of natural enzyme. Thus, we 
designed metal oxide nanomaterial, such as silver molybdates, of varied morphology and 
employed them as catalyst in peroxidase substrate e.g., 3,3’,5,5’-tetramethylbenzidine (TMB) 
oxidation using H2O2, instead of HRP. This convenient peroxidase process has been 
implemented for colorimetric sensing of toxic element such as sulfide which was a vital aim of 
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the work. We have also studied in details the hierarchical morphology change of the molybdates 
with change of experimental conditions. 
Gradual diminution of fossil fuel upsurges the demand of efficient substitute of energy 
conversion material. Considering the prominence towards various applications, usage of metal 
and metal chalcogenide nanomaterials as fuel cell catalyst gained attention. We have synthesized 
MoS2/rGO nanocomposite from dispersion of inexpensive solid precursor, assisted by suitable 
surfactant, via simple and cost-effective solvothermal technique for gram level synthesis. 
Thereafter, superior catalysis was achieved for electrocatalytic hydrogen evolution reaction. 
 
Among the various extensively studied coupling reactions Suzuki-Miyaura coupling reaction is 
the most facile, scalable and economic technique leaving behind other procedures with 
complicated and expensive setup. It has been exploited for the synthesis of a number of essential 
natural compounds and medicines for practical applications. Hence we aimed at synthesizing 
highly stable, low cost nanocomposite of Pd/rGO using a facile protocol which could be 
effortlessly recovered and reused. Morphology manipulation was also successfully carried out 
using benzophenone in the photoirradiated reaction medium that has shown to have a strong 
bearing on the catalytic efficiency for higher product yield. 
 
Keywords: Nanomaterial, Nanocomposite, Morphological tuning, Facet, Catalysis, 
Electrocatalysis, Oxidation, Sensing, Reduction, C-C coupling. 
 

 

MOLECULAR DYNAMICS SIMULATION STUDIES OF A 
HYPERACTIVE ANTIFREEZE PROTEIN AND MODEL PEPTIDE 
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Department of Chemistry 
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Antifreeze proteins (AFPs) belong to class of proteins that inhibit growth of ice by recognizing 
the solid phase of water, ice, from large excess of liquid water. In this thesis, attempts have been 
made to explore the origin of ice recognition, the interfacial water arrangement in bound state, 
the mechanism of growth inhibition, and the role of polar and nonpolar groups in the activity of 
AFPs. In particular, this is done by carrying out atomistic molecular dynamics (MD) simulations 
with Tenebrio molitor antifreeze protein (TmAFP) as the paradigm protein. The thesis consists of 
seven chapters. Chapter 1 provides a brief overview of the current status of research in this area 
and the methodologies employed in this thesis. In Chapter 2, we probe the conformational 
rigidity and structural arrangements of water molecules hydrating the ice-binding surface (IBS) 
and non-ice-binding surface (NIBS) of TmAFP at two different temperatures (300 and 220 K). It 
is found that, irrespective of the temperature, the IBS of the protein is relatively more rigid than 
its NIBS. Importantly, the calculations reveal that the strategically located hydroxyl oxygens of 
the threonine (Thr) residues in the IBS influence the arrangements of five sets of ordered water 
molecules around it on two parallel planes that closely resemble the basal plane of ice. As a 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 146 

 

result, these waters can register well with the ice basal plane, thereby allowing the IBS to 
preferentially bind at the ice surface to inhibit its growth. This provides a possible molecular 
reason behind the ice-binding activity of TmAFP at the basal plane of ice. The microscopic 
dynamics of water present in the first hydration layers around the two surfaces of the protein at 
the two temperatures have been explored in Chapter 3. Our calculations reveal that the 
translational and rotational motions of hydration water around the IBS and NIBS of TmAFP are 
affected differently at the two temperatures. Irrespective of the temperature, water around the 
IBS exhibits more restricted translational motion as compared to that around the NIBS. On the 
other hand, compared to NIBS, water around the IBS exhibits sluggished rotational motion only 
at low temperature (220 K). Structural relaxations of hydrogen bonds reveal that protein– water 
(PW) and water–water (WW) hydrogen bonds compete with each other to make the dynamics of 
hydration water around the IBS either faster or slower with respect to those around the NIBS. 
We have examined the heterogeneous ice nucleation on model peptide surfaces in Chapter 4. 
Surfaces with periodically arranged Thr residues mimick- ing the arrangement of water 
molecules on the basal or prism plane of ice are capable of ice nucleation. The °-methyl and °-
hydroxyl groups of Thr residue are necessary for such ice formation. From an ice nucleation 
simulation the interfacial water arrangement in the ice-bound state of TmAFP has been 
determined. The interfacial water arrangement in the ice-bound state of TmAFP is characterized 
by five-membered hydrogen bonded rings, where each of the hydroxyl groups of the Thr 
residues on the IBS of the protein is a ring member. It is found that the water arrangement at the 
protein-ice interface is distorted from that in bulk ice. Our analysis further reveals that the 
hydroxyl groups of Thr residues on the IBS of TmAFP form maximum three hydrogen bonds 
each with water in the bound state and methyl groups of Thr residues occupy wider spaces than 
the normal grooves on the ice plane. In Chapter 5, we establish the operation of Kelvin effect in 
the mechanism of AFPs. Simulations show that, below equilibrium melting temperature, ice 
growth is inhibited through the convex ice-water interface formation toward the water phase and, 
above equilibrium melting temperature, ice melting is inhibited through the concave ice- water 
interface formation inward to ice phase. Simulations further reveal that the radius of curvature of 
the interface formed to stop the ice growth increases with decrease in degree of supercooling, 
which qualitatively agrees well with the theoretical prediction of Kelvin effect and thus reveal its 
operation in the protein activity. In Chapter 6, we have studied the role of polar and nonpolar 
groups in the antifreeze activity by carrying out MD simulations separately with TmAFP and its 
non-active mutant at 300 K. Simulation results reveal that both polar and nonpolar groups 
contribute to develop the required quasi-ice- like hydration layer on the IBS of an AFP for 
binding on to ice. Nonpolar groups on the IBS induce formation of locally ordered ice-like low 
density waters in the hydration layer through hydrophobic interaction, and polar groups of the 
surface integrate these waters into quasi-ice-like layered structure through hydrogen bonding 
interaction. Finally, the overall summary based on the results presented in the thesis are 
highlighted in Chapter 7. 
 
Keywords: Molecular Simulation, Antifreeze Protein, Interfacial Water, Kelvin Effect, 
Hydrogen Bonding, Hydrophobic Interaction 
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Our main focus is to develop one and two-photon responsive photoremovable protecting groups 
(PRPGs) for the single and dual release of bioactive molecules. With this intention, we 
developed carbazole-based PRPGs, which can release single and dual (similar or different) active 
molecules upon photoirradiation. Further, we anchored this carbazole moiety with o-
hydroxycinnamate PRPG to make two-photon responsive PRPG. Finally, we designed a single 
component photoresponsive theranostic drug delivery system based on carbazole chromophore 
for efficient anticancer treatment.  

The thesis entitled as “One and Two-Photon Responsive Carbazole based 
Photoremovable Protecting Groups for Single and Dual Release of Bioactive Molecules” 
consists of five chapters. Chapter 1 describes overview of one and two-photon responsive 
photoremovable protecting groups for single and dual release: application in drug delivery. 
Chapter 2 deals with photocaging of single and dual (similar or different) carboxylic and amino 
acids by acetyl carbazole and its application as dual drug delivery in cancer therapy. Chapter 3 
illustrates bis-acetyl carbazole as a photoremovable protecting group for the sequential release of 
two different functional groups and exploring its application in the therapeutic release. Chapter 
4 describes one- and two-photon uncaging by carbazole fused o-hydroxycinnamate platform for 
the dual release of alcohols (same or different) with real-time monitoring and Chapter 5 
describes three-arm, biotin-tagged carbazole-dicyanovinyl-chlorambucil conjugate for 
simultaneous tumor targeting, sensing, and photoresponsive anticancer drug delivery. 
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DYNAMIC RESPONSE OF PILE FOUNDATION EMBEDDED IN 
LAYERED AND INHOMOGENEOUS SOILS USING CONE MODEL 

 
Amar Sankar Pal 

Supervisor: Prof. Dilip Kumar Baidya 
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Accession No.: NB16217 
 

The behaviour of single and group pile embedded in layered and inhomogeneous soil and 
subjected to different dynamic loading is investigatedin this study using cone model, a ‘strength 
of material’ approach. Cone model considers one- dimensional wave propagation and provides 
physical insight to the wave propagation phenomenon. The shear modulus of soil varying along 
depth is considered as inhomogeous soil. Both the piles and soil are assumed to behave as linear 
elastic material during vibration. The pile is assumed to be perfectly bonded to the surrounding 
soil. The dynamic response of the pile is obtained using a formulation based on the dynamic 
Green's function and beam theory. The Green's function for inhomogeneous half-space is 
determined usingcone model. The stiffness and mass matrices of flexible beam is obtained using 
Lagrange's equation. Analysis of group pile is performed using the dynamicinteraction factor 
between the piles in the group. The interaction factor is determined considering an equivalent 
shear wave velocity for the inhomogeneous soil medium. The static and dynamicstiffness 
coefficients for different modes of vibration are compared with earlier solutions available in the 
literature. The effects of degree of inhomogeneity in soil are studied by performing the 
analysisconsidering homogeneous and inhomogeneous soil. 
 
It is observed that soil-pile interaction is visualised well by combining free-field dynamic 
stiffnessmatrix and the beam equation. The frequency dependent displacement response of single 
and group pile embedded in layered soil obtained from cone model is compared with results of 
field experiment. Overall agreement between the results from cone model and experimental 
investigation are quite good. The advantage of the present method is that the analysis can be 
performed with much less effort compared to other analytical procedure handling rigorous 
solution of three-dimensional wave equations or a method which involves very time consuming 
numerical simulation. On the other hand solution can be achieved for a day to day design 
practice without sacrificing accuracy in results. 
 
Keywords: Dynamic analysis, Single Pile, Pile group, Inhomogeneous soil, Cone model, 
Foundation vibration, Experimental investigation, Resonant frequency, Resonant amplitude. 
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Over the last few decades, rapid urbanization along with the sustained economic growth and 
increase in disposable income has triggered a steep rise in urban travel demand in India. The 
noteworthy growth of vehicle population has outstripped the uneven increase in urban road 
length and capacity, and thus, resulting in a sheer imbalance between demand and supply of road 
transport in urban India. In recent times, various externalities such as traffic congestion, vehicle 
emission, roadside air pollution, increase in fuel consumption, vehicle crashes etc. have reached 
an alarming state. In such situations, an improved traffic control measure could be used 
efficiently. As signalized intersections are the major bottlenecks in an urban road network, 
measures such as retiming, activation, progression, actuated control, etc. are found instrumental 
in enhancing the roadway capacity. For a corridor or network level traffic operation, area traffic 
control is significantly aided by signal coordination. It promotes a smooth flow of traffic 
resulting into the reduction in delay, number of stops, and harmonizes the speed profile. It is also 
found to be effective to mitigate congestion, reduce vehicle emission and fuel consumption. 
Therefore, from mobility point of view, coordinated operation of closely spaced traffic signals is 
often desirable.  
Investigations on signal coordination have been carried out in several facets such as identifying 
the benefits from various stakeholders point of view, assessing users’ perception about the 
system, understanding the vehicle progression and mutual interaction of roadway and traffic 
conditions, etc. Giving due consideration to the various findings from past works, it is now 
necessary to carry out further investigations on vehicle progression and develop nuggets of 
wisdom for successful implementation of signal coordination in urban India. Limited right of 
way, impedance due to the interaction of roadway and abutting land-use, road encroachment and 
several other pertaining issues dent the mobility in urban India. Moreover, non-lane based mixed 
traffic conditions are predominant in urban India making the urban roadway system in India 
different from the roadway systems in several other countries. Findings of past studies on several 
elementary aspects of signal coordination are yet to be validated in non-lane based mixed traffic 
environment. Therefore, the present thesis aims to carry out an investigation on vehicle 
progression and arterial signal coordination in the backdrop of urban India.  
The workflow of the present study comprises of seven major work components which were 
carried out to accomplish the study objectives. The major work components were determined as 
(a) development of database (b) modelling of vehicle progression along arterial links, (c) 
configuring a micro-simulation model, (d) design of a coordinated traffic signal system, (e) field 
evaluation of an arterial signal coordination plan, and (f) field validation of the micro simulation 
model, and (g) assessment on likely benefits from signal coordination. A new performance 
measure, namely Homogeneity in Speed Profile (HISP) was suggested to evaluate the motorist’s 
driving experience while moving along the set of coordinated links.  
The key contributions of the present research work are as follows.  
(a) An alternate measure to characterize non-lane based vehicle discharge, namely Vehicle 
Passing Intervals (VPI) at a stop-line is proposed and successfully used to identify vehicle 
platoon.  
ii Vehicle Progression and Signal Coordination in Non Lane Based Mixed Traffic Condition  
(b) Various empirical models were formulated using the proposed generalised functional form 
for various arterial width and alignment. These models provide a ready reckoner to practitioners 
to estimate α while carrying the design of arterial signal coordination using TRANSYT-7F.  
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(c) The proposed new approach for calibrating Robertson’s model is found to be superior to 
traditional approach of calibration for providing realistic input to develop an efficient signal 
coordination plan.  

(d) A rational approach is formulated to calibrate a micro-simulation model. The proposed 
calibration approach considered a number of discrete measures as measures of effectiveness 
(MoE) parameter. In lieu of an aggregate measure, use of multiple discrete measures enables the 
proposed approach of calibration for the micro-simulation model to improve the consistency of 
the simulation model.  

(e) The key aspect of proposed signal design approaches lies in the use of micro-simulation 
model which is equipped to analyse the site-specific aspects more rationally than a 
macroscopic/mesoscopic signal design tool. The utility of such design approaches is profound 
for non-lane based mixed traffic system prevailing in India.  

(f) Assessment of the benefits from signal coordination reveals that corridor level arterial signal 
coordination provides benefits to motorists of non-lane based mixed traffic system by 
significantly improving their arterial travel time in the direction of coordination.  

(g) The proposed performance measure of signal coordination, namely ‘homogeneity in speed 
profile’ (HISP) accomplishes to rationally assess the motorists’ driving experience while moving 
along a set of coordinated links.  

(h) From network level coordination point of view, findings from the assessment on link level 
signal coordination can be used advantageously to decide a set of coordinated links.  
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 Distillery wastewater is the residual unwanted liquid generated during alcohol production, 
which is characterised by very high COD, high solids and acidic pH, usually generated at around 
8-15 L per litre of alcohol produced. The conventional treatment methods employed for distillery 
wastewater treatment like evaporation, solar drying, aerobic processes, etc., either need high 
temperature or are energy intensive in nature. Hence, alternate treatment methods, which can not 
only degrade organic matter present in wastewater but also result in a net energy gain can offer 
an attractive solution to the high pollution potential of distillery wastewater. Microbial fuel cell 
(MFC) is an emerging wastewater treatment technology, which utilizes organic matter present in 
wastewater as substrate to generate electricity in a single step process. The two components, 
which significantly influence the electrical output and the cost of MFC are the proton exchange 
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membrane (PEM) and the cathode catalyst employed. Hence, low-cost PEM and cathode catalyst 
should be synthesized to reduce the overall fabrication cost of MFC, which will increase the 
feasibility of utilizing it in real field. PVA-Nafion borosilicate membrane was synthesized at 11-
folds lower cost than Nafion 117 and when used in MFC, it demonstrated a power density of 6.8 
W m-3, which was comparable to MFC with Nafion 117 (MFC-N). MFC with PVA-GO-Clay 
membrane exhibited a power density of 297.3 mW m-2, which around 88 % of power was 
achieved by MFC-N at nearly 15-folds lower cost of fabrication. Carbon supported nickel 
phthalocyanine doped with manganese oxide (NiPc-MnOx/C) was synthesized and used as ORR 
catalyst in a MFC. MFC with NiPc-MnOx/C demonstrated a power density of 8.02 W m-3, 
which was around 80 % of the power density achieved by MFC with platinized cathode. 
However, the normalized power output (1.02 W $-1) was 2-folds higher than MFC with 
platinized cathode. A combined UASB-MFC system when used for distillery wastewater 
treatment, achieved a maximum COD removal above 90 % and recovered energy in the form of 
methane (0.35-0.40 m3 CH4 kg-1 COD removed) and electricity (4.35 W m-3). Life cycle 
analysis was carried out to compare the environmental impacts of UASB, MFC and UASB-
MFC. Considering the effluent quality, environmental impacts and economics of distillery 
wastewater treatment, combined UASB-MFC system was found to be the most suitable solution 
for high strength distillery wastewater. 
 
Keyword: Distillery wastewater; Microbial fuel cell; Proton exchange membrane; Oxygen 
reduction reaction; Life cycle analysis. 
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Cement is the major binding material used for binding the structural units. Fly ash (FA) is the 
waste product of the thermal power plant having pozzolanic properties. Due to more surface 
area, nano silica speeds up the rate of hydration of cement resulting in an enhanced particle 
packing. The unavoidable deficiency of normal concrete (NC) is low tensile strength with limited 
ductility which can be improved by mixing suitable fibers. Due to its excellent deformability and 
cohesive properties, self compacting concrete (SCC) can be used to fill in the restricted and 
heavily reinforced areas. Taguchi optimizing technique uses orthogonal arrays (OA) to study a 
large number of variables by conducting a small number of experiments. Hence, the conclusions 
from the small-scale experiments can be valid over the entire experimental domain with limited 
controlling factors.  
The scope of the current study is to produce a self-compacting based concrete with an optimal 
combination of four additives namely class F type of FA, colloidal nano silica (CNS), crimped 
steel fibers (CSF) and polypropylene fibers (PPF).  
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The main aim is to study systematically about the developing self compacting based Hybrid 
Fiber Reinforced Self Compacting Concrete (HyFRSCC) following the five phases.  
 
Phase I: Material Characterization  
 
In this phase, various raw materials such as 53 grade of OPC, FA, CNS, CSF, PPF, fine 
aggregates, coarse aggregates and steel reinforcement are characterized. The properties of the 
materials are tested by laboratory experiments. The test results of the materials are within the 
permissible limits of codes of Bureau of Indian Standards and ASTM provisions.  
 
Phase II: Concrete Mix Proportioning and Mixing Operation  
 
The fresh and hardened properties of M60 grade of self compacting based HyFRSCC with a 
constant water binder ratio of 0.38 by using polycarboxylate ether based superplasticizer of 0.2% 
by weight of binder. Each of the additives is called as factor. Each factor has four level of 
addition. FA with 5%, 10%, 15%, and 20% replacement to cement by weight are considered. The 
replacement of CNS to cement is 0.1%, 0.2%, 0.3% and 0.4 % by weight. CSF are added by 
0.5%, 0.75%, 1.0%, and 1.25% by volume of concrete. PPF are added by 0.042%, 0.084%, 
0.125% and 0.167% by volume of concrete. To ascertain the fresh properties of SCC, the total 
amount of fiber content is restricted to 1.42% by the volume of concrete. L16 orthogonal array of 
Taguchi method is followed to avoid the conduct of huge amount of experiments. The number of 
mixes have been only 16, leading to overall advantages in terms of economy and time. 16 mix 
combinations along with one control SCC mix without any additive are considered. Through 
statistical technique, analysis of variance (ANOVA), the optimal mix combination of additives 
producing optimized SCC is finalized. Finally, the performance of optimized SCC is compared 
with those of control SCC.  
Phase III: Performance Evaluation of Hybrid Fiber Reinforced Concrete  
 
The performance evaluation of concrete includes the fresh and hardened concrete properties, 
Non-destructive behaviours like Ultra-Sonic Pulse Velocity (UPV) and Rebound Hammer tests 
(RH number), behaviour with temperature rise, and durability aspect through Rapid Chloride 
Penetration Test (RCPT) approach.  
 
Phase IV: Performance Evaluation of Optimized SCC  
 
The self compacting based HyFRSCC mix with the optimal combination of four additives is 
termed as an optimized SCC. The application of optimized SCC mix includes the behaviour of 
low confined triaxial compressive stresses. The pullout behaviour and bond strength of High 
Yield Strength Deformed (HYSD) bars of four different diameters as 10 mm, 12 mm, 16 mm and 
20 mm embedded in self compacting based control SCC and optimized SCC. Pull out tests are 
conducted after 28 days and 90 days of curing. The micro level performance includes the 
analysis of nanoindentation data, image analysis of back-scattered SEM images and X-ray 
microtomography images.  
 
Phase V: Structural Applications  
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The structural application part includes the flexural and shear performance of reinforced concrete 
beams, axially loaded square short columns and square slabs under centrally applied punching 
load. The performance of each parameter shows a significant  improvement in load carrying 
capacity and displacements by using HyFRSCC as compared to those of normal control mix. 
Finally, the cost analysis informs the cost of fibers increases the cost of production of optimized 
SCC with enhanced serviceability criteria. The developed optimized SCC mix of this study may 
be recommended for the use as a ready mix type of self compacting based HyFRSCC in the field 
of infrastructure development of the country. The present thesis at a glance is shown in Fig.1.  
 
Keywords: Self Compacting Concrete; FA; Colloidal Nano Silica; Crimped Steel Fiber; 
Polypropylene Fiber; Taguchi method of optimization; Low confined Triaxial compression; 
Rapid Chloride Penetration Test; Flexural and Shear behaviour of Beams; Axially loaded short 
columns; Slabs under Punching load, Interfacial Transition Zone and cost analysis. 
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Contamination of drinking water due to industrialization, urbanization and overexploitation of 
water resources is becoming a serious matter of concern for all. Fluoride (F-) and nitrate (NO3) 
are common pollutants present in groundwater and are often found in exceedance of drinking 
water standards in India as well as in several areas around the world. Their presence above 
permissible limits is harmful to human health. Electrocoagulation (EC), an alternative to 
conventional coagulation, is a popular technique which is being applied to water treatment 
because of several advantages over conventional coagulation. It has long been explored for 
removal of specific pollutants from contaminated waters. 
 
The objective of this research was to examine the removal of fluoride or nitrate from different 
feed waters using iron electrodes in batch or continuous-flow EC along with filtration, using 
solar or DC power to meet drinking water standards. Electrocoagulation was applied to four 
different types of feed waters namely, groundwater, tap-water, raw water from IIT waterworks 
and double distilled water for the removal of fluoride or nitrate. Batch studies were performed 
using solar or DC power for nitrate or fluoride removal. The sludge generated was analysed by 
SEM, EDX, XRD and particle size analysis to understand the products formed during EC. 
Multiple regression analysis using linear and quadratic models was applied to the results and two 
models were developed for removal efficiencies after EC only, and after EC and settling, 
respectively. 
 
Two continuous flow reactors (Reactor 1 was cuboidal and Reactor 2 was cylindrical) were 
designed and tracer studies as well as computational fluid dynamics were conducted to analyse 
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the effect of configuration on contaminant removal. Tracer results showed that both reactors 
resembled continuously stirred tank reactors (CSTR) closely. The insertion of baffles in Reactor 
1 created complete but gentle mixing which enhanced flocculation and led to increased removal 
efficiencies when defluoridation experiments were performed on them. Defluoridation 
experiments were performed on both the reactors with good results, though nitrate continuous-
flow removal experiments did not show the same consistency with respect to removal 
efficiency. 
 
Keywords: Regression analysis, fluoride, nitrate, solar, computational fluid dynamics, tracer. 
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Structures, when subjected to impact may undergo very large plastic deformation, fragmentation 
and material separation caused by the formation of cracks and crack systems. Prediction of the 
possible outcome in an impact event and assessment of the ballistic limit (the impact speed 
beyond which penetration and perforation occur) is the focal point of study in impact and 
penetration mechanics. Towards this numerical simulation continues to be an indispensable tool. 
In addition to an accurate mathematical representation of the material behaviour, the efficiency 
of a numerical framework significantly depends on the ability of the underlying discretisation 
scheme to capture the relevant physical processes without introducing any numerical artefact or 
being unstable. In this context, the particlebased formulations are much more efficient as 
compared to its element-based counterparts. In this work, a computational framework based on 
the Smoothed Particle Hydrodynamics (SPH), a particle-based formulation, is presented.  
 

To start with, an efficient strategy is proposed to achieve energy conservation in SPH 
with consistent basis function. Herein, at every particle pair interaction, a correction term is 
introduced such that the energy conservation is restored locally and at the same time, total 
variation of different variables due to the correction term is minimum. The final form of the 
proposed formulation is such that no additional computational effort is required and the 
simplicity of SPH is preserved. A theoretical error estimate of the proposed formulation is 
performed. The proposed scheme is also compared with benchmark SPH formulations in terms 
of L2 error norm for representative functional derivatives both for regular and irregular particle 
distributions. Finally, the efficacy of the proposed formulation in conserving energy and 
maintaining accuracy is demonstrated via few elastic and elastic-plastic impact problems. 
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Next, an SPH-based computational framework is developed for studying the deformation 
and failure behaviour of brittle, ductile and composite armours under impact loading. Crack 
propagation is modelled through a pseudo-spring analogy wherein the interacting particles are 
assumed to be connected through pseudosprings, and the interaction is continuously modified 
through an order-parameter based on the accumulated damage in the spring. At the onset of crack 
formation, i.e., when the accrued damage reaches the critical value, the spring breaks which 
results in termination of interaction between particles on either side of the spring. A key feature 
of the computational model is that it can capture arbitrary propagating cracks without 
introducing any special treatment such as discontinuous enrichment, particle-splitting, etc. This 
computational framework is used herein to study adiabatic shear plugging in metal plates when 
modelling penetration under impact loading by a flat-ended, cylindrical projectile; different 
failure modes in metal plates under impact by sharp-nosed projectiles; arbitrarily oriented cracks, 
fragmentation and conoid formation of ceramics, etc. The effects of different damage criteria are 
discussed. Computed results are compared with the experimental observation given in the 
literature, and the efficacy of the framework is demonstrated. The framework is used further for 
modelling of crack initiation, propagation and branching in solids under dynamic loading. The 
predicted crack speeds, their paths, and crack surfaces are compared with experimental and 
numerical results available in the literature. Finally, the framework is extended further for 
modelling of arbitrary crack surfaces in three-dimensional continua under dynamic and impact 
loading. 
 
Keywords: SPH, Consistency, Energy conservation, Ceramic fragmentation, Ceramic-metal 
composite, Crack branching, Impact dynamics 
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The prediction of performance of concrete gravity dams during earthquakes is a challenging 
problem in structural dynamics. This is due to the complicated shapes of the dam and its adjacent 
reservoir and foundation rock. Moreover, the determination of dynamic response of concrete 
dam is a complex problem because of coupled dam reservoir- foundation interaction effects. 
Therefore, the dynamic interaction between an inelastic dam structure, compressible water and 
foundation rock below the dam has been the subject of intensive research in recent years. 
Furthermore, the subject received much attention from researchers during the past two decades 
because of concern for dam safety during earthquakes. A large number of literature are available 
for numerical analysis of concrete gravity dams. The review indicates that the nonlinear seismic 
analysis of concrete gravity dam is necessary for predicting its accurate response. 
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A methodology has been developed for the finite element analysis of aged concrete 
gravity dam-reservoir-foundation coupled system subjected to earthquake forces. Acoustic 
element is used to model the reservoir water. An infinite acoustic element is adopted at the 
truncated boundary to include the infinite reservoir effects. A suitable boundary condition has 
been adopted to truncate the unbounded soil domain for finite element analysis. The degraded 
material properties of the concrete with age, subjected to the environmental factors and 
mechanical loadings, are determined introducing an isotropic degradation index. The concrete 
damage plasticity model is used to evaluate the nonlinear seismic response of the aged concrete 
dam. From the linear and nonlinear response results, it is observed that there is a plastic 
deformation in the material after the occurrence of damages in the dam structure. It is interesting 
to note that there is a huge difference in response if nonlinear behavior of the dam material is 
taken into consideration. 

A shaking table experimental setup has been developed indigenously as a part of this 
study to conduct the dynamic tests on model dam and dam-foundation coupled system. A new 
bentonite mix concrete is designed to construct the small-scale models for experimental 
investigation of Koyna dam. Dynamic tests on model dam and dam foundation are conducted on 
a shake table for data calibration. Sinusoidal motion has been applied to the shake table to 
investigate the time history responses such as crest displacement, stress and propagation of 
damage in both dam and dam-foundation models. It is clearly observed that numerical analysis 
provides satisfactory results with experimental data. 

 
Keywords: Concrete gravity dam, concrete degradation, damage plasticity model, earthquake 
excitation, finite element method, nonlinear analysis, similitude requirement, dam-reservoir-
foundation coupled system, shake table test 
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In the present study, ambient aerosol characteristics, source types and radiative impacts were 
evaluated over the urban and semi-urban regions of the Bengal Gangetic plain (BGP). The pre-
monsoon aerosols remotely sensed by ground-based Aerosol Robotic Network (AERONET) 
retrievals in an urban atmosphere (urb-atm) at Kolkata (KOL) evinced a mixture of urban/open  
biomass burning with mixed desert dust. Potential aerosol source fields contributing to the 
aerosol types at KOL comprised of anthropogenic emissions originating mainly in the Indo 
Gangetic plain (IGP) and the east coast, dust aerosols from northwestern India (Thar desert), and  
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marine aerosols from the oceanic regions. Comparison of aerosol characteristics over KOL with 
six other coincident AERONET sites in India revealed mean aerosol optical depth (AOD) at 
KOL being 11% to 91% higher than the rest of the other sites. A moderate correlation was 
observed between Moderate Resolution Imaging Spectroradiometer – MODIS (Collection 5 
(C005) and Collection 6 (C006)) and AERONET urb-atm aerosol retrievals. The influence of 
inter-seasonal and sea breeze (SB) transport processes on atmospheric aerosol extinction 
properties was analyzed over the coastal BGP. Aerosol surface concentration (Sconc) and 
extinction exhibited heterogeneity in the seasonal variability. Seasonal mean extinction was 
found to be higher during winter and summer than the south-west monsoon. Notably, relative 
contribution of upper (at altitude above 1 km) aerosol layer (UAL) to the aerosol extinction was 
four times larger in summer than in winter. This feature in summer was associated with 
meteorological and SB influenced transport and also due to the influence of high rise open 
burning emissions. In contrast to the nearby urban location (KOL), the intensity of updraft of 
airmass evaluated during evening/SB activity hour at semi-urban atmospheresemiurb- atm 
(Kharagpur, KGP) was as high as 3.5 times the intensity during near to noon hour. The SB 
activity enhances Sconc and the relative contribution of UAL to 
aerosol extinction (KGP: 58% to KOL: 36%). The relative abundance of fine aerosol chemical 
constituents, their temporal variation, and probable sources in a tropical eastern Indian urb-atm 
(KOL) and semiurb-atm (KGP) was studied. A submicron aerosol sampler (SAS) with two-stage 
stacked filter units (SFU) was devised for a simultaneous but discrete collection of water-soluble 
inorganic ions (WSII) and carbonaceous aerosols ((CA) - elemental carbon (EC) and organic 
carbon (OC)). Among the WSII constituents, Ca2+ was found as predominant species at both the 
urban and semi-urban locations followed by Cl−, Mg2+ and Na+. A pronounced peak in the 
monthly mean of nss–K+ concentration was noticed during October and April (February and 
May) months implying the strong influence of biomass burning emissions in KOL (KGP). The 
concentration of OC was three times the EC at both the locations. Further, the sources affecting 
the chemical composition at the study locations were identified using Positive Matrix 
Factorization (PMF). Comparison of winter monsoon (Wmon, November-February) surface 
black carbon (BC) concentration, optical depth (BC-AOD) and BC induced radiative effects was 
carried out between KGP and KOL. The surface all day BC concentration, day time 
concentration, and BC-AOD were higher at KOL by three times, 20% and 38% respectively than 
in KGP. While BC induced net radiative warming effect at KGP was 19%–65% (monthly mean) 
higher than in the KOL during December and February. The pollution-induced radiative impacts 
thus estimated were consistent with the observed features in the temperature anomaly and its 
trend. The potential source of BC aerosols was obtained over the IGP from analysis of receptor- 
and source-oriented modeling estimates. 
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In this study, new look on the hydrodynamics of sediment motion and fluvial instabilities is 
provided highlighting the delicate role of the turbulent flow that drives several fluvial processes. 
First, a mathematical model for the threshold of sediment particle motion is presented, 
considering the deterministic approach of force balance. The role of flow regimes on sediment 
threshold are investigated, incorporating the effects of velocity fluctuations. 
 

Then, the stochastic mechanics of entrainment of loose bed particles is studied. The 
particle entrainment in rolling and lifting modes is analysed. The mean entrainment probabilities 
in rolling and lifting modes are derived, applying a suitable probability density function of the 
near-bed instantaneous streamwise velocity. 
 

The governing equations driving the mechanics and the turbulence characteristics of two-
phase flow system are derived, applying the dynamic equilibrium linked with suspended particle 
concentration, fluid flow and energy of the system. For flow over bedforms, a theoretical 
framework is developed to obtain the flow profile, bed shear stress and the Reynolds shear stress 
distributions. A power law of velocity in conjunction with the effects of curvilinear streamlines 
are included in the analysis. The mobile bed flow is derived by means of the sediment continuity 
equation to obtain the phase lag distance between the locations of the maximum bed shear stress 
and the maximum sediment flux. 
 

To study the hydrodynamic instability of meandering channels, a regular expansion 
technique is applied to linearize the governing equations by introducing the perturbations on the 
undisturbed flow. The channel exhibits a resonance phenomenon depending on flow regimes, 
meander wavenumber, Shields number, channel aspect ratio and relative roughness number. The 
evolutions of the characteristic parameters of the channel flow are examined. 
 

Finally, the origin of some of the scaling laws of key fluvial processes is explored from 
the standpoint of the phenomenological theory of turbulence. The scaling laws of threshold of 
sediment particle motion, bedload flux, suspended load flux, scour in a contracted stream and the 
onset of meandering of a straight river are derived. These scaling laws offer an insight into the 
flow physics, providing a new way of exploring the fluvial processes. 
 
Keywords: Fluvial hydrodynamics, sediment transport, turbulent flow, open-channel flow, 
bedforms, river meandering 
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The bomb or blast is such a word which forces the common people to stop and think 
about the loss of life and damage. It is true that in the present scenario the blast is really an 
uncontrolled mostly intentional phenomenon of national and international importance. 
Particularly, the blast effects on infrastructure system have become most critical concern not 
only for common people but also for Government agencies, scientists and Engineers. The 
damage due to blast is non recoverable and as well as unpredictable. Close observations may 
avoid the incident of blast. However it may not be always possible and therefore steps towards 
reducing the effect of blast on structures needs to be explored alternatively. In this regard the use 
protective barrier may prove to be useful. In this study an attempt is made to investigate the 
efficiency of Explosive Reactive Armour (ERA) for protection of bridge under blast loading. It is 
observed that with ERA, the effect of blast is reduced and the bridge retains its shape and size if 
the blast is not substantial after retrofitting. 
 Study of blast loading on structures requires an integrated approach based on experiments 
and numerical simulations. There may be some uncertainties over experimental results as at the 
high temperature the measuring and observing instruments may not perform well. But still 
experimental results give valuable information about the overall behaviour of the structure. It 
may also provide important benchmarks for validation of numerical models. However for 
comprehensive understanding of the failure mechanisms, numerical simulation is inevitable. 
Herein a coupled FEM-SPH computational framework is explored in order to study the response 
of structures under blast loading. In this hybrid framework the initial discretization of the 
structure is constituted via Lagrangian finite elements. If any part of the structure undergoes 
large deformation (or failure), elements representing that part are replaced by particles (one or 
multiple per element). Properties of these newly generated particles are taken same as their 
parent elements. Interaction between the two discrete domains (FEM and SPH) is established 
through a transition layer. By doing so the possible error caused due to element distortion or 
failure is effectively bypassed. 
 
Keywords: Blast loading, Bridge, Explosive Reactive Armour (ERA), FEM, FEM-SPH and etc 
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The impacts of climate change and variability on different hydroclimatic variables is a great 
concern to the society. The General Circulation Models (GCMs) are able to simulate the climatic 
variation at continental/hemispheric scale. However, their outputs are not acceptable for the local 
scale impact assessment studies due to the lack of representation of sub-grid scale features such 
as topography, convective activity, land use land cover are some of them. Therefore,  
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downscaling techniques are adopted to improve the spatial resolution of hydroclimatic variables 
from GCM outputs. The usage of dynamical downscaling (e.g., Regional Climate Models) is 
restricted due to its complexity and demanding of extensive computational facilities. The 
statistical downscaling (e.g. Statistical Downscaling Model, abbreviated as SDSM) is 
computationally less intensive but it assumes time-invariant relationship between causal and 
target variables. The applicability of such assumption in the context of a changing climate is 
questionable since recent studies confirm the existence of non-stationarity in such relationships. 
In this regard, development of a new downscaling approach considering the time-varying 
relationship between causal-target variables and its use of downscaling different hydroclimatic 
variables is the broad goal of this PhD thesis.  
 
The initial part of the thesis is devoted to investigate the efficacy of an existing time-invariant 
statistical downscaling approach for the downscaling of precipitation. The SDSM is employed to 
downscale daily precipitation of different Indian River basins. The future variation of daily 
extremes is also explored. Next, effectiveness of the downscaled precipitation as input to a 
rainfall runoff model in simulating the daily inflows to a reservoir and their extremes are 
investigated.  
 
Realizing the shortcomings due to the time-invariant assumption, a new downscaling approach is 
developed and named as Time-Varying Downscaling Model (TVDM) which considers the 
relationship between causal and target variables is time-varying. It is developed based on the 
parameter updating ability of Bayesian approach. The ability of updating such relationship over 
time renders TVDM a time-varying approach that is different from other time-invariant 
downscaling approaches. The potential benefits of the developed time-varying approach 
(TVDM) are explored in identifying the precipitation extremes and their variation during the 
future period for different climate change scenarios characterized by different Representative 
Concentration Pathways (RCPs). The downscaled products are generated for three different 
hydroclimatic variables, namely precipitation, daily temperature (both maximum and minimum) 
and soil moisture using the TVDM for the entire India. 
 
The TVDM downscaled data are then compared with the SDSM and Regional Climate Model 
(RCM) outputs and found superior in estimating means, different quantiles and extreme events of 
precipitation, temperature and soil moisture in different locations within the country. The results 
reveal that the precipitation extremes are going to be more in the future period (21st century) and 
severity is even more as per RCP8.5 scenario. The temperature projected by the TVDM exposes 
that on an average a rise of ~2 °C is expected by the end of 21st century. The TVDM is also 
found more effective and reliable approach for assessing the soil moisture and its variability 
espite of complexity involved in its downscaling. These results indicate that the nonstationary 
relationship between causal and target variables is unavoidable and TVDM can be able to model 
it. 
 
In brief, the developed TVDM has shown some potential in its application in a changing climate 
due to its time-varying characteristics considering the nonstationarity issue that exists in the 
elationship between the causal and target variables. Adopting the time-varying relationship, the 
future variability of hydroclimatic variables can be better assessed at basin and continental scale. 
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It can therefore be useful for local scale impact assessment studies and also helpful in better 
management of available water resources. This information can be further used in many 
applications, such as the consequences due to hydrological extremes can be averted; the 
hydraulic structures can be designed considering the extremes obtained from climate change 
scenarios; useful for design of drainage network; planning for agricultural and other policies for 
better management of water resources. 
 
Keywords: Hydroclimatic Variables, Climate Change, Downscaling, Nonstationarity, Statistical 
Downscaling Model, Time-Varying Downscaling Model, General Circulation Model, Extreme 
Events. 
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The use of waste concrete generated from construction and demolition (C&D) waste is a 
sustainable approach to the rapidly depleting natural resources, which will not only reduce the 
huge dependency of concrete industries on the non-renewable resources but also reduce solid 
waste management issues. 
 

The scope of the study is limited to the use of recycled coarse aggregate (RCA), which is 
yielded by crushing the waste concrete in C&D debris. Recycled aggregate concrete (RAC) is 
prepared by partial or complete substitution of natural coarse aggregate (NCA) with RCA. The 
performance of fresh and hardened RAC is adversely affected owing to the inferior properties of 
RCA (mainly due to the presence of adhered mortar layer, microcracks and old interfacial 
transition zone (ITZ)). In this context, Particle Packing Method (PPM) of mix design approach is 
proposed, which is based on the idea of void minimisation by enhancing the packing density of 
the aggregate mixture of different sizes. The material inferiority is minimized by using PPM mix 
design and Two Stage Mixing Approach (TSMA) and based on the improved short-term macro-
mechanical properties (compressive strength, tensile strength and modulus of elasticity) the 
100% use of RCA is suggested. 

 
The three-point bending (TPB) test is performed using three different sizes of single edge 

notched beam. The fracture energy is evaluated by using the load-CMOD curve obtained from 
the TPB test. In this process, the curtailment of load-CMOD curve is suggested at 2% of the 
depth of the beam. The fracture energy and fracture toughness parameters of RAC is inferior to 
NAC. However, the PPM mix design approach improves the fracture properties of concrete in 
comparison to the conventional mix design approach and the fracture properties of PPM mix 
designed RAC is comparable to that of NAC prepared using conventional mix design method. 
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The microstructural characteristics are analysed using thermogravimetric analysis (TGA), 
nanoindentation technique, image analysis of back-scattered electrons (BSE) images and X-ray 
microtomographic (XRT) images. The influence different types of aggregate and mix design 
approach on degree of hydration (α) is investigated using the TGA test of hydration products 
from the 7, 28 and 90 days cured samples. A method is proposed by combining two earlier 
methods to estimate α from the recorded chemically bound water. Irrespective of the aggregate 
type a values of PPM mix designed concrete are estimated to be lower than the concrete mix 
proportioned using conventional method. For a particular type of concrete the compressive 
strength parameter is observed to be directly proportional to α at different age, whereas this 
relationship was not substantiated for concrete with different aggregate type and design mix 
approach. The Nanoindentation technique and image analysis of BSE images indicate thicker 
ITZ of RAC than natural aggregate concrete (NAC). Moreover, higher voids and unhydrated 
cement content is observed in RAC from the BSE images. The image analysis of XRT images 
suggests higher void content in RAC specimens. However, the PPM mix designed concrete 
exhibits lower void content at the meso level. An expression is proposed to predict the 
compressive strength of concrete from its microstructural characteristics and its correlation with 
the experimental results is substantiated. 

 
A systematic analysis of the influence of RCA and PPM mix design method on life cycle 

assessment (LCA) of concrete as compared to those concrete prepared using NCA and 
conventional mix design method is conducted. Considering the Indian scenario a LCA based on 
cradle-to-gate theory is conducted and the environmental impacts are measured using CML 
baseline method with the help of SimaPro and Ecoinvent 3.1 database. The primary data 
regarding the preparation of NCA and RCA are collected from the respective production 
facilities. Owing to the use of lesser cement content the advantages of PPM mix design is 
observed for each impact category. Moreover, the combination of RCA and PPM mix design 
approach exhibits minimum environmental impacts due to the lower cement consumption, 
transport distance and energy consumption. Transport activities are the second largest contributor 
in each category of environmental impacts after cement. From the sensitivity analysis the 
maximum collection distance of C&D waste is optimized for different supply distance of 
processed RCA to obtain comparable environmental impact with natural aggregate concrete 
prepared using conventional mix design method in Indian context. The maximum possible 
supply distance of RCA is determined for different impact categories with specific collection 
distance of C&D waste. 
 

The performance of reinforced RAC structural members (beam, column and slab) are 
studied with the 100% use of RCA. For this, the concrete is prepared using PPM and TSMA due 
to the improved macro-mechanical properties, fracture behaviour, microstructural characteristics 
and lesser environmental impacts. The flexure behaviour of RAC beams is observed to be similar 
to conventional concrete beams, whereas a reduction of 14% is recorded in shear strength of 
RAC beams. Expressions are proposed to predict the ultimate strength and diagonal cracking 
strength of RAC beams with and without transverse reinforcement, respectively by operating the 
database prepared by compiling the existing and present test results of RAC beams. A reduction 
of 18% is recorded in the axial load of RAC columns with respect the NAC columns irrespective 
of the tie spacing. An increment of 3% is observed in axial load carrying capacity of both NAC 
and RAC columns due to the closely spaced lateral ties. Moreover, the existing expressions in 
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ACI 318 (2008) and NZS 3101 (2006) overestimate the axial load carrying capacity of RAC 
columns. The experimental investigation indicates that, the punching shear strength of RAC 
slabs is 4.8% lower, whereas the ultimate deflection is 8.2% higher than the NAC slabs. The 
initial cracking load and strain energy absorption by RAC slabs are respectively 12.5% and 6% 
lower than NAC slabs. BS 8110-2 (1985), Eurocode 2 (2004), and JSCE (2007) uniformly and 
conservatively predict the punching shear capacity of RAC slabs. The Critical Shear Crack 
Theory exhibits conservative predictions of the punching shear capacity of RAC slabs for higher 
values of ψd / ( dg0 +dg), whereas more unconservative predictions are observed for lower ψd / 
(dg0 +dg) values. 
 
Keywords: Recycled Coarse Aggregate, Recycled Aggregate Concrete, Particle Packing 
Method, Fracture Analysis, Thermogravimetric analysis, Nanoindentation, Back-scattered 
Electrons, X-ray Microtomography, Life Cycle Assessment, Beam, Column, Slab. 
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The model plate load test results of rigid rectangular footings of different aspect ratios resting on 
geogrid-reinforced or unreinforced sand overlying soft soil are presented. Laboratory models 
tests are also carried out to investigate the interference effect on bearing capacity and settlement 
behavior of two closely spaced identical footings placed on similar type of sand-clay layered 
foundation bed as well as homogeneous sand and homogeneous soft clay bed. The width (B) and 
length (L) of the footings are chosen so that the L/B ratio (aspect ratio) is varied as 1.0, 1.5, and 
2.0. Dry sand and clay at soft state are used as granular fill and soft soil, respectively in the 
model tests. Initially, the model tests are performed on isolated footing on various sand 
thicknesses over soft clay with or without a geogrid layer at the sand-clay interface to find out 
the optimum thickness of sand where maximum improvement is observed due to placement of 
geogrid. The same thickness (optimum) of sand over soft clay is used for further studies on 
multilayer reinforcement and closely spaced footings. In some of the model tests, the 
reinforcement layers are instrumented with strain gauges to study the strain distribution along the 
reinforcement layers. Based on the test results and deformation profiles of sand-clay interface, an 
analytical model is proposed to calculate the ultimate bearing capacity of isolated rectangular 
footing resting on reinforced or unreinforced sand over soft soil. The proposed analytical model 
for isolated footing is extended for two closely spaced footings resting on unreinforced bed. A 
mechanical model is also developed to study the settlement response of reinforced and 
unreinforced granular fill overlying soft soil under rectangular loading intensity by modeling the 
granular fill as Pasternak shear layer and soft soil as spring. Geosynthetic layer is modeled as a 
rough elastic membrane. The nonlinear behavior of granular fill and soft soil is also incorporated 
in the model. The solution of the model is obtained using finite difference method. Test results 
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show that the optimum sand thickness to footing width ratio is not dependent on the aspect ratio 
of the rectangular footings. The improvement factor and settlement reduction factor increase as 
the aspect ratio of the footing decreases and the increment is more for multilayer-reinforced case. 
However, the optimum sizes of geogrid reinforcement increases with an increase in aspect ratio 
of the footing. The load-spread angle in the length direction of a footing is smaller than that in 
the width direction and it is more prominent in case of reinforced soil compared to unreinforced 
soil. It is also observed that the load-spread angle increases with the increase of L/B ratio of the 
rectangular footings and the rate of increment decreases due to the increase of number of 
reinforcement. The test results on closely spaced footings show that the maximum interference 
factor for closely spaced footings on single layer sand bed is 40% higher in magnitude compared 
to the sand-clay layered soil bed or homogeneous clay bed. It is further observed that the 
interference factors increase with an increase in the L/B ratio of the footing for both reinforced 
and unreinforced sand-clay foundation bed. The optimum spacing ratio, where the maximum 
interference effect can be observed, is independent of L/B ratio of the footings and it is 1.5 times 
and 2.0 times the width of the footing for unreinforced and reinforced sand-clay layered soil bed, 
respectively. The strain distribution along the reinforcement varies with the aspect ratio and 
spacing ratio. The predictions of bearing capacity made by the developed analytical models are 
found to be in good agreement with the experimental results. The load-settlement behaviors 
obtained from the mechanical model for isolated footings also show good agreement with the 
experimental results. Parametric studies shows that both the settlement and mobilized tension in 
geosynthetic below the centre of loaded area increase with an increase in the aspect ratio (L/B) of 
footing for a particular loading intensity with constant soil parameters.  
 
Keywords: Geosynthetics, granular fill, soft soil, rectangular footing, bearing capacity, aspect 
ratio, improvement factor, closely spaced footings, interference factor. 
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The first dual (Sewage-runoff) drainage system in the Indian subcontinent was laid out in 
Kolkata (erstwhile Calcutta) in the latter half of the nineteenth century during the heydays of 
British colonials rule. However, with the passage of time, although the over ground feature of the 
city has transferred drastically, the shape and sizes of the conduits forming the network have 
remained nearly the same with the result that there have been instance of frequent flooding of the 
streets due to surcharging (that is, overflowing) of the sewers. The flows of the sewers are 
directed to different pumping stations from where these are lifted to drainage canals, the 
combined discharge of which is disposed of to a tidal creek, some distance away from the city. 
This thesis attempts to model the flows in three of these urban sewer networks by comparing the 
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computed outflows simulated using a public domain software “SWMM” with the observations of 
the pumping station discharges. An attempt is also made to simulate the surface inundations 
caused from sewer overflows by linking the code “LISFLOOD-FP” (developed and shared by 
Professor Paul Bates, University of Bristol, UK) and compare them with the street flooding 
reports of Kolkata Police. The calibrated SWMM model is also run to check the extent of 
outflows to reach the pumping stations under various rainfall intensities. A second part of the 
thesis explores the hydraulics of the open channels that drain a peri-urban neighborhood of 
Kolkata and tries to evaluate the effects of land-use change on the variation of the peak quantity 
of runoff from the catchment. The effect of rainfall of different intensities and varying time 
distributions are investigated. The difference in the discharge from this un-sewered catchment 
and the previously mentioned sewered catchments of Kolkata are examined and 
recommendations for improvement of the drainage of these regions suggested. 
 
Keywords: Sewer, Un-sewered, Peri-urban, conduits, SWMM, LISFLOOD-FP 
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Online news media sites, be they mass media sites like The New York Times (nytimes.com) or 
CNN (cnn.com), or social media sites like Facebook or Twitter, are emerging as the primary (and 
frequently only) sources of news for a large and rapidly growing fraction of people world-wide. 
Due to the huge number of stories being published in these media sites, users usually rely on 
news recommendation systems to find important news. In this thesis, we focus on automatically 
recommending news stories to all users of such media websites, where the selection is not 
influenced by a particular user's news reading habit. 
 
When recommending news stories in such non-personalized manner, there are three primary 
metrics of interest - recency, relevance and diversity of the recommended news. Ideally, 
recommendation systems should recommend the most relevant stories soon after they are 
published. However, the relevance of a story only becomes evident as the story ages, thereby 
creating a tension between recency and relevance. A systematic analysis of popular 
recommendation strategies in use today reveals that they lead to poor trade-offs between recency 
and relevance in practice. So, in this thesis, we propose a new recommendation strategy (called 
Highest Future-Impact) which attempts to optimize on both the axes. To implement our proposed 
strategy in practice, we develop two approaches to predict the future-impact of news stories, by 
using crowd-sourced popularity signals, and by observing editorial selection on past news data. 
We further propose approaches to inculcate diversity in recommended news, which can maintain 
a balanced proportion of news from different news sections. 
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So far, the recommendation designers have assumed that the contents created by the media 
organizations are of high quality, and hence while recommending, there has not been any explicit 
attempt to check the quality of the recommended stories. However, in today's advertisement 
driven news scenario, we can no longer make such assumptions. Today, every news media outlet 
has to compete with many such outlets for reader attention and make their money from the clicks 
made by the readers. Therefore, to attract the readers to visit the media site and click on an 
article, they employ various techniques, such as coming up with catchy headlines accompanying 
the article links, which lure the readers to click on the links. Such headlines are known as 
Clickbaits. While these baits may trick the readers into clicking, in the long-run, clickbaits 
usually do not live up to the expectation of the readers, and leave them disappointed. 
 
In this thesis, we take the first step to detect and remove clickbaits from being recommended. We 
first build a classifier which automatically detects whether a headline is clickbait or not. Then, 
we explore ways to block certain clickbaits from appearing in different recommendations. We 
finally build a browser extension, `Stop Clickbait', which warns the readers about the possibility 
of being baited by clickbait headlines in different media sites. The extension also offers the 
readers an option to block certain types of clickbaits they would not like to see during future 
encounters. We believe that the widespread use of such extensions would deter the readers from 
getting lured by clickbait headlines, which in turn would disincentivize the media outlets from 
relying on clickbaits as a tool for attracting visitors to their websites. 
 
Finally, both mass media and social media sites deploy recommendations like Trending Topics, 
which rely on crowdsourced popularity signals to recommend contents. However, different 
sections of a crowd may have different preferences, and there is a large `silent majority' who do 
not explicitly express their opinion. Also, the crowd often consists of actors like bots, spammers, 
or people running orchestrated campaigns. Trending topic selection algorithms today largely do 
not consider such nuances, hence are vulnerable to extremist trends and tend to under- represent 
certain segments of the society. To address the unfairness of topic selection, we propose to 
reimagine trending topic recommendation as the outcomes of a multi-winner election that is 
periodically repeated, and identify a voting mechanism which satisfy many of the fairness 
properties we desire in trending topic (s)elections. We develop an innovative mechanism to 
attribute preferences of silent majority which is a prerequisite to provide them equality of voice. 
Through extensive experimentation and comparison with state-of-the-art techniques, we show 
that our proposed mechanism provides maximum user satisfaction, cut down drastically on tags 
which are disliked by most but hyper-actively promoted by a few users. To our knowledge, ours 
is the _rst attempt to introduce fairness in crowd-sourced recommendations, and we hope that it 
will be an important addition to the growing literature on fairness, bias, and transparency of 
algorithmic decision making systems. 
 
Keywords: Online News Recommendations, Trending Topics, Coverage Bias, Recency, 
Relevance, Diversity, Clickbait Detection, Tabloidization of Online News, Demographic Bias 
and Under-representation, Fairness and Transparency in Crowd- sourced Recommendations. 
 

LUNG CANCER RADIOMICS: EARLY PROGNOSIS USING 
SPATIO-TEMPORAL LOW DOSE CONE-BEAM CT IMAGES 
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Radiomics aims to extract meaningful information from medical images for cancer diagnosis and 
clinical decision making. Prognosis of lung cancer patients is measured in terms of indicators 
like Progression Free Survival (PFS), Overall Survival (OS), or RECIST criteria. These pieces of 
information are calculated by observing the patient response to treatment after a certain follow-
up period. Early estimation of these indicators using images can help oncologists in the 
intervention of standard clinical practice. In our approach, early estimation is computed halfway 
during the radiation treatment process. Cone Beam Computed Tomography (CBCT) images are 
low dose images of patients taken while undergoing radiotherapy. Weekly CBCT images are 
taken while the patient is undergoing treatment. This spatio-temporal sequence of images is used 
to prognosticate lung cancer patients. 
The focus of this research is to prognosticate lung cancer patients using images. Essentially, this 
means to extract knowledge from images to predict patient response to treatment. Prediction can 
be framed either as a classification problem or as a regression problem. In classification, a 
patient is labeled as a responsive or non-responsive patient. Further, as a regression problem, the 
survival of a patient in the number of weeks is also predicted. To meet either of these objectives, 
image registration and image segmentation are necessary as preprocessing steps. We explore 
rigid image registration to maximize mutual information between CBCT images and PET-CT 
pair. Further, an inverse consistent viscous fluid model based deformable image registration 
scheme is developed to register the spatio-temporal CBCT image sequence. As low dose scans 
suffer from a variety of noises, automatic segmentation of tumor is a challenging problem. 
CBCT scans delineated with the Gross Tumor Volume (GTV) by experienced radiation 
oncologists were used as gold standard to compare semi-automatic and automatic segmentation 
techniques. Local Rank Transform (LRT) helps improve the weak edges in a CBCT image. It is 
proposed to use the conventional gradient based level-sets semi-automatic segmentation with 
concepts gathered from LRT theory. It is found that the auto-segmentation cannot substitute the 
gold standard, as it performs averagely with a dice coefficient score of 0.69. However, auto-
segmentation speeds up the delineation process and can act as an initial region segmentation to 
oncologists for adjustment and correction. The registered and segmented images are used for 
survival prediction. 
Classification aims to predict responsive and non-responsive patients, corresponding to good and 
bad response in RECIST criteria, respectively. In regression, the PFS is predicted. Jacobian of a 
deformation field yields local expansion or contraction at a voxel. A model is developed from 
registering consecutive pairs of CBCT images to identify different regions of the GTV namely 
reduced, newly grown and unchanged. Analysis of the Jacobian in the responsive and non-
responsive patients shows different behavior with statistical significance in these regions. In 
addition to using homogeneous information like the GTV, the radiodensity at each voxel is used 
to compute the total mass of tumor within the GTV. This quantity accounts for heterogeneous 
changes in the GTV with treatment. Survival analysis of the data reveals that there is a 
significant difference in treatment response in responsive and non-responsive patients. Predicting 
PFS is posed as a regression problem, considering covariates obtained from patient meta-data as 
well as from tumor mass variations. The proportional hazards model is used for survival 
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regression and a concordance index of 0.64 is observed. The study concludes that there is great 
potential to early predict the effectiveness of a treatment plan. This can give oncologists insight 
that the treatment protocol may be changed to improve the response of a patient to treatment. In 
future, it is planned to experiment with more patient data and improve models proposed in this 
work. 
 
Keywords: Radiomics, Prognosis, Cone-Beam Computed Tomography, Local Rank Transform, 
Image Registration, Image Segmentation, Survival Analysis, Survival Regression 
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This work develops a new method of program assessment based on equivalence checking of 
finite state machines with data-paths (FSMDs), reporting the error and providing feedback 
towards error correction. In order to assess a student’s program, it is compared with a model 
program supplied by the teacher or instructor. For comparison, we actually establish the 
equivalence of their FSMDs, which is an intermediate representation of the programs and as 
FSMD is a graph like a flowchart, where the vertices are states and edges represent data and 
control flow, it provides scope for further analysis of paths in terms of statement containment, 
which is done after the execution of equivalence checker reports error. It uses containment 
checking algorithm, by which it categorizes the containment in the FSMD of a student’s program 
into one of the three types of cases identified in this work, in order to assess the student’s 
program. These categories of containment can be mapped to various types of errors in the 
programs with respect to the golden model, which may creep in while programming. The details 
of these errors and the methods for detecting and reporting them are described in this thesis. 
Various cases of errors in the students’ programs have been correctly analyzed.  

Conditional constructs require the conditions to follow a precedence order, so that the 
code corresponding to no condition is un-reachable. If there is a violation of precedence in 
occurrence of conditions, then the program can be immediately declared to be erroneous. This 
work describes how handling conditional constructs could be done as a pre-processing step to the 
equivalence checking to facilitate better feedback to the student. This work further addresses the 
variable mapping problem, as the reference program is likely to use variable names that are quite 
different to those used in the students’ programs. This problem is important as the equivalence 
checking method requires that the names of the variables used must be the same, in the programs 
whose equivalence is to be established.  

Next in the thesis, the automated checking of approximate equivalence of expressions 
that cannot effectively be checked through formal equivalence checking is described. It is based 
on a randomised simulation in a given domain. The final topic covered is an automated 
evaluation scheme for awarding marks to student programs. 
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Keywords: FSMD, equivalence checker, containment checking, cut-point, last correct 

state (LCS), corresponding state of last correct state (CSLCS). 
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Understanding scholarly articles is a key ingredient of impressive research recipe. Scholarly 
articles keep the scientific community up to date with the current research and development 
results and ideas. With the tremendous advancement in Internet infrastructure, we are witnessing 
an ongoing explosion in scholarly information that is generated. In this thesis, we attempt to 
introduce, study and solve some of the challenges emanating from scholarly volume overload. In 
particular, we look into three different dimensions: (i) metadata, structure, bibliography and 
experimental performance extraction from scholarly articles, (ii) designing network-assisted 
aging growth models for evolving citation networks with novel proposal of temporal summaries, 
and (iii) leveraging textual and network information to design long-term scientific impact 
prediction frameworks. While the first objective is related to the curation of scientific data, the 
second one pertains to its growth and the third one demonstrates real-world application.  
 
Curation: We develop two open-source knowledge extraction frameworks for scholarly articles. 
The first framework, OCR++, is a hybrid framework to extract textual information such as 
metadata, structure, and bibliography from PDF research articles. OCR++ employs a variety of 
Conditional Random Field (CRF) models and hand-written rules specially crafted for handling 
various tasks. The second framework mines experimental performance from papers embedded 
within comparative tables to construct performance tournament graphs that encode information 
about performance comparisons between scientific papers. We also present a bunch of different 
ways to aggregate the tournament edges and a bunch of ways to score and rank papers on the 
basis of this incomplete and noisy information. We show that our scheme of ranking brings forth 
the state-of-the-art papers at the top of the ranklist unlike well-established academic search 
systems like Google Scholar and Semantic Scholar that mostly place highly cited papers at the 
top of the ranklist. Also, the system is useful in automatically discovering and maintaining 
leaderboards in the form of partial orders between papers.  
 
Growth: We next present the first plausible network-driven set of models for obsolescence in 
the context of research paper citations, based on a natural notion of relay-linking. In fact, we 
observe that such a relaying process indeed exists by conducting a challenging micro-scale 
experiment on real data. We propose several measurements on citation network that constitute 
temporal signatures summarizing the coexistence of entrenchment and obsolescence. Our 
proposed network influenced models of aging mimic temporal signatures of real networks better 
than state-of-the-art aging models.  
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Application: Finally, as an application of curated scientific knowledge, we improve upon 
scientific impact prediction. We present empirical evidences of high correlation between (i) two 
textual features extracted from the citation contexts and (ii) three different characteristic 
properties of early citers with long-term citation counts of the paper. We append these features 
along with various other features available at the time of publication to improve the prediction 
accuracy of state-of-the-art baselines with high margin.  
 
Keywords: scholarly knowledge, information extraction, citation network, performance graph, 
network growth, long-term scientific impact.  
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The design of embedded real-time control systems requires careful balancing of control 
performance and computational bandwidth needs. With the widespread adoption of embedded 
software based control under the overarching umbrella of cyber-physical systems, it has become 
necessary to share embedded processors among multiple control loops, sometimes belonging to 
features having widely different sampling rates and control task sizes. It is also not uncommon to 
have features that are live only in some states of the embedded system and sleeping in other 
states. For example, the rear parking sensing feature of an automobile is live only when it is in 
reverse gear. 

The dynamic nature of the computational needs of a modern embedded control system, 
both in response to engaging/disengaging of features and in response to varying control/power 
performance requirements has highlighted the necessity for re-examining some of the classical 
practices of control design. The use of multi-rate control as a mechanism for optimizing power, 
performance and computational resources is one such paradigm of interest to the embedded 
control community. This thesis presents a bouquet of new methodologies for these tasks. 

The primary goal of this research is to study the trade-off between control performance 
and resource requirements by regulating the rates of sampling the plant and scheduling the 
control tasks. In our study, we consider various types of resources, including computing 
resources, power consumption, etc. This thesis demonstrates the benefits of regulating the 
sampling rates adaptively and to find the methods for doing such adaptive regulation during the 
execution of the controller. Towards these objectives, the current investigations have led to 
several problems and their solutions, which are outlined below. 
Multi-rate Control for Performance Driven Resource Utilization: 

This thesis studies the benefit of partitioning the operating space of a control system and 
then using controllers with suitable sampling rates in each zone. An algorithmic basis for 
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choosing the sampling rates in various operating zones is provided, without 
compromising the control performance. 

 
Disturbance Driven Control Optimization using Multi-rate Sampling: 

This thesis studies dynamic switching between sampling rates in response to varying 
levels of input disturbances. A methodology is provided, that uses a pre-synthesized set 
of sampling modes for different disturbance levels, and develops a set of controllers for 
these modes. 

Multi-rate Sampling for Power-Performance Trade-off: 
This thesis develops a methodology for improving the power efficiency of a low power 
embedded control system without compromising the control performance by using multi-
rate control. 

 
Multi-rate Sampling and Stability: 

This thesis addresses the stability issues of the multi-rate controllers associated with 
linear time-invariant control systems and formalizes the basis of selecting the sampling 
rates for the different sampling modes, such that the overall system stability under 
arbitrary switching can be guaranteed. 

 
Keywords: Embedded Real-time Control Systems, Software-based Control, Control 

Performance, Stability, Resource-Aware Embedded Control Design. 
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Micro-architectural attacks have found tremendous relevance in cloud and server based 
environments because many architectural components are found vulnerable when exploited by 
intelligent adversaries. These micro-architectural components have evolved over the years with 
performance improvement as its sole motivation. However when cryptographic algorithms are 
implemented on these hardware architectures, the execution footprints leak the secret keys which 
the cipher tries to protect. This thesis attempts to make a detailed investigation on the possible 
vulnerabilities of important micro-architectural features and their impact on the security of 
executing cryptographic algorithms. This thesis starts with the security analysis of one of the 
most important architectural constructs- branch predictors. The thesis exposes that commercial 
branch predictors even existing in well-known processors, can be approximated by classic text 
book branch prediction methods. The thesis further shows how a combination of such an 
approximated model, combined with the branch-misses observed via side channels like HPCs or 
timing, can be utilized to reveal secret keys of standard RSA-like ciphers. The work 
subsequently shows the first reported software driven fault analysis of such RSA-like ciphers, by 
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exploiting Rowhammer attacks on contemporary DRAM chips. The feasibility of such bit flips 
motivated us to perform a detailed fault analysis of the branch-predictor units, showing the 
importance of fault tolerance in architectures. We then extend our attacks to several protected 
designs using blinding a novel attack technique, named as Deduce & Remove, showing that 
secured implementations can be targeted due to the leakage from underlying architectures. The 
work then then inspects mobile platforms and demonstrates the feasibility of timing attacks on 
popular Bouncy Castle library which is being used by 11735 Apps. The later part of the thesis 
engages itself in detecting leakages from Branch predictors using Statistical t-test. The thesis 
finally addresses the very important aspect of performance versus secure design choices in 
designing branch predictors with respect to several new attacks that we investigate.  
 
Keywords: Micro-architecture, Branch predictors, Hardware Performance Counters, Public-key 
cryptosystem 
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The survival strategy of bacteria depends on its capability to adapt and respond to the ever-
changing environmental conditions. This specific skill of bacteria to respond to chemicals is 
called chemotaxis and is possible by the run and tumble motion as guided by the rotational 
direction of the bacterial flagella. The bacterial flagellar motor consists of rotor and stator. 
Bacterial flagella can rotate either in counterclockwise (CCW) or clockwise (CW) direction, 
which is governed by the conformational states of the motor (i.e., rotor and stator) proteins 
located at the base of flagella.  
 
This dissertation focuses on the construction of protomer unit of the flagellar switch complex. 
The asymmetry between 26 copies of FliG and 34 copies of FliM has also been attempted to 
solve using the developed protomer unit. The switch complex assembly fulfilling the 
experimentally available geometric constraints has been built to understand the molecular 
mechanism behind the bacterial flagellar switching. The diameter of our assembled switch 
complex rotor ring corroborates with Morimoto and Minamino (Biomolecules (2014) 4, pp 217-
234). Our arrangement of protomer units across the flagellar cross-section finds a closer 
resemblance with the conformational spread model. Normal mode analysis results helped us to 
propose the mechanism of flagellar switching.  
 
Next, we propose a computational framework by combining two orthogonal approaches (namely, 
sequence-based and structure-based) to identify critical residues responsible for protein 
interactions. Our proposed technique has been successfully tested on the phosphate sink 
mechanism of CheV in Bacillus subtilis, suggesting that the phosphate sink property of CheV is 
being affected by single point mutations in the critical residues of wild-type CheV. The novelty 
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of our advanced method lies in the identification of Ala41, which being apart from the phosphate 
binding site can significantly reduce the binding affinity from 9.2 for wild-type to -16.9. We 
designed stable mutants of the CheC-CheD complex in B. subtilis which will function similar to 
the wild-type CheC-CheD complex, in order to understand the CheC-CheD system in the 
adaptation mechanism. 
 
Finally, we propose an advanced machine learning based phosphorylation site prediction method 
to identify protein phosphorylation sites using amino acid specific features as input. Our 
proposed computational approach implements a lightGBM algorithm using evolutionary, 
structural, sequence environment, and amino acid specific features to predict phosphorylation 
sites. Our approach proved to be much better than existing machine learning and deep learning 
based methods. Our method is useful in identifying phosphorylation sites of chemotaxis proteins, 
and hence, will assist to further explore molecular mechanism for bacterial chemotaxis. 
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Real-world systems are mostly comprised of multiple inter-related subsystems and hence, can be 
accurately represented as multilayer networks. Understanding different characteristics of these 
multilayer networks is of prime importance as it is essential in accurately discerning the true 
behavior of the underlying real-world systems. In this thesis, we investigate the following 
structural and dynamical behaviors of multilayer networks through the lens of data science and 
network science. 
 
(a) Community structure: We propose a community detection algorithm for multilayer 
networks. The crux of this algorithm is based on a novel multilayer modularity index QM. The 
proposed algorithm is parameter-free, scalable and adaptable to complex network structures. 
More importantly, it can simultaneously detect communities consisting of only single type, as 
well as multiple types of nodes (and edges). We evaluate the performance of the proposed 
community detection algorithm both in the controlled environment (with synthetic benchmark 
communities) and on the empirical datasets (Yelp, Meetup and Digg datasets); in both cases, the 
proposed algorithm outperforms the competing state-of-the-art algorithms. 
 
(b) Information diffusion: In this work, we investigate the information diffusion dynamics in 
the context of multilayer networks. We specifically concentrate on the popular online 
microblogging network Twitter where information propagates via two modalities - retweeting 
and mentioning. We develop an analytical framework for cascade formation considering both 
retweet and mention activities into account. The proposed framework CF

M  analytically 
computes the cascade size, depicting tweet popularity and discovers the presence of a critical 
retweet rate, under which mentioning in a tweet significantly helps in cascade formation. 
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Additionally, taking cues from the model, we propose a mention recommendation system 
Easy-Mention which outperforms the state-of-the-art mention recommendation strategies. 

 
(c) Node movement across layers: We conduct an empirical study to understand the dynamics 
of node movement across the layers of multilayer networks. For this purpose, we concentrate on 
the knowledge social network where each layer contains the researchers working in a particular 
field, as nodes and a link among a pair of nodes signify collaboration between the corresponding 
researchers. Due to shift of research interest, researchers often tend to migrate from one field 
(layer) of research to another field (layer), which depict the node movement across the layers of 
the multilayer network. We investigate the key factors regulating a researcher’s (node’s) decision 
to migrate to a specific research field (layer) and observe the effect of such migration on her 
career and the respective field (layer). We observe that in general publication quantity and 
quality, collaborator profile, fields’ popularity contribute to a researcher’s decision of field-
migration. 
 
(d) Entity recommendation: Most of the classical recommendation systems perform poorly 
while recommending entities in systems with multiple interacting entities, which we observe in 
most real systems. For instance, in event based social networks such as Meetup, a collection of 
entities (say, events, groups, venues and members) interact with each other both online and 
offline. In such a scenario, we present a deep learning based venue recommendation system 
DeepVenue which provides context driven venue recommendations for the Meetup event-hosts 
to host their events. For hosting an event, the proposed DeepVenue model computes a score for 
each candidate venue and returns the list of top k venues ranked by these scores. Our rigorous 
evaluation shows that DeepVenue significantly outperforms the baselines algorithms. Precisely, 
for 84% of events, the correct hosting venue appears in the top 5 of DeepVenue recommended 
list. 
 
Summarizing, in this thesis we analyze the multilayer networks from the perspective of different 
structural and functional properties with the help of state-of-the-art network science and data 
science techniques. Furthermore, we develop several applications such as Easy-Mention, 
DeepVenue for the benefit of the users belonging to multiple real multilayer networks. 
Keywords: multilayer networks, community, information diffusion, mention recommendation, 
entity recommendation, venue recommendation, node movement, scientific migration, Twitter, 
Meetup, knowledge social network. 
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Document segmentation is the process of extracting homogeneous regions from a document 
image. The primary objective of this work is to develop techniques for segmentation of 
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documents to make them suitable for later stages of processing. Regions in a document may 
either be segmented individually or using generic segmentation technique. Most of the 
segmentation techniques use prior knowledge of the contents in a document. But there are large 
variations in the structure, shape, and characteristics of a region from one document to another. 
Therefore, capturing all these variations present in different regions of various documents is 
quite challenging in case of training based segmentation techniques. In this thesis, we have 
developed document segmentation techniques, performance of which is not fully dependent on 
the variations present in the training data. The proposed techniques extract a set of features from 
the regions of a document. Using these features, homogeneous regions are grouped together. 
Later, segmentation is performed using prior knowledge of the properties of the regions present 
in a document. Here, novel techniques for segmenting targeted regions like, margin noise, 
stamps, logos, tabular structures, and separators have been developed. A novel segmentation 
technique using both supervised and unsupervised method in tandem has also been developed. A 
few applications of document image segmentation are also presented. A semi-automatic 
annotation tool, Anveshak, has been developed for generating annotated datasets. 
 
For segmenting a document in unsupervised manner, a gap-filling based layout analysis 
technique is presented. This technique is used for detection and removal of margin noise. Our 
layout analysis approach serves as the basis of a document re-targeting algorithm for displaying 
the contents of a document in low resolution display devices in an efficient manner. For 
detecting stamps and logos in a document, an outlier detection based method is also presented. 
Moreover, removal of stamp pixels from overlapped document regions has also been considered, 
and appropriate techniques to handle such scenarios have been proposed. In order to detect 
tabular regions, a structural similarity measure based method has been proposed. This similarity 
measure computes the structural similarities between a pair of rows contained inside a tabular 
region. The tabular region detection technique is further used for identifying document regions 
like tables and separators. Based on consensus of similarities in a feature space, a clustering 
method for document segmentation has been developed. This technique is further used along 
with a supervised classifier to identify document regions. Performance of the proposed methods 
has been evaluated using publicly available datatsets as well as datatsets generated using 
Anveshak with respect to well-known metrics. 
 
Keywords: Document segmentation, Automatic document processing, Annotation tool, Layout 
analysis, Document image re-targeting, Margin-noise removal, Stamp and Logo detection, 
Tabular region detection, Table detection, Separator detection, Consensus based clustering. 
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The growing demand for mapping diverse embedded applications on to shared processors has 
brought focus on control-scheduling co-design approaches. In the co-design context, to cope with 
multiple design trade-offs between control and platform parameters, non-uniform execution of 
controllers has become a promising alternative to the traditional periodic executions. This thesis 
primarily focuses on such non-uniform pattern guided execution of the controllers and proposes 
a bouquet of new formalisms and frameworks for efficiently addressing various aspects of this 
control-scheduling co-design problem. The primary contributions of this thesis are as follows: 
 
•  The thesis develops an adaptive scheduling framework for a set of control loops by 
introducing the notion of loop execution patterns. A structured synthesis mechanism is proposed 
for generating such loop execution patterns under different input disturbance scenarios. The 
proposed synthesis methodology employs stable adaptive switching between loop execution 
patterns for improved quality of control and resource utilization while guaranteeing the 
schedulability of the loops.  
 
•  The thesis presents a unique framework for post-processing a static schedule of a set of 
control loops such that combined control performance can be improved further. The proposed 
method instruments each loop to switch between multiple controllers by co-operatively sharing 
their execution slots.  
 
•  The thesis provides a fault tolerant framework for synthesizing the specifications of a set 
of loop execution patterns that are robust enough to guarantee the desired control performance 
under platform non-idealities. The synthesis process is developed leveraging the concept of 
bounded model checking for generating such robust specifications. 
 
•  The thesis develops a co-design framework to synthesize a co-schedulable combination 
of loop execution patterns for a set of control loops over a shared wireless multi-hop control 
network, along with their associated routing solution, such that overall control performance gets 
optimized. The proposed framework is also shown to be useful for evaluating fault tolerance of a 
resource-constrained shared network subject to communication link failures. 
 
Keywords: Embedded Control Systems, Software-based Controller, Loop Executions, 
Scheduling, Control Performance, Stability. 

 

 
FOUR-QUADRANT FRACTORS AND THEIR APPLICATIONS 

IN FRACTIONAL ORDER CIRCUITS 
 

Avishek Adhikary 
Supervisors: Dr. Karabi Biswas and Prof. Siddhartha Sen 

Department of Electrical Engineering 
Accession No.: NB16117 

 
Fractors have constant phase angle behaviour, but, they are generally capacitive in nature, i.e., 
their impedance phases lie in the fourth quadrant. However, using typical generalized impedance 
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converter (GIC) circuits, one can obtain fractors in any of the four quadrants, thus, broadening 
the scope of applications. The design and realization of these four quadrant fractors from given 
speci_cations and their application in electrical circuits are elaborated in the present thesis. 
First, a set of design guidelines are proposed for the RC ladder network so that fractors of given 
_, F, constant phase zone (CPZ) and phase band can be realized. Next, using this RC ladder 
based factor in a typical grounded GIC circuit, tunable fractors are realized in all of the four 
quadrants. Such four quadrant fractors are named as, Type I, Type II, Type III and Type IV 
fractors. This work also studies the effects of non-idealities of op amps on the phase and 
magnitude response of such GIC-emulated fractors. Here, two typical non-ideal characteristics 
are considered, i.e, _nite open loop gain and _nite unity gain frequency. Based on these studies, 
conditions are derived for the minimum phase and magnitude errors. From these conditions, 
suitable guidelines are proposed for Type I and Type II fractor design. Several practical 
realizations and experimental results are presented in this context. 
Next, different high-quality factor FO circuits are designed using such GIC based Type II fractor. 
This includes the practical realization of tunable FO series and parallel resonators, FO bandpass 
filter and FO notch fillter. It is shown that the GIC based fractors o_er negative real impedance 
which helps to achieve high Q factor in the said FO circuits. Besides, varying one of the GIC 
resistors one can tune the fractance of a GIC-based fractor. This in turns helps to tune FO 
resonators and filters in practice. 
Finally, the realization of a typical carbon nanotube (CNT) based, single component fractor is 
presented. It is a packaged electrochemical fractor with CPZ more than six decades and shelf life 
for more than 18 months. Detail study on different configurations of such CNT based fractors is 
presented in this context. As one of its applications, some practical examples of tunable 
resonators, made by proposed single component fractor, are also presented. 
 

ALERTNESS ASSESSMENT USING BRAIN 
SIGNALS 

Anwesha Sengupta 
Supervisor: Prof. Aurobinda Routray 
Department of Electrical Engineering 

Accession No: NB16125 
 

Alertness in human beings is the state of paying close and continuous attention and/or the 
cognitive process of selective concentration on one aspect of the environment. Maintenance of a 
performance level over time calls for sustained vigilance, selective attention and complex 
decision-making abilities. Fatigue is a Signiant cause of drop in alertness levels. Several 
approaches for tracking change in level of alertness of human beings using physiological signals 
have been reported, of which Electro-encephalogram (EEG) and blood biochemical-based 
methods have reported the best accuracy. EEG is sensitive to decreasing alertness and decline in 
vigilance and has been shown to predict performance degradation due to continuous mental 
work. EEG has widely been used to judge the alertness level of an individual during monotonous 
tasks or tasks requiring sustained attention or response to specific stimuli. The present thesis 
deals with the use of EEG-based methods for the study of drop in alertness levels in human 
subjects due to fatigue. The work includes results of experiments to induce fatigue by sleep 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 178 

 

deprivation and due to continuous and repetitive performance of cognitive tasks. A complex 
brain network structure has been developed for study of fatigue and sleepiness at deferent stages 
of a sleep-deprivation experiment and analyzed using standard network parameters. An 
experiment design for the study of fatigue induced due to continuous and repetitive performance 
of cognitive tasks has been presented and a multimodal scheme for the detection of alertness 
level of a subject based on EEG, speech and ocular features has been proposed. A novel scheme 
for analysis of dynamic characteristics of brain networks using Motif Synchronization has been 
presented. A method for calculation of EEG complexity using a combination of a motif series 
and the effort-to-compress technique has also been proposed.  
 
Keywords: Alertness, EEG, Visibility Graph, Complex Network, Motif Syn-chronization, EEG 
Complexity. 
 

 
FRACTIONAL ORDER EQUIVALENT CIRCUIT 

MODELING AND STATE OF HEALTH ESTIMATION 
OF LITHIUM-ION BATTERIES 

Arijit Guha 
Supervisor: Prof. Amit Patra 

Department of Electrical Engineering 
Accession No: NB16130 

 
Nowadays, lithium-ion batteries are the most preferred power sources used in consumer 
electronics, automotive and bio-medical applications due to their high energy density, smaller 
size, high power density, low self-discharge, longer cycle life, no memory effect etc. as 
compared to other types of batteries available in market. The usage pattern of a lithium-ion 
battery largely affects its overall life and reliability. In order to improve the battery safety, 
efficiency and reliability, a battery health monitoring system (BHMS) is very much essential, 
especially for electronic gadgets and electric vehicles. In order to design a BHMS, an accurate 
battery model representing the real battery is essential for efficient monitoring of the state of 
charge (SoC) and state of health (SoH) of batteries. As many of these states are not directly 
measurable, they are usually estimated based on model-based algorithms. Based on the literature, 
significant amounts of research have been carried out to develop electrical equivalent and 
degradation models for lithium-ion batteries for this purpose. 
This thesis considers the existing battery models and proposes an approach for estimation of the 
electrochemical impedance spectrum (EIS) of lithium-ion batteries based on a fractional order 
equivalent circuit model (FOECM) which can be implemented online. The parameters of the 
FOECM are determined using recursive least squares (RLS) technique in conjunction with a 
fractional order state variable filter (FOSVF) based on current and voltage measurements. 
Regarding SoH monitoring, a method for the estimation of remaining useful life (RUL) of 
lithium-ion batteries has been presented based on a combination of its capacity degradation and 
internal resistance growth models. Further the aforesaid models were fused together to obtain a 
new degradation model for RUL estimation, which improved the uncertainty in prediction as 
compared to the individual models by maintaining satisfactory prediction accuracy. Finally, the 
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internal resistance degradation model obtained based on the estimated EIS spectrum is used in 
the prognostics framework to predict the RUL of the battery quite satisfactorily as compared 
to the RUL obtained based on EIS measurements. The advantage of the proposed online EIS 
estimation approach can be continuous monitoring of the battery health at regular cycle intervals 
based on estimated battery model parameters without the use of expensive EIS equipment. 
 
Keywords: Lithium-ion batteries, equivalent circuit model, parameter estimation, 
electrochemical impedance spectrum, state of charge, state of health, remaining useful life. 
 
 

DETECTION OF WEAK FAULTS IN SQUIRREL CAGE 
INDUCTION MOTORS USING FREQUENCY ESTIMATION 

TECHNIQUES 

Arunava Naha 
Supervisor: Prof. Alok Kanti Deb and Prof. Aurobinda Routray 

Department of Electrical Engineering 
Accession No.: NB16179 

 
This thesis represents the research work to detect low-amplitude stationary and nonstationary 
signals and its application to the diagnosis of weak faults in Squirrel Cage Induction Motors 
(SCIM). SCIM incipient faults include Broken Rotor Bar (BRB), eccentricity faults, bearing 
defects, and inter-turn short circuit fault. If the incipient faults are not detected at an early state, 
and proper maintenance is not carried out, then it may result in complete failure of the motor and 
loss of production. 

In this research, SCIM faults are detected by identifying fault specific frequency 
components in the motor armature current and motor vibration signal spectrum. First, a Multiple 
Signal Classifier (MUSIC) based method has been developed to detect the SCIM faults under 
low loads using a single phase current signal at steady state. The size of the autocorrelation 
matrix for MUSIC has been estimated from the derived analytic relations between the matrix size 
and the required frequency resolution. Under some applications, the loading of the motor 
changes with time and during that transient period, the steady-state fault diagnosis methods may 
fail. Therefore, another method is developed to detect SCIM faults during the time-varying and 
fixed loading conditions. However, the loading of the motor needs to be higher compared to the 
steady-state based method to detect the faults. In some applications, the primary requirement is 
to develop a low-cost online system for continuous condition monitoring. Therefore, a fault 
detection algorithm with low computational complexity has been developed which uses only a 
single current sensor. The low complexity method can detect faults during the steady state of the 
motor operations but needs higher loading compared to the first proposed method. Sometimes it 
may be required to quickly assess the motor health without any dedicated sensor or processing 
unit. For such requirements, an Android application has been developed which will convert any 
Android mobile phone with inbuilt accelerometer into a SCIM fault diagnosis tool. The proposed 
four algorithms have been tested using data from a laboratory setup of 22kW SCIM loaded by a 
24kW DC generator. 
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Keywords: Induction motor, fault diagnosis, Extended Kalman Filter, Frequency Estimation, 
MUSIC, Blackman-Tukey algorithm, broken rotor bar, inner raceway fault, outer raceway fault, 
rolling element fault, static eccentricity, dynamic eccentricity, mixed eccentricity, multi-coset 
sampling, Android programming. 
 
 

QUASI PARALLEL VOLTAGE REGULATOR TOPOLOGY FOR 
POWERING LAPTOP PROCESSORS 

 
B G Tilak Vangalapudi 

Supervisor: Prof. Debaprasad Kastha 
Department of Electrical Engineering 

Accession No.: NB16191 
 
With increased number of integrated transistor count and clock speeds, the present day mi- 
croprocessors are operating with sub 1 V supply voltages while demanding currents more than 
100 A with high slew rates of 1.9 A/ns at the CPU socket. This imposes stringent challenges for 
the voltage regulators (VR), a dedicated power supply to the microprocessors, in terms of 
efficiency, voltage regulation, power density and dynamic performance. In addition, the VR for 
laptop processor has to also cope up with wide input voltage variation (9 V to 19 V) and should 
offer very good light load efficiency to extend the battery life. The conventional multi-phase 
buck converter, as a VR, suffers from lower efficiency and limited dynamic performance 
because of its very low duty ratio operation. 

This thesis presents a quasi-parallel topology that is suitable as a laptop processor power 
supply. It consists of a Phase Shift Full Bridge converter (PSFB) and a synchronous buck 
converter, the inputs of which are connected in series to divide the total input voltage while the 
outputs are connected in parallel to share the load current. The output voltage is regulated with 
fast dynamics against load change and input voltage variation while the input voltage to the buck 
converter is also regulated at a relatively low value to improve the overall converter efficiency. 
Its design and efficiency characteristics obtained from a laboratory prototype are presented. Few 
methods to improve the efficiency of the converter at light loads are also presented and 
experimentally verified. The converter is shown to achieve at least 1.8% higher peak efficiency 
and 5.8% and 33% higher efficiency at 1 A and 0.1 A load currents respectively compared to a 
three-phase buck converter suitable for such application. 

A small signal model of the converter is obtained from the existing small signal models 
of the PSFB and the buck converter. Two closed loop controllers, a decoupled controller and a 
state feedback controller, are designed for this converter. Experimental results shows that while 
both the controllers meet the dynamic performance specification for laptop VRs, the state 
feedback controller reduces the settling time of the output voltage during load transients by 
almost a factor of two compared to the decoupling controller. A control technique to change the 
operational modes of the converter from the high load mode to the light load modes (for 
improved efficiency) and vice versa is also presented and experimentally verified. 

 
Keywords: Laptop processors, voltage regulator, quasi-parallel, decoupled, state feedback. 

 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 181 

 

CONTROL SCHEMES FOR SINGLE-INDUCTOR MULTIPLE-OUTPUT 
DC- DC CONVERTERS WITH SIMULTANEOUS BUCK AND BOOST 

OUTPUTS 
 

Jyotirmoy Ghosh 
Supervisor: Prof. Amit Patra 

Department of Electrical Engineering 
Accession No: NB16273 

 
Modern battery operated portable devices are developed with multiple supply levels for different 
functional modules to optimize the power dissipation and extend the battery life in a space-
constrained light weight design. Conventional PMIC for these devices employ multiple parallel 
buck (for voltage step-down applications) and boost (for voltage step-up applications) converters 
with additional low dropout (LDO) linear regulators (for post-regulation) to generate multiple 
supply voltages. While this implementation requires several costly and bulky inductors placed in 
closed proximity, the linear regulators show poor efficiency at large dropout voltage. Recently, 
single-inductor multiple-output (SIMO) DC-DC switching converters have been proposed in 
literature as a promising solution to generate regulated supply voltages by sharing the energy of a 
single inductor. SIMO topologies avoid the crosstalk among inductors, reduce the number of 
power switches, and bring down the size of the passive components. However, all the outputs 
being coupled, these converters suffer from cross-regulation effect amongst the outputs which 
degrades the system performance and can destabilize the converter for large load steps. 

This thesis presents the design and implementation of control schemes for a triple-output 
non-inverting buck-boost SIMO converter that can simultaneously generate two buck outputs 
(1.2 V - 3.3 V , maximum load currents of 900 mA) and one boost output (15 V , maximum load 
current of 60 mA). The buck outputs are suitable to supply processor core, memory module, I/O 
etc. and the boost output can generate high voltage for display driver applications. While the 
target converter presents an area and cost efficient alternative for the industry leading PMICs, the 
imbalance in output voltages and load currents makes the design difficult and challenging to 
realize. 

SIMO converters cannot be modeled accurately by conventional circuit averaged method 
as the small ripple approximation of the inductor current does not hold good for this class of 
converters. Consequently, a small-signal model of the converter has been developed using a 
modified state-space averaging method. The modeling technique computes the average inductor 
current for each mode and incorporates the correction for the inductor current ripple in the 
corresponding state matrix. It can be observed that the derived transfer functions of different 
interacting loops have right-half plane (RHP) zeros. Therefore, sophisticated control techniques 
are required to achieve the desirable closed loop performance.  

The proposed control schemes involve generation of a reference for the peak value of the 
inductor current which controls total energy flow to the loads. The intermediate levels of the 
inductor current are determined by either voltage mode or current mode control to ensure 
independent regulation of each output. Further, as the converter operates in pseudo- continuous 
conduction mode (PCCM), a load dependent valley current reference has been generated which 
controls the freewheeling period of the inductor current to optimize the efficiency of the 
converter. The experimental results of the SIMO converter implemented with discrete 
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components on PCB, and the post-layout simulation results of a prototype IC validate the 
proposed control techniques and show excellent cross-regulation performance. 
 
 
Keywords: DC-DC switching converter, Power Management Integrated Circuit (PMIC), Single-
Inductor Multiple-Output (SIMO) converter, Pseudo-Continuous Conduction Mode (PCCM), 
Cross-regulation. 
 
DIAGNOSTICS AND PROGNOSTICS OF HUMAN CARDIOVASCULAR 

CONDITIONS VIA LUMPED PARAMETER MODELING 
 

Karan Jain 
Supervisor: Prof. Srinivasu Maka and Prof. Amit Patra 

Department of Electrical Engineering 
Accession No.: NB16419 

 
The mathematical models of physiological systems are helpful in understanding the functions of 
the underlying physiology and can aid in generating new pathological and physiological theories. 
Hence, these can facilitate clinical prediction of system failure at an early stage of disease 
development. In this work, we have taken up the human cardiovascular system for such a study. 
Firstly, a lumped nonlinear model of the cardiovascular system is presented which describes the 
dynamics of the systemic and pulmonary circulations. The variations in the blood volume and 
the pressure in the right and the left ventricular chambers of the heart are then explained 
quantitatively. 
Secondly, the coronary path is modeled explicitly in a cardiovascular system, and then the model 
is utilized to detect coronary arterial blockage. It is shown that the performance of the heart 
deteriorates when the coronary path gets blocked. Thirdly, a reduced order cardiovascular model 
is developed which focuses on systemic circulation. This model is utilized to diagnose the 
pathological condition of atherosclerosis. The developed models are tested on the healthy as well 
as diseased data to understand their clinical relevance. Though a major part of the work covers 
model-based diagnostics of the aforementioned cardiovascular conditions, later on, the 
possibility of extending the work to prognostics side is also shown. A particle filter based 
mathematical framework is utilized to predict the time it would take to reach the stage of critical 
arterial blockage 
that may cause heart attacks. In the entire work, nonlinear least squares minimization technique 
(based on Levenberg-Marquardt algorithm) is utilized for estimating model parameters by 
minimizing the error between the measured and the estimated quantity (the radial artery 
pressure). 
 
Keywords: Cardiovascular system, lumped nonlinear model, coronary arterial blockage, 
atherosclerosis, model-based diagnostics, prognostics, particle filter, nonlinear least squares, 
radial artery pressure 
 

 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 183 

 

DISTRIBUTED GENERATORS PLANNING AND OPERATIONAL 
STRATEGIES IN DISTRIBUTION SYSTEMS 

 
Kiran Jasthi 

Supervisor: Dr. Debapriya Das 
Department of Electrical Engineering 

Accession No.: NB16241 
 

Optimum Distributed generators (DGs) sizing and network reconfiguration are two 
prominent techniques for loss minimization in the distribution system. Apart from the loss 
reduction, the DGs can be used to improve voltage stability of the system. In this thesis, an 
analytical method is proposed for the optimum DG size considering loss minimization and 
voltage stability improvement. The effect of DG sizing on system load-ability is discussed. The 
day by day evolution of the smart grid with the deployment of automation and communication 
systems along with high processing computers, the network reconfiguration is one of the best 
options for optimum operation of the distribution system. A heuristic cum analytical algorithm 
based on loss formula is proposed for simultaneous reconfiguration and optimum DG sizing and 
siting in the distribution system. The initial voltage selection effect on the algorithm is tested, 
and results are implicating that it requires no load flow solution. The algorithm tested on four 
standard distribution systems, and the results are promising in terms of loss and execution time. 

The practical distribution systems are usually unbalanced. A three-phase loss formula is 
proposed, and an analytical method is proposed using this loss formula to obtain optimum DG 
size and location in an unbalanced distribution system. A simultaneous reconfiguration and DG 
sizing algorithm for unbalanced distribution is proposed based on this loss formula. The 
algorithm further extended to have a cost-effective DG sizing and reconfiguration algorithm. The 
algorithms are tested on two standard unbalanced distribution systems. 

 
 

MODELING AND ANALYSIS OF THE 
SIMPLEST MAMDANI TYPE FUZZY PID 

CONTROL SYSTEMS 

KM Arun Neelimegham 
Supervisor: Prof. B M Mohan 

Department of Electrical Engineering 
Accession No: NB16140 

 
The present thesis deals with modeling of the simplest fuzzy controllers of Mamdani type. The 
term \simplest" implies smallest possible con_guration while obtaining the models of the 
controllers. The mathematical models of the simplest fuzzy controllers are mostly nonlinear and 
are useful in analysis, design and implementation. Fourteen models of the simplest fuzzy PI or 
PD controllers, six models of the simplest fuzzy PID controller and three models of the simplest 
fuzzy two - input two - output PI or PD controllers are presented in this thesis. These models are 
completely new and qualitatively di_erent from those reported in the literature. Properties of all 
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controller models are studied in the context of control. Bounded - input bounded - output 
stability analysis of the closed - loop system with any of these fuzzy PI / PD / PID controller 
models in the loop is done. Computational aspects of the controller models are studied. 
Simulation studies are presented to show the applicability of the developed controller models. 
 
Keywords: Mathematical modeling, Center of Gravity / Area defuzzi_cation, Height defuzzi-
fication, Center of Sums defuzzi_cation, Stability analysis, Computational aspects, Nonlinear 
control, Fuzzy control, PI/PD/PID control, Mamdani type controller. 
 

EFFECT OF MEDITATIVE RELAXATION ON CONNECTIVITY OF 
HUMAN BRAIN-A STUDY USING EEG 

 
Laxmi Shaw 

Supervisor: Prof. Aurobinda Routray 
Department of Electrical Engineering 

Accession No.: NB16439 
 

Electroencephalography (EEG), a technique with merits in term of simplicity, accessibility and 
temporal resolution, has been subjected to a renewed interest in the recent years. The high 
temporal resolution of the EEG can be used effectively to address quick changes in the brain 
activity during some tasks. With the present trend of computational methods and resources, it is 
now possible to build cortical activation maps describing the activity of the brain during the 
execution of an experimental task such as meditative relaxation. However, simple imaging of 
brain regions activated during particular tasks do not convey the information of how they are 
functionally interconnected during the execution of the task. The concept of brain connectivity 
could play a vital role in assessing inter-region and intra-region interactions of the brain. Several 
definitions of connectivity, i.e. functional and effective, have been adopted in literature to this 
effect. 

Meditative relaxation has been revealed to improve attention and emotion regulation. 
However, the mechanisms accounting for these effects are mostly unidentified. In order to make 
further advancement in this direction, an extensive interdisciplinary study is the need of the hour. 
This thesis is the outcome of such an approach, where the EEG data has been collected from two 
groups of subjects and extensively analyzed. The experimental groups are formed with the Kriya 
Yoga meditators and non-meditators or control subjects. Kriya Yoga is a very ancient Indic 
method, practiced by people from all over the world. A derived form of these methods namely 
Kriya Yoga based Meditative Relaxation (KYMR) has been adopted in this thesis. The signal 
processing and analysis steps proposed in this thesis involve preprocessing, data compression, 
connectivity estimation and validation. The raw EEG signals have been acquired while the 
subjects undergo KYMR. Then the EEG signals have been pre-processed to obtain clean and 
artifact-free signals. In this step, Dynamic Time Warping (DTW)-based motifs search algorithms 
have been proposed as efficient methods for removing the ocular and muscular artifacts. The 
effectiveness of this method has been compared with the other state-of-the-art artifacts removal 
techniques. These signals are subjected to an extended MVAR model-based brain connectivity 
estimation. The proposed method has also been compared with the other brain connectivity 
methods from the literature. Sparsity-based inter- and intra-brain region connectivity analysis has 
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also been performed for the estimation of directed source information flow between sparsely 
connected sources. Another contribution of the research is a byproduct of the data management 
where a Generalized Multivariate Auto-Regressive (GMVAR) and modified context-based 
multichannel compression algorithms have been developed to compress the huge quantity of data 
generated during the experiments. These methods have been validated with the standard 
algorithms from the literature. 

 
Keywords: EEG, Meditation, DTW, Brain connectivity, Multivariate auto-regressive model, 
Partial directed coherence, Sparsity. 
 

SPARSE RECOVERY BASED IMAGE RECONSTRUCTION 
ALGORITHMS FOR DIFFUSE OPTICAL TOMOGRAPHY 
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Accession No.: NB16402 
 

Diffuse optical tomography (DOT) is a noninvasive imaging modality that reconstructs the 
optical parameters of a highly scattering medium. However, the inverse problem of DOT is ill-
posed and highly nonlinear due to the zig-zag propagation of photons that diffuses through the 
cross section of tissue. The conventional DOT imaging methods iteratively compute the solution 
of forward diffusion equation solver which makes the problem computationally expensive. Also, 
these methods fail when the geometry is complex. Recently, the theory of compressive sensing 
(CS) has received considerable attention because of its efficient use in biomedical imaging 
applications. In this, the DOT inverse problem has been formulated as a single measurement 
vector (SMV) and multiple measurement vector (MMV) DOT reconstruction problem by using 
compressive sensing framework and joint sparsity. Greedy algorithms such as orthogonal 
matching pursuit (OMP), compressive sampling matching pursuit (CoSaMP), and stagewise 
orthogonal matching pursuit (StOMP), regularized orthogonal matching pursuit (ROMP) and 
simultaneous orthogonal matching pursuit (S-OMP) have been tested for reconstruction of the 
change in the absorption profile. We have also applied the conventional DOT methods like least 
square method and truncated singular value decomposition (TSVD) for comparison. A modified 
compressive multiple signal classification algorithm (CS-MUSIC) has been proposed for diffuse 
optical tomography reconstruction and compared its performance with other algorithms such as 
multiple signal classification (MUSIC), CS-MUSIC, and subspace augmented multiple signal 
classification (SA-MUSIC). We have also studied the subspace based CS-MUSIC for DOT 
reconstruction using the simulated geometry. The sparse recovery algorithms have also been 
studied using the circular geometry. The experimental validation of the greedy algorithms, 
modified CS-MUSIC, and sparse recovery algorithms have been done for the rectangular and 
circular wax phantoms. We have also shown the finger joint imaging and fruit quality assessment 
as an application to DOT. The performance metrics such as mean square error (MSE), 
normalized mean square error (NMSE), structural similarity index (SSIM), object centroid error 
(OCE), and peak signal to noise ratio (PSNR) have been used to evaluate the performance of the 
DOT reconstruction. Extensive simulation results confirm that CS based DOT reconstruction 
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outperforms the conventional DOT imaging methods in terms of computational efficiency. The 
main advantage of this study is that the forward diffusion equation solver need not be repeatedly 
solved. 
 
Keywords: Diffuse optical tomography (DOT), compressive sensing, single measurement vector 
(SMV), multiple measurement vector (MMV), greedy and sparse recovery algorithms, joint 
sparsity. 

 
STABILITY ANALYSIS AND CONTROLLER SYNTHESIS FOR 

NEGATIVE-IMAGINARY SYSTEMS 
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The notion of negative-imaginary (NI) systems and the associated control techniques have 
recently been introduced motivated by the example of robust control of highly resonant flexible 
structures with colocated position sensors and force actuators. A square, Lyapunov-stable, LTI 
system is said to have the negative-imaginary (strictly negative-imaginary) frequency response if 
all the eigenvalues of the imaginary-Hermitian part of the system transfer function matrix remain 
non-positive (negative) in the open frequency interval from zero to infinity. In a SISO setting, 
the polar plot of a negative-imaginary (strictly negative-imaginary) transfer function lies below 
(strictly below) the real axis of the Nyquist plane for all positive frequencies.  

In this thesis, two new subclasses of NI systems have been proposed, namely, output 
strictly negative-imaginary (OSNI) and input strictly negative-imaginary (ISNI) systems. This 
relaxes some of the restrictions associated with the definition of the existing strictly negative-
imaginary (SNI) systems. The OSNI system property is defined for asymptotically stable 
systems invoking the notion of output strictly passive property; while the ISNI system has been 
conceptualized with respect to input strict passivity. A lemma is proposed in an LMI framework 
to test the necessary and sufficient conditions required to satisfy the OSNI system property. A set 
theoretic relationship of the newly defined OSNI systems with the existing NI subclasses is also 
established. An internal stability result for a positive feedback interconnection of NI and OSNI 
systems is derived in contrast to the existing theorem for NI-SNI interconnection leading to 
establish a robust control framework for uncertain OSNI systems. 

For stable negative-imaginary (NI) systems with non-singular DC-gain matrix, the notion 
of decentralized integral controllability (DIC) has been exploited in this thesis to develop a 
constant reference input tracking framework, that also facilitates to achieve failure tolerance in 
the event of sensor and/or actuator faults. By virtue of the DIC property of NI systems, it is 
shown that a positive feedback interconnection of two non-strict NI systems, of which one is a 
decentralized integrator system with non-negative gain and the other one is a stable NI system 
having negative definite DC-gain matrix, is internally stable. Whereas the existing stability 
statement of an NI-SNI interconnection allowing an NI system with a simple pole at the origin 
cannot capture this result. Further it is shown that, in a positive feedback interconnection, stable 
NI systems with negative definite DC-gain matrix exhibit integral controllability (IC) for any 
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positive value of the integral gain, as opposed to the existing notion that, the IC property offers 
only a finite range of the integral gain for stable LTI systems. A new graphical interpretation for 
MIMO NI and SNI systems is drawn which shows that all the eigenvalue loci of an NI (SNI) 
transfer function matrix lie below (strictly below) the real-axis of the eigenvalue loci plane in the 
open positive frequency interval. 

A full-order observer-based technique is devised in this thesis that transforms a causal, 
LTI, minimally realized system into a strongly strict negative-imaginary (SSNI) system by 
defining an auxiliary output based on the observed states. The auxiliary output is then used to 
develop a closed-loop control scheme with positive feedback invoking the internal stability 
condition of negative-imaginary theory. A set of LMI-based conditions is derived that 
determines the value of a design parameter required for the proposed scheme to transform a 
given system with a minimal state-space realization into an SSNI system. The proposed scheme 
is applicable for both stable/unstable and square/non-square systems. The framework has also 
been extended for robust control of stable LTI systems with NI/SNI uncertainties. 
 
Keywords - Negative-imaginary systems; Positive-real systems; Passivity; DC-gain; Positive 
feedback; Robust stability; LMI; Uncertainty; Integral and decentralized integral controllability; 
Tracking and fault-tolerant control; Observer-based control. 

 
 

PROTECTION AND FAULT LOCATION 
FOR DC MICROGRIDS 

Rabindra Mohanty 
Supervisor: Prof. Ashok Kumar Pradhan 

Department of Electrical Engineering 
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Renewable energy sources are being integrated to existing grid because of environmental 
concerns with conventional sources and fast growing energy demands. Microgrid facilitates the 
easy integration of renewable sources and storage devices at distribution level to provide high 
power quality, reliability and e-ciency. DC producing renewable sources, advancement of power 
electronic converters and compatible loads promote the concept of DC microgrid. Power 
electronic converters in DC micro-grid cannot sustain high magnitude current and therefore, the 
current during fault is limited in the circuit. Current magnitude based protection schemes are not 
suitable for fault identication in DC microgrid. 
 
Complete shutdown of DC microgrid in case of a fault removal by AC side protection 
arrangement is not acceptable because of the issue of system reliability and security. In this 
thesis, protection algorithms are developed using local and both ends data for DC microgrid. The 
proposed algorithms are capable to identify the internal and external faults correctly. A unit 
protection scheme for DC microgrid is proposed that uses superimposed currents of both ends of 
a line segment to derive protection decision. Another method is developed using oscillation 
frequency and associated transient power of the first cycle of oscillation for fault detection and 
faulted section identification respectively. Using local voltage and current data, a least square 
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based technique estimates the parameter of the fault path, from which the direction of the fault is 
inferred to discriminate internal and external faults for network protection.  
 
Power supply interruption in a microgrid makes the utility to bear financial loss. Accurate 
information on faulted section and fault location expedite the maintenance, fast restoration and 
reduce power outage duration. A method is proposed to identify the faulted section in DC 
distribution system using voltage and current data from consumer-end smart meters and the 
substation. A noniterative fault location technique using probe power unit is proposed. 
Considering damping frequency and attenuation of the probe current, which is a function of fault 
distance and damping coefficient, the fault location is obtained. The proposed methods are tested 
for different types of fault and fault resistances. Also, the performance of protection methods 
is validated using data from scaled-down laboratory setup. 

Keywords: DC microgrid, least square technique, oscillation frequency, transient power, unit 
protection, carrier-aided directional comparison, smart meters, Hadamard product, faulted 
section identification, fault location. 
 
 

MODELING AND ANALYSIS OF TAKAGI-SUGENO TYPE FUZZY PID 
CONTROL SYSTEMS 

Ritu Raj 
Supervisor: Prof. B. M. Mohan 

Department of Electrical Engineering 
Accession No.: NB16200 

 
Background: In India, many patients including Geriatric patients die in hospitals. However, 
there is very little information on how physicians working in Indian hospitals make end-of-life 
decisions (EoLDs). Objectives: To explore challenges and difficulties in end-of-life decision-
making (EoLDM) in a select few hospitals and identify factors that influence end-of life 
decisions. Methodology: A two-step methodology was followed. Firstly, the national level 
policies, position statements and, medical laws were critically reviewed to understand how these 
texts conceptualise EoLC. This is followed by an exploration in five hospitals of Kolkata (West 
Bengal, India) to find out the implications of the policies and the law on end-of- life decision-
making. Observation and in-depth interviews were used as methods to collect primary 
information from 60 physicians and 20 nurses. Analysis of 56 medical records of EoLC patients 
was also done to understand the nature of end-of-life decisions. Findings: A critical analysis of 
national policies and position papers shows that a clinical model of EoLDM is suggested that did 
not consider patient autonomy, advanced age, and medical futility as factors to initiate EoLC.  
The model also do not provide scope to the nurses, other non-clinical staff, and family members 
to be involved in decision-making. Similarly, the medical law makes a poor response towards 
EoLDM, particularly in making treatment limiting decisions. It does not address ethical 
complexities associated with EoLDs. Its position on patient autonomy is also not clear. These 
lacunae were reflected at the hospital level. The hospitals under study lacked EoLC-specific 
infrastructure, protocols, architecture, and skilled physicians and nurses. Due to stringent 
medico-legal structures, physicians felt incompetent to withdraw treatment even for medically 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 189 

 

futile patients. There was also lack of coordination among physicians who worked in medical 
teams. As a result, terminally ill patients were subjected to fuzzy care plans and erratic referrals. 
Palliation was initiated very late in the treatment trajectory of these patients, and often spiritual 
and psychological support was missed out. The medical teams also excluded Geriatricians due to 
which elderly patients were especially affected. Overall, the hospitals were not conducive to 
EoLC. Conclusion: Hospitals need to make adequate structural and organisational reforms to 
improve end-of-life decisions. However, improvements at the institutional level cannot sustain if 
necessary changes are not made at the level of national policies, law, and inter-professional 
relationships. 
 
Key words: End-of-life decision-making, Geriatrics, Hospitals, Physician 
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Facial expressions play a prominent role in our daily communications. Detection of the 
spontaneous expressions, which convey the inner feelings, holds promising perspectives in many 
applications. This dissertation addresses some issues pertaining to the recognition of spontaneous 
and subtle facial expressions. The popular facial expression databases consist of posed 
expressions collected under constrained environments. These data do not fully reflect the real-
world variations. Spontaneous expressions differ from the posed ones remarkably in terms of 
intensity, configuration, and duration. To address the lack of data, a new database {named Indian 
Spontaneous Expression Database (ISED) {is created containing video samples of spontaneous 
expressions, and its baseline evaluation is performed. A real-time person-specific facial 
expression recognition system has also been developed. It learns the user attributes online and 
incorporates them to improve the system performance with time. Literature recommends to 
model the expressive faces on a non-linear manifold where the challenges such as pose variations 
and expression intensity variations can be tackled. To this end, a supervised local subspace 
construction algorithm is proposed for suitable approximation of the non-linear expression 
manifold. The key to accurate expression classification is the extraction of most discriminating 
feature descriptor that captures the subtle facial differences for different classes. A new feature, 
called fuzzy histogram of optical ow orientation (FHOFO), has been developed for micro-
expression recognition, which achieves significant accuracy in standard databases. It explores the 
electiveness of motion patterns during the short-lived micro-expressions. Furthermore, the 
effectiveness of the combination of several descriptors has been investigated in this work. 
Multiple descriptors can be combined to complement each other and produce better accuracy. 
However, the high dimension of the descriptor with less sample size poses challenges for 
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accurate classification. To address this problem, the feature selection methods have been 
investigated and a new method has been proposed for efficient selection of feature set. 
 
Keywords: Facial expression recognition, micro-expression, feature representation, feature 
selection, expression manifold approximation. 
 

NEW BRUSHLESS GENERATION SYSTEMS FOR DC MICRO-GRID 

 
Saptarshi Basak 

Supervisor: Prof. Chandan Chakraborty 
Department of Electrical Engineering 

Accession No.: NB16406 
 

Brushless generation systems are preferred where maintenance is a key issue or where safety is a 
major concern as brushes and slip-rings are prone to failure. Different brushless generation 
systems have been reported in literature e.g. permanent magnet synchronous generator (PMSG), 
self-excited induction generator (SEIG), brushless synchronous generator with separate exciter 
etc. While PMSGs lack smooth control over excitation, SEIGs suffer from voltage regulation 
problem with wide variation in load and speed. Brushless synchronous generators employing a 
separate exciter require more floor area. The drawbacks of these generating systems provide 
exciting research opportunities to develop new brushless and permanent magnet-less generation 
systems. This thesis deals with three such topologies applicable for dc microgrids. 

The thesis starts with induction generator based approach but with a difference. Instead of 
following the traditional squirrel cage machine with arrangement for the controlled VAR 
demand, the investigation looks for multiple windings in the stator. Understanding that the 
rugged construction of the squirrel cage is a huge advantage, the rotor structure of the machine 
under investigation did not change. Extensive literature survey indicates that dual stator winding 
induction generator can be a viable option provided that both stator windings are optimally 
utilized. 
Contrary to the available approach in the literature, both the windings are used to support active 
as well as reactive power demand. Uncontrolled diode rectifier and a suitable small rating 
converter are used to feed each of the windings. Shunt filters (placed across main winding and 
optimally tuned to eliminate 5th and 7th harmonic currents generated by the diode rectifier) made 
the stator current quality acceptable while providing reactive power support at fundamental 
frequency. This also reduced the reactive power demand from the controlled converter and 
helped to reduce its rating. At lower speed, the diode rectifier may get reverse-biased and hence 
no power extraction from the main winding is possible. Under such circumstances the major 
share of active power takes place through the controlled winding. 

The double stator winding induction generators are rugged. However, the reactive power 
demand of this generator grows with increase in load. Also, the coupling between the two stator 
windings along with the rotor is responsible for the delay in response corresponding to any 
change in load/speed. This even can make the system unstable for large change in load. Based on 
this requirement, series capacitors are introduced those have the ability to self-regulate the 
system, automatically generating the reactive power in the right direction. New approach to find 
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the magnitude of optimal capacitance is introduced. Eigen-value analysis reveals that addition of 
series capacitors enhance the stability of the system. 

Proposed double winding induction generators are simple in construction and also have 
overall reduced controlled power-electronics-requirements (i.e. power processed using controlled 
switches) as it demands a fractionally rated converter in the controlled winding side. However, 
these generators are either prone to voltage collapse or require more passive components. This 
motivated to look for synchronous generator based systems. The traditional synchronous 
generators along with the exciters need more floor area and this is a major reason for these 
generators to be unpopular in wind energy power extraction. A new synchronous generator is 
proposed that utilize an inverted synchronous machine to feed excitation to the main machine. 
Both the machines are housed in the same mechanical structure and share the same magnetic 
core. The excitation machine has the armature in the rotor and field in the stator. The armature 
voltage of excitation machine is rectified using rotating-rectifier to feed to the field-winding of 
the main machine. As the two machines are wound for different number of poles they are 
magnetically decoupled. Extensive simulation and analysis using ANSYS MAXWELL-2D and 
MATLAB/SIMULINK have shown enough promise for this machine for applications in dc grid. 
Experimental verification using a laboratory prototype confirmed the usefulness of the proposed 
system. 
 
Keywords: Brushless generators, induction generators, synchronous generators, permanent 
magnetless generators, dc generation systems, dc grid, micro-grid 
 
 

EFFICIENCY OPTIMIZATION AND TOPOLOGICAL INNOVATIONS 
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Supervisor: Dr. Souvik Chattopadhyay 
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Accession No.: NB16387 
 

This dissertation explores two broad aspects of dual-active-bridge (DAB)-based dc- dc and dc-ac 
converters. The first part of the work aims to develop control strategies to reduce reactive power 
flow and improve zero-voltage-switching (ZVS) range of dual-active half-bridge (DAHB) 
converters (both voltage-fed and current-fed) by utilizing the duty-ratio of the legs as additional 
control handles. As a first level of complexity, a first scheme operates the legs at the same non-
50 % duty-ratio with the objective of minimizing transformer rms current, with and without 
restrictions on ZVS. A more generic second scheme, which operates the legs at different non-50 
% duty-ratios, is also explored. It leads to globally minimum rms current operation and is also 
shown to naturally result in ZVS. Experiments performed on 625 W, 50 V-200 V VSVS and 820 
W, 50 V-125 V CSVS DAHB prototypes demonstrate significant efficiency advantages of the 
two schemes, compared to normal square wave control. 
The second part of the work is based on topological innovations for DAB-based dc-ac/ac-dc 
converters. While common single-stage solutions allow ZVS (partially across the line cycle) 
operation, the requirement of placing a high-value electrolytic capacitor across the dc terminals  
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to decouple the instantaneous mismatch between dc and ac power compromises reliability. 
Presence of the intermediate high-voltage dc bus in two-stage solutions lowers the capacitance 
requirement, allowing the use of film capacitors. However, they suffer from loss of ZVS of the 
dc-ac/ac-dc stage over half of the ac line cycle. In this work, two DAB-based topological 
modifications have been proposed, which allow ZVS operation across the ac line cycle while 
also enabling film capacitor-based power decoupling. The first topology exhibits better 
experimental efficiency than comparable two-stage solutions while using the same number of 
switches. The second modification, which uses only eight switches, presents a fundamentally 
new-paradigm for dc-ac/ac-dc conversion based on the DAB-principle and could be potentially 
extended to modular high-voltage or ac-ac applications. Circuit operations of the topologies have 
been experimentally demonstrated on 25 V-35 V dc, 110 V ac, 310 W and 250 W prototypes. 
 
Keywords - Bidirectional power flow, dual active bridge, dual active half-bridge, minimum rms 
current, ZVS, single-stage, power decoupling, film capacitors. 

 
 

MODELLING AND ANALYSIS OF DOUBLY FED INDUCTION 
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Use of Doubly-fed Induction Generator (DFIG) as a distributed resource in grid-connected and 
islanded mode raises concern over second harmonic oscillations in electromagnetic torque 
caused by the unbalanced system voltage in distribution network. DFIG operation in unbalanced 
mode necessitates the consideration of operating limits and implementation of these limits in 
dynamic control structures. This leads to the question of extent to which control objectives, for 
reducing the effect of unbalance, are achievable for equipments of certain capacity. A detailed 
three-phase steady-state model of DFIG (Doubly Fed Induction Generator) is developed in this 
work with provision for representation of limit infringement and it is effectively utilized to study 
the effect of violation of limit on voltage stability and maximum loading point of a multi-bus 
distribution network. The advantage of the proposed strategy for enforcing limits on DFIG 
internal parameters as well as DFIG operating state at restricted condition, with variation in rotor 
speed, are effectively represented in obtained results. A novel method for enforcement of limits 
on sequence components of voltage and current is presented in this thesis while maintaining the 
actual limit on phase quantities for maximum utilization of available equipment capacity during 
unbalanced operation. The advantages of this adaptive limiter in cases of low and high voltage 
unbalance factors at PCC are highlighted. An Islanding Detection Relay (IDR) utilizing 
perturbation introduced through rotor-side converter of DFIG is proposed by modifying the 
classical Rate Of Change Of Frequency (ROCOF) IDR, and successfully verified for situations 
with different operating conditions. A strategy to scale down the magnitude of perturbation in 
order to achieve detection is also proposed. The dependency of proposed IDR on DFIG control 
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structure is highlighted in this work. DFIG based wind generator is seen to provide frequency 
regulation and reactive power support on successful detection of island formation by proposed 
IDR, through appropriate control of rotor and grid-side converters, in islanded mode. The effect 
of negative sequence control objective, to mitigate torque pulsations, on operation of proposed 
IDR and island stability is investigated for loads with increasing unbalance.  
 
Keywords: DFIG, islanding detection, operating limits, steady-state model, unbalanced. 
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Non-ionizing nature, low-cost, and portability for bedside measurements have always 
attracted research towards continuous-wave diffuse optical tomography (CW-DOT). However, 
numerical stability is still an issue primarily due to the non-linear, ill-posed inverse problem, 
even with the most state-of-art reconstruction schemes. A non-recursive linear model in the 
literature estimated the photon paths using a linear relationship and produced fast and usable 
images without any inverse transforms. For such methods stability is not an issue, but the linear 
approximations have resulted in distortions in the reconstruction.  

 
The objective of this research work is to circumvent the above adversities and develop a 

generalized curved-beam method using a non-linear Rosenbrock’s banana function. The NIR 
light is reported to follow a banana-shaped path in the tissue between a source-detector pair. 
Thus, the fitting of a non-linear function to each source-detector channel approximates the 
average photon path as curved one unlike the linear model along with the depth penetration of 
each photon channel. This helped in detecting inclusions up to depths of (4-6) cm and allows to 
perform deep-body imaging with reduced distortion compared to linear reconstruction model, 
demonstrated here as a proof-of-principle. The estimation of photon path has enabled the use of 
modified Beer-Lambert law (MBLL) in a proposed differential form assuming each channel as a 
local region having different absorption coefficient. This differential form leads to the reduction 
of partial volume effect associated with MBLL and the cross-talk problem of DOT. Now, the 
calculated absorption coefficient (μa) is assigned along the curved photon path for image 
reconstruction. The essence of this method is that the non-linear function serves as the basis for 
image reconstruction without solving the inverse problem thereby reducing the computational 
burden to a great extent with no prior information on perturbation, unlike the iterative methods. 
The technique is extended to three- dimensional (3D) volumetric reconstructions from two-
dimensional (2D) slices, to have tomographic imaging in its true sense. In 3D imaging, 2D image 
slices are reconstructed by taking measurements at three different depths covering the entire 
depth of the phantom. These 2D slices are stacked together followed by interpolation to form the 
3D μa image of the phantoms. A simulation study in COMSOL Multiphysics showed that the 
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photon propagation is same in all the three planes. So, for the 3D imaging, the 3D banana 
function is not considered that would have led to simultaneous measurements at different depths 
of the phantom and considerably increase the data collection time. TOAST++ numerical 
simulations, wax-phantom experiments with different geometries and inclusion with optical 
contrast and in vivo finger joint imaging have validated this method with satisfactory results. 
This method is further compared with the state-of-art Greedy algorithms like compressive 
sampling matching pursuit (CoSaMP) and the sub-space augmented multiple signal classification 
(SA-MUSIC) with encouraging results. A promising dual-wavelength CW-DOT system is 
developed for functional imaging of finger joints to extract the physiological parameters directly. 
The advantage of this in-house system is that there is no need for baseline measurement. The 
reconstructed transverse cross-sectional images of the distal interphalangeal (DIP) and proximal 
interphalangeal (PIP) joints of left index finger of the same male volunteer showed good 
consistency and the optical contrast between the joint cavities filled with synovial fluid and 
bones is also in good agreement with results reported in the literature. The physiologically 
significant parameters like concentrations of oxy-hemoglobin ([HbO2]), deoxy-hemoglobin 
([Hb]), total hemoglobin concentrations ([HbT]), and oxygen saturation (StO2) are calculated 
and are comparable to the already reported results. The reconstructed images of [HbO2] and 
[Hb] showed that the maximum value of [HbO2] 0.65 mM is approximately five times higher 
than that of [Hb] value of 0.14 mM. This is in accordance already reported results of healthy 
finger joints. The proposed reconstruction method with the in-house DOT system is also applied 
to some real-life applications other than biomedical imaging like dispersion of ink drop and the 
internal quality assessment of optically translucent fruit like apple. This reconstruction technique 
holds great promise in DOT applications that require absolute quantification of tissue optical 
properties, in functional imaging of finger joints, and in dynamic imaging for direct 
measurement of chromophore concentrations without any baseline measurement.  

 
Finally, the combination of the proposed reconstruction algorithm along with the CW-

DOT system could provide simpler, efficient DOT instrumentation that can lead to easier clinical 
translation. The investigations in the thesis are related to general issues of CW-DOT and these 
findings and conclusions should be relevant to the biomedical optics community.  
 
Keywords: Diffuse optical tomography, Rosenbrock’s banana function, back-projection, 
functional imaging, dynamic imaging, fruit quality assessment. 
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Dynamic Voltage Scaling (DVS) remains essential for saving dynamic power, yet to meet real-
time deadlines in various emerging applications, such as embedded processors, internet- of-
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things, wireless sensor networks, smartphones, and a variety of portable devices. In 
Complementary Metal Oxide Semiconductor (CMOS) processors, a reduction in clock frequency 
reduces the power consumption; however, the energy consumption per clock cycle remains the 
same. Hence, the supply voltage is also lowered for further power and energy savings. A linear 
reduction in the supply voltage leads to a quadratic reduction in the energy consumption; thus, a 
DVS technique can be used to meet the performance/efficiency trade-off by dynamically varying 
the supply voltage. In an embedded system, a task scheduler provides optimized voltage levels 
for given tasks along with their deadlines, and a DC-DC converter is used to generate the 
required voltage levels from the available battery (supply) voltage. A DVS scheme further 
drastically improves the energy efficiency of a Power Amplifier (PA) by dynamically varying its 
supply voltage close to its envelope without violating the linearity. 

This thesis primarily considers identifying suitable DC-DC converter topologies and de- 
veloping high dynamic performance control techniques for reference tracking applications. A 
Digital Current Mode Control (DCMC) tuning method is developed in a synchronous buck 
converter to achieve near time-optimal recovery for step changes in load current and reference 
voltage. Thereafter, conflicting power circuit design criteria in existing DVS power supplies are 
identified. A Single-Inductor Multi-Output Level (SIMOL) buck converter is developed to 
overcome these problems. This topology is also extended to per-core DVS-enabled multi-core 
processors for fast transient recovery, reduced time and energy overheads, and improved energy 
efficiency. Finally, a high-performance Mixed-Signal Hysteretic Current Control (MSHCC) is 
developed for Envelope Tracking (ET) applications, and a new multicapacitor architecture is 
proposed for tracking high-peak-to-average power signals. All the proposed DC-DC converters 
and control methods are experimentally verified. 

 
Keywords: DC-DC converters, dynamic voltage scaling, envelope tracking, current mode 
control, buck converter, time-optimal recovery, multi-core processors, hysteretic control. 
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Bowtie antennas are extensively used in commercial GPR due to its wideband impedance 
matching, good radiation properties, and compact planar geometry. It is a kind of frequency-
independent antenna, defined only by angles. The conventional bowtie antenna provides an 
excellent radiation performance over a 4:1 bandwidth. Beyond this, there is a reduction in 
boresight gain, and the direction of maximum radiation gets tilted. Resistive loading is employed 
in commercial GPR antennas to reduce the size and to increase bandwidth. Since a considerable 
amount of power gets dissipated in the antenna's lumped resistors, one has to sacrifice the gain 
and efficiency, even though these antennas have very good ability to radiate short pulses. This is 
a significant problem that needs to be addressed. On the other hand, the impedance bandwidth of 
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conventional bowtie antennas are very much wider than 4:1, theoretically infinite. This leads to 
another concern of the thesis: whether it is possible to concentrate the radiation to the boresight 
direction for maximum gain so that the full advantage of its impedance bandwidth can be 
utilized. 

Modifications are brought to the bowtie antenna so that the entire impedance bandwidth 
is usable by the radiator, making it truly frequency independent. In this work, four antennas have 
been designed. For Antenna-1, by applying a resistive- capacitive loading, a wide impedance 
bandwidth (10:1) is obtained from 0.3{3 GHz. Peak boresight gain is 3.6 dBi. Stable radiation 
patterns were obtained upto 4:1 bandwidth. Radiation efficiency is better than 55%. In Antenna-
2, by adding planar metamaterial lens to Antenna-1, peak gain is improved by 2.84 dBi and 
radiation pattern stability improved upto 6.7:1 band. Radiation efficiency is better than 45%. For 
Antenna-3, loop loading is employed to a bowtie antenna, and super-wide (11:1) bandwidth is 
obtained from 0.5{5.5 GHz. Obtained peak gain is 5.2 dBi. The radiation pattern is stable, and 
gain is positive in the entire 11:1 band. Radiation efficiency is better than 85% as no resistive 
loads are applied. Antenna-4 is created by adding parasitic loop directors to Antenna-3. With two 
directors, the peak gain is improved further by 2.76 dBi. Bandwidth is improved to 0.42{5.5 
GHz (13:1). The radiation pattern is stable, and gain is positive in the entire 13:1 band. Radiation 
efficiency is better than 85%. The superior capability of the designed antennas in detecting 
various targets is qualitatively assessed through GPR experiments. 

 
Keywords: GPR antenna, UHF, bowtie, metamaterial. 
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Gas sensor is a device that can detect toxic gases and volatile organic compounds (VOCs) 
present in the environment. Such sensors comprise of a transducer and an active sensing layer, 
which convert the chemical information into another form of electronic signal (like change in 
frequency, current or voltage). Modern days air quality monitoring has become increasingly 
essential due to the higher pollution level particularly at urban areas. Most of the present days’ 
commercial gas sensors are electrochemical in nature, bulky (due to requirement of electrolyte) 
and expensive (due to semi-automated fabrication process and separate interface electronics). In 
this respect, resistive gas sensor (change in resistance of the sensing layer in presence of gases) 
can be advantageous, because their simpler structure is easier to miniaturize and integrate with 
CMOS technology, which will improve compactness and reduce cost. However, resistive sensors 
mostly use metal oxide sensing layer, which requires high temperature ((200°C-500°C), i.e. high 
power) to detect gases. Thus the objective of our research work is to develop a low power 
resistive sensor for sensing gases, particularly ammonia and humidity.  
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In this research work, few-layered Molybdenum disulphide (MoS2) nanoflakes were exfoliated 
from bulk powder in a mixed solvent and used as the sensing layer to develop resistive gas 
sensors. Because of its large surface to volume ratio and presence of defect sites, MoS2 was 
believed to be potential sensing element for gas sensing at much lower temperature. The sensors 
were developed on interdigitated electrodes (IDEs on ceramic substrate) and flexible substrate 
(e.g. Polyethylene terephthalate (PET)). The response of as-exfoliated MoS2 nanoflakes 
increased from 8.525% at 50 ppm to ∼70.4% at 480 ppm of ammonia gas at 125oC. The 
selectivity towards NH3 was low when tested against NO and some other VOCs. The sensor also 
showed reasonable response towards humidity (16 times at 75% relative humidity (RH) at room 
temperature (RT)). To improve the sensitivity and selectivity towards ammonia and humidity, 
the MoS2 nanoflakes were functionalized with other nano-materials. For example, in case of 
ammonia, reduced graphene oxide (rGO), Cu nanoparticles (NPs) and gold NPs were used. It 
was found that gold doped MoS2 demonstrated highest sensitivity (~150% at 500 ppm) and 
selectivity towards NH3, faster response and recovery times at 90oC compared to other samples. 
In case of humidity sensing, Pt NPs decorated MoS2 showed record high response of ~4000 
times at 85% RH with negligible hysteresis. The synthesis, material characterizations, gas 
sensing experiments and sensing mechanisms have been discussed elaborately in the thesis. A 
prototype of humidity sensor on printed circuit board using microcontroller for acquiring and 
transmitting sensor data to an Android application was also developed. Thus, it is believed that 
this research work would lead to the development of highly efficient MoS2 based low power, 
handheld gas sensors. 
  
Keywords: Molybdenum disulphide (MoS2), MoS2 Functionalization, resistive gas sensors, 
ammonia sensors, humidity sensors, interfacing electronics. 
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Systems theoretic description of biology has opened up a new paradigm of prediction and control 
in biomedical research. The ‘systems biology’ approach is particularly effective when used to 
develop a personalized therapy for complex systemic diseases like cancer. The ability to evolve 
and to grow drug resistance makes cancer an ideal choice for studying dynamic therapy design 
problems. A real-time ‘prediction and validation’ based ‘drugs combination’ approach can 
provide a better response than relying on a single miracle drug. A fundamental requirement to 
develop this methodology is the modeling of a disease-free system along with the modeling of 
possible mutations that can cause increased cell proliferation to induce carcinogenesis. 
 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 198 

 

This dissertation takes a Boolean approach to model the cellular regulatory system. A 
Boolean network can model the cell cycle regulation with decent success. The proposed scheme 
considers Boolean maps for non-feedback systems and Boolean control networks for feedback 
systems. Somatic mutations can be modeled as stuck-at faults in the network. A semi-tensor 
product approach has been taken to define a Boolean system along with faults in a linear way. 
The existence and uniqueness theorems for the fault analysis and therapeutic intervention (drugs 
combination) design and algorithms for improvement in observability and controllability have 
been carefully prepared to solve the problem in the most general way. Additionally, it has been 
observed that fault analysis and drug design problems can be mapped as Boolean satisfiability 
functions. Heuristic methods for fault analysis and intervention problems based on the SAT 
algorithms have also been discussed for a real-time solution of the problem. The theoretical and 
simulation results on fault analysis and optimal therapeutic intervention have been discussed for 
different biological networks for both these approaches. 
 
Keywords: Boolean networks; Fault analysis; Intervention; Observability; Controllability; 
Semi-tensor product; Satisfiability; Cancer. 
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Supervisor: Prof. Bratin Ghosh 

Department of Electronics and Electrical Communication Engineering 
Accession No.: NB16412 

 
This dissertation has been devoted to the full-wave Green’s function analysis for the 

cylindrical and spherical stratified mediums. 
An efficient technique is proposed for the removal of the spatial singularity for collocated 

source and field points in cylindrical multilayered media by decomposing the spectral domain 
Green’s function into the particular and homogeneous parts. The particular part with the 
singularity is converted into the spatial domain using Sommerfeld identity while the discrete 
complex image method (DCIM) with general pencil of function (GPOF) technique is applied on 
the spectral domain homogeneous part. The use of the ratio form of the reflection / transmission 
matrices, the Debye approximation and the subsequent envelope extraction for the treatment of 
the spatial domain singularity is thus avoided. A very significant reduction in the number of 
modes required for convergence is achieved. The technique is applied for evaluating the input 
impedance of several antennas in the cylindrical multilayer structure. In addition, the general 
condition for obtaining the guided modes and the analysis of the radiation patterns of the 
cylindrical multilayer antenna configurations are also formulated. 

An efficient procedure for computing the Green’s function for an arbitrary directed point 
source radiating inside a spherically stratified media is presented. The Green’s functions are 
provided in a ready-to-use form that can be applied without any modifications for the analysis of 
the spherical multilayer structure. The incorporation of a new source component or the addition 
of a new layer can be readily accommodated in the formulation without the recomputation of the 
Green’s function unknowns. The matrix inversion step is also avoided in the computation of the 
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unknowns of the Green’s function. The source-free resonant frequency of the antenna modes can 
also be efficiently computed from the formulation. In addition, the singularity related to the 
spatial co-location of the field and source points is effectively treated in the formulation without 
asymptotic extraction. The technique is applied to the analysis of several spherical multilayer 
antenna configurations.  

Finally, a circular waveguide annular slot coupled two-layer hemispherical dielectric 
resonator antenna (DRA) has been designed for broadband operation. Both cylindrical and 
spherical Green’s function formulations are used in order to analyze this proposed antenna 
configuration. 

 
Keywords: – Cylindrical stratified medium, spherical stratified medium, Green’s function, 
GPOF, monopole antenna, slot antenna, method of moments, input impedance, DRA. 
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Standalone adaptive filters are subject to different tradeoffs. Selection of the design parameters 
introduces a tradeoff involving speed of convergence, steady-state misadjustment and tracking 
capability. To overcome this, many design procedures have been developed. These algorithms, 
however, require some a priori knowledge of the filtering scenario. In an alternative, adaptive 
estimation schemes are developed which, through cooperative learning reduce sensitivity of the 
filter to the choice of design parameters. The idea is to combine the outputs of two or more 
adaptive filters (running independently or in networked fashion) in an efficient way to achieve 
better performance than that of a single adaptive filter.  
In this dissertation, we first consider the problem of identifying sparse systems whose sparsity 
varies over time and also, which are driven by correlated input. For this, using the convex 
combination framework, we adaptively combine the output of two independently-run adaptive 
filters, one sparsity unaware affine projection algorithm (APA) and the other sparsity aware zero 
attracting affine projection algorithm (ZA-APA). A detailed performance analysis of the 
proposed combination reveals that while for highly sparse and highly non-sparse systems, the 
proposed combination converges respectively to the ZA-APA and the APA (i.e., better of the 
two filters under the given levels of sparsity), for certain sparsity ranges, it leads to an overall 
filter that performs better than both the constituent filters.  
Next we consider the problem of adaptive estimation over distributed networks in which 
dispersed agents are involved in estimating multiple parameter vectors (different but related) in a 
collaborative fashion. We propose an APA based clustered multitask diffusion strategy that 
effectively estimates multiple parameter vectors over a distributed sensor network under 
temporally-correlated input conditions. Though the proposed scheme is more effective than the 
non-cooperative schemes, its performance, however, suffers from its inability to adjust the 
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degree of cooperation between nodes belonging to neighboring clusters, especially near 
convergence when the cooperation should be terminated as the nodes estimate different 
parameter vectors, and also when one of the collaborating nodes performs much worse than the 
other. To address this, we propose an adaptive regularizer scheme that regulates the degree of 
cooperation among the neighboring clusters in an intelligent manner. This improved strategy 
exhibits both faster convergence rate and lesser steady-state mean square deviation (MSD) than 
achieved by the state-of-the-art. Performance of the proposed strategies is studied analytically 
and through detailed simulations. 
Finally, we propose an energy-efficient APA based clustered multitask diffusion strategy in 
which each node shares only a part of its intermediate estimate vector with its neighbors. The 
proposed algorithm, namely, clustered multitask partial diffusion APA reduces the required 
communication load as much as possible to save transmission energy while maintaining the 
benefits of cooperation. An analysis and numerical simulations reveal that even though the 
estimation performance deteriorates somewhat as the number of coefficients transmitted to the 
neighboring nodes decreases, the degradation can be compensated to a large extent by a 
proportional increase in the magnitude of the regularization strength among the neighboring 
clusters. 
 
Keywords: Adaptive filters, afffine projection algorithm (APA), cooperative learning, adaptive 
convex combination, distributed adaptive estimation, adaptive diffusion networks, Multitask 
learning, partial diffusion, sparsity aware norm-constrained adaptive filters, excess mean square 
error (EMSE), mean square deviation (MSD). 
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The objective of this work was the development of high-efficiency thin-film amorphous silicon 
(a-Si:H) based p-i-n solar cells using plasma enhanced chemical vapor deposition (PECVD) 
technique and reduce the light-induced degradation effect. The influence of interfaces on the 
performance and stability of the a-Si:H solar cells were undertaken. A wide band gap amorphous 
and microcrystalline oxygen alloyed materials have been prepared to improve the interfacial 
properties of the solar cells. Deposition parameters leading to device quality doped and intrinsic 
materials are identified. The optical, electrical and structural properties of the film are 
characterized in detail to establish standard baseline materials for the development of solar cells. 
The wide bandgap buffer layer has been introduced at the p/i interface. The influence of buffer 
on the performance of solar cell has been investigated experimentally. Numerical simulation has 
been 
performed to get more insight into the effect of buffer at p/i interface. The other most important 
interfaces such as TCO/p, i/n and n-layer/ metal interfaces have also been improved to increase 
the charge collection and reduced the shunt leakage current. The results show that the a-Si:H 
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solar cells fabricated after interface engineering exhibit high performance not only in the initial 
state but also after light introduced degradation effect. A microcrystalline silicon oxide (µc-
SiO:H) based back reflector layer has been developed to implement light management/trapping 
scheme. As a most important process variation the carbon dioxide flow ratio (CO2/SiH4) has 
been controlled carefully to achieve better electrical and optical properties of a back reflector 
layer. Light absorption has enhanced by introducing an optimized back reflector layer in a thin a- 
Si:H solar cell. As a result the photocurrent and efficiency of the solar cell has improved finally, 
to identify the different origins of instability in a multilayer solar cell structure a 1000 hours light 
soaking experiment were carried out. Light-induced degradation effect in the amorphous silicon 
layers and solar cells of different architecture have been investigated. The experimental results 
indicate that the light-induced changes in a solar cell is not a purely bulk degradation 
phenomenon but the interface effect has also contribute to the instability of the device. 
 
Keywords: Band offset, Barrier height, leakage current, PECVD, rear reflector, light induced 
degradation, interface degradation, interface recombination, parasitic absorption. 
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During the past decades, there is significant progress in the area of systems biology for modeling 
gene regulatory networks (GRNs). Mathematical and computational modeling of GRNs help to 
describe the network structure unambiguously and to infer predictions of the dynamical behavior 
of the cellular system in response to different perturbations or stimuli. In the past, different kinds 
of computational and mathematical models have been developed to investigate the dynamics of 
GRNs such as ordinary differential equation, Boolean network, probabilistic Boolean network, 
asynchronous Boolean network, and so on. The differential equation model gives a detailed 
quantitative description of the dynamics at the cost of computational complexity. Although the 
Boolean network is the most simple approach, it assumes that all the genes/proteins in the GRN 
change their states synchronously which is biologically unrealistic. In asynchronous Boolean 
network (ABN), different nodes (genes) in the network update their state (expression level) at 
different time instances. In real biological networks, different kinds of molecular interactions 
happen at different time scales, ranging from fractions of a second to multiple hours. Hence, it is 
essential to consider different time delays corresponding to different regulatory interactions 
between nodes while modeling GRNs. Therefore, this dissertation introduces a continuous-time 
and discrete-state ABN model considering delays for transcriptional regulations in the genetic 
network. The research problem focuses on (i) the modeling of an ABN from the knowledge of 
biological pathways and transcriptional parameters such as production and degradation rates, 
threshold of activation/inhibition, etc., and (ii) the linear representation of an ABN using the 
approach of semi-tensor product of matrices. In addition, the linear model of the ABN is 
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extended to a probabilistic ABN where the delays are considered to be random variables 
following pre-defined distribution functions. 
 
Keywords: Gene regulatory network; asynchronous Boolean network; protein-protein 
interactions; transcriptional delays; pathways; semi-tensor product; structure matrix. 
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Wireless Sensor Networks (WSNs) comprise of tiny devices called motes which are enabled 
with multiple sensors to sense the phenomena such as temperature, humidity, motion of an 
object, etc., a processor to compute operations such as sum, min, max, average, etc., a memory 
unit to store the collected data and a transceiver for communication. Due to the nature of 
intelligence built into these devices, they are also called as “smart dust”. WSNs find applications 
in several domains ranging from habitat monitoring to health-care systems and from detection of 
simple phenomena to complex object tracking applications. Due to lack of protected physical 
boundaries, wireless communications in WSNs are vulnerable to unauthorized interruptions and 
detections. Both security and privacy, especially source location privacy, have become a major 
issue that limits the successful deployment of WSNs. Further stringent resource constraints on 
sensor nodes have complicated the design and development of security and privacy preserving 
protocols. 
Privacy preservation in WSNs is a major issue that needs to be addressed. The solution to this 
problem is mainly searched in two domains: Contextual privacy and Content-based privacy. 
Contextual privacy is related to transactional information gained through message generation 
rate, message size, mote’s (i.e., a sensor node) operating frequency and routing of data messages 
in the network. Content-based privacy is related to the payload data collected by sensor nodes 
and transmitted across the network to a remote controller unit, i.e., the base station. The thesis 
presents contributions from both the domain namely contextual privacy and content based 
privacy. 
We first propose a multiple virtual-source based stochastic routing technique which provides 
improved source location privacy. Next, a dynamic routing scheme for protecting source privacy 
in WSN is proposed. In this technique, routing paths are created dynamically between the source 
node and the base station in a distributed manner. The total randomness in packet movements 
improves the privacy level to a great extent. However, this comes at the cost of reduced 
performance in terms of network lifetime. To overcome 
this limitation, we propose an improved routing protocol in which certain bias is introduced into 
the packet’s random walk. As a result, both privacy and network lifetime are enhanced in this 
work. Finally, we propose a novel private data aggregation technique that has low message 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 203 

 

transmission complexity. The proposed technique can withstand packet losses and has end-to-
end privacy preservation capability. 
  
We evaluate the performances of the proposed solutions and compare them with well known 
existing privacy preservation techniques. Both analytical and simulation results show that our 
proposed schemes achieve good performance gain in terms of privacy, uncertainty, path 
randomness and network lifetime. 
 
Keywords: WSNs, Source Location Privacy, Data Aggregation, Data Privacy, Reliability  
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Voice conversion (VC) is a method to transform the voice of one speaker (source) so that it is 
perceived as spoken by another specified speaker (target). This technology has applications in 
text-to-speech customization, voice dubbing, education, speaking aids, entertainment, and a 
possible malicious application to deceive the speaker identification (SID) and speaker varication 
(SV) systems that use speech biometric. This thesis con-centrates on the development of a new 
voice conversion system, use of voice conversion technology to generate synthetic speech attack 
on speech-based biometric systems, and finally, proposing an efficient solution to successfully 
discriminate natural speech from synthetic speech. 
In the first contribution of this thesis, we propose a new VC method using i-vectors which 
consider low-dimensional representation of speech utterances. An attempt is made to restrict the 
i-vector variability in the intermediate computation of total variability (T) matrix by using a 
novel approach that uses modified-prior distribution of the intermediate i-vectors. This T-
modification improves the speaker individuality conversion. For further improvement of 
conversion score and to keep a better balance between similarity and quality, band-wise 
spectrogram fusion between conventional joint density Gaussian mixture model (JDGMM) and 
i-vector based converted spectrograms is employed. The fused spectrogram retains more spectral 
details and leverages the complementary merits of each subsystem. The results show that the 
proposed technique can produce a better trade-o_ between similarity and quality score than other 
state-of-the-art baseline VC methods. Furthermore, it works better than JDGMM in limited VC 
training data. The proposed VC performs moderately better (both objective and subjective) than 
mixture of factor analyzer based baseline VC. In addition, the proposed VC provides better 
quality converted speech as compared to maximum likelihood-GMM VC with dynamic feature 
constraint. 
The second work in this thesis presents an experimental study to evaluate the ro-bustness of 
speech-based biometric systems (Gaussian mixture model (GMM) based SID systems, GMM 
with universal background model (GMM-UBM) and GMM supervector with support vector 
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machine (GMM-SVM) based SV systems) against voice conversion disguise. Voice conversion 
is conducted by using GMM, weighted frequency warping (WFW) and variation of WFW 
(WFW ), where energy correction is disabled. Experimental results show that the GMM-SVM 
SV systems are more resilient against voice conversion sponge attacks than GMM-UBM SV 
systems, and all SID and SV systems are most vulnerable towards GMM-based conversion than 
WFW and WFW  based conversion. From the results, it can also be said that, in general terms, 
all SID and SV systems are slightly more robust to voices converted through cross-gender 
conversion than intra-gender conversion. This work extended the study to _nd out the 
relationship between VC objective score and SV system performance. The results of this 
experiment show an approach on quantifying objective score of voice conversion that can be 
related to the ability to spoof an SV system.  
In the third contribution of this thesis, we propose a new approach to detect synthetic speech 
using score-level fusion of front-end features namely, constant Q cepstral coefficients (CQCCs), 
all-pole group delay function (APGDF) and fundamental frequency variation (FFV). CQCC and 
APGDF were individually used earlier for sponge de-tection task, and yielded the best 
performance among magnitude and phase spectrum related features, respectively. The novel use 
of FFV feature to extract pitch variation at frame-level, provides complementary information to 
CQCC and APGDF. Experimental results show that an overall equal error rate (EER) of 0.05% 
with a relative performance improvement of 76% over the next best-reported results is obtained 
using the proposed method. In addition to outperforming all existing baseline features for both 
known and unknown attacks, the proposed feature combination yields superior performance for 
ASV system (GMM with universal background model/i-vector) integrated with countermeasure 
framework. Further, the proposed method is found to have relatively better generalization ability 
when either one or both of copy-synthesized data and limited sponge data are available a priori in 
the training pool. 
 
Keywords: All-pole group delay function (APGDF), anti-spoofing, constant Q cep- stral 
coefficient (CQCC), fundamental frequency variation (FFV), identity vector (i-vector), joint 
density Gaussian mixture model (JDGMM), modified-prior, score-level fusion, spectrogram 
fusion, spoofing attack, voice conversion. 
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In this thesis, we develop computationally efficient VLSI architectures for sparse system 
identification using proportionate adaptation under Gaussian/non-Gaussian noise environments. 
The proportionate-type algorithms are shown to outperform the conventional LMS algorithms 
for sparse system identification. However, not much is known about their optimized 
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implementation in dedicated hardware because of the huge computational complexity. For 
achieving the best performance-complexity trade-off of the complex adaptive filtering 
algorithms, this research focused on co- design of algorithm and architecture in an intertwined 
way rather than designing them in isolation. 
 
First, we develop a framework based on logarithmic number system (LNS) to implement 
adaptive filters with error nonlinearities (which work well in non-Gaussian noise environments) 
in hardware. The framework is demonstrated through pipelined implementations of two recently 
proposed adaptive filtering algorithms based on logarithmic cost namely, Least Mean 
Logarithmic Square (LMLS) and Least Logarithmic Absolute Difference (LLAD). 
 
Second, we simplify the proportionate algorithms through several reformulations, which 
substantially reduce the computational complexity, without sacrificing the performance. We 
design the corresponding pipelined VLSI architectures and provide application-specific 
integrated circuit (ASIC) implementation results. This reference design demonstrates that VLSI 
implementation for proportionate-type algorithms is feasible in practice.  
 
Finally, we combine these two classes of algorithms to develop robust error non-linear adaptive 
filter algorithms based on proportionate adaptation for sparse system identification under 
impulsive noise and we design the corresponding VLSI architectures. Based on the results 
obtained throughout this thesis, we show that hardware efficient architectures for sparse system 
identification under Gaussian/non-Gaussian noise are feasible in practical systems. 
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Network-on-Chip (NoC) has emerged as a promising communication backbone for the emerging, 
as well as future multi-core Systems-on-Chip (MCSoCs) that integrate many intellectual 
property (IP) cores. NoC based MCSoCs have several advantages over conventional bus-based 
ones, such as improved energy efficiency. These advantages allow the NoC based 
communication infrastructure to be considered for many applications, including digital signal 
processing (DSP), in realizing efficient and high-performance architectures. Further, the life 
cycle of an integrated circuit (IC) product nowadays revolves around several third-party 
organizations, such as IP vendors and IC fabrication houses. With the involvement of so many 
entities, it has become essential to incorporate security features at every stage of system 
integration. In this direction, the security-aware design of the NoC based architectures for several  
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application areas, including DSP, is also being considered. This dissertation concentrates on 
implementing energy-efficient and secure NoC architectures for DSP applications. A NoC based 
energy-efficient and reconfigurable fast Fourier transform architecture, which utilizes the 
constantgeometry (CG) property, has been proposed. Further, a variant of the CG signal flow 
graph (CGSFG), namely butterfly-separated CGSFG, has been introduced. Next, an energy-
efficient NoC topology with diagonal links, namely ZMesh, has been proposed. Next, a ZMesh 
NoC based reconfigurable Viterbi decoder architecture 
has been presented, which leverages the properties of ZMesh to realize several configurations of 
its algorithm efficiently. Next, two runtime mechanisms to thwart hardware Trojan-based attacks 
in NoCs have been proposed. The attacks considered are illegal packet request and packet drop 
attacks. Analysis of the proposed attacks has been carried out even on the DSP algorithms to 
establish their significance. The proposed security mechanisms are realized at the hardware level 
and are shown to account for low overheads in terms of both energy efficiency and application 
execution time. Further, a technique to embed delay-based physical unclonable functions (PUFs) 
has been presented. The crossbars present in the NoC routers are modified such that they can 
function both as a standard crossbar and as a PUF. The proposed embedded PUFs can be applied 
to chip authentication, as well as secret key generation. 
 
Keywords: Network-on-Chip; energy-efficiency; security; digital signal processing; fast Fourier 
transform; Viterbi decoding; hardware Trojan; physical unclonable function. 
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Digital video compression has been research topic for many years. Most of the video 
compression architectures are aimed at compressing the video with high complex encoders and 
low complex decoders, which are termed as conventional video coding schemes. Compressing 
the video with low complexity encoders has become the essential requirement for the portable 
multimedia devices. For this purpose, distributed video coding (DVC) is considered as a suitable 
solution. Due to the poor Rate-Distortion (RD) performance compared to the conventional video 
coding scheme H.264, much importance is given to improve the compression efficiency of DVC 
since last decade. DVC architecture is composed of several blocks and each block is having a 
considerable impact on the RD performance. In this thesis, several architectures are designed to 
improve the compression performance focusing on different blocks. 
 
The firrst work in this thesis is aimed at improving the quality of side information (SI) through 
layering approaches for transform domain wyner-ziv (TDWZ) codec. Each Wyner-Ziv (WZ) 
frame is divided into multiple layers and each layer is encoded independently. At the decoder, 
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each layer is decoded by exploiting the correlation between the layers. After decoding each layer, 
temporal and spatial correlation is exploited to refine the quality of side information for decoding 
the next layer. The first contribution in this thesis is to propose three layering approaches for 
improving the quality of SI. The proposed three layering schemes are (a) block based, (b) block 
and Discrete Cosine Transform (DCT) band based and (c) band based. 
 
In the second work, we propose encoder and decoder driven skip/WZ coding mode decision 
schemes. In the encoder driven approach, coding mode decisions are applied at 8x8 block and 
DCT coefficient level. In the decoder driven approach, mode decision scheme is proposed for SI 
refinement based WZ codec and applied at 8x8 block and layer level. 
 
In WZ codecs, WZ frame is encoded without considering the amount of correlation noise present 
between the original WZ frame and the decoder estimated SI. The number of parity bits required 
to decode the WZ frame is more compared to the case where the WZ encoding is performed by 
considering the correlation noise (CN). The third part of the thesis is to propose the CN based 
WZ encoding scheme.  
 
To improve the quality of reconstructed WZ and key frames, post-processing schemes are 
proposed in the next part of thesis. The first post-processing scheme is to improve the quality of 
key frames by using WZ frames. The processed key frames are used to improve the quality of SI 
for decoding WZ frames. The key frame processing scheme is employed at encoder to improve 
WZ encoding. The second post-processing schemes is to improve the quality of reconstructed 
WZ frames by using non-local means filter. In the final post-processing scheme, block motion 
estimation and optical ow based SI refinement scheme is proposed for improving the quality of 
decoded WZ frames in higher group of pictures (GOP) 
 
The final contribution of this thesis is related to WZ architectures for feedback channel free and 
limited feedback channel. In the feedback channel free WZ architecture, 8x8 block level 
skip/WZ, DCT band and frame level intra/WZ coding mode decision schemes are employed at 
encoder. Unequal error protection based rate estimation scheme is proposed for improving the 
quality of SI estimation at decoder. At the decoder, iterative decoding tools are used to reduce 
the bit-plane errors and adaptive reconstruction is proposed to improve the quality of 
reconstructed WZ frame. In the limited feedback channel WZ architecture, number of feedback 
channel requests are limited for each WZ frame. In the feedback channel constrained WZ 
architecture, rate estimation and techniques to correct the errors present in the SI are proposed. 
To utilize the feedback channel effectively, the number of parity bits to decode the WZ frame is 
initially calculated by the encoder. At the decoder, for each feedback channel request, the 
additional number of parity bits required to successfully decode the bit-planes are calculated and 
requested from the encoder. After each feedback channel request, the following steps are applied. 
(1) The proposed error correction techniques are applied to decode the unsuccessfully decoded 
bit-planes by using updated number of parity bits, (2) SI is refined and (3) The proposed error 
correction techniques are applied to decode the unsuccessfully decoded bit-planes by using 
updated parity bits and the refined SI. 
 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 208 

 

Keywords: Side Information, Wyner-Ziv coding, Slepian-Wolf coding, feedback channel, 
Correlation noise, mode decision, key frames, WZ frames, Intra coding, Channel coding, 
Reconstruction. 
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Network-on-Chip (NoC) provides a communication backbone for on-chip packet transmission 
between different Intellectual Property (IP) blocks in system chips. The NoC paradigm helps to 
overcome the drawbacks of bus-based System-on-Chip (SoC) by providing a more flexible, 
scalable and effective communication platform. With rapid advancement in deep sub-micron 
technology, another issue that comes into consideration is the system reliability. As more number 
of transistors are packed onto a single chip, the probability of their failure also increases. From 
the aspect of Network-on-Chip fabric, faults may damage links, routers or both. To handle such 
faults, different strategies have been employed in this thesis, which include modification of 
router architecture, network reconfiguration and use of spare routers and links. The 
aforementioned strategies have helped to tolerate network faults along with improvement in 
system reliability. It may be noted that the failure rate of a chip varies with its working 
temperature. A temperature dependent reliability model has been developed for proper 
evaluation of the system reliability. The model has been used for a reliability-aware mapping 
algorithm, developed for mapping tasks onto mesh based Network-on-Chip. The approach 
attempts to maximize system reliability with a constraint on average packet delay (APD). A 
Particle swarm optimization (PSO) based formulation and a Mixed Integer Linear Programming 
(MILP) have been used. The proposed approaches have been evaluated taking real and synthetic 
benchmarks. Results have been compared with techniques presented in the literature, which 
shows a significant improvement in system reliability and network performance. A fault tolerant 
NoC design also involves mitigation of processor faults. Faults in processors are divided into two 
parts- transient faults and permanent faults. A task executing on a processor affected by transient 
fault gets corrupted. On the other hand, in case of permanent faults the processor becomes fully 
defunct. To overcome such situations, different fault tolerant strategies have been used. For 
transient faults, checkpointing, task re-execution and replication have been used. In case of 
permanent faults, active and passive replication of tasks have been used. To mitigate the effect of 
these faults in real-time embedded systems, consisting of NoC based multi-processors, fault 
tolerant dynamic mapping and scheduling algorithms have been proposed. The algorithms focus 
on minimization of computation and communication energy overheads. For each task entering 
into the platform, an appropriate fault tolerant strategy has been selected based on its timing 
characteristics. 
 
Keywords: Network-on-Chip; Fault Tolerance; Reliability; Particle Swarm Optimization; Mixed 
Integer Linear Programming; Dynamic Mapping and Scheduling. 
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The task of video anomaly detection is most challenging in defining the objectives as it is 
diversified in approaches and interpretation of the problem. The various anomaly detection 
algorithms address the challenges encountered due to the design of the algorithms and 
classification models used for anomaly detection. The computational time and complexity, 
accurate detection and localization play a major role in implementing the algorithms. The 
challenges such as data collection, data preparation, and evaluation strategies become equally 
important key issues to be considered by the computer vision community. 
 
In crowded scenes, global abnormal events form unique and distinct motion characteristics, and 
category of anomalies. Such events require image-level detection rather than pixel-level 
localization with less complexity compared to local abnormal events. The features are generally 
computed at pixel-level or block-level and are of motion and appearance types. The pixel based 
approaches extract features from foreground pixels leads to heavy computational complexity. 
The block based approaches address the problem of heavy computations and achieve high 
detection rate for local anomalies but fail to achieve better localization. Such methods are 
suitable for detection of global abnormal events. Hierarchical block based approaches 
compensate between the computational complexity and localization problems. 
 
The above discussed pixel based, block based and hierarchical block based methods use 
background modeling algorithms, detect either global abnormal events or local abnormal events, 
and use the traditional histogram of optical flow (HOF) motion descriptor. The use of 
background modeling algorithms extract foreground objects by reducing the computational 
burden, but their efficiency highly influences the detection accuracy. The traditional HOF 
descriptor fails to capture the local motion variation and structure information of local anomalies. 
The focus of this thesis work is to address these problems. 
 
In the initial section, we present a survey of various video anomaly detection datasets. The 
description and categorization of these datasets are briefly explained. In the next section, we 
address the drawbacks of existing pixel based and block based anomaly detection methods. We 
propose block based approaches viz Hierarchical block based feature extraction method, and 
Block based feature extraction method using context location and motion-rich spatio-temporal 
volumes (MRSTVs) to solve the problem of global abnormal events detection in crowded scenes. 
These methods use low-level optical flow motion features extracted from spatio-temporal 
volumes (STVs) to represent motion information of global abnormal events. 
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We use one-class SVM to learn normal events and detect abnormal frames. A combined spatial 
and temporal post-processing method is proposed to reduce false alarm rate and improve the 
detection results. The aim of these methods is to omit the use of background modeling algorithm 
and detect location-related anomalies. Motion-rich spatio-temporal volumes (MRSTVs) imply 
STVs belong to foreground objects. Context location is obtained as a byproduct of this method 
that helps to define unexpected/restricted motion area to detect location-related anomalies. The 
proposed global abnormal events detection methods are combined to detect global and local 
abnormal events detection via hierarchical block based feature extraction. Extraction of block 
based features at three levels of hierarchy reduces the computational burden. This is achieved by 
using global analysis model for frame-level detection and local analysis model through 
hierarchical structure to achieve localization for local abnormal events. Further, global and local 
abnormal events are categorized. In all the above proposed methods, the focus was to address the 
computational burden and achieving reasonable localization accuracy for pixel based and block 
based approaches, adopting different models for hierarchical approaches, and detecting location- 
related anomalies. 
 
In the final section, we propose a new 3D Spatially-Localized Histogram of Optical Flow (SL-
HOF) motion descriptor for detecting local abnormal events. The 3D SL-HOF descriptor has 
more discriminative power than the traditional HOF motion descriptor which is widely used to 
represent motion characteristics of abnormal events. The 3D SL-HOF descriptor utilizes motion 
magnitude and orientation information from optical flow map more efficiently to capture local 
motion variation and structure information of foreground objects. Appearance features computed 
using 3D HOG descriptor and combined with motion features. Motion-rich STVs extract 
foreground objects whereas context location helps to detect abnormal crowd movement in an 
unexpected region. Finally, One-Class SVM classifier is adopted to train the normal behavior 
and detect abnormality during testing. 
 
The proposed 3D SL-HOF descriptor is used for spatio-temporal trajectory analysis by extracting 
motion and appearance features around the detected keypoints. The computationally efficient 
oriented FAST and rotated BRIEF (ORB) keypoint detector is used to detect keypoints and 
tracked using KLT algorithm. A new 3D SL-HOF motion descriptor and 3D HOG appearance 
descriptor are used to extract features around the detected and tracked keypoints. Bags-of-words 
model is used to encode these features. One-Class SVM classifier is used to train the normal 
behaviour and detect abnormal behaviour. The use of 3D SL-HOF motion descriptor is proven to 
be efficient in representing motion features with improved detection accuracy compared to the 
HOF descriptor. 
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Frequent monitoring of blood glucose levels is an essential part of diabetes care, but the 
invasiveness of current devices deters regular measurement. Non-invasive glucose measurement 
techniques are painless to implement and rely on changes in sample properties to estimate 
glucose concentration. The use of near infra-red (NIR) photoacoustic spectroscopy (PAS) for 
continuous non-invasive blood glucose measurements is explored through simulation studies, 
followed by experiments on different sample media. The theoretical background of the technique 
is outlined and verified through simulation, and experimental studies are performed using a 
photoacoustic measurement setup. The apparatus is used to obtain dual-wavelength 
photoacoustic measurements in vitro from aqueous glucose solutions, solutions of glucose and 
hemoglobin, and whole blood samples, and the results show the values of the signal features to 
vary with the change in sample glucose concentration. However, the measurements are affected 
by the presence of other biomolecules, resulting in an increased estimation error and 
necessitating calibration to obtain accurate glucose concentration estimates. A kernel based 
calibration algorithm using multiple features of the photoacoustic signal is used to estimate 
glucose concentration from photoacoustic measurements. The calibration of photoacoustic 
measurements from glucose solutions using Gaussian kernel-based regression results in a Root 
Mean Square Error (RMSE), Mean Absolute Difference (MAD), and Mean Absolute Relative 
Difference (MARD) of 7.64 mg/dl, 5.23 mg/dl, and 2.07% respectively. Kernel-based calibration 
also performs well on solutions of glucose and hemoglobin, and whole blood samples, resulting 
in lower estimation errors than that of previous efforts and with glucose estimates being in the 
acceptable zones of a Clarke Error Grid (CEG). It allows for individual calibration of 
photoacoustic measurements in vivo, resulting in a RMSE, MAD, and MARD of 19.46 mg/dl, 
10.79 mg/dl, and 7.01% respectively with 89.80% of the estimates being within Zone A of the 
CEG. The use of polynomial kernelbased calibration also provides better performance over 
previous efforts with a mean absolute relative difference (MARD) of 8.84% and Clarke Error 
Grid distribution of 92.86% and 7.14% over Zones A and B of the grid. The improvement in the 
estimation accuracy with the use of dual glucose-specific excitation wavelengths for 
photoacoustic measurements along with kernel-based calibration would enable continuous non-
invasive glucose monitoring, facilitating better diabetic care and improved treatment outcomes. 
 
Keywords: Diabetes, Glucose Monitoring, Noninvasive Measurement, Photoacoustic  
Spectroscopy, Calibration, Kernel Methods 
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Network-on-Chip (NoC) has emerged as a potential scalable interconnect solution to the 
ever-increasing inter-processor communication requirement in Multi-Processor Systems-on-Chip 
(MPSoCs). NoCs can significantly improve chip performance compared to the on-chip buses. 
However, only performance aware NoC design may result in unacceptably high chip 
temperature. This reduces the reliability of the chip and may lead to drastic degradation in the 
system performance again. Moreover, chances of creating thermal hotspots increase as we 
further scale down the technology. This thesis concentrates on implementation of different 
thermal management techniques in high-level designs in NoC-based MPSoCs. It considers both 
Regular Mesh-based NoCs (RMNoCs) and Application-Specific NoCs (ASNoCs). A combined 
Particle Swarm Optimization and Simulated Annealing based thermal-aware core and primary 
router placement technique has been developed for ASNoCs. It consists of three steps. Firstly, an 
area-optimized floorplanning of the cores has been conducted. Considering an overhead on that 
minimum area, a performance aware floorplan has been generated next. Finally, a thermal-aware 
white space allocation and redistribution has been carried out on this performance-aware 
floorplan. After placing the cores and primary routers, a Discrete Particle Swarm Optimization 
based power-aware path synthesis has been carried out, which finds the positions of the links in 
the ASNoC floorplan. This technique also places junction routers and secondary routers in such a 
way that the total network power consumption is minimized. This leads to a further reduction in 
chip temperature. The thesis also explores several thermal management techniques in RMNoCs. 
A Simulated Annealing based thermal-aware Task Allocation and Scheduling method has been 
proposed, which jointly optimizes the task-tocore allocation and scheduling problems for 
periodic real-time applications. It is a platform-based procedure and is applicable for two- and 
three-dimensional (2D and 3D) RMNoCs containing both homogeneous and heterogeneous 
cores. Due to the increased distance of computing layers from the heat sink, thermal management 
in 3D RMNoCs becomes more crucial. Moreover, routers present in the topmost silicon layer 
often generate thermal hotspots due to their higher power density compared to the cores. To 
compensate this uneven temperature distribution in 3D RMNoCs a Mixed Integer Linear 
Programming (MILP) based routing technique has been proposed, which judiciously detours 
some of the traffic flows through the lower silicon. The solutions proposed in the thesis have 
been tested on a number of benchmarks and found to produce significant improvement in peak 
temperature compared to the techniques presented in the literature. 
 
Keywords: Network-on-Chip; Application-Specific Network-on-Chip; 3D Network-on-Chip; 
Core and Router Placement; White Space Redistribution; Link Placement; Task Allocation and 
Scheduling; Routing. 
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In current video coding standards, like H.264 and HEVC, to exploit inter frame 
redundancy, motion estimation is done at the encoder which makes encoder 5 to 10 times more 
complex than the decoder. This strategy is suitable for applications like broadcasting or video on 
demand systems, where video is coded once and decoded many times. However in many 
applications like video surveillance, multimedia sensor networks, disposal camera etc., require 
less encoder complexity possibly at the expense of increased decoder complexity. For this 
purpose, distributed video coding (DVC) is considered as a suitable solution. Most of the DVC 
codecs in literature use Low density parity check and accumulate (LDPCA) or Turbo codes and 
make use of the available feedback channel for effective compression. In these codecs, the 
complexity of the LDPCA decoder is very high and it uses feedback channel multiple times 
which makes it unacceptable for practical applications. Feedback-free DVC codecs are also 
proposed in literature and have more applications compared to DVC codecs with feedback 
channel. However, feedback-free codecs suffer from difficult tradeoff between encoder 
complexity and rate-distortion (RD) performance. A local rank transform (LRT) based DVC 
codec with feedback channel is proposed in literature and has less complexity both at the encoder 
and decoder compared LDPCA based DVC codecs, but the RD performance is relatively poor. In 
this thesis, several LRT based DVC codecs have been proposed to improve the RD performance 
keeping both the encoder and decoder complexity low. 

The first work in this thesis is aimed at improving the RD performance of the LRT based 
DVC codec and also to eliminate the need for a feedback channel, which makes the codec 
suitable for real time application. This is done my modifying different computational modules of 
the base LRT based DVC codec. These include an LRT variant to reduce bit rate, a probability 
based rank merging, coding rank positions instead of their values, a mean assisted motion 
estimation and compensation, an adaptive reconstruction algorithm and a post processing step. 
Detailed simulations show that the proposed codec performs near to LDPCA based schemes with 
feedback channel, and consumes less power both at the encoder and decoder which makes it 
suitable for low power applications. 

In all the state-of-the-art DVC codecs, each input frame is divided into either intra frame 
or Wyner-Ziv (WZ) frame. Intra frames are coded using H.264 intra encoder and WZ frames are 
coded using LDPCA or Turbo codes. In LRT based DVC codec, LRT along with arithmetic 
coder is used for coding WZ frames. In the second work of this thesis, only 50% pixels of WZ 
frame are encoded to decreases the bitrate. At the decoder, a convolutional neural network 
(CNN) is used which is trained to do upsampling from 50% noisy pixels. The proposed codec 
shows significant improvement in the RD performance at the expense of increased decoder 
complexity. 

Finally, in the LRT based DVC codec, an approach of limited use of feedback channel is 
proposed. It is found to improve the RD performance compared to its feedback free version. The 
codec processes the WZ frame blockwise and mode decision to code a block is taken at the 
decoder. Feedback channel is used here to send this mode decision map. The complexity of both 
the encoder and decoder is less compared to conventional DVC codecs. The RD performance of 
the codec is found to be poorer compared to DISCOVER but is close at some data rates. 
 
Keywords: Distributed video coding (DVC), Low density parity check and accumulate 
(LDPCA), Local rank transform (LRT), Wyner-Ziv (WZ), Convolutional neural network (CNN) 
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Recent demand for microwave absorbing materials (MAM) has increased significantly because 
of explosive growth in the field of telecommunication and radar system engineering. MAMs are 
used for suppression of electromagnetic interferences (EMI) and reduction of radar cross sections 
(RCS) of different military targets. The objective of the present work is to develop and evaluate 
the performance of different series of MAM for RCS reduction applications. Four types of U 
type hexaferrite materials have been developed using solid state reaction method for microwave 
absorption applications. Dierent series of materials are MgMn based, CoP based, CoCr based and 
CoMnZn based U type hexaferrites. In case of MgMn hexaferrites, Ba4Mg2-xMnxFe36O60 have 
been prepared for various values of x in the range x=0.5, 1.0, and 1.5. In case of CoP series, the 
U-type hexaferrite magnetic material Ba4(Co1-5xP2x)2Fe36O60, for x=0.05 has been prepared. For 
CoCr based U-type hexaferrite, Ba4(Co1-3xCrx)2Fe36O60 for various samples of x in the range x= 
0.05, 0.1,0.15, 0.2, and 0.25 have been prepared. For CoMnZn based hexaferrite 4(Co2-
(x+y)MnyZnx)2Fe36O60, for various samples of x in the range of x=0, 0.2, 0.4, 0.6, 0.8 and 1.0 have 
been prepared. The characterizations of the MAM have been performed using the scattering 
parameter method. The microwave (MW) absorption performance of the materials is estimated 
by computing the reection loss (RL) of the material. In the single layer MAM design, the RL 
obtained is of the order of -43dB at 9.208GHz with 1.7mm thickness for MgMn based 
hexaferrite, -62.8 at 12.23GHz with 1.378mm thickness for CoP based hexaferrite, -50dB at 
8.534GHz with 2.21mm thickness for CoCr based hexaferrite and -44.46dB at 12.316GHz with 
1.20mm thickness for CoMnZn based hexaferrite. The effective bandwidths of MgMn, CoP, 
CoCr and CoMnZn based hexaferrites are of the order of 4.03GHz (8.368-12.4GHz), 2.35GHz 
(10.048-12.4GHz),1.51GHz (8.2-9.712GHz), and 0.924GHz (11.476-12.4GHz) respectively. 
Improvement in the absorption performance over a wide band for a lesser thickness has also been 
carried out by considering multiple layers of different series of hexafer-rites over the perfect 
electric conductor (PEC). In the present work, genetic algorithm (GA) has been applied for 
optimization of multilayer MAM using four material con gurations. In rst case, various series of 
CoCr have been considered. In this case, RL obtained with thickness of 1.801mm is of the order 
of -80.94dB at 10.97 GHz with an effective bandwidth of 3.948GHz (8.2-12.148GHz). In the 
second case, combinations of MgMn and CoP have been considered in the designing of 
multilayer MAM. In this case, two and three layered multilayer MAM have been implemented 
where RL is found to be -67.79 dB at 9.88GHz with thickness of 1.69mm and effective 
bandwidth of 3.864GHz (8.536-12.4GHz) for three layer RAM. In the third case, CoCr and 
MgMn based hexaferrite have been considered where two, three and four layered multilayer 
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MAM have been discussed. An optimum RL of the order of -79.22dB is obtained at 9.376GHz 
with thickness of 1.79mm and bandwidth of 3.44GHz (8.284-11.728GHz) for four layered 
MAM. In the fourth case, CoCr, MgMn and CoP based hexaferrite have been considered and 
multilayer MAM have been designed in two, three and four layered structure. An optimum RL 
has been observed in four layered MAM which is of the order of -76.7dB at 9.376GHz with a 
thickness of 1.659mm and bandwidth of 4.032GHz (8.368-12.4GHz). Performance evaluation of 
MAM through RCS reduction simulation on an artillery shell has been carried out using 
Computer Simulation Technology (CST) Microwave Studio's Transient Solver (TS) module. 
Real and imaginary parts of complex permittivity and permeability values of the MAM pellets 
have been applied on artillery shell (Diameter 30mm, Length 130mm) and RCS reduction 
simulation has been carried out in 8-12.4 GHz for both single and multilayer coated MAM. RCS 
reduction for various single layer MAM has been performed where RCS reduction of 15dB at 
9GHz, 24.37dB at 10GHz, 22.07dB at 9GHz and 14.69dB at 12.321GHz has been obtained for 
MgMn, CoP, CoCr and CoMnZn based hexaferrite respectively.In order to study the RCS 
reduction eectiveness over entire frequency band (8GHz-12GHz), RCS reduction simulation has 
been carried out at various frequency at 0 and 90 degree aspect angle for CoCr based single and 
multilayer MAM. RCS reduction of 29.76dB has been observed for four layers coated MAM at 
9.5GHz and RCS reduction of 28.98dB has been observed at 8.75GHz for single layer MAM. 
RCS simulations have been carried out over 8-12GHz with a span of 1GHz over a wide aspect 
angle of 0-180 degree for CoP & MgMn based, CoCr & MgMn based and CoP, CoCr & MgMn 
based multilayer MAM. Multilayer MAMs have been applied using CST EM simulation 
software on practical and canonical objects like at plates,cylinder and spheres and similar RCS 
reductions have been observed.MAMs have also been used in EMI supression applications for 
dipole and circular loop antennas.MAMs have been used in isolation improvement application 
for transmission line and two element microstrip patch array and maximum isolation 
improvement of 20dB and 5dB have been observed respectively.  
 
Keywords: Complex permeability, Complex permitivity, Electromagnetic Interference, 
Electromagnetic Simulation, Genetic Algorithm, Microwave absorbing materials, Radar cross 
section, Reflection loss 
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Bacteria such as Escherichia coli perform a biased motion in a heterogeneous spatial chemical 
environment. This motion, commonly known as chemotaxis, has generated a substantial research 
interest among scientists over the last few decades. The movement of the motile bacteria 
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resembles the drift-di_usion motion observed in gases, or in electrons in a metal bar. However, 
unlike the pure thermodynamic genesis of the Brownian motion, bacteria mimic a random 
motion using their 
sophisticated chemosensory modules, biochemical circuits for adaptation, and the agellar motor 
modules. Using chemotaxis, these single cellular organisms place themselves in a favorable 
spatio-temporal localization. 

The present dissertation develops a predictive modeling scheme for quantifying the 
chemotactic drift in response to three different spatial/spatio-temporal ligand concentration 
gradients, namely, the spatial exponential profile, the diffusive step profile, and the spatial 
exponentiated sinusoidal profile. The first model developed for the steady-state behavior 
explains and validates the experimental observations. The second model was built on the basis of 
the first model to extend the theory to transients. The successful prediction of run-time 
modulation, the Brownian-like trajectory, tumbling angle, and the measured drift velocity 
validated the theory developed in this dissertation. 

Experiments were designed in the microuidic channels to generate the controlled spatial 
or spatio-temporal ligand concentration gradients. The bacterial motion was captured using a 
time-lapse microscopy and an image processing based estimation algorithm was developed to 
measure the drift velocity from these observed trajectories. For the proof of the concept, Monte 
Carlo simulation algorithms were also designed to generate the Brownian-like motion 
trajectories on a digital computer. The convergence of the theoretical prediction, simulation, and 
experimental data provided the conclusion of the dissertation. 
 
Keywords: Chemotaxis; Escherichia coli ; drift; microuidic experiment; steady state analysis; 
transient analysis; bimodal analysis. 
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Planar, compact and low-profile multiband antennas find numerous applications in modern 
wireless communication system according to the requirements and specifications. This thesis 
solely focuses on different design aspects of planar multiband antennas based on microstrip and 
substrate integrated waveguide (SIW) technologies. Moreover, the research work finally aims to 
design planar multiband multi-element antennas, which offer transmission at higher data rate 
compared to the conventional single antennas. 
 
The application of composite right/left handed (CRLH) unit cell, derived from the concept of the 
metamaterial transmission line, is a very efficient way to design multiband antennas. Along with 
the conventional resonant frequency, zeroth order and negative order resonant frequencies are 
obtained in CRLH unit cell. CRLH unit cell loaded triple-band and quad-band antenna are  
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presented in the thesis. The triple-band antenna is designed by loading the CRLH unit cell in a 
rectangular loop, which has its own resonant frequency. In case of the quadband antenna one 
monopole is loaded with a CRLH unit cell to generate three resonant frequencies. The fourth one 
is obtained by adding one monopole to this antenna.  
 
Two compact designs microstrip multiple-input-multiple-output (MIMO) antennas are presented. 
The dual-band MIMO antenna has the advantage of design simplicity as the isolation network is 
designed using three simple open-ended slots. The property of CRLH unit cell is exploited to 
design the triple-band MIMO antenna. Slot-based simple and efficient isolation network is 
designed for this antenna too. 
 
Two SIW antennas, based on bow-tie shaped slots, are realized. A novel technique is adopted to 
design triple band SIW antennas, where metallic shorting pins or vias are used to generate 
multiple radiating modes. Moreover, by moving these metallic vias along a particular direction 
the corresponding resonant frequencies can be changed. This, consequently, leads to achieve the 
frequency tunability. 
 

The judicious application of transverse slots on SIW cavity leads to the antennas with self-  
diplexing property. Two designs of self-diplexing antennas are presented. In the first design two 
parallel transverse slots of different lengths are used to obtain two closely spaced resonant     
requencies at the corresponding ports. A plus-shaped slot with two unequal orthogonal arms is 
used in the second design. Both the designs possess the advantage of design simplicity. 
Moreover, the inherent isolation between the ports is good enough and frequency tunability is 
achieved in both the cases too. The self-diplexing antennas eliminate the use of complex  
diplexers. 
 
The concept of MIMO and self-diplexing is combined together to exploit the features of  both 
technologies. A four-port microstrip self-diplexing MIMO antenna is designed. A pair of self-
diplexing antennas is placed in such a way that MIMO characteristic is also achieved  
simultaneously. This antenna not only discards the use of diplexers at the RF front-end but also 
leads to enhancement in the data transfer rate as well as spectral efficiency.  
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The dissertation presents adaptive encoding techniques for the reduction of self-transition 
activity in high capacitance off-chip buses since power dissipation associated with those buses 
can be significant for high speed communication and coupling-transition activity reduction in on- 
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chip buses as power dissipation in on-chip buses is mostly dominated by coupling 
between bit lines. Both proposed adaptive techniques rely on the observation of data 
characteristics over fixed window sizes. In every observation window proposed off-chip method 
forms a cluster or sub-group of bit-lines having highly correlated switching patterns. It uses XOR 
operation to reduce the transitional correlation among them which finally leads to self-transitions 
reduction. The proposed on-chip encoding exploits coupling correlation among adjacent bit-lines 
in each observation window and selectively encodes a group or cluster of bit lines by means of 
XOR operation which reduces coupling transitions. The proposed off-chip and on-chip encoding 
methods utilize redundancy in space and time to prevent loss of information while retrieving data 
at the decoder. Analytical and experimental results demonstrate the self and coupling activity 
reduction by our adaptive encoding schemes outperform other existing encoding techniques for 
various data sets especially when data characteristics changes over time. We improve the 
overhead due to encoder and decoder by optimizing algorithm and hardware for proposed off-
chip encoding, whereas for proposed on-chip encoding method we focus on computational 
complexity reduction at the algorithmic level only.  

 
Keywords: Off-chip bus, On-chip bus, Bus encoding schemes, Bus power reduction, Low power 
VLSI design, Interconnects power 
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This thesis presents a study of some novel Substrate Integrated Waveguide (SIW)- Inspired 
planar and 3D based geometries. The advantages of SIW have been efficiently used to model 
structures, both in the lower IEEE designated WLAN and WiMAX frequency bands; and higher 
bands such as the Ka band. 
 

Miniaturization techniques such as those involving the use of quasi-magnetic wall for 
segmentation have been incorporated. The effect of fractal geometries and Complimentary Split 
Ring Resonators (CSRR) on such geometries have been investigated and further miniaturization 
and frequency tunability have been observed. Certain limitations associated with rectangular 
based geometries have been overcomed by the use of cylindrical shaped geometries, which has 
been shown to operate upto the 64th mode geometry (structurally occupying 1/64 times the area 
of a Full Mode cavity), while operating at the same frequency. The ground plane has been 
engineered to achieve quasi-omnidirectional radiation characteristics from the antenna, while 
maintaining its modal fields, which has been validated by Eigen-modes as well. Subsequently, 
mode switchability has been incorporated by the use of active devices within the structure. Some 
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variants involving the use of alternately etched slots of varied thickness and amalgamation of 
32nd and 64th mode geometries have promised wideband response from the antenna. 
 

An investigation has been carried out to mitigate the issues involved with radiation from 
planar SIW based horn geometries. To alleviate such concerns, a 3D based pyramidal horn 
antenna is proposed, which can be manufactured using the standard Printed Circuit technology. 
Such design modifications could accomplish directive radiations along both the principal 
radiation planes for a wide operating bandwidth. An ingenious method has been applied to 
incorporate profiled ridging within the stacked structure to further increase its operating 
bandwidth. An examination has also been successfully carried out by which a single embodiment 
could imitate the three standard horns, viz. E- plane sectoral, H-plane sectoral and pyramidal 
horns, in terms of its radiation. The structure being a two port embodiment can switch its 
radiation based on the port at which the power is fed, hence minimising the use of three separate 
horn antenna geometries. 
 
Keywords: Complementary Split Ring Resonator, multi-horn, pyramidal horn, quasi-magnetic 
walls, Substrate Integrated Waveguide, Sierpinski fractal, wideband 

 
 

CORDIC-BASED VLSI ARCHITECTURES FOR HIGH-THROUGHPUT 
DISCRETE FOURIER 

TRANSFORM FOR REAL-TIME APPLICATIONS 

 
Tanmai Kulshreshtha 

Supervisor: Prof. Anindya Sundar Dhar 
Department of Electronics and Electrical Communication Engineering 
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This research work primarily deals with the COordinate Rotation DIgital Computer (CORDIC)-
based conventional and modulated Sliding DFT (SDFT) architectures for computing a few 
selected bins within the whole spectrum. The SDFT updates the frequency spectrum whenever a 
new sample arrives at the input in real-time and is computationally more efficient compared to 
the fast Fourier transform (FFT). In the real-time scenario, the problem of spectral leakage is 
unavoidable and is therefore necessary to apply windows while computing the DFT to minimize 
leakage. We have proposed the SDFT architecture integrated with the triangular window, which 
is relatively easier to implement, and with the Hann window for relatively better performance. 
The proposed triangular windowed SDFT architecture is modified to provide the accurate 
outputs based on the exact transfer function with a high-throughput rate compared to the existing 
designs. Further, we have developed two algorithms for the Hann windowed SDFT architectures, 
which can also be extended to high order generalized cosine windows. An error containment 
feature (or refreshing mechanism) is included in the proposed SDFT architectures to limit the 
error-accumulation compared to the existing designs, where the error is unbounded due to its 
recursive nature. All the proposed SDFT architectures are scalable with the transform length and 
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the supported number of calculable bins. The computational accuracy of the proposed SDFT 
architectures in terms of the angle-approximation error and the worst-case truncation error is also 
presented. We have proposed a dual-memory based architecture for the reconfigurable 128- to 
2048-point FFT processor based on the decimation-in-frequency (DIF) algorithm to compute the 
complete spectrum for non-overlapping windows in real-time. The memory-based FFT 
architecture has been proposed with a single radix-2 processing element (PE), and also with 
multiple parallel radix-2 PEs for achieving higher throughput. We have developed a novel 
conflict-free memory addressing scheme for the proposed reconfigurable FFT architecture to 
meet the specifications of the orthogonal frequency division multiplexing (OFDM)-based 
communication systems. All the proposed designs have been synthesized on both FPGA and 
ASIC platforms. 
 
Index Terms: CORDIC, DFT, FFT, sliding DFT (SDFT), modulated SDFT (mSDFT), spectral 
leakage, windowing, real-time spectral analysis. 
 

 

PALEOCEANOGRAPHIC EVOLUTION OF THE WEST 
PACIFIC WARM POOL DURING THE NEOGENE: 

RECORDS FROM ODP HOLE 807A 
 

Himanshu 
Supervisors: Professor Mruganka K. Panigrahi and Professor Anil K. Gupta 

Department of Geology and Geophysics 
Accession No: NB16184 

 
During the Neogene, Earth witnessed significant climatic changes across low and high latitude 
regions. These changes have been captured by various proxies. Benthic and planktic oraminifera, 
stable isotope values were examined at Ocean Drilling Program (ODP) Hole 807A, western 
Pacific to understand the paleoceanographic and paleoclimatological changes in the study area 
during the Neogene. Eleven biofacies are recognized at Hole 807A using coherent results of both 
factor and cluster analyses of benthic faunal census data. The environmental preferences of these 
biofacies are used to assess the deep-sea paleoceanographic changes. Factor and Cluster analysis 
of highest ranked benthic foraminiferal species identified eleven biofacies at Hole 807A, 
characterizing distinct deep-sea environments. A major change occurred in benthic assemblages 
during the middle Miocene from 16.5 to 14 Ma indicating the high carbon input to the sea floor, 
this event corresponds to the Early Miocene Climatic Optimum (EMCO). All biodiversity 
parameters show a gradual increase from ~10 to 6.9 Ma. This high productivity event occurred 
~10-6.9 Ma at the end of the building phase of the East Antarctic ice sheet and possibly the 
beginning of the formation of the West Antarctic ice sheet. During this interval (~10-6.9 Ma) an 
increase in relative abundance of benthic foraminifer Uvigerina proboscidea and planktic 
foraminifer Globigerinita glutinata occurred. This time interval also shows an increase in δ13C 
values. From ~5.2 to ~4.8 Ma all species diversity parameters and the relative abundance of U. 
proboscidea increased, corresponding to the “Indo-Pacific Biogenic Bloom”. All parameters 
show a decreasing trend between ~3.5 and 2.0 Ma with increasing δ18O values and decreasing 
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values of δ13C, corresponding to initiation of the Northern Hemisphere Glaciation. Mixed Layer 
Species relative abundances indicate the thickening of the West Pacific Warm Pool at ~3.5 Ma. 
 
Keywords: West Pacific Warm Pool; paleoceanographic and paleoclimatic changes; planktic 
foraminifera; benthic foraminifera; Mid Miocene Climatic Optimum; Northern Hemisphere 
Glaciation; Indo-Pacific biogenic bloom; Pacific Ocean. 
 

A NEW ASSEMBLAGE OF VERTEBRATE 
MICROFOSSILS FROM INDIA: A WINDOW ON LATE 

TRIASSIC BIODIVERSITY AND 
PALAEOBIOGEOGRAPHY 

Mohd Shafi Bhat 
Supervisor: Dr. Sanghamitra Ray 
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Accession No.: NB16118 

 
Numerous new taxa of vertebrate microfossils based on isolated teeth and jaw fragments are 
identified from the Upper Triassic Tiki Formation of the Rewa Gondwana Basin, India, after 
standardizing the extraction protocols, which involved systematic exploration for microsites, 
bulk sampling, and wet and dry sieving. The study area is located near the village of Tihki in the 
Shahdol District of Madhya Pradesh, where the formation is best exposed. Five microsites are 
assessed for microfossils, of which one locality has yielded most of the vertebrate microfossils 
collected. The study has recovered a new lonchidiid Pristrisodus tikiensis, varied xenacanthids 
comprising two species of the genus Mooreodontus, and a new genus characterized by bicuspid 
tooth morphology. The bony fishes include a new species of the dipnoan genus Ptychoceratodus, 
a possible Gnathorhiza species, and the actinopterygian genus Saurichthys. Two different 
species of Saurichthys are identified based on crown proportion, robustness, and curvature, 
extent of the acrodin cap and nature of ornamentation. Multiple small conical teeth containing 
deep vertical furrows extending from the base towards the apex are assigned to the metoposaurid 
temnopondyls. Twelve distinct tooth morphotypes belonging to various archosauriforms such as 
Galtonia, Protecovasaurus, stagonolepidid, and other forms including theropods of ndeterminate 
affinity are identified. Late Triassic rhynchocephalians are described for the first time from India 
and comprise new species of the basal genera, Clevosaurus and Gephyrosaurus, and a new 
sphenodontian. A new species of the non-mammalian cynodont Rewaconodon and a new 
mammaliamorph are also recovered from the Tiki Formation. The new mammaliamorph genus 
exhibits a multicuspid tooth morphology, which is more advanced than that of the non-
mammalian cynodonts but contains an undivided root with distinct longitudinal groove on labial 
and lingual sides. The current study has revealed a rich and diverse Late Triassic vertebrate 
fauna, especially for the aquatic and land habitats, which otherwise would have remained 
unknown. This is also reflected by the estimated diversity indices, where the land and aquatic 
fauna show high taxic diversity with all the species equally distributed. The Tiki landscape was 
dominated by different types of herbivores and carnivores/omnivores belonging to different 
types of tetrapods, whereas the aquatic realm was rich in various types of freshwater sharks and 
bony fishes. Upper Triassic palaeobiogeographic distribution shows remarkable similarity of the 
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Indian fauna with that of the Laurasian countries, where the Tiki and southwestern equatorial 
region of North America form sister area. This may be explained by similarity in palaeoclimatic 
conditions between the two widely separated areas and possibility of biotic exchange along the 
Tethyan shorelines of the southern hemisphere. 
 
Keywords: Archosauriforms, Gondwana, Palaeobiogeogrphy, Rhynchocephalia, Tiki 
Formation, Upper Triassic, Vertebrate. 
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In this study, 445 sediment samples have been analyzed for benthic and planktic foraminifera 
and geochemical signatures (stable isotopes) from Cores ABP-25/04, ABP-25/05 and SK-243/I-2 
to understand paleoceanographic and paleoclimatic changes in the northeastern Arabian Sea 
during the late Quaternary. In total, 255 species belonging to 94 genera of benthic foraminifera 
are reported in this study. Factor and cluster analyses of highest ranked benthic foraminiferal 
species enabled to identify six assemblages (Co-Gl, Eb-Ag, Go-Au, He-Cp, Gn-Ob, Gl-Bm) 
from cores ABP-25/04, ABP-25/05 (Ou-Co, Cc-Ba, Au-Cb, Bs-St, Bs-Au, Co-Up) and seven 
from SK-243/I-2 (Cc-Co, Ba-Be, Bs-Ck, Be-Bp, Up-Ba, Up-Ck, Cl-Ep) characterizing distinct 
deep sea environments during the studied interval. A major change occurred in benthic 
assemblages as well as planktic foraminifera during ~70 Kyrs BP at core SK-243/I-2. The 
population flux of upwelling species Globigerina bulloides suggests a strong summer monsoon 
during the Bolling-Allerod (B-A) interstadials and Early Holocene Climate Optimum. The early 
Holocene is marked by a stronger summer monsoon, which is evidenced by the excessive 
Ganga-Brahmaputra sediment discharge, higher precipitation and strong monsoon winds. At core 
ABP-25/04, a major change observed in benthic foraminifera during ~11 to 8 Kyrs BP 
suggesting a major intensification of the southwest monsoon (SWM). The G. bulloides 
percentages, Mg/Ca ratio, Ba/Ca ratio decreased whereas δ18O increased during the Last Glacial 
Maximum (LGM, 22 and 18 Kyrs BP). The summer monsoon was weaker during the LGM and 
the Younger Dryas (YD). At core ABP-25/05, the faunal assemblages show a major shift at ~9.7 
to 5 Kyrs BP. The Northern Hemisphere became warmer and the Indian, Southeast Asian and 
African monsoons reached their maximum during ~9 to 6 Kyrs BP. At core SK-243/I-2, a major 
change in benthic foraminifera occurs during ~103 to 70 Kyrs BP. This interval is marked by the 
biofacies Cc-Co, Ba-Be and Bs-Ck indicating high productivity, high organic carbon 
environments in areas with a thicker OMZ. The δ18O ratios increased and G. bulloides 
percentages decreased at SK-243/I-2 during the Heinrich events. It signifies strengthening of the 
Northeast (NE) monsoon and weakening of the Southwest (SW monsoon). The present data 
suggests a stronger summer monsoon during Inter Glacial Warm Period, Bolling-Allerod (B-A) 
interstadials and the early Holocene. 
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Keywords: Indian Monsoon System; late Quaternary; Planktic and Benthic foraminifera; 
Oxygen Minimum Zone; Upwelling; productivity; northeastern Arabian Sea. 
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Through this study, the author has endeavoured to 1) understand fabric development and 
emplacement mechanism of the Koppal Pluton and, 2) evaluate the state of stress during final 
phase of pluton emplacement using pegmatite dykes intruding Koppal Pluton. The fabric, as well 
as paleostress information, is integrated to develop a model that explains emplacement and 
kinematics of the Koppal Pluton. Anisotropy of Magnetic Susceptibility (AMS) data is presented 
from the Koppal Pluton (Dharwar Craton, India) that has U-Pb zircon age of 2528±9 Ma. 
Magnetic fabric of the Koppal Pluton is compared with the structural elements in the country 
rocks, and variation in the intensity of fabric within the pluton is mapped. Emplacement 
mechanism of the KP is discussed, and it is inferred that it emplaced syntectonically with 
regional D3 deformation. These results are compared with the time-relationship between 
emplacement/fabric development and regional deformation reported from the Mulgund Granite 
(2555±6 Ma; U-Pb zircon), which is also located in the Dharwar Craton and is equivalent to the 
Koppal Pluton in age. This granite is known to have emplaced syntectonically with regional 
D1/D2 deformation, and is thus not related to the same deformation event as the Koppal Pluton, 
despite their similar absolute ages. It is inferred that in the study area, D3 is ≤2537 Ma, while 
D1/D2 is ≥2549 Ma in age. Orientations of pegmatite dykes intruding the ~2.5 Ga Koppal Pluton 
(Dharwar Craton, South India) are used to evaluate the state of stress prevalent during dyke 
emplacement. The dykes emplaced synchronously during late-D3 regional deformation that was 
controlled by NW-SE directed shortening. Dykes within the Koppal Pluton have a restricted 
range of orientations, which is indicative of fluid pressure (Pf) < σ2 (intermediate principal stress 
axis). Paleostress analysis using dykes yields orientation of σ2 to be steep, while σ1 is shallow, 
thus implying oblique-slip during dyke emplacement, but with a strong strike-slip component. 
Since cratonization of Dharwar Craton is known to have occurred at ca 2.5 Ga, the analysis 
provides information about paleostress prevalent during this process. Maximum orientation of 
dykes intruding Koppal Pluton is NNW-SSE, which is oblique to the NNE-SSW oriented fabric 
that is known to have developed in the pluton during earlier stages of D3. A kinematic model 
involving deformation partitioning during late-D3 along this earlier fabric is envisaged to have 
resulted in the emplacement of dykes in NNW-SSE direction. 
 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 224 

 

Keywords: Anisotropy of Magnetic Susceptibility; fabric; granitoid; pegmatite dykes; 
paleostress; Dharwar Craton; India 
 
 

STRIKE-SLIP TECTONICS ALONG A CRATON-MOBILE BELT 
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In the Indian shield, the northern margin of the Eastern Ghats Province (EGP: a Proterozoic 
mobile belt) is in contact with the Rengali Province (an Archaean craton), along an ESE-WNW 
trending interface. The western side of the contact is covered with the sediments of Talchir basin, 
while the eastern side of the contact is well exposed but less studied. In the contact zone, 
granulite facies metapelites (khondalites), charnockites, and K-feldspar augen gneisses represent 
dominant lithologies in the EGP, while the Rengali Province contains a variety of amphibolite 
and granulite facies gneisses, intruded by amphibolite and dolerite dykes. The EGP underwent 
DEGP1 and DEGP2 deformation under granulite facies conditions, while the metamorphic grades of 
the DER1 and DER2 deformations in the Rengali Province vary from granulite to amphibolite 
facies. Along the contact, the penetrative foliations in both the EGP and the Rengali Province 
units strike ESE-WNW with subvertical dips, suggesting their reorientation during a later shared 
deformation event D3 that amalgamated the EGP with the Rengali Province. Electron 
Backscatter Diffraction (EBSD) analyses of quartz are consistent with dextral strike-slip shearing 
under greenschist to lower amphibolite facies conditions during D3. Crosscutting micro-faults 
and pseudotachylite veins associated with the mylonites in the EGP suggest that the D3 shearing 
at the exposed level occurred near the brittle-ductile transition depth. The granulite facies 
assemblages stabilized during DEGP1- DEGP2 in the EGP indicate the peak metamorphic P-T 
conditions around 818 ± 48 °C, 10.7 ± 1.3 kbar at low water activity (XH2O = 0.5); monazite 
chemical ages indicate 1000-900 Ma ages for the EGP granulite metamorphism, with 800-500 
Ma monazites in high D3 strain zones. Amphibole-plagioclase thermometry in the Rengali 
lithologies suggests equilibrium metamorphic temperatures varying from 700 ± 13 °C at 10 kbar 
to 739 ± 17 °C at 5 kbar. Monazite chemical dates of 3000/2800/2500 Ma without any 1000 Ma 
or younger overprint suggest DER1 and DER2 to be Archaean. Gravity data across the contact 
reveals a distinct gravity contrast that coincides spatially with the geological terrane boundary; 
3D compact inversion of Bouguer gravity anomalies indicate that the contact is subvertical at 
least up to 25 km depth. Thus, the Rengali Province and EGP amalgamated along a ~500 Ma, 
ESE-WNW trending subvertical dextral crustal-scale strike-slip shear zone (the Brahmani Shear 
Zone, BSZ). The BSZ can be correlated with a shear zone in the Rauer Group of east  Antarctica 
that preserves similarly juxtaposed subvertical bands of Archaean and Proterozoic lithologies 
intersected by ~550-500 Ma-age mylonites. (409 words)  
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The fluvial styles recorded in the Paleoproterozoic Kolhan Group of rocks of eastern India in the 
Chaibasa-Noamundi basin reflect variations in the rate of generated accommodation space. Six 
lithofacies arranged, in two genetic sequences, have been recognized within the succession. The 
lower sequence records little available accommodation space with a high degree of reworking, 
which resulted in sheet-like, high-energy, bed load-dominated, braided fluvial deposits that 
lacked recurrent facies patterns. Channel deposits in the lower sequence reflect mixed-load, 
braided fluvial systems on stable channel banks with a low-moderate gradient. The channels 
retained an overall braided character with no evidence of meandering, despite indications that 
large fluctuations in discharge occurred within the mixed-load streams. The swift response of the 
fluvial systems resulted from rapid runoff rates caused by the absence of vegetation. As 
accommodation space increased upwards, the rate of reworking of the sediments was reduced, 
and fining and thickening-upward sandstone-shale sequences formed. This led to the formation 
of alternating sheet sandstones and sand-streaked siltstone-shale. The sheet sandstones record 
evidence of high-energy, unconfined ephemeral fluvial flash-flood deposition, internal erosion, 
and growth surfaces, while the shale-siltstones are interpreted to represent sand flat deposits.  

The Kolhan Group of rocks represent more than a single phase of deposition and the 
internal erosion surfaces are indicative of channel avulsions. Variations in the style and order of 
the bedding contacts show that the deposits are products of subaqueous dune, bar, and channel 
migration. The paleo-river had high width : depth ratio.  

The change in the fluvial style combined with local evidence of desiccation suggests an 
evolution towards a more semi-humid climate in the upper sequence in contrast to a warm humid 
climate in the lower sequence. This climatic change could account for the reduced bed-load input 
in the overlying succession culminating in the ephemeral deposition style. Provenance studies 
indicate a dual source of the sediments : Singhbhum Granite and the Iron Ore Group of rocks.  

 
Keywords: Kolhan sedimentation, Chaibasa-Noamundi basin, lithofacies sequences, braided 
fluvial deposits, ephemeral deposition, accommodation space 
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This thesis addresses four independent issues all of which are empirical treatment of the foreign 
currency debt of corporate sector in India. Chapter 2 examines the determinants of external 
commercial borrowings and Chapter 3 deals with the balance sheet effects of such borrowings in 
the wake of exchange rate depreciation. The theme of Chapter 4 is the competitiveness effect of 
the exchange rate in the presence of underdeveloped financial markets and external commercial 
borrowings. Chapter 5 evaluates the nexus between the foreign exchange reserves and external 
commercial borrowings. The thesis considers the firm level and macroeconomic data and the 
period of the study varies across the themes. The thesis shows that firm-specific factors are 
important determinants of ECBs than that of the macroeconomic environment. The research also 
finds no significant effect of exchange rate depreciation on investment of firms with dollar debt. 
The thesis shows that level of financial sector development and share of corporate dollar debt in 
India hurt the competitiveness effects of the depreciation. This finding supports the propositions 
of third generation models of crisis that foreign currency debt by firms expose the economy to 
external shocks and pose challenges to macroeconomic stability. Finally, the thesis finds the 
causality between forex reserves and external commercial borrowings in the short-run, but the 
evidence is weak to support the hypothesis that reserves are incentives for the firms to borrow in 
foreign currency in the long-run. The thesis supports the gradualist approach to debt flows as 
envisaged in the policy framework. The present work calls for mandatory hedging by firms and 
development of offshore derivative markets. The development of domestic bond market helps 
the export firms to reap the benefits of depreciation. This thesis on external commercial 
borrowings thus makes important contributions to the literature on finance and open economy 
macroeconomics. 
 
Key Words: External commercial borrowings; investment; competitiveness effect; financial 
sector development; foreign exchange reserves; exchange rate; macroeconomic stability; India 
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Bilal Ahmad Shah 
Supervisor: Prof. Anjali Gera Roy 

Department of Humanities and Social Sciences 
Accession No: NB16166 

Visual culture, inherently underpinned by ideological imperatives, increasingly 
mediates our perceptions and structures our responses to others in ' the image world'  
(Sontag, 1999) and serves as an instrument of domination, seduction, manipulation 
as well as the agency. Working on the premise that visual culture, specifically 
cinema, draws on broader hegemonic discourses to construct its narratives of 
spaces, places and people, this dissertation presents an analysis of Bollywood or 
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Hindi commercial films about Kashmir. Situating Bollywood's fetishisation of 
Kashmir/i in pre-colonial and colonial discourse produced through the exoticisation 
of Kashmir/i, which was carried over by the postcolonial Indian state, the dissertation 
implicates Bollywood or Hindi commercial cinema in the historical production of the 
Valley of Kashmir as a pastoral idyll. Borrowing multidisciplinary critical tools, the 
ssertation contrasts different canonical Bollywood 'texts' (Barry, 2000) to show how 
they introduce a note of disjuncture in essentialised Bollywood representations of the Valley 
by suggesting alternative imaginings of Kashmir. Through its historicisation of Bollywood's 
long engagement with the Kashmir Valley, the dissertat ion also hopes to 
foreground the contentious polit ical  relationship between the state of Jammu and 
Kashmir and the Indian Union. The discussion of the Kashmir films from 1948-2015, 
ighlights the ways in which the complex and the contested relationship between the 
Valley, religion and secularism in India, lies at the heart of Kashmir's centrality to the public 
culture in India. 
 
Keywords: Kashmir, Bollywood, Visual Discourse Analysis, Identity, 
epresentation. 
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This study examines the various issues related to stock market liquidity in India. The sample of 
this study consists of the stocks listed in National Stock Exchange of India (NSE) over a period 
from 2002 to 2015. The intraday liquidity pattern of stock market reveals that the spread and 
depth is higher towards both business ends in a trading day. Concerning the day-of-the-week 
effect, we find that the liquidity of the market is more during the mid-week days in comparison 
to beginning and closing trading days. The study finds a strong commonality in liquidity exist in 
Indian stock market. In fact, the liquidity commonality is more pronounced during bear market 
over bull market. We find a unidirectional Granger-causality between macroeconomic 
fundamentals such as monetary policy, inflation rate, and fund flow from foreign institutional 
investors and stock market liquidity. However, we observe a bidirectional causal relationship 
between economic policy uncertainty and illiquidity of stock markets. The individual asset’s 
characteristics like stock return, stock return volatility and firm size are also crucial determinants 
of stock market liquidity. The sub-sample analysis reveals that the impact of monetary policy 
and economic policy uncertainty in the determination of stock market liquidity is more 
prominent during crisis periods. We find a significant role of macroeconomic variables causing 
the liquidity of individual stocks. In addition, while analysing the impact of domestic and global 
investor sentiment in the determination of domestic stock market liquidity, we observe a strong 
predictability of global investor sentiment such as the US sentiment and emerging market 
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sentiment on stock market liquidity in India. The results are robust across different sub-samples, 
crisis periods, and alternate measures of liquidity and investor sentiment.  
 
Keywords: Commonality in liquidity, economic policy uncertainty, emerging market, investor 
sentiment, macroeconomic variables, monetary policy, stock market liquidity 
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The major objective of the study was to examine the strength of HR signals from signalling 
perspective and its influence on employee behaviours at the firm and the individual level. At the 
firm level, HR signal was operationalized in the context of HRM firm performance relationship. 
Adopting key respondent approach, data from 177 firms were collected and analyzed using 
structural equation modelling. The results indicate that business-HR strategy fit, HR practice 
flexibility, and importance of HR function significantly predicted strength of HR signal. 
However, perceived environmental uncertainty did not emerge as a significant predictor of HR 
practice flexibility. Strength of HR signal significantly predicted firm level employee behaviour, 
which in turn significantly predicted operational performance. Operational performance also 
predicted financial performance of the firm. Employee behaviour significantly mediated the 
relationship between strength of HR signal and operational performance of the firm was also 
confirmed. At the individual level, the study examined the relationship of strength of HR signal 
with psychological contract fulfillment and job satisfaction, affective organizational 
commitment, and intent to stay. The data were collected from 460 employees belonging to five 
manufacturing firms through questionnaire based survey, and analyzed using structural equation 
modelling. The results indicate that strength of HR signals significantly predicted psychological 
contract fulfillment and job satisfaction, affective organizational commitment and intent to stay. 
Psychological contact fulfillment also significantly predicted the aforesaid behaviours. Further, 
psychological contract fulfillment mediated the relationship between strength of HR signal and 
the considered individual behaviours. The study has implications for HR managers for 
maintaining psychological contract of employees. HR managers also need to partner with senior 
managers and scan external environment in order to align HR strategy with corporate strategy to 
develop HR systems and practices to achieve organizational goals.  
 
Keywords: HR signals, business – HR fit, psychological contract fulfillment, HR practice 
flexibility, perceived environmental uncertainty 
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THE FASHIONING OF DEMOCRACY AND THE PROJECT OF 
MULTITUDE: A POSTCOLONIAL CRITIQUE OF RESISTANCE 

THROUGH HARDT AND NEGRI 
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Department of Humanities and Social Sciences 
Accession No.: NB16239 

 
The present thesis attempts to explore the notion of ‘multitude’ as fashioned by Michael Hardt and 
Antonio Negri and seeks to interrogate the possibilities of transformation that the concept throws up 
in mapping the political cartography of ‘democracy’ in our contemporary globalised world. 
Literature survey opens up the territory of Hardt and Negri’s theorization of multitude by tracing it 
back to those inter-related epistemological sites and movements which continue to have a decisive 
impact on their work. This opens up a new vista wherein it becomes imperative for us to assess the 
import of the project of multitude especially in the context of contemporary resistance movements in 
the postcolonial world. In our study, we seek to explore their radical influence, especially in the 
context of reimagining democracy and its discontents in contemporary India. Resistance movements 
have several shades in Indian socio-political landscape starting from the anti-colonial struggles to 
post-independence Socialist and Naxalite campaigns. These movements have had different imports 
and imaginations to offer to postcolonial political machinery. In the post-liberalization scenario, there 
has been a significant shift in the nature of resistance paradigms with caste and land movements 
becoming major vectors of conflictual registers. However, this thesis intends to locate the 
contemporary protests on a different scale, especially studying and thinking through the nature of 
social movements leading to entrenched political formations such as the AAP; and, the campus 
student struggles since 2016. While critically negotiating with these socio-political movements, the 
thesis also focuses on how they problematize the postcolonial critique of agency that pervades our 
discussion of third world ontic space. 
 
Key words: Multitude, Democracy, Postcolonial, Resistance, Student Movements 
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Prisons symbolize the most popular form of punishment. Imprisonment implies relinquishing 
autonomy by way of coming under the jurisdiction and command of the state. It involves being 
subjected to restricted spatial arrangements and disciplinary practices, and having one’s conduct 
and routine governed and regulated. These conditions of imprisonment affect health of prisoners 
in various ways. The nature of prison healthcare delivery system and the overall penal 
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environment determine the extent to which health can be maintained in the day- to-day lives of 
prisoners. The present thesis is based on a primary study conducted among ninety imprisoned 
women across three prisons in West Bengal. It aims at a critical analysis of healthcare in the 
prisons under study in the light of existing international and national prison healthcare policies. 
In doing so, it explores medical interactions between doctors and patients, and examines prison-
specific policies and practices that shape women’s health experiences and opportunities for self-
care. The thesis also aims at exploring the power of the prison exercised through control over 
women’s consumptive choices. Semi-structured interviews and observations have been used for 
data collection. A thematic analysis of findings indicates that prison healthcare was largely 
fragmentary and lacked standardized practices. Women faced several barriers in seeking 
treatment as prison-specific practices did not cater to their specific health needs. Medical 
interactions which primarily operated within the narrow biomedical paradigm, also did not lead 
to fulfilling experiences for women. Similarly, prison control over food preparation and 
consumptive choices was also found to negatively affect the perceived health of a majority of 
women. The thesis concludes that optimum health is a pre-requisite to the much professed goal 
of rehabilitation. It provides recommendations for adopting an alternative holistic model of 
prison healthcare by strengthening formal healthcare delivery mechanisms and also 
reconfiguring prison spaces by catering to specific health needs of women. 
  
Keywords: Health experiences, imprisoned women, prison healthcare, self-care 
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Demographic transition in the form of population ageing generates challenges for society and the 
state, particularly in developing countries. One of the major areas of concern relates to the health 
status and socio-economic vulnerability of the aged. The thesis examines changes in these two 
aspects over the last decade using unit level data from National Sample Size Organisation 
(NSSO) surveys, conducted in the years of 2004-05 and 2014.  
 
The study begins with an analysis of self-reported health status. Results of our analysis indicate 
that deterioration in self-reported health status among the urban aged over the study period. 
Although self-reported health is a commonly used measure of health, it is conditioned by the 
socio-  
cultural context. This may generate inconsistencies, confirmed by results using a bivariate probit.  
 
Therefore, we move to symptomatic health measures – the existence of chronic morbidity and 
physical immobility. Our analysis indicates that percentage of the aged with at least one chronic 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 231 

 

ailment has increased over the study period; this is observed across gender and place of 
residence. Expectedly, women, poorer respondents and respondents from socially backward 
socio-religious communities are more likely to suffer from chronic ailments. A similar pattern is 
observed with respect to respondents suffering from mobility-related problems.  
 
The study of determinants of symptomatic health indicators also suggests that chronicle 
morbidity is common among the socially privileged sections, while immobility is predominant 
among the economically disadvantaged sections.  
 
Finally, we examine socio-economic vulnerability. This is captured using three indicators—
financial dependency, living arrangement, and offspring-proximity. Using the information on 
these three variables, we have formulated an index of social vulnerability using principal 
component analysis based on the polychoric correlation. Over time, vulnerability seems is found 
to have decreased. Analysis reveals variations in vulnerability across regions, gender, and social 
status.  
 
The study ends by calling for measures to promote health awareness among the aged, improve 
health facilities for the poor and strengthen institutional support to reduce vulnerability among 
aged.  
 
Keywords: India; Ageing; Self-reported Health; Inconsistency in Health Responses; Objective 
Measures of Health; Socio-economic Vulnerability. 
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In recent times, the construction and operation of violence, both material and ideological, and the 
resultant production of victim lives and their life narratives, both oral and written, all over the 
world in general and the Third World in particular have come under serious critical scrutiny. 
Within the culture of violence and human rights, and in the context of increasing circulation and 
reception of victim life narratives, a collective responsibility has been sought to critically address 
violence and suffering by rethinking and reworking the very idea and operation the “human” 
subject. Informed by this theoretical optic and drawing on the recent critical work in life writing 
studies and using insights drawn from new materialist feminism and critical posthumanism and 
ethical scholarship of Derrida, Levinas, Butler, Spivak, and Freire, the study employs an 
interdisciplinary theoretical framework to interrogate the productive potential of the oppressed 
subaltern lives and their “marginal” testimonial (auto/biographical) life narratives in 
contemporary South Asian cultural contexts which have received cursory critical attention in 
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postcolonial scholarship. The study considers five South Asian subaltern women’s testimonial 
life narratives as case studies: Phoolan Devi’s I, Phoolan Devi: The Autobiography of India’s 
Bandit Queen (1996), Bama’s Karukku (2000), C K Janu’s Mother Forest: The Unfinished Story 
of C.K. Janu (2004), Baby Halder’s A Life Less Ordinary (2006), Mukhtar Mai’s In the Name of 
Honour: A Memoir (2007). The study argues how the life narratives of the oppressed subaltern 
lives as dehumanized Others of the “humanist” norm have critical bearing on the larger 
community to take up the “human” question, especially when such victim lives demand “our” 
ethical recognition and critical intervention. The study further examines the pedagogical value of 
subaltern life writing, specifically, the way subaltern lives/life narratives offer critical space for 
an alternative education – learning to learn from the Other and otherwise – that is fundamental to 
the making of the “human” subject as a collective project. By situating the neglected subaltern 
lives/life narratives within the larger discourse of “posthuman,” the study aims to make critical 
intervention in life writing scholarship in postcolonial studies. 
 
Keywords: Violence, subaltern, subject/ivity, Other, testimonial life writing, new materialist 
feminism, critical posthumanism 
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Background: In India, many patients including Geriatric patients die in hospitals. However, 
there is very little information on how physicians working in Indian hospitals make end-of-life 
decisions (EoLDs). Objectives: To explore challenges and difficulties in end-of-life decision-
making (EoLDM) in a select few hospitals and identify factors that influence end-of life 
decisions. Methodology: A two-step methodology was followed. Firstly, the national level 
policies, position statements and, medical laws were critically reviewed to understand how these 
texts conceptualise EoLC. This is followed by an exploration in five hospitals of Kolkata (West 
Bengal, India) to find out the implications of the policies and the law on end-of- life decision-
making. Observation and in-depth interviews were used as methods to collect primary 
information from 60 physicians and 20 nurses. Analysis of 56 medical records of EoLC patients 
was also done to understand the nature of end-of-life decisions. Findings: A critical analysis of 
national policies and position papers shows that a clinical model of EoLDM is suggested that did 
not consider patient autonomy, advanced age, and medical futility as factors to initiate EoLC. 
The model also do not provide scope to the nurses, other non-clinical staff, and family members 
to be involved in decision-making. Similarly, the medical law makes a poor response towards 
EoLDM, particularly in making treatment limiting decisions. It does not address ethical 
complexities associated with EoLDs. Its position on patient autonomy is also not clear. These 
lacunae were reflected at the hospital level. The hospitals under study lacked EoLC-specific 
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infrastructure, protocols, architecture, and skilled physicians and nurses. Due to stringent 
medico-legal structures, physicians felt incompetent to withdraw treatment even for medically 
futile patients. There was also lack of coordination among physicians who worked in medical 
teams. As a result, terminally ill patients were subjected to fuzzy care plans and erratic referrals. 
Palliation was initiated very late in the treatment trajectory of these patients, and often spiritual 
and psychological support was missed out. The medical teams also excluded Geriatricians due to 
which elderly patients were especially affected. Overall, the hospitals were not conducive to 
EoLC. Conclusion: Hospitals need to make adequate structural and organisational reforms to 
improve end-of-life decisions. However, improvements at the institutional level cannot sustain if 
necessary changes are not made at the level of national policies, law, and inter-professional 
relationships.  
 
Key words: End-of-life decision-making, Geriatrics, Hospitals, Physician 
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Two studies were conducted to explore flexible leadership in the manufacturing sector in India. 
The first study, following the interpretive approach, explored the nature of uncertainties that 
leaders face and how their personal attributes facilitate them in responding to various situations. 
Twenty middle and senior level executives were interviewed from nine manufacturing 
organizations in India. Thematic analysis revealed two themes: the need for flexibility and 
competencies. Need for flexibility included the factors that warrant adaptability and performance 
requirements. The factors were changes in external environment, reconciling opposing demands, 
unpredictability of human resources, and day-to-day contingencies. Competencies included 
balancing different values, roles, and behaviors, coaching and team building skills, conflict 
management skills, flexible planning skills, cognitive complexity, social skills, and openness to 
learning. The second study, adopting a positivist approach, examined whether leader attributes 
and traits further behavioral complexity which positively influences leader effectiveness and 
subordinates’ work behavior and attitudes. One hundred and thirty-four senior-level executives 
and their subordinates from 12 private manufacturing organizations participated. Executives and 
their subordinates filled separate questionnaires. Results show indirect effects. Leaders’ 
cognitive flexibility, cognitive complexity, extraversion, emotional stability, and agreeableness 
via behavioral complexity positively relate to leader effectiveness and subordinates’ job 
performance. Leaders’ cognitive complexity and emotional intelligence directly relate to 
subordinates’ work engagement and job performance respectively. Thus, flexible leadership 
requires cognitive and emotional abilities, personality factors, and behavioral competencies to 
respond to different situations. 
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Keywords: Flexible leadership; manufacturing sector; attributes; behavioral complexity; leader 
effectiveness; subordinates’ behavior and attitudes 
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MAKING ON VOCATIONAL ATTITUDES: MEDIATING ROLE OF 

RESPONSES OF COUNTERFACTUAL REASONING 

 
Sayoni Santra 

Supervisor:  Professor Vijai N. Giri 
Department of Humanities & Social Sciences 

Accession No: NB16189 
 

The present study attempts to conceptualize maximizing tendency, an inclination to seek the 
best, in vocational domain of Indian Information Technology professionals. It also examines how 
maximizing tendency in career decision-making relates to vocational attitudes of career 
satisfaction and turnover intention through mediating effects of responses of counterfactual 
reasoning. Career regret was selected as dysfunctional, and career adaptability as functional 
responses of counterfactual reasoning. The study was conducted in two parts. In the first part, 
scales for measuring maximizing tendency in career decision-making and career regret were 
developed. For the second part, data were collected from 434 respondents to evaluate the 
theoretical model and test the hypotheses. Findings indicated distinct impacts of maximizing 
tendency in career decision-making on individuals’ vocational attitudes. On the one hand, this 
tendency entangled mind with a gamut of uncertainties and doubts, manifested as ‘state of 
internal career ambiguity’ which though unrelated to career satisfaction, led to turnover 
intention. On the other hand, such maximizing mentality focused on preferences and strategies 
for obtaining the best, manifested as ‘striving for career excellence’, resulting in higher career 
satisfaction but did not relate with turnover intention. Further, upon encountering expectation 
disconformity, these attributes enacted differently on maximizers’ counterfactual reasoning, 
indirectly affecting their vocational attitudes. Both attributes produced a dysfunctional 
counterfactual response of career regret which then declined maximizers’ career satisfaction and 
increased turnover intention. ‘Striving for career excellence’ was particularly linked to the 
functional counterfactual response of career adaptability that increased career satisfaction but 
had no indirect effect on turnover intention. Nevertheless, career regret surpassing career 
adaptability suppressed satisfaction in career and elevated their turnover intention. The study 
opens a gateway to envisage operationalization of maximizing tendency within life’s career 
specific domain, also providing insights for practical implication and inputs for future research. 

Keywords: Career adaptability, career regret, career satisfaction, maximizing tendency in career 
decision-making, turnover intention 
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This study tries to examine the various issues related to bank capital and risk of Indian 
Commercial Banks during the period 1996-97 to 2013-14. Employing the Generalized Method of 
Moments technique in a Granger Causality framework we find that the interrelationship among 
bank capital and risk is bidirectional and inverse and regulatory pressure, bank size, profitability, 
loan to asset ratio, loan growth, business cycle, inflation and interest rate are the major 
determinants of bank capital and risk in India. The adjustment speed to target capital buffer is 
around 53% and the speed of adjustment is higher for the public sector banks. The exogenous 
factors like liquidity creation and competition also affect bank capital and risk decisions. 
Liquidity creation in banks reduces the bank capital ratio and increases the level of bank risk. 
The results reveal that monopolistic competition prevails in Indian banking sector and there is a 
bidirectional relationship between competition and bank capital ratio. We also find that risk of 
the commercial bank decreases with the increase in competition among banks. The results are 
robust across the different types of banks classified on the basis of ownership, bank size, 
capitalization and time periods. These findings have the implications for the bank managers and 
policy makers to formulate an appropriate policy for the capital and risk management of the 
commercial banks in India. 
 
Keywords: Commercial Banks, Bank Capital, Risk, Liquidity Creation, Competition, 
Generalized Method of Moments, Granger Causality. 
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Two studies are conducted to provide an understanding of effective R&D project leadership. The 
first study, adopting a qualitative method, explores the attributes and behaviors of effective R&D 
project leaders. Thirty successful scientists from 20 publicly funded R&D laboratories in India 
were interviewed. Thematic analysis of the responses of the participants reveals two themes: 
attributes and behaviors. The attributes identified are: problem-solving skills, cognitive 
complexity, cognitive flexibility, divergent thinking, interpersonal skills, entrepreneurial skills, 
diversity management skills, grit, humility, and networking. The leader behaviors identified are: 
task-, relations-, and change-oriented. Findings offer an integrated snapshot for understanding 
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project leaders’ effectiveness. The second study, adopting a quantitative approach, examines the 
relative impact of leaders’ cognitive and interpersonal attributes, grit, and humility on leader 
performance, leader acceptance, and team performance via leaders’ task-, relations-, and change-
oriented behaviors. Data were collected from 280 project leaders and two team members 
working under each project leader from 30 publicly funded R&D laboratories in India. Results 
reveal that cognitive attributes and grit positively relate to leader performance, and interpersonal 
attributes and humility positively relate to leader acceptance. Task-oriented behavior positively 
relates to all dimensions of leader effectiveness, relations-oriented behavior to leader acceptance 
and team performance, and change-oriented behavior to leader acceptance. Cognitive attributes 
via task-oriented behavior affect all leader effectiveness dimensions. Creative problem-solving, 
divergent thinking, and humility via change-oriented behavior affect leader acceptance. 
Interpersonal attributes and humility via relations-oriented behavior affect leader acceptance and 
team performance. Specific attributes via specific behaviors are found to affect specific leader 
effectiveness dimensions. Implications are discussed for research and practice. 
 
Keywords: R&D; project leaders; attributes; behaviors; leader effectiveness 
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This study examines the phenomenon of mission drift among Indian microfinance institutions 
(MFIs) and the loan delinquency behavior among their clients. It addresses three broad 
objectives. First, it explores the mission drift at the macro-level considering the breadth outreach 
and examines if the outreach approaches vary between MFI and SHG-Bank Linkage Program 
(SBLP). Considering 17 major states of India, the findings reveal no much differences in the 
lending approaches between them. Contrary to the general belief that MFIs are more prone to 
financial sustainability goals, there is persistence of divergence in regional penetration of both 
the microfinance providers. The goal of financial sustainability is at the core of both the 
microfinance models as reflected from the positive association of their inter-state penetration 
with state per capita incomes, literacy rate and non-firm employment, and negative effect of the 
default rate. The study further examines the incidence of mission drift among MFIs and its 
propagating factors at the household level. It involves an investigation of depth outreach using a 
sample of 498 MFI client households from Odisha and West Bengal. The findings indicate that 
MFIs are biased against the low income groups. The total loan portfolio is mostly composed of 
high income or relatively wealthier clients. Ironically, the loan size decreases with the increase in 
poverty depth. At the same time, the interest rates are higher for the smaller sized loans, 
indicating poverty penalty. MFIs seem to prefer lending to non-agricultural sector with possibly 
an intention to reduce their credit risk. Apart from income and wealth, the other mission drift 
propagating factors are client households’ average age, education, level of social capital and loan 
experience. Finally, the study focuses on loan delinquency behavior of the MFI borrowers. The 
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results tend to indicate that there is a misplaced concern over poverty lending among the MFIs. 
This is evident from the fact that though lower income clients become more prone to default, if 
there is proper supervision supported by proper utilization of credit and prevalence of the ethos 
of joint liability, the default rate may decline even among the low income clients. Rather, higher 
costs of borrowing lead to greater default probabilities. Contrarily, those having higher financial 
literacy with greater social cohesiveness are likely to be lesser loan delinquent. In effect, the 
study ascertains the overriding role of the ‘financial systems approach’ in Indian microfinance 
sector, leading to mission drift. MFIs’ implicit fear of higher credit risk in poverty lending, 
adding fuel to mission drift, may be overcome if there is effective monitoring coupled with 
greater accountability on the part of the loan officers and promotion of the ethos of joint liability 
and group cohesiveness in MFI operation. 
 
Keywords: Loan Delinquency, Microfinance, Mission Drift, Poverty lending, Poverty Penalty. 
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The Indian online retail market is the fastest growing in the world and it continues to be driven 
by various supply and demand factors. The skyrocketing internet penetration and transforming 
consumer behavior have made its impact on the retail landscape of the country, resulting in 
innovative business models and reconfigured supply chains. It is imperative for the firms to 
make a judicious decision on the supply chain configuration owing to its strategic nature and 
profitability implications. This thesis focuses on the dual-channel supply chain configuration 
problem.  
 
The rising customer acceptance of e-commerce has made online distribution channels an integral 
component of the manufacturers’ supply chain. Such a transformation has resulted in a dual-
channel supply chain configuration for numerous Indian manufacturers, allowing them to reach 
the market through traditional „brick and mortar‟ channels and online channels. Further, it is 
imperative for the manufacturer to decide whether to employ direct channels or indirect 
channels. This thesis initially focuses on the manufacturers’ decision on the dual-channel supply 
chain configuration by considering three distinct channel configurations inspired from the Indian 
market, i.e. Retailer - E-tailer, Company store - E-tailer and Retailer - E-marketplace. A game 
theoretic model is developed to capture the competition between chain members and practical 
insights are obtained from a numerical example primarily focusing on the online channel 
preference of the product.  
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Further, the thesis focuses on the impact of cooperative advertisement on the dual-channel 
supply chain configuration. A novel cooperative advertisement mechanism in the form of 
wholesale price discount is proposed. Furthermore, the transforming consumer behavior is 
captured in the thesis in the form of showrooming behavior where the customers first evaluate 
the product in a physical store and end up buying from the online store. Game theoretic models 
are developed for the three channel configurations under consideration by integrating the effect 
of cooperative advertisement and showrooming respectively. Closed form analytical expressions 
corresponding to the optimal policies of the chain members are derived and numerical examples 
are cited. Practical insights are obtained on the level of advertisement expenditure, the level of 
retailer’s sales effort, channel configuration decision of the manufacturer and optimal policies of 
the chain members.  
 
Keywords: dual-channel supply chain, online channel preference, cooperative advertising, 
showrooming, wholesale price discrimination, pricing 
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Disruptions in the global supply chains are continually increasing in the recent years. The 
disruptions are often dynamic in nature and they cause frequent as well as large fluctuations in 
the supply chain systems. More often than not, the causes of poor resilience of the supply chain 
systems to major disruptive events lie within the system under consideration. Dynamic effect of 
disruption, although initiated by external triggers, is primarily driven by the structure of the 
system and the control policies adopted by the managers. It is imperative that the supply chain 
managers need better methods to deal with such disruptions and their subsequent effects on 
supply chain resilience beyond conventional risk management techniques. This thesis is a study 
of how supply chains can cope better in the face of disruption by studying the interrelationship of 
resilience, robustness and bullwhip effect and with the help of strategies such as emergency 
sourcing, real-time information sharing, and decoupling point positioning. The thesis employs 
dynamic modeling and simulation approach to capture the dynamic behavior of supply chain 
systems driven by inherent causal structure, delays, non-linearities and policies. For that purpose, 
control engineering techniques and Forrester’s system dynamics methodology are adopted. The 
modeling of the supply chains to capture the problems under study is done in generic settings 
with the help benchmark models with additional considerations. It is assumed that the disruptions 
to the systems are caused exogenously. Four problems are addressed in this thesis. In the first 
problem, the interrelationship between resilience, robustness and bullwhip effect is explored 
using a benchmark supply chain model which is being subjected to disruption in the customer 
demand process. Control engineering techniques and simulation are made use of for the supply 
chain dynamics study. The results show that resilience and robustness are two conflicting 
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performance characteristics and therefore, a trade-off can be established between them. It is also 
observed that improvement in resilience and reduction of bullwhip effect can be achieved 
simultaneously through a proper selection of control parameters. Outcome of the study provides 
practitioners with insights into control design strategies to improve supply chain disruption 
mitigation without negatively affecting both smooth dynamic performance of a supply chain and 
the issues of demand application. The second problem addresses the scenario when, as a 
disruption mitigation strategy, the manufacturer adopts emergency sourcing as the primary 
supplier is disrupted. The simulation experiments and analysis are carried out for both short-but-
frequent and long-but-rare disruption scenarios with long-term profit and backlog of the 
manufacturer as performance measures. For the short-but-frequent scenario, the results show that 
a trade-off between improvement in service level and long-term profitability of the firm exists 
which is affected by cost, response time and spare capacity of the backup supplier. For the long-
but-rare scenario, a trade-off between preparedness and recovery actions exists to improve both 
profit and service level requirements. Results of the research problem provide implications for 
managers to make necessary disruption mitigation efforts in the event of operational as well as 
high impact, exterior disruptions. The third problem is to investigate the effect of sharing real-
time disruption and inventory information to mitigate supplier disruption through proper order 
allocation between the two upstream dual sourced suppliers. The study first evaluates the value 
of information sharing in disruption mitigation efforts and then examines the effect of various 
control system design configurations of the manufacturer for improved dynamic performance in 
the information shared supply chain settings. The findings of this study can provide the basis for 
managers to make informed decisions about using mitigation strategies with their supply chain 
partners. The fourth problem is to examine the influence of the positioning of material and 
information decoupling points on supplier disruption mitigation efforts. Here, the study adopts 
system dynamics modeling and simulation approach and present a generic assemble-to-order 
(ATO) manufacturing system experiencing supplier disruption. The results showed that the 
decoupling point locations positively influences the disruption mitigation efforts. The finding of 
the study can provide basis for deploying disruption mitigation strategy for the manufacturing 
firms that follow a hybrid production strategy.  
 
Keywords: supply chain, disruption, resilience, bullwhip effect, information sharing, emergency 
sourcing, dual sourcing, decoupling point, control engineering, system dynamics 
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Spectral theory of bounded linear operators acting on Banach or Hilbert spaces has occupied an 
important position in various branches of mathematics due to its several applications in many 
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fields. For the last several decades, the study of the spectrum of bounded linear operators acting 
on some known sequence spaces has become an interesting area. Several mathematicians such as 
Rhoades, Reade, Gonzalez, Altay, Bas¸ar, Akhmedov, Srivastava, Albanese and many others 
have worked in this direction rigorously. The generalization of the spectrum of a single operator 
is the joint spectrum of a tuple of operators. Pryde, McIntosh, Elsner, Bhatia, Bhattacharyya, 
Freedman and many others have made significant contributions in this area. 
 
The objective of the thesis is to study the spectral properties of some classes of bounded linear 
operators acting on some known sequence spaces and also to study the joint spectrum of 
commuting tuple of matrices. The thesis consists of six chapters including introductory chapter. 
Chapter 1 deals with the motivation and earlier research works in the direction of the spectrum of 
bounded linear operators defined on sequence spaces as well as the joint spectrum of commuting 
matrices. Some known definitions and useful results are also listed in this chapter. Chapter 2 is 
devoted to study some spectral properties of a newly introduced operator acting on the sequence 
space `p(1 < p < 1). This operator can be represented by a lower triangular band matrix with 
finite bandwidth. In Chapter 3, the spectrum, continuous spectrum, point spectrum and residual 
spectrum of a class of newly introduced difference operator defined on sequence space `p(1 _ p < 
1) are studied. Many results on the spectrum of difference operators acting on sequence spaces 
obtained by earlier researchers can be derived from the corresponding results of this chapter. 
Chapter 4 deals with the necessary and sufficient conditions for the boundedness of infinite 
matrices on weighted c0 space. Some spectral properties of Rhaly operator defined on weighted 
c0 space are also obtained in this chapter. In Chapter 5, various relative perturbation bounds for 
the joint spectrum of commuting tuples of normal and diagonalizable matrices are derived. 
Chapters 6 highlights the conclusion as well as the future scope of the research carried out in this 
thesis.  
 
Keywords: Bounded linear operator; Spectrum of an operator; Generalized difference operator; 
Band matrices; Fine spectrum; Sequence spaces; Infinite matrices; Difference equation; 
Weighted c0 space; Rhaly Operator; Joint eigenvalue; Joint eigenvector; Tuples of matrices 
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Spectral graph theory helps to characterize some principal and structural properties of a graph 
from the associated graph spectra. There are several kinds of spectra associated with a graph; 
adjacency, Laplacian, and normalized Laplacian to name a few. In this thesis, we mainly study 
the spectrum of normalized Laplacian matrix of a simple graph, where the matrix is defined as L 
= I − D−1/2 AD−1/2, D is the diagonal matrix of vertex degrees and A is the adjacency matrix of 
the graph. The graphs for which we compute normalized Laplacian spectrum are obtained by 
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several graph operations, broadly, coronas, subdivision-coronas, subdivision-joins, subdivision-
subdivision joins, R-coronas, R-joins, R-R joins, subdivision-R joins, Q-coronas, and Q-joins. 
Some of these operations were defined by previous authors and the operations like subdivision-
vertex-vertex join, subdivision-edge-edge join, subdivision-edge-vertex join, R-vertex-vertex 
join, Redge-edge join, R-edge-vertex join, subdivision-vertex-R-vertex join, subdivision-edge-R-
edge join, subdivision-edge-R-vertex join, subdivision-vertex-R-edge join, Q-vertex join, and Q-
edge join are introduced in the thesis. An important application of these graphs is representation 
of complex networks in terms of the smaller ones. The main technique followed in the thesis to 
find normalized Laplacian spectrum of graphs is that we formulate normalized Laplacian 
matrices of graphs in terms of Kronecker product and Hadamard product, and then use some 
linear algebraic properties including Schur complement. Some graphs with five distinct 
normalized Laplacian eigenvalues are also obtained in the thesis.  

Applying all the graph operations discussed in the thesis we construct non-regular 
nonisomorphic simultaneous cospectral graphs with respect to adjacency, Laplacian and 
normalized Laplacian matrices. Thus we give an answer to the question “Is there an example of 
two non-regular graphs which are cospectral with respect to the adjacency, Laplacian and 
normalized Laplacian at the same time?” asked by Butler (2010). Characterizing a graph 
theoretic property is an important and fundamental result. We prove that every n-vertex simple 
connected graph with independence number α > n/2 has 1 as a normalized Laplacian eigenvalue 
with multiplicity at least 2α − n. Then a natural question arises “What are all the n-vertex graphs 
with independence number less than or equal to n/2 and that have 1 as a normalized Laplacian 
eigenvalue?”. We investigate this question upto some extent in the thesis.  

Keywords: Graphs; Normalized Laplacian matrix; Schur Complement; Normalized Laplacian 
spectrum; Adjacency spectrum; Laplacian spectrum; Coronas; Subdivision-coronas; 
Subdivision-joins; Subdivision-subdivision joins; R-coronas; R-joins; R-R joins; Subdivision-R 
joins; Q-coronas; Q-joins; Kronecker product; Hadamard product; Cospectral graphs; 
Simultaneous cospectral graphs; Independence number.  
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Batch-service queues in both continuous and discrete time have ubiquitous applications, which 
embraces modern digital communication systems, group testing for detecting defective items in 
manufacturing systems and contaminated blood samples in pathological labs for diagnosing 
HIV/syphilis, influenza. These helps in attenuating system-cost, reducing congestion, 
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maintaining quality of service in facsimile systems. The cornerstones of this thesis are to obtain 
the state vectors in an implementable manner for infinite-buffer batch-service queues in both 
discrete and continuous time, and the study of an inventory system in a queue with batch-service 
facility. 

In this thesis, in order to derive the state-vectors, different methodologies e.g., matrix 
geometric method, supplementary variable technique, renewal process, ‘rate-in=rate-out’ 
principle, probability generating function method, vector generating function method, difference 
equation method are quite successfully implemented. Cost models are constructed for some 
queues for possible utilization of the system in pre-implementation stage. 

This thesis consists of eight chapters, in which the first chapter is introductory, which 
reflects the motivation of the thesis and chapter 8 discusses the conclusion and future scope of 
the study. In chapter 2, a queue wherein batchsize dependent versatile batch-service with Poisson 
arrival and exponential service time is considered. Chapter 3 introduces an ‘(s, S)’ inventory 
system in a queue with general batch-service rule. In chapter 4 and chapter 5, a discrete time 
queue with Bernoulli arrival, arbitrary service time and versatile batch-size dependent service 
rule is considered. Whereas, in chapter 4, queue length distribution is obtained when the server is 
busy and idle, but in chapter 5, complete distribution of queue content and server content is 
obtained through the successful inversion of bivariate probability generating function. A discrete 
time renewal batch-arrival queue with geometric service time and random batchservice rule is 
considered and analyzed using difference equation method in chapter 6. Chapter 7 presents a 
comparison between two methods for analyzing queues with correlated arrival, based on 
computational simplicity. 

 
Keywords: Queue; Inventory; Root; Steady-state; Single server; Batch-service; Batch-size 
dependent; Infinite-buffer; Matrix geometric; Supplementary variable; Embedded Markov chain; 
Bernoulli; Geometric; Poisson; Birth-death modulated Markovian arrival; Versatile service rule; 
Difference equation; Markovian arrival; 
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This thesis addresses the computational methods to compute eigenvalues and generalized 
inverses of real and complex matrices and the application of interval analysis to derive rigorous 
error bounds for them. Development of efficient computational methods for handling 
eigenvalues and generalized inverses of real and complex matrices and their associated errors are 
most important and challenging problems in applied mathematics and numerical analysis. 
Chapter 3 describes two approaches to establish verifiable sufficient regularity conditions of 
complex interval matrices used to compute the bounds of interval eigenvalues sets. In the first 
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approach, a complex interval matrix is mapped to a real block interval matrix, and then its 
sufficient regularity conditions are obtained. In the second approach, a necessary condition for 
the singularity of a complex interval matrix is derived and used to get its sufficient regularity 
conditions. As an application, the above derived sufficient regularity conditions are used to 
investigate the location of the outer approximations of individual eigenvalue sets of complex 
interval matrices. Two algorithms are proposed, and results obtained are compared with those 
obtained by earlier methods and Monte Carlo simulations. The advantages of these algorithms 
are that they can detect gaps in between the approximations of the whole eigenvalue sets much 
better than the existing methods. The second algorithm is very effective compared to the first 
algorithm regarding computational time. Several numerical examples and statistical experiments 
are worked out to validate and demonstrate the efficacy of our work. The novelty of this work is 
to achieve gaps in between the outer approximations of whole eigenvalues sets and to find outer 
approximations for individual eigenvalue sets of real or complex interval matrices using their 
sufficient regularity conditions. In Chapter 4, an iterative method is proposed to compute the 
outer eigenvalue bounds for the real symmetric interval matrices. It uses Jordan canonical form 
of real symmetric interval matrices to approximate their eigenvalue bounds. First, it obtains a 
midpoint matrix of a real symmetric interval matrix into its Jordan canonical form and then 
constructs an interval matrix whose midpoint matrix is diagonal such that its singularity and 
eigenvalue bounds are preserved. Next, the eigenvalue bounds are computed using a sufficient 
regularity condition. The algorithm and corresponding computational costs are given. The 
benefits of this work are that it substantially reduces the operations involved in the computation 
of inverses of real matrices. The efficiency and applicability of the iterative method are 
demonstrated by working out five numerical examples. One of them considers randomly 
generated large dimensional interval matrices. The dependency of the bounds by the radius of the 
input matrix are shown in the tabular form. It is observed that the eigenvalue bounds are 
improved if the radius of the symmetric interval matrix is small. Obtained results are comparable 
to those given earlier. In Chapter 5, the diagonal stability and generalized diagonal stability for 
three classes of parametric interval matrices are considered. Necessary and sufficient conditions 
for the Schur diagonal stability (SDSp) and Hurwitz diagonal stability (HDSp) of a real matrix 
under Holder norm which generalizes the definitions of Schur and Hurwitz stability are 
developed. Some verifiable sufficient conditions for SDSp and HDSp of the first parametric class 
of matrices are given using majorant matrices. Next, using another set of majorant matrices, 
necessary and sufficient conditions for SDSp and HDSp are obtained for the second and third 
parametric classes of matrices, respectively. It is found that SDS2 / HDS2 for complex interval 
matrices are its special cases. Methods for finding common diagonal matrix satisfying the SDSp / 
HDSp conditions are given. The robustness analysis of SDSp / HDSp is also carried out. Chapter 
6 describes a new iterative scheme for deriving error bounds of the Moore-Penrose generalized 
inverse A† of an arbitrary rectangular or singular real or complex matrix A of arbitrary rank. An 
approach based on a sequence of inclusion interval matrices containing the Moore-Penrose 
inverse is used. The proposed iterative scheme requires that the rank of A is known or computed. 
Starting from the initial interval matrix constructed appropriately by using the initial 
approximation to the Moore-Penrose inverse in conjunction with the hyperpower iterative 
method for generating successive approximations, a sequence of monotonic inclusion interval 
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matrices is generated. Each interval matrix included in the sequence contains A†. A convergence 
theorem is established. Theoretical results show that the sequence of monotonic inclusion 
interval matrices converges to A†. Numerical examples involving randomly generated matrices 
are solved to demonstrate the efficacy of our approach. In comparison with the results obtained 
using the method from Zhang et al. (2006), it is found that our approach gives better accuracy. In 
Chapter 7, an interval extension of SMS method called ISMS method for computing weighted 
Moore-Penrose inverse A†MN for full row or column rank complex rectangular matrices A, for 
Hermitian positive definite matrices M and N, along with its guaranteed rigorous error bounds 
are proposed. The classical floating point numerical computation of SMS method always 
provides an approximation to the weighted Moore-Penrose inverse, not the exact one. Starting 
with a suitably chosen complex interval matrix containing A†MN, the method generates a 
sequence of complex interval matrices each enclosing A†MN and converging to it. A new method 
is developed for constructing an initial complex interval matrix containing A†MN. Convergence 
theorems are established. The R-order convergence is shown to be equal to at least l, where l >= 
2. Some numerical examples are worked out to demonstrate its efficiency and effectiveness. 
Graphs are plotted to show variations of the number of iterations and computational times 
compared to matrix dimensions. It is observed that ISMS method is more stable compared to 
SMS method. In Chapter 8, a quadratically convergent iterative method based on Newton’s 
method is developed for approximating Drazin inverse bd of b in Banach algebra J. It is based on 
an iterative method developed by Srivastava and Gupta (2015) for approximating the generalized 
outer inverse A(2)

T,S of A E B(X,Y ), where B(X,Y ) denotes the set of bounded linear operators 
between Banach spaces X and Y . Convergence results of improved approximate solutions, as 
well as the error estimates, are derived. Further, its extension to a kind of the hyper power 
iterative method is also described, and the results concerning its convergence and the error 
estimate are established. 

 

QUASICONFORMAL EXTENSION OF SOME 
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The present thesis deals with some problems associated with univalent functions defined either 
on the unit disk in the complex plane or on the exterior to it, that have quasiconformal extension 
onto the extended complex plane. Our main concern is to study meromorphic univalent functions 
defined on the unit disk with a pole at some nonzero point p ∈ (0, 1) that have k-quasiconformal 
extension onto the extended complex plane. We denote the class of such functions by Σk(p). At 
first, we prove an area theorem for functions in Σk(p). We also prove a sufficient condition for 
meromorphic univalent functions with nonzero pole to belong to this class. Using this, we obtain 
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the following result: if f  ∈ Σk1 (p) and g ∈ Σk2 (p), then we find α ∈ (0, 1) for which the 
Hadamard product  f Y g ∈ Σα(p). 
 
Next, we obtain estimates for the n-th Laurent coefficients of functions in Σk(p)  and also we 
derive a distortion result for functions belonging to this class. The obtained results generalize the 
corresponding results for meromorphic functions with zero pole that have k-quasiconformal 
extension onto the whole complex plane. 
 
Further, we are interested in answering the following question: how area of a Lebesgue 
measurable set distorts under a function in the class Σk(p)? In doing so we prove a sharp area 
distortion and a sharp weighted area distortion inequality for this class. As an application, 
 
We give a sharp bound for the Hilbert transformation of characteristic function of a Lebesgue 
measurable set. Finally, we prove quasiconformal extendibility of some classes of univalent 
functions. We also find some criteria for quasiconformal extension of meromorphic functions 
with pole at the origin. Some of the aforementioned quasiconformal extensions have been 
obtained by constructing suitable Loewner chains and others have been obtained by applying a 
well-known result. 
 
Keywords: Analytic, meromorphic, univalent, conformal map, quasiconformal map, 
quasiconformal extension, Area theorem, convolution, distortion estimate, coefficient estimate, 
area distortion, Hilbert transformation, Loewner chain. 
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Broadcast encryption (BE) is an important cryptographic primitive whereby a broadcaster 
broadcasts an encrypted message (ciphertext) to a group of users over a public channel enabling 
only the users in the group to decrypt while the users outside the group are incapable of 
recovering the original message from the ciphertext. A BE scheme, in general, consists of a 
private key generation centre, a broadcaster and a group of users. The private key generation 
centre generates the common public parameter and secret keys for individual users. The 
broadcaster computes the ciphertext by encrypting a message and broadcasts it over a public 
channel. Each subscribed user recovers the message from the ciphertext using its own secret key 
issued by the private key generation centre through a secure communication channel between 
them in the o_ine phase prior to encryption and decryption. BE has numerous applications 
expanding from pay TV to digital right management. This thesis aims to construct secure and 
efficient BE variants of different avours. 
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We have proposed two constructions of broadcast encryption with dealership (BED). In 
BED, a dealer selects a group of users and generates a group token hiding the group. A 
broadcaster publicly verifies the group size without knowing the group explicitly and generates 
the ciphertext from which each subscriber can recover the original message using its own secret 
key received over a secure communication channel from a private key generation centre. The 
existing work in this area is limited and requires considerable attention from the research 
community for developing new BED scheme due to its appealing numerous applications. In the 
existing BED construction of Gritti et al., the group token is not well binded, resulting, the dealer 
to cheat the broadcaster easily and thereby ruining broad- caster's business. Addressing the issue, 
we have designed two BED constructions in this thesis. One of our BED is selective secure in the 
random oracle model while the other provides adaptive security in the standard model. 

 
Additionally, we have proposed two recipient revocable broadcast encryption (RRBE) 

schemes in the standard model. In RRBE, a broadcaster revokes a group of users from an 
encrypted content without being able to decrypt it. Our first RRBE construction achieves 
adaptive security whereas the second construction is selectively secure and computationally 
efficient when the number of revoked users are very few compared to the subscribed users. 

 
We have also developed three constructions of broadcast encryption with personalized 

messages (BEPM) where a broadcaster broadcasts an encrypted common message together with 
encrypted personalized messages. On decryption, the common message can be recovered by all 
subscribed users while the personalize message can be recovered by the individual subscribers to 
which message is intended. Our first construction in this field reduces the parameter sizes 
compared to Ohtake et al. and achieves selective security. More interestingly, our second 
construction achieves adaptive security. We have pointed out the constructional aw in Xu et al. 
and proposed a BEPM construction with logarithmic parameter size using multilinear map. 
 

Multi-channel broadcast encryption (MCBE) helps the broadcaster to send different 
encrypted broadcast messages to different groups of users utilizing only a single header 
containing encrypted information for recovering session keys for all the users in the system. 
Existing MCBE schemes are all in the private key setting and selectively secure. Our proposed 
constructions are in the public key setting. One of our construction achieves semi-static security 
while the other is selectively secure. Our selectively secure construction employs complete 
subtree method and provides outsider-anonymity by concealing the subscribed users' identity 
from the outsiders. 
 
Keywords: broadcast encryption with dealership, recipient revocable broadcast encryption, 
broadcast encryption with personalized messages, multi-channel broad- cast encryption, selective 
security, semi-static security, adaptive security, random oracle model, standard model, complete 
subtree method. 
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The thesis presents the application of information-theoretic approach together with the maximum 
entropy principle to various kinds of open channel flow problems. The proposed works are based 
on the well-known Shannon entropy as well as a generalized entropy, namely, R´enyi entropy. 
Each of the mathematical models derived in the thesis is validated with the laboratory and/or 
field data available in literature. Chapter 1 of the thesis is the introductory chapter. 

In Chapter 2 and 3, spatial distribution of streamwise flow velocity is derived through 
two different studies: one is by extending the existing work incorporating additional constraints 
based on conservation of momentum and energy and another is by exploring the concept of 
relative entropy theory. The non-linear governing differential equations for velocity are solved 
using a non-perturbation approach, and the convergency of the solutions is shown both 
theoretically and graphically. Instead of solving a system of non-linear equations, in Chapter 2, 
the Lagrange multipliers are determined by minimizing a convex potential using quasi-Newton 
method along with BFGS scheme. Effects of additional constraints on two dimensional 
distribution of velocity are analyzed, and it is found that the energy and momentum coefficients 
significantly affect the velocity profile in a channel crosssection. On the other hand, in Chapter 3, 
four types of prior PDFs are proposed in support of the relative entropy theory. In comparison 
with the existing and other 
prior-based velocity profiles, normal- and gamma-type prior-based equations have shown 
significant improvement, especially near the channel bed.  

In Chapter 4, the classical Rouse equation for suspended sediment concentration is 
derived using Shannon entropy together with the logarithmic constraint. The connection between 
the deterministic and the probabilistic approach is made through the hypothesization of a non-
linear CDF in the space domain. The proposed approach allows to relate the physical parameter 
Rouse number to the Lagrange multiplier. 

Chapter 5 and 6 derive the analytical expressions for two important flow parameters in 
sediment-laden flow, namely, hindered settling velocity of sediment and bed-load layer 
thickness. A non-linear CDF is hypothesized to relate the exponent of settling velocity with the 
particle Reynolds number, volumetric concentration of sediment, and submerged specific 
gravity. The applicability of the derived model is tested through the assessment of hindered 
settling velocity formula for different sets of data. On the other hand, in Chapter 6, the bed-load 
layer thickness is related to the dimensionless shear stress through the hypothesization of a non-
linear CDF. Apart from the algebraic method, method of maximum likelihood estimation (MLE) 
is applied to calculate the values of the Lagrange multipliers. The physical interpretation is 
provided through the proposed regression equations of several empirical parameters present in 
the model. 

In Chapter 7 and 8, a generalized entropy, namely, R´enyi entropy is applied for deriving 
one and two dimensional distribution of streamwise flow velocity in open channel. The derived 
equation for two dimensional distribution is made easy to- use by defining an entropy parameter 
and writing the equation in terms of it only. The effects of entropy index and entropy parameter 
for assessing the velocity profile are discussed in details. Satisfactory agreement of both the 
models with a wide range of experimental and field data shows the potential of the R´enyi 
entropy in the context of application to velocity in open channel flow. 
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Keywords : Open channel flow; Sediment transport; Shannon entropy; R´enyi entropy; Principle 
of maximum entropy; Lagrange multipliers; Analytical solution; Bed-load layer thickness; 
Settling velocity; Rouse equation; Streamwise velocity; Maximum likelihood estimation; 
Homotopy analysis method; Pad´e approximation; quasi-Newton method. 
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In this thesis some new line search techniques are developed for nonlinear multi- objective 
optimization problems. These methods are free from any kind of priori chosen scalars or 
ordering information of objective functions as accepted in scalarization methods. The basic 
structure of these methods rests on the derivation of the descent direction of the optimization 
problem at every iterating point through subproblems. These subproblems use linear/quadratic 
approximation of the original problem. A non-differentiable penalty function is used in the 
constrained multi-objective optimization problems to restrict constraint violations. Convergence 
of each method is justified under some mild assumptions. Following line search techniques are 
explored in the thesis. 
 

 Modified quasi-Newton method for unconstrained multi-objective optimization problems. 
 

 A globally convergent sequential quadratic programming (SQP) method for nonlinear 
inequality constrained multi-objective optimization problems. 

 
 A sequential quadratically constrained quadratic programming (SQCQP) based method 

for nonlinear inequality constrained multi-objective optimization problems. 
 

 Modified SQCQP method for nonlinear inequality constrained multi-objective 
optimization problems. 

 
The modified qausi-Newton method is restricted to unconstrained multi-objective optimization 
problems, whereas other three methods are explored for constrained case. In SQP and SQCQP 
methods approximated Pareto fronts are developed. Towards the end of the thesis a new 
technique is developed for selecting initial points to ensure the spreading of Pareto front. All the 
methodologies are illustrated and compared with existing methods through various test problems. 
It is observed that these methods provide better result in most of the test problems. 
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Keywords: multi-objective optimization, efficient solution, Mangasarian-Fromovitz constraint 
qualification, Slater constraint qualification, SQP method, SQCQP method, KKT optimality 
condition, purity metric, spread metrics, hypervolume metric 
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In this thesis, we consider the numerical approximation of linear and nonlinear Volterra and 
Fredholm-Hammerstein integral equations using piecewise and Legendre polynomial based 
projection methods. We develop the re-iteration techniques for Galerkin and collocation methods 
for linear Volterra integral equations of the second kind with a smooth kernel using piecewise 
constant functions and obtain improved convergence rates for every step of iteration. We also 
consider the piecewise polynomial based Galerkin and multi-Galerkin methods to approximate 
the solutions of linear Volterra and nonlinear Volterra integral equations of Urysohn type with a 
smooth kernel. We obtain superconvergence results for the iterated approximate solutions of 
Galerkin and multi-Galerkin methods in infinity norm. To get better accuracy in piecewise 
polynomial based projection methods, one has to solve a large system of equations because of 
the large number of partition points. To avoid this, we consider the Legendre Galerkin, Legendre 
collocation and Legendre multi-Galerkin methods to approximate the solutions of linear Volterra 
integral equations of second kind with a smooth kernel and obtain the superconvergence results 
in iterated Legendre Galerkin, iterated Legendre collocation and iterated Legendre multi-
Galerkin methods in both infinity and L2-norm. Next, we develop the Legendre multi-projection 
methods for solving the Fredholm-Hammerstein integral equations of second kind with a smooth 
kernel and establish improved superconvergence results for the approximate and iterated 
approximate solutions in Legendre multi-Galerkin and Legendre multi-collocation methods in 
both infinity and L2-norm. 
 
Keywords: Volterra integral equations, Fredholm-Hammerstein integral equations, Urysohn 
integral equations, Projection methods, Piecewise polynomials, Legendre polynomials, Smooth 
kernels, Superconvergence rates.   
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This thesis presents a numerical study on the electroosmotic ow (EOF) of Newtonian and non-
Newtonian fluids in a modulated micro- or nanochannel. We have also considered the EOF in a 
soft channel where the channel walls are coated with a polyelectrolyte layer. The objectives are 
to achieve enhanced fluid flow as well as current density and ion selectivity in the conduits. The 
impact of the interfacial slip on the EOF of a yield stress fluid is also analyzed. The 
mathematical models are based on the conservation principle which leads to the coupled Navier-
Stokes- Nernst-Planck-Poisson equations. The Cauchy momentum equation is used for the 
transport of the non-Newtonian viscoplastic fluid. The Brinkman extended Navier-Stokes 
equations are adopted to formulate the flow through the hydrogel, modeled as a porous media. 
Thesis consists of five main Chapters 2-6 along with an introductory Chapter 1 and a Chapter 7 
describing the overall summary and the future scope. 
 

An enhanced EOF by a geometric modulation of the surface of a charged nanochannel is 
considered in Chapter 2. The nanochannel filled with single electrolyte is modulated by 
embedding rectangular grooves placed perpendicular to the direction of the applied electric field 
in a periodic manner. We have arranged the rectangular grooves in such a way that the maximum 
flow enhancement occurs. It is found that enhancement of flow is much higher compared to the 
EOF in a flat channel when the width of the grooves are much higher than its depth and the 
Debye length is in the order of the channel height. The EOF with larger values of the width to 
depth ratio of grooves approaches the EOF through a channel in which grooves are replaced by 
superhydrophobic patches. 
 

An enhanced EOF through a polyelectrolyte-infused grooved channel is studied 
subsequently (Chapter 3). The patterned microchannel results in an enhancement in the average 
EOF by creating an intrinsic velocity slip at the polyelectrolyteliquid interface. We have 
established an analogy between the EOF in a polyelectrolyte filled grooved-channel with the 
EOF in which the grooves are replaced by the charged slipping planes. We have also derived an 
exact analytic solution for EOF based on the linearized Poisson-Boltzmann (P-B) model under 
the Debye- Hückel approximation when the width of the groove is much larger than its height. 
The effect of current density, ion selectivity and ion partitioning on EOF of the modulated 
channel for different values of electrokinetic parameters are also studied. The transport of ionic 
liquid through the parallel plate soft nanochannel is presented in Chapter 4. The charged rigid 
walls of the channel are covered by a diffuse polyelectrolyte (PE) layer which entraps immobile 
charges. An analytic solution of EOF for step-like PE is derived based on the linearized P-B 
model under Debye- Hückel approximation. This analytic solution are in excellent agreement 
with the numerical model for thinner Debye-length and lower values of surface charge density. 
The occurrence flow reversal, zero flow and perm selectivity are studied in this Chapter. 
 

The EOF of a non-Newtonian power-law and viscoplastic fluid (Casson, Bingham and 
Hershel-Bulkley fluid) near a surface potential heterogeneity is studied in Chapter 5. The 
objective of this study is to develop vortical flow to promote mixing of neutral solutes within the 
microchannel. We have highlighted the limitations of the linear slip-model and the nonlinear P-B 
model at various flow conditions. The nonlinear effects on EOF are found to be pronounced for a 
shear thinning liquid whereas the EOF is dominated by the diffusion mechanisms for the shear 
thickening liquid. A vortex, which resembles the Lamb vortex, develops over the potential patch 
when the patch potential is of opposite sign to that of the homogeneous surface potential. 
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Enhanced mixing of a neutral solute is also analyzed in the present analysis. The yield stress 
reduces the EOF however, it promotes solute mixing. 
 

The EOF of a viscoplastic Herschel-Bulkley fluid through a nanochannel patterned with 
periodically arranged uncharged slipping surfaces and no-slip charged surfaces is analyzed in 
Chapter 6. The aim of this study is to achieve an EOF augmentation in a nanoconduits. The 
channel is modulated in such a way that the slipping plane of one wall faces the no-slip surface 
of the opposite wall. Such arrangement is found to produce a maximum flow enhancement as the 
fluid in the vicinity of the uncharged slip stripes becomes electrically non-neutral. The maximum 
flow enhancement occurs for lower values of flow behavior index and higher values of yield 
stress and slip length parameter. We have obtained an analytic solution for the power-law fluid 
with free-slip patches when the periodic length is much higher than the channel height. The 
effect of nondimensional parameters such as yield stress, periodic length, Debye length, flow 
behavior index and slip length parameter on current density and ion selectivity are analyzed. 
 
Keywords: Electroosmosis; Navier-Stokes equations; Nernst-Planck equations; Poisson-
Boltzmann equation; Viscoplastic fluid; Power-law fluid; Polyelectrolyte; Species mixing; 
Hydrophobicity; Heterogeneous ζ-potential; Ion selectivity; Ion partitioning; Numerical solution. 
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Fractional calculus is an interdisciplinary research subject, which originated with the idea 
of introducing non-integer order derivatives (or integrals) and exploring its applications to 
various branches of applied sciences and engineering. Recently, it has captured the attention of 
researchers by finding significant applications in various fields such as optimal control theory, 
signal processing, viscoelasticity, anomalous transport and diffusion models, etc. The apparent 
modernization of classical problems in the sense of fractional calculus inspires researchers to 
look for admissible applications and physical properties unattended by integer order operators. 
Despite its limited literature as compared to the classical calculus, the research on fractional 
calculus has shown very rapid interest in several applications such as fractional calculus of 
variations, and fractional optimal control problems, etc. 

The thesis can be partitioned into three segments. In the first part (Chapter 2-4), a class of 
generalized fractional variational problem is presented, which is modeled with classical and 
fractional order operators. The suggested problem exhibits extension of classical as well as 
fractional calculus of variations. The prime motive of this work is to organize the proposed 
generalization to its maximum extent. From the theoretical point of view, we have established 
the first and second order necessary optimality conditions. The first order necessary optimality 
condition is expressed as a fractional integro- differential equation, termed as a fractional Euler-
Lagrange equation. Whereas, second- order condition takes advantage of the second variation of 
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a concerned functional to develop Jacobi and Legendre variational tests. We have further 
strengthened the Legendre variational test to deduce the sufficient optimality conditions. This 
work conjointly presents a numerical scheme to approximate compositions of fractional order 
operators, which shows that a solution of posed fractional variational problem can also be 
obtained by approximating a composition of left and right fractional derivatives occurring in 
fractional Euler-Lagrange equations. In addition to this, examples demonstrating the 
formulations have been provided with sufficient numerical information. 

The second part of the thesis (Chapter 5-6) is devoted to investigate distinct classes of 
fractional optimal control problems, which comprises of fractional differential or integro-
differential equations as system dynamical constraints. After examining the structure of 
previously studied problems, we have presented a generalized class of fractional optimal control 
problem. The proposed generalization arises due to the possibility to extend the fractional 
operators terms in the governing equations of the system. We have established the necessary and 
sufficient optimality conditions for each of these classes. This work also accommodates direct 
and indirect numerical algorithms to acquire solutions of fractional optimal control problems. 
Namely, Adomian decomposition method to solve necessary optimality conditions which is 
considered to be an indirect scheme. Consequently, we have designed a well-organized direct 
numerical scheme to optimize the given problem exercising Laguerre orthogonal polynomials 
and Boubaker non-orthogonal polynomials, independently. The key motive associated with the 
presented approach is to convert the concerned fractional optimal control problem to an 
equivalent quadratic programming problem with linear equality constraints, which can be 
handled efficiently. We have worked out few examples to illustrate the computational technique 
along with its efficiency and accuracy. Graphical representations are also provided to analyze the 
performance of the state and control variables for distinct prescribed fractions. 

In the last part (Chapter 7), we have introduced a new concept of _-fractionally convex 
function. The idea to explore convex functions with fractional order derivatives parallel to 
classical convexity seems to be intuitive. We have provided enough motivation and well-founded 
reasons in support of the suggested formulation. The prime focus is to characterize essential 
properties and results of fractionally convex functions along with some examples. We have also 
investigated possible connections between critical points, optimality, monotonicity and 
convexity of a function in the sense of fractional calculus. The thesis finishes in Chapter 8 with a 
conclusion and scope of future works of the covered aspects of fractionally convex functions, 
fractional problems of the calculus of variations and optimal control. 

 
Keywords: Riemann-Liouville fractional derivative, Riemann-Liouville fractional integral, 
Caputo fractional derivative, Euler-Lagrange equation, Adomian decomposition method, 
Laguerre polynomial, Baubaker polynomial, Quadratic programming problem, Convergence 
analysis, Jacobi condition, Legendre condition, Optimal value, Monotonic function, Critical 
point, Convex function. 
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This thesis describes the mathematical and numerical results of population balance equations 
(PBEs) in particulate processes, arise in many areas of science and engineering, such as chemical 
engineering, food processing, pharmaceutical industries. Population balance equations are a type 
of integro-differential equations. 
To deal with any mathematical model one of the important questions is whether the solution of 
the model exists or not. Due to immense real-life applications, the study of existence and 
uniqueness results for PBEs has become a topic of great interest. Few pieces of literature are 
available concerning existence and uniqueness results for singular fragmentation kernels. In this 
work, we present existence and uniqueness results of population balance equations for a wider 
range of singular fragmentation kernels. Analytical solution of the PBEs is available for a limited 
class of kernels. Hence, to obtain numerical results, several numerical methods, like method of 
moments, finite volume methods are commonly used. Also, numerical results of population 
balance equations using finite volume method via transformation matrix approach are essential in 
case of flowsheet simulation environment. Transformation matrices describe the laws of mass 
transfer between all classes of the distribution. Here, we propose a new method for formulating 
transformation matrices from the population balance equations and improve the accuracy of the 
proposed formulations. 
Also, to our knowledge, the approximation of multidimensional breakage problems using finite 
volume methods are not available in the literature till date. In this regard, an efficient numerical 
scheme approximating the multidimensional fragmentation models is in high demand in several 
industries. Here, the efficiency of a numerical model is assessed upon its robustness and ability 
to predict different physical properties of a particulate system. Therefore, we propose two finite 
volume schemes, designed to solve generalized multidimensional fragmentation problems over a 
rectangular discretized domain. The new schemes are formulated to predict the physically 
significant moments namely, the zeroth moment, the first-order moments and the d-th order 
moment representing particle hypervolume with good accuracy. 
 
Keywords: Population balance equations; integro-differential equations; fragmentation; 
flowsheet simulation; transformation matrix; finite volume method; moments; hypervolume. 
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This thesis addresses developing enumeration and solution strategies for combinatorial discrete 
structures, namely, latin squares, partial latin squares and Sudoku squares. The problems related 
to these structures come into the category of combinatorial optimization problems and are  



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 254 

 

fascinating the scientific community from several disciplines such as Computer Science (CS), 
Operational Research (OR), Combinatorics and many other applied areas. The objective of the 
thesis is to provide algorithmic approaches for the problems related to the enumeration of these 
structures and also finding their solutions. Counting the total number of latin squares and Sudoku 
squares is a very interesting problem, but it takes a huge amount of time and effort to deal with it 
as the size of these structures increases. It necessitates the development of efficient algorithms 
for this problem. There are previous approaches which have given good methods to deal with 
this problem, but there was not any systematic algorithmic approach for it. In this work, an 
innovative algorithmic approach has been proposed to deal with the enumeration problem of 
latin squares. A relation between permutation matrices and latin squares has been used. It is 
known that these permutation matrices yield permutations. An algorithm is proposed for 
counting the total number of latin squares of rank n, where n is a positive integer. For this, a 
relation between latin squares of rank n, and the sets of n mutually disjoint permutations is used. 
The worst-case time complexity of the algorithm has been provided, and the correctness of the 
algorithm is established. The experimental results are carried out for latin squares up to rank 10 
and are verified with the results of previous approaches. Along with the latin squares, this 
method is also used for Sudoku squares, where the concept of S-permutation matrices and S-
permutations is used. The proposed algorithm enumerates and generates all the subsets of 
cardinality n2 of all S-permutations which are mutually disjoint to each other, thereby, giving 
Sudoku squares. It is an exponential-time algorithm and the correctness of the algorithm is 
established. A mathematical formula is also derived. It is shown that our algorithm is more 
systematic and better in terms of computational efficiency in comparison to the brute force 
approach. The proposed algorithm verifies the results obtained for generally used Sudoku 
squares of size n2 = 9. Next, a graph-based approach is proposed for the enumeration of Sudoku 
squares. A graph whose vertices represents S-permutations is constructed, where two vertices are 
connected by an edge if and only if their corresponding S-permutations are not disjoint to each 
other. A pivot vertex is selected and an induced subgraph is derived by considering all mutually 
disjoint vertices to the pivot. Then, a relation between maximum independent sets of such a 
graph and a Sudoku square is established. Next, an algorithm is given to count all the maximum 
independent sets of the graph which give all Sudoku squares of rank n. The correctness of the 
algorithm is shown and the algorithm is experimentally tested for Sudoku squares of size up to 9. 
There are some previous and recent efforts for providing bounds on the number of these squares. 
In this work, a mathematical expression for the upper bound on the total number of Sudoku 
squares is also given. Next, a partial latin square extension problem is considered. This problem 
is concerned with extending a given partial latin square as much as possible in terms of the 
number of its filled cells. It becomes very challenging for higher-order partial latin squares. 
Because of its applicability in various real-life scenarios, the researchers have carried out some 
good works for this problem. Some approximation algorithms and heuristics have been given to 
solve this problem, but there was not any application of evolutionary algorithm for it. Thus, in 
order to examine the applicability of evolutionary algorithm for this problem, genetic algorithm 
has been used. Next, the problem of obtaining solutions for partial Sudoku squares is considered. 
An improved genetic algorithm is given that applies multiple inversion operator and a swapping 
operator to solve these puzzles. Now, a problem with genetic algorithm is that it might lead to 
premature convergence. There is another metaheuristic approach, namely, simulated annealing 
which has been quite successful for combinatorial optimization problem. A limitation of 
simulated annealing is that it works with a single solution at a time, so it does not provide an 
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entire view of the search space. Thus, a new hybrid metaheuristic approach which uses the merits 
of simulated annealing and the merits of genetic algorithm has been developed to solve partial 
Sudoku squares. The proposed algorithm iteratively explores solution search space by the 
improved genetic algorithm which is proposed in this work and then exploits it using simulated 
annealing algorithm to converge to the optimal solution. All the approaches are validated by 
experimenting them on a number of problem instances of various difficulty levels. The number 
of generations and the amount of CPU time (in seconds) are used as the performance measures. 
The experimental results are summarized in tables and graphs and it is observed that our 
approaches produce promising and better results. Finally, the conclusions are summarized, and 
the scope of future works for the extension of the work of this thesis is also provided. 
 
Keywords: Latin squares, Partial latin square extension problem, Sudoku squares, Spermutation 
matrices, S-permutations, Metaheuristic, Genetic algorithm, Simulated annealing, Hybridization. 
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This thesis presents a numerical study on the electrohydrodynamics of an uncharged dielectric 
colloid as well as charged dielectric colloids and liquid droplets under the influence of an 
external electric field through an electrolyte or hydrogel medium. The mathematical model is 
based on conservation principle, which leads to the coupled set of Navier-Stokes-Poisson-
Nernst-Planck equations. The Brinkman extended Navier-Stokes model is used to formulate the 
flow through the gel medium. Chapter 1 of the thesis is introductory. 
 

In Chapter 2, we consider the electroosmotic flow (EOF) around an uncharged dielectric 
spherical particle under the influence of an imposed electric field with the dielectric decrement 
effect. Our investigation shows that the EOF not only depends on the applied electric field 
strength but also with the Debye layer thickness as well as with the particle permittivity. The 
flow enhances as the particle dielectric permittivity becomes higher and the Debye length 
becomes thinner. The dielectric decrement effect creates a reduction in the EOF. 
 

The electrophoresis of a dielectric charged colloid with hydrophobic surface in an 
electrolyte/charged hydrogel medium is studied in Chapter 3 and 4, respectively. We have 
estimated electrophoretic mobility through the balance of forces experienced by the particle for a 
wide range of electrokinetic parameters. The hydrophobicity of the surface enhances the fluid 
convection in the Debye layer, which in turn amplifies the particle mobility. The solid 
polarization of the particle, the double layer polarization and relaxation as well as surface 
conduction are also influenced by the surface hydrophobicity. In addition to that, these effects 
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create a nonlinear variation of electrophoretic velocity with surface charge density and external 
electric field. 
 

Subsequently in Chapter 5, we present the electrophoresis of a pH-regulated 
polyelectrolyte nanogel by considering the ion partitioning effect. The charge properties and 
hence, the mobility of the nanoparticle depends on functional groups present in the 
polyelectrolyte as well as on the electrolyte concentration. The ion partitioning effect arising due 
to the difference in permittivity of the two mediums creates an enhancement in electrophoretic 
mobility. The ion partitioning effect is pronounced for a larger polyelectrolyte functional group 
concentration and higher electrolyte concentration. The impact of nonlinear effects such as 
counterion condensation, double layer polarization, and relaxation along with the ion partitioning 
effect is analyzed. 
 

The electrophoresis of a charged liquid droplet/bubble is presented in Chapter 6 and 7, 
respectively. A decrease in droplet viscosity increases the fluid convection on the droplet 
surface, which enhances the droplet mobility. Our results show that the surface conduction effect 
becomes significant with the occurrence of slip velocity at the droplet surface which attenuates 
the droplet mobility. The surface conduction effect distinguishes the electrophoresis of a viscous 
droplet from that of a rigid colloid. The droplet viscosity also affects the double layer 
polarization and relaxation effects. The dielectric polarization reduces the electrophoretic 
velocity and its impact is stronger for a droplet of higher viscosity when the Debye length is in 
the order of the droplet size. The slip velocity at the bubble interface driven by the Maxwell 
stress acts opposite to the direction of translation of the bubble. This creates a difference in 
electrokinetics of a bubble from a rigid particle or drop of higher viscosity. The role of shear 
stress at the gas-liquid interface and surface conduction effect on electrophoresis of a bubble is 
analyzed. 
 
Keywords : Counterion condensation; Dielectric polarization; Double layer polarization; 
Electrophoresis; Electrophoretic mobility; Hydrophobicity; Induced charge electroosmosis; Ion 
partitioning; Nernst-Planck equations; Numerical solution; Surface conduction. 
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The main objective of this thesis is to study some existence results and iterative methods for 
variational inequalities, equilibrium problems, fixed point problems and their generalized 
versions in Hilbert spaces. 
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This thesis is comprised of eight chapters along with a chapter containing concluding remarks 
and scope of future research. Chapter 1 is the introductory chapter, where brief introduction and 
adequate literature survey on equilibrium problem, variational inequality, fixed point problem 
and their generalized versions have been presented. In Chapter 2, the concept of semi-_-
pseudomonotonicity of vector set-valued mappings is defined and applied to study some 
existence results of a new generalized mixed vector variationallike inequality problem. Also, an 
extended generalized mixed vector variational-like inequality problem is introduced in real 
reflexive Banach spaces. Existence results are established with and without the monotonicity 
assumptions. In Chapter 3, two proximal algorithms (one parallel and another sequential) with 
inertial effect have been introduced for approximating a common solution of a system of 
equilibrium problems and fixed point problems. Under suitable conditions on the control 
parameters, weak convergence results are established. Chapter 4 deals with some iterative 
methods to approximate a common solution of a split equilibrium problem and a fixed point 
problem of a finite collection of nonexpansive mappings. Strong convergence results are 
established for the proposed iterative algorithms. In Chapter 5, a new iterative method is 
proposed via hybrid viscosity approximation method and hybrid steepest-descent method to 
approximate a common solution of a split generalized equilibrium problem and a fixed point 
problem of a finite collection of nonexpansive mappings. Applications and numerical results are 
also given to illustrate the effectiveness and superiority of the algorithm. Chapter 6 deals with an 
iterative algorithm for the common solution of a fixed point problem of a finite collection of 
strictly pseudo-contractive non-self mappings and a system of variational inequality problems. 
Strong convergence results are established for the proposed iterative algorithms. In Chapter 7, a 
new split problem of variational inclusions and fixed point problems is introduced. A modified 
iterative method is also established to solve this problem. In Chapter 8, a hybrid proximal 
algorithm with inertial effect is introduced to solve a split variational inclusion problem in real 
Hilbert spaces. Here unlike the earlier iterative methods, no conditions are imposed on the 
sequence generated by the proposed algorithm. The results are also extended to find a common 
solution of a split variational inclusion problem and a fixed point problem. 
 
Keywords: Variational inequality; Equilibrium problem; Variational inclusion; Fixed  point  
problem; Split equilibrium problem; Weak convergence; Strong convergence. 
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Nonlinear phenomena have many important applications in the natural and applied 
sciences. Essentially all the fundamental equations of physics are nonlinear and are often 
difficult to solve analytically. In the literature, there are only a few techniques available to obtain 
exact solutions of nonlinear systems of partial differential equations (PDEs). Among them Lie 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 258 

 

symmetry analysis is a very powerful and efficient technique. Moreover, there are different types 
of symmetries associated to differential equations, namely, local and nonlocal symmetries, both 
of which help to obtain exact solutions for system of PDEs. 
 

The thesis is mainly focused to obtain exact solutions to quasilinear PDEs using both 
local and nonlocal symmetries. The concept of optimal classification of local symmetries (point) 
is very significant in the study of symmetry analysis. The importance lies in the fact that the 
search of group invariant solutions can be minimized with the help of an optimal set. We study 
one-dimensional as well as two-dimensional optimal classification and successfully applied the 
method 
to various physically significant PDEs, including two phase flow models, a transport equation 
derived from the two-dimensional Navier–Stokes equations and two-dimensional shallow water 
equations and obtain exact solutions to these PDEs. 
 

Apart from local symmetries, in the past few years the concept of nonlocal symmetries 
has become very popular and challenging in the area of symmetry analysis. Before the 
introduction of nonlocal symmetries the concept of symmetry analysis was limited to local 
symmetries. However, there were certain limitations to the applicability of Lie’s work. The most 
important drawback being that for system of PDEs having local symmetries, the invariant 
solutions arising from these normally yield only a small subset of solutions of the system. Apart 
from that, some differential equations have only trivial local symmetries, which does not allow 
the identification of non-trivial solutions. Nonlocal symmetries can be obtained through two 
different methodologies, namely, the conservation law based method (potential symmetries) and 
the local symmetry based method (inverse potential symmetries). Out of these two, the local 
symmetry based method is very recent; 
till 2017 there was no literature available how to identify nonlocal symmetry of the original 
PDEs through inverse potential systems. In our work we have given a systematic procedure to 
identify nonlocal symmetries for PDEs through inverse potential systems. Further, we also obtain 
exact solutions with the help of nonlocal symmetries for the Chaplygin gas equations which are 
associated with dark-energy models in cosmology. 
 

Keywords : Lie group of transformations; Point symmetry; Optimal classification; 
Nonlocal symmetry; Drift flux model; Two phase flows; Transport equation; Shallow water 
equations; Chaplygin gas equations. 
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A numerical investigation on the effects of wall modulation on enhanced electroosmotic flow 
through a modulated micro-channel is considered in this thesis. Subsequently, heat transfer 
characteristics of nanofluids based on homogeneous as well as non-homogeneous models in thin 
channels and enclosures is made. The governing equations are solved numerically on a staggered 
grid arrangement in a coupled manner through the finite volume method. Chapter 1 of the thesis 
is introductory, which contains the basic principles of fluid flow, electroosmotic flow and the 
heat transfer of nanofluids along with an outline on mathematical formulations and numerical 
methods. 
 

In Chapter 2, we consider the electroosmotic flow of an electrolyte through a nano-
channel in which the channel walls are modulated with a periodic array of curved hydrophobic 
patches. The aim of this study is to obtain an enhanced electroosmotic flow through the wall 
modulation compared to a slit nano-channel under the same electrostatic conditions. Our 
computed results show that the electroosmotic flow is enhanced in the patterned channel and the 
enhancement depends on the amplitude of the modulated wall and the planform length of the 
hydrophobic region. 
 

The forced convection of a Cu-water nanofluid in a channel with wall mounted blunt ribs 
is studied numerically in Chapter 3. The fluid flow and the thermal fields are analyzed for a wide 
range of Reynolds number and nanoparticle volume fractions. The increment in heat transfer rate 
due to the addition of nanofluid and the thermal performance of a ribbed channel under the same 
pumping power are analyzed. The entropy generation is analyzed to demonstrate the 
thermodynamic optimization of the forced convection. 
 

The conjugate heat transfer due to the mixed convection of a Cu-water nanofluid inside a 
square enclosure with thick wavy lower wall is studied numerically in Chapter 4. A 
homogeneous model for nanofluid is adopted for this study. The aim of this study is to analyze 
the effects of the wall waviness and wall conductivity on the flow field, thermal field and heat 
transfer rate. The entropy generation due to heat transfer irreversibility and fluid friction 
irreversibility is obtained to measure the loss of energy in the process. Our computed results 
show that the flow field, thermal field, heat transfer, and entropy generation are sensible on the 
wall waviness as well as the conductivity of the wall. It is found that the heat transfer and 
entropy generation increases with the increase of nanoparticle volume fraction, wave amplitude 
and wave length of the wavy solid-fluid interface. The Bejan number is calculated to measure the 
relative contribution of heat transfer irreversibility and the fluid friction irreversibility on the 
total entropy generation. 
 

In Chapter 5 an analysis based on the homogeneous and non-homogeneous model is 
made on the mixed convection of Cu-water nanofluid inside an enclosure with a thick wavy left 
wall. The effects of the wall modulation, wall conductivity, nanoparticle size and nanoparticle 
bulk volume fraction on the flow and thermal field are analyzed. Entropy generation and the 
Bejan number are determined for optimal heat transfer analysis. Our computed results show that 
the non-homogeneous model predicts a higher heat transfer rate compared to the homogeneous 
model. Conductivity of the solid wall has a significant impact on the Brownian motion and 
thermophoretic diffusion. 
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In Chapter 6, the mixed convection of Al2O3-water nanofluid is investigated in an 
enclosure with corrugated left wall for different inclination angle of the enclosure using the non-
homogeneous model. Our results show that the heat transfer and entropy generation are sensitive 
to the inclination angle for higher values of the Richardson number. Heat transfer and entropy 
generation are maximum when the inclination angle is 300 and further increases with the 
increase of the wave amplitude and the wave number of the modulated wall. Heat transfer and 
entropy generation increases with the increase of the bulk nanoparticle volume fraction whereas, 
both decreases with the increase of the nanoparticle diameter. We have also studied the impact of 
nanoparticle dispersion on heat transfer characteristics. Chapter 7 provides the concluding 
remarks and an outline on the future scope. 
 
Keywords: Wall modulation; Electroosmosis; Nernst-Planck equations; Hydrophobic; 
Superhydrophobic; Nanofluid; Mixed convection; Nusselt number; Numerical solution. 
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In today’s business landscape, companies are facing challenging competitive environment and 
are eager to find the best way to manage inventory at the most efficient and profitable way. Due 
to globalization and industrialization, the consumption rate of the commodities, product 
availability, product variety, global market are increasing day by day. On the other hand 
governments are imposing strict rules and regulations to minimize the pollution from over-
production and over-consumption. Thus, managing and maintaining the production and 
inventory have become extensively complex. Taking all of these into account, the present thesis 
attempts to develop some realistic inventory (EOQ, EPQ) and supply chain models which are 
simple in nature in terms of computation. The major contribution of the models discussed in the 
thesis include: strategy under competitive environment, demand rate dependent on selling price 
and production run time, functional dependence of pollution rate over production rate, inclusion 
of risk factor, recycling in production, dealing shortages by product substitution etc.  

Moreover, due to information technology, social media, digitalization, market expansions 
companies are overwhelmed by huge amount of information from different suppliers and 
consumers from various geographic locations. These information are often composed of both 
structured and unstructured data, insufficient information and imprecise data records. Hence for 
proper management of these raw and uncertain data into compatible formats, consideration of 
fuzzy set theory is very essential. Through this thesis, we have developed five inventory and 
supply chain models with various uncertainties and imprecision in the key parameters. To handle 
the uncertainty in the fuzzy parameters, several solution methodologies have been developed. 
Also, we use various mathematical tools such as Lotka-Voltera predator-prey model (two species 
and three species), goal attainment method, fuzzy goal attainment method, hesitant fuzzy set 
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theory, several aggregation operators on hesitant fuzzy set theory, triangular dense fuzzy rule, 
triangular dense fuzzy lock set rule etc. as per requirement.  
 
Keywords: Inventory control, Deterioration, Natural idle time, Einstein aggregation operator, 
Decision making, Bi-objective inventory, Correlation coefficient, Goal attainment approach, 
Fuzzy goal attainment approach, Discounts, Demand uncertainty, Impreciseness, Production 
inventory, Backorder, Preservation technology, Pollution, Risk, Remanufacturing, Hesitant fuzzy 
set, Triangular dense fuzzy set, Triangular dense fuzzy lock set, Product substitution, Multiple 
supplier, Single retailer, Defective items, Supply chain, Optimization. 
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This thesis is concerned with the study of the theory and computation of the polynomial inverse 
eigenvalue problem (PIEP) and its application to the finite element model updating problem 
(FEMUP). PIEP addresses the construction of a matrix polynomial P(λ) = Σk i=0 λiAi ϵ Rn x n[λ] 
from the prescribed eigenvalues and eigenvectors. This problem arises in broad applications 
areas of science and engineering such as control design, geophysics, FEMUP, structure analysis, 
system simulation, etc. In various practical applications, coefficient matrices Ai for i = 0, 1, 2…, 
k have some special linear structures (symmetric, skew-symmetric, symmetric tridiagonal, band, 
etc.). The construction of the structured matrix polynomial is the most important aspect of this 
problem. Another important practical requirement for solving PIEP is the solution using partially 
described eigendata. Generally, a small number of eigenvalues and eigenvectors of the associated 
eigenvalue problem are available from the computation or measurement. In real life applications, 
one needs to solve PIEP using the partially described eigendata respecting the structure 
constraints. 
 

Our thesis consists of two parts. First part of this thesis contains the theory of PIEP and 
the second part of the thesis contains the application of PIEP in FEMUP. FEMUP is an important 
variation of inverse eigenvalue problem. The objective of FEMUP is to modify the analytical 
model so that the updated model will closely match with the measured experimental data and 
preserve the structure of the analytical model. Generally speaking, PIEP and FEMUP are very 
challenging problems in both theoretical and computational aspects due to the structure 
constraints. In spite of great deal of research efforts, many problems related to the structure 
constraints are still open. In this thesis, some of these open problems of the literature are 
considered.  

 
In the first part of the thesis, we consider two problems: linearly structured partial 

polynomial inverse eigenvalue problem (LPPIEP) and symmetric tridiagonal partial quadratic 
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inverse eigenvalue problem (STPQIEP). We obtain a necessary and sufficient conditions for the 
existence of solutions and explicit expressions of the solutions for both the problems. 
Furthermore, we study the sensitivity analysis of the solution to the perturbation in the eigendata. 

 
In the second part of the thesis, we consider the symmetric tridiagonal finite element 

model updating problem (STFEMUP) for the quadratic model and symmetric band finite element 
model updating problem with no spillover (SFEMUN). In STFEMUP, a novel optimization 
based solution approach is presented to update the finite element damped model preserving the 
symmetric tridiagonal structure. In SFEMUN, we update the finite element undamped model 
preserving the symmetric band structure and no spillover phenomenon of the unmeasured 
eigendata. 
 

The proposed theoretical results are validated using several numerical examples. Our 
results are believed to be new and certainly advance the state-of-the-art research on PIEP and 
FEMUP. 

 
 

SOME NEW LINE SEARCH TECHNIQUES FOR NONLINEAR 
OPTIMIZATION PROBLEMS 

 
Suvra Kanti Chakraborty 

Supervisor: Prof. Geetanjali Panda 
Department of Mathematics 

Accession No.: NB16382 
 

Modern age research interest in numerical optimization centers on developing efficient line 
search techniques for solving the nonlinear optimization problems. Most of these techniques 
include variants of the Newton method that exploit the Hessian matrix. This thesis develops 
some new line search techniques which take care Hessian modification for the purpose of either 
getting rapid convergence to the solution or relaxing the derivative for computational ease. The 
line search technique towards the end of the thesis paves a path for new schemes with derivative 
free conditions. The thesis starts with positive definite modification of Hessian matrices, 
followed by 
Two-phase implementation of Hessian matrices as modified Newton and quasi-Newton schemes 
for both unconstrained and constrained optimization problems. Next, a modification of the 
Hessian matrix through q-derivative is used that takes less information about the derivative of the 
function. Finally a line search scheme is introduced which completely avoids the derivative-
information. Every methodology of this thesis is supported by a set of numerical examples and 
compared with existing methods. 
 
Keywords: Line search techniques, Newton-like methods, Descent direction, Ger_sgorin’s disc, 
Positive definite modification, Cubic order convergence, Quasi-Newton directions, Superlinear 
convergence, Merit function, q-derivative, Coordinate search, Axes rotation, Stencil expansion, 
Global convergence. 
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EFFECT OF ANISOTROPIC PERMEABILITY ON FLUID FLOW INSIDE 
LINEAR AND NON-LINEAR POROUS GEOMETRIES 

 
Timir Karmakar 

Supervisor: Prof. G. P. Raja Sekhar 
Department of Mathematics 

Accession No.: NB16311 
 

This thesis mainly focuses on the effect of anisotropic permeability on fluid flow inside 
rectangular and wavy channel geometries filled with anisotropic porous material. However, these 
geometries appear in this thesis within the context of specific applications. Chapter 1 of the 
thesis is introductory. 
 

In Chapter 2 we study the effect of anisotropic permeability on fluid flow through 
composite porous channel consisting of a fluid layer sandwiched between two porous layers. A 
generalized Brinkman-extended Darcy model for the porous layers and Navier-Stokes equation 
for the fluid layer are employed to investigate the flow in detail. We present some important 
findings such as velocity, skin friction and their dependency on anisotropic permeability ratio 
and anisotropic angle (orientation angle that permeability along principal axes makes with the 
horizontal direction). 

 
In Chapter 3 we study viscous flow through a symmetric wavy porous channel filled with 

anisotropic porous material. We assume the flow inside the porous bed is governed by 
anisotropic Brinkman equation. We assume that the ratio of the channel width to the wavelength 
is small. The key purpose of this study is to analyze the effect of the anisotropic permeability 
near the crests of the wavy channel which causes flow reversal. We present a detailed analysis of 
the flow reversal at the crests. 
 

In Chapter 4 we present an analytical study of two dimensional problem of lifting an 
object that is floating neutrally buoyant on top of a porous-liquid interface. We assume that the 
porous bed is anisotropic in nature. We assume the flow within the gap region between the object 
and the porous bed is governed by Stokes equation while the flow within the porous bed is 
governed by Brinkman equation. In this chapter, we discuss the impact of the vertical 
permeability on the breakout phenomenon (complete process to lift an object up from the porous 
bed).    

 
In Chapter 5 we consider a theoretical model of squeeze film between a fla t plate 

(bearing) in the presence of a fully saturated anisotropic porous bed. We assume that the gap 
between the porous bed and the bearing is filled with a Newtonian fluid and is governed by 
Navier-Stokes equation. We assume Darcy’s equation in the fluid filled porous region. 
Lubrication approximation is used to derive the corresponding thin film evolution equation in 
each of the regions. We discuss the impact of anisotropy on contact time, velocity, flux etc. As 
an application, 
we present some important findings (relevant to the knee joint) based on the anisotropic 
properties (due to arbitrary orientation of collagen fibres) of the human cartilage. For a 
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prescribed load, we estimate the time duration during which a healthy human knee remains fluid 
lubricated. 
 
The problem that we present in Chapter 6 is an extension of the work done  in Chapter 6. In 
Chapter 5 we estimate the contact time for a prescribed load. In this chapter we estimate the load 
when a bearing approaches the porous bed with a constant vertical velocity. In this study we 
estimate a wide range of load a human knee can sustain. 
 
Keywords : Darcy’s equation; Brinkman’s equation; Anisotropic permeability ratio; Anisotropic 
angle; Asymptotic solution. 

 
 

MIGRATION OF VISCOUS DROPLETS IN REDUCED GRAVITY UNDER 
MARANGONI EFFECTS 

 
V. Sharanya 

Supervisor: Prof. G. P. Raja Sekhar 
Department of Mathematics 

Accession No.: NB16346 
 

Most of the studies on migration of droplets and bubbles in a viscous fluid are restricted to 
steady axisymmetric flows and assumed linear dependency of interfacial tension on either 
temperature or surfactant concentration. The main objective of the present thesis is to investigate 
problems of migration of droplets and bubbles subject to the variation of interfacial tension due 
to thermal and surfactant concentration gradients. The mathematical models are based on 
conservation principles, 
which are Navier-Stokes equations, conservation of energy, convection-diffusion, and 
conservation of mass equations. The Stokes or transient Stokes equations are used to formulate 
the hydrodynamics of the flow inside and outside a droplet. We solve the arbitrary Stokes or 
transient Stokes equations by using a solenoidal decomposition method in which the velocity 
vector field can be represented in terms of two scalar functions. Hence, the hydrodynamic 
problem simplifies to handling these two scalar functions. A detailed understanding of effect of 
temperature and surfactant concentrations on the droplet migration is discussed. Chapter 1 of the 
thesis is introductory. 
 

We basically solve the thermal problem independently by neglecting convective terms 
and use these temperature fields while solving the corresponding hydrodynamic problem. We 
couple the thermal and hydrodynamic problems via the tangential stress balance boundary 
condition. In chapter 2, we solve the heat conduction problem in steady and transient cases and 
discuss the responses due to various ambient thermal fields. The role of temperature field on the 
hydrodynamics of the droplet is analyzed in chapter 3 as a first step. The drag force and torque 
are computed in terms of Faxen’s laws and the corresponding migration velocity is expressed in 
a closed form. This would enable one to design parameter combinations to control the droplet 
migration for a possible use in various applications. In chapter 4, some applications and 
examples are discussed to understand the importance of the obtained generalized results. 
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In chapter 5, the migration of a surfactant coated droplet in a transient Stokes flow is 

analyzed under the influence of interfacial slip. In particular the regime of low surface P´eclet 
number is analyzed using a perturbation method in powers of the surface P´eclet number. The 
surface equation of the deformed sphere has been determined by an iterative method up to the 
first order approximation. Analytical expressions for the migration velocity of the droplet are 
likewise given. Based on this analysis we can completely characterize various flow situations 
like when the ambient flow is uniform flow or Couette flow or Poiseuille flow. Moreover, our 
computed results show that a surfactant-induced cross-stream migration of a droplet occurs 
towards the center-line in both, Couette and Poiseuille flow cases. Finally, the theoretical 
findings are validated with available experimental data.  

 
Subsequently, the migration of a surfactant coated droplet in a non-isothermal field is 

studied in chapter 6. In this chapter, we consider a more generalized nonlinear state of equation 
for the interfacial tension relating temperature and surfactant concentration. However, we 
consider the steady Stokes flow approximation. We analyze the problem analytically in two 
limiting cases namely low and high surface P´eclet number avoiding intermediate range. We 
derive closed form expressions for the drift and the migration velocity where the capillary 
stresses can be nonaxi symmetric and along axial or transverse direction. Since the results are for 
any arbitrary ambient flow, we have provided the corresponding analysis when the ambient 
hydrodynamic flow is due to Poiseuille flow. The corresponding results when the thermal 
gradients are along axial or transverse to the flow direction are discussed. A significant impact of 
the nonlinear variation is seen on the droplet axial and cross migration. We observe that the 
droplet can move towards or away from the center line depending on the critical thermal 
Marangoni number that can be estimated as a function of other parameters involved.  

 
Finally in chapter 7, we analyze the problem of collection of a polydisperse spherical 

droplets. In this chapter, we assume that the collection of spherical droplets behave as a porous 
medium and estimate the hydrodynamic interactions analytically via the so called cell model that 
is defined around a specific representative particle. We estimate the overall bed permeability and 
show possible comparisons with Carman-Kozeny relation. 
 
Keywords: Droplets and bubbles; Surfactant effects; Thermocapillary; Solutocapillary; 
Marangoni phenomena; Droplet Migration; Stokes flow; Transient Stokes flow; Capillary flows; 
Interfacial flows; cell model. 

 
 

FLOWAND HEAT TRANSFER OVER A 
DOUBLE FORWARD-FACING STEP 

WITH OBSTACLES 
 

Anupam Barman 
Supervisor: Dr. Sukanta Kumar Dash 

Department of Mechanical Engineering 
Accession No: NB16162 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 266 

 

 
 

A numerical study has been performed to analyse the turbulent flowbehaviour along with forced 
convective heat transfer for a rectangular channel having double forward-facing steps with 
cylindrical obstacles placed near the steps. The flow equations as well as standard k ¡" model 
used for turbulence is solved by a commercial code FLUENT in ANSYS 15. Though ntroduction 
ofmore steps causes a high pressure drop, but can be used in beneficial manner, as rate of heat 
transfer is very high, for a wide range of engineering applications of cooling e.g. electronic 
devices, nuclear reactor, combustion chamber, gas turbine blades etc. This kind of flowbehaviour 
is also found for flowover vehicles and buildings. With respect to simple duct flow, flow through 
a channel having double forward-facing steps is more complicated. In this study, a complete 
conceptual idea has been presented on the effect of different geometric parameters of a double 
forward-facing step e.g. step height ratio, obstacle diameter ratio, cross-flow position of the 
obstacles, step inclination angle etc., on the flow behaviour and heat transfer characteristics. The 
calculations have been performed for varying Reynolds number, ranging from 3×104 to 1×105. 
An analysis has been performed to study the effect of step height ratio and obstacle diameter 
ratio on the flow parameter and heat transfer performance. It is found that as the step height ratio 
increases the rate of heat transfer also increases with an increment in flow velocity and vorticity 
magnitude, turbulence characteristics in the recirculation region. Where as the effect of obstacle 
diameter ratio is less on the flow and the heat transfer behaviour. But an important finding has 
come out for obstacle diameter ratio. When obstacles getting larger in size and positioned at 
same centre, the heat transfer coefficient decreases for specific step height ratio and Reynolds 
number. But heat transfer coefficient is found to be increasing as obstacle diameter ratio 
increases while the bottom gap between obstacles and heated bottom wall remains constant. The 
cross-flow position of obstacles in vertical direction is another important parameter. To get the 
maximum heat transfer, the optimum cross-flow position of the first obstacle has been obtained 
near the middle section of the internal gap of the channel in vertical direction, where as the 
optimum position of the second obstacle is its top most vertical position. Step inclination angle is 
also an important geometric parameter. When step inclination angle decreases, pressure drop and 
heat transfer coefficient also decreases. But the rate of decrease in pressure drop is relatively 
higher than the rate of decrease in heat transfer coefficient. So, by some agreement, the optimum 
step inclination angle has been found out. Lastly, a study has been conducted on the rate of 
entropy generation for these three main objectives. The irreversibility effect due to heat transfer 
and fluid friction has also be analysed for different double forward-facing step configuration 
with obstacles. 
 
Keywords: turbulent forced convection, duct flow, double forwardfacing step, step height ratio, 
obstacle diameter ratio, cross-flow position of obstacles, step inclination angle, rate of entropy 
generation, irreversibility. 
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Natural convection heat transfers from Infrared suppression (IRS) devices with different funnel 
shapes i.e. cylindrical, conical and louvered cylindrical have been studied numerically. For 
cylindrical and the conical funnels the numerical simulation is carried out with FLUENT 16 by 
varying the Rayleigh number (Ra) in the range of 1010 to 1012.The diameter ratio is varied in 
the range of 1.02 to 1.3 and the percentage of overlap between -20 to 20.The total heat transfer 
from the funnels due to natural convection is found to increase with increase in diameter ratio. 
With increase in diameter ratio, the average Nusselt number for cylindrical funnels increases, 
attains a peak and then decreases. For conical shaped funnels, with increase in diameter ratio, the 
average Nusselt number initially increases to a maximum value, then decreases marginally and 
almost remains constant for larger diameter ratios. The heat transfer rate decreases with increase 
in percentage of negative overlap for both cylindrical and conical funnels which is mainly due to 
reduced suction effect. The non-dimensional induced mass flow rate increases with increase in 
diameter ratio for both cylindrical and conical shaped funnels. For louvered funnels, the 
dimensionless louver opening (d/D) is varied in the range of 0.025 to 0.2 while the Ra is varied 
in the range of 1010 to 1012. The ratio of heat transferred with louvers to without louvers i.e. 
Q/Q0 initially increases up to a value of d/D=0.075 and then decreases. The dimensionless 
cooling time has been found by assuming the funnels as a lumped system. From the known value 
of heat transfer coefficient (found from numerical simulation) the temperature-time history of the 
funnel system have been plotted. For diameter ratio (DR) beyond 1.05, the Nusselt number 
reduces for cylindrical funnels. Because of this, there is no improvement in cooling of IRS 
device at higher diameter ratios for cylindrical shaped funnels. For conical shaped funnels, for 
diameter ratio beyond 1.15, the Nusselt number almost remains constant. Hence, cooling rate of 
IRS device at higher diameter ratios doesn’t change much for conical shaped funnels. For 
louvered cylindrical funnel set up, the Nusselt number increases till the louver opening (d/D) 
increases up to 0.1. Thus the cooling is more effective up to d/D=0.1. However, with d/D beyond 
0.1 the cooling becomes less effective due to reduction in Nusselt number. 
 
Keywords: Natural convection; heat transfer; cylindrical funnels; conical funnels; louvered 
cylindrical funnels; diameter ratio; percentage of overlap, cooling time 
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A detail investigation on a proposed novel Strain Wave Generating (SWG) cam, to work with 
conventional Harmonic Drives (HD), is carried out to set its optimum design criterion. In HDs 
the external toothed pinion are generated on the free end of a thin cup shaped body, called as 
Flexspline (FS) cup. While an oval shaped conventional SWG cam rotates as input inside the cup 
(below the FS teeth), teeth contacts with the Circular Spline (CS) having two teeth more than FS 
teeth, occur at two places at the vertices of the cam’s major axis. Availed transmission ratios are 
half the number of teeth of CS or FS when they are output keeping the other one (i.e., FS or CS) 
constrained to rotate about its own axis. As the FS teeth in contact with the CS teeth are on 
deformed (by cam) rim (FS cup end) the conjugate contact (with respect to that in cylindrical 
gearing) is lost. In case of the novel proposed cam, the FS rim maintains circular shape, identical 
as in undeflected cylindrical internal gearing, at two contact zones. Thus the conjugate teeth 
contacts are maintained and involute teeth can be used for the gear set. As a result the HD 
performance is improved both in torque capacity and elimination of kinematic irregularities. 
Essentially other portions at non-contact regions the FS cup are stretched and get oval shaped. 
The deformed FS cup experiences more stresses than those with conventional cam with single 
oval shaped curve, at the zones where the novel SWG cam profile switches from the oval curve 
to circular arc and vice-versa. In the present investigation rigorous study is carried out on this 
aspect of design of the novel cam. In the dissertation flexspline (FS) is termed as flex gear (FG) 
and circular spline (CS) is termed as ring gear (RG) in HDs with novel cam, as the conventional 
gearing action is availed with the proposed novel cam. In designing the novel cam profile first of 
all a FG-RG gear set is chosen. For the cam profile the spread of the circular arcs at two contact 
zones at the two vertices of the major axis of the cam, transformation of circular arc to oval 
curve (ellipse is chosen in the present study) and relevant geometries are carefully considered 
satisfying all kinematic and other requirements. For the verification of the avoidance of teeth 
interferences, contact ratios and other geometric and kinematic conditions with corrected and 
uncorrected involute teeth of different pressure angles a generalized computer programme is 
developed using Matlab codes. To facilitate the assembly inside the FG cup the novel SWG cam 
is made split into two identical pieces about the minor axis. For the calculation of stresses first of 
all a CAD model of cam with split cam feature is developed in Solidworks. This CAD model is 
directly imported into FEM (Ansys®) environment for stress analyses. All cases of the cam (36 
in number with varying geometries in the present investigation) are considered to find the 
maximum stresses in the cup to select the best geometry of the cam for which it (stress level) is 
least among all. In next step rigorous stress analysis of the FG cup is done for the chosen best 
cam. For verification, two other cam geometries adjacent to the best one are also analyzed for 
cup stresses. The stress results are also verified experimentally. In experiments, stresses in FS 
cup with conventional cam and novel cam, both with no load and applied torque load, are 
measured. For conventional cam theoretical results (FEM analysis) and experimental results have 
very good agreement. However, in case of novel cam, qualitative similarities in stress results are 
highly satisfactory although at some places quantitative differences in stresses are there. It is 
established both by FEM and experiment that the location of relatively higher stresses in FG cup 
with proposed SWG than that with conventional cam is away from the teeth contact zone. On the 
other hand the stresses at the teeth contact zones in case of proposed SWG came are much lower 
than that with conventional cam. In summary the detail method of designing the proposed novel 
cam for improved performance of HD is established. 
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Fabrication of IN718 sheet components often require larger deformation loads at room 
temperature. In order to reduce deformation loads and simultaneously improve formability, 
IN718 sheets were solutionized at 970 ºC and 1070 ºC , and these solution treated sheets were 
referred as HT970 and HT1070 respectively. It was found that the HT1070 material showed 
approximately 30 % improvement in ductility and 27 % reduction in load with respect to HT970 
material indicating improvement in the formability. Stretch forming process map in terms of 
fracture forming limit diagram (FFLD) was evaluated, and the failure limit of HT1070 material 
was observed to be higher as well. Also, the deep drawing process maps were evaluated at 
different blank holding force using hemispherical and flat bottom punch geometries, and the 
results were presented in terms of three distinct regions viz. wrinkling, safe and fracture. Further, 
six different ductile fracture models incorporating Hill48 anisotropy plasticity theory were 
calibrated for both the solutionized sheets. However, due to higher variations in predicted results, 
the experimentally evaluated FFLDs were considered, and these were mapped into strain path 
independent major stress vs. minor stress locus (σ-FFLD) and effective plastic strain vs. stress 
triaxiality locus (ηEPS- FFLD ). The mapped failure limits were successfully utilized as damage 
criteria in finite element (FE) analysis to predict the forming performance. Further, surface 
roughness analysis was performed to comprehend the quality of the deformed components. A 
very high and undesirable surface roughness was observed in HT1070 deep drawn cups due to 
higher initial grain size. Also, it was established that the presence of higher amount of cube and 
goss components in the initial texture and large difference in Taylor factor of individual grains 
led to higher surface roughness. Further, uniaxial tensile tests of HT970 sheets were carried out 
at elevated temperatures within 773-1023 K under the strain rate domain of 0.001-1 s-1. Based on 
the tensile test results, eight different constitutive models were developed to describe the flow 
stress behavior of IN718 sheet material incorporating the effect of temperature and strain rate. 
The thermo-mechanical FE model of limiting dome height tests at elevated temperature was 
developed by incorporating three different constitutive models viz. Johnson- Cook (JC), Cowper-
Symonds (CS), and mechanical threshold stress (MTS). The predicted punch load, thinning 
development and surface strain distributions were validated with experimental data successfully. 
 
Keywords: Inconel-718, Solution treatment, Microstructure, Micro-texture, Forming process 
maps, Fracture models, FEM, Elevated temperature forming, Constitutive models 
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Underwater object identification and sound source localization are important in defense, 
underwater biological and environmental applications. Time delay estimation based localization 
method is a well-established technique to localize a sound source. Time delay estimation (TDE) 
can be categorized into time of arrival (TOA) and time difference of arrival (TDOA). TOA is 
implemented in an active sonar system, where a known sound signal is projected towards the 
target object, and the projected sound is reflected. The projected and reflected sound signals 
provide information regarding the target. In this work, maximum length sequence (MLS) signal 
is used as a projected signal to get information from the bottom of an underwater tank. 
Moreover, MLS signal is compared with an impulse signal for underwater acoustic modeling, 
and then the use of MLS signal is justified. 
 
In TDOA, the sound generated by the sound source is acquired and the time delay between 
transducers is obtained. Localization of low frequency and low strength signal in a passive sonar 
system is a challenging task. When the source and receivers are placed in a reverberant 
environment, localization becomes more challenging. In this research, an AC motor – impeller 
setup is used as an underwater acoustic source. Generalized cross correlation (GCC) method, a 
well-known technique to estimate the time delay is used. The accuracy of time delay depends on 
the selection of prefilter in GCC. The selection of prefilters depends on the input signal type, 
signal to noise ratio, and the reverberation in the underwater system. Empirical mode 
decomposition denoising maximum likelihood (EMD ML TDE) method and Wavelet denoising 
maximum likelihood time delay estimation (Wde ML TDE) methods are developed to estimate 
the time delay between underwater noise measuring hydrophones in a reverberant environment. 
Both EMD ML TDE method and Wde ML TDE method are denoising based prefilters. 
Moreover, the sound source location is estimated from TDOA. The results prove that the EMD 
ML TDE method and the Wde ML TDE methods are adequate to localize a sound source in a 
reverberant environment for a low frequency and a low strength underwater acoustic signal. 
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Deformation behavior of 304LN austenitic stainless steel has been studied. The evolution of 
microstructure, at high temperature, is a complex process involving recovery, recrystallization 
and growth. One important aspect of improving the mechanical properties is by grain refinement 
which can be achieved during the thermomechanical processing of the material. Microstructure 
evolution in austenitic stainless steel during high temperature deformation is mainly dominated 
by dynamic 
recrystallization. However, for processing routes with large inter-pass time static recrystallization  
plays an important role. Along with the microstructure, texture evolution in the material is also 
affected by the temperature and processing route, as these two are closely inter-linked with each 
other. In the present work, all these phenomena have been studied for 304LN austenitic stainless 
steel through the axisymmetric compression tests carried out at constant temperatures and 
constant strain rates. A considerable amount of grain refinement has been observed, though grain 
coarsening has also been seen in some processing conditions. The obtained microstructures were 
also compared to that obtained from the hot rolling process performed under similar initial 
conditions. However, a significant difference in microstructure has been observed. These 
differences were correlated to the state variables like temperature, strain and strain rate 
calculated from the finite element (FE) modeling. Experimental rolling has also been performed 
by changing the rolling direction by 90⁰ i.e. cross rolling, to study the microstructure and texture 
evolutions. Later on, the FE modeling has been performed for cross rolling process to study the 
effect of change in rolling direction on different state variables. The spreading of the material 
during the cross rolling process were analyzed through the computed spreading and elongation 
velocities. A good agreement between the predicted and experimentally obtained plate shapes 
has been obtained. 
 
Keywords: Microstructure; Texture; EBSD; Cross rolling; Compression; Finite element 
modeling 
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Many modern engineering systems/processes are considered as hybrid dynamical systems. 
However, most of the existing diagnosis/prognosis approaches are intended for continuous 
dynamical systems and limited to single fault of unknown fixed degradation mode. In multi–
component hybrid systems, discrete faults may be possible besides multiple parametric faults 
(abrupt or incipient), whose occurrence and degradation nature is unknown in advance. Multiple 
fault diagnosis is challenging due to the fact that the symptom of one fault effect may be masked 
or compensated by the other fault effects. In hybrid systems, component faults or degradations 
depend on the operating modes of the system which are activated by discrete events. Also, 
degradations are not observable from the measured variables in every working mode of the 
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system for hybrid components. Thus, the existing techniques for continuous dynamical systems 
may not suffice for multi–component hybrid systems where discrete events along with the 
possibility of occurrence of multiple faults change the dynamics and degradation patterns of the 
system. Thus, more efficient and less resource intensive real time fault diagnosis and prognosis 
techniques have to be developed according to the present demands of critical machinery 
performance for maintaining system safety and reliability. 

In this regard, a sequential multiple-fault diagnosis scheme is developed here for hybrid 
system based on decentralized architecture and bond graph modelling approach. The proposed 
method can diagnose any discrete or parametric fault whose effect may be masked due to pre–
existing faults by introducing the new idea of dynamically updated model immediately after 
occurrence of each fault. Focused parameter estimation technique is proposed by using the 
information of fault directions obtained from the dynamic fault signature matrices for improving 
the online diagnosis of hybrid system. Moreover, this dissertation also considers the prognosis 
study of multi–component hybrid system and proposes the real time integrated prognosis scheme 
for degradation detection, degradation magnitude estimation and remaining useful life (RUL) 
prediction for multiple components degrading with different unknown rates. The fault indicator 
thresholds are used to trigger degradation detection as well as fault magnitude estimation, i.e., 
parameter estimation. With progressive parameter estimation, parameter deviation trends are 
identified and used for RUL evaluation for system prognosis. Parameter estimation can be done 
at fixed time intervals, but performing it only when a threshold violation occurs and then 
updating the model with estimated parameters is less resource intensive and more efficient 
approach to implement real–time health monitoring and prognosis. Besides, parameter 
estimation–based distributed prognosis scheme is proposed using bond graph model 
decomposition scheme. Utilization of multiple degradation models which include operational 
modes as additional control parameter and evolve through degradation model identification is 
suggested for system prognosis. The proposed approach is validated through both simulation and 
experimental work. 

 
Keywords: Hybrid system, Dynamic degradation patterns, Hybrid bond graph, Analytical 
redundancy relations, Sensitivity signatures, Multiple-fault diagnosis, Adaptive prognosis. 
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In this thesis a three-dimensional fractional order derivative model (FDM) for the constitutive 
relations of the viscoelastic constrained layer of the smart constrained layer damping (SCLD) 
treatment is developed by mathematically augmenting its existing one dimensional form for 
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analyzing active damping of geometrically nonlinear vibrations of substrate plates, shells and 
sandwich structures. Here, the three-dimensional FDM is established as an efficient numerical 
modelling technique of the viscoelastic layer compared to other viscoelastic models particularly 
in case of computationally involved geometrically nonlinear vibrations of plates and shells. A 
nonlinear finite element (FE) model is developed to obtain the time dependent electro-elastically 
coupled governing equation of motion of three dimensional substrate plates and shells with a 
SCLD patch attached at the centre of their top surface. The geometric nonlinearity is included in 
the model by considering von Kármán strain-displacement relations. The displacement field is 
assumed according to the FSDT with a layerwise effect such that accurate kinematics of 
deformations can be modeled whenever there is drastic change in the material properties along 
the thickness direction. The constraining layer is made of vertically/obliquely reinforced 1-3 
piezocomposites (PZCs) and for the closed loop control a negative velocity feedback control 
system is considered due to its simplicity in design and ease of implementation in practical 
engineering problems. To ensure presence of sufficient nonlinearity in the initial responses of the 
structure, the amplitude of the applied loads have been selected from the backbone curves. The 
Grünwald definition has been implemented in this work to numerically compute the fractional 
order operators and numerical examples are presented considering laminated composite plates 
and shells to show that even for very small number of terms in the Grünwald series the obtained 
responses are highly accurate. Investigation also revealed that the vertically reinforced 1- 3 PZCs 
are most effective in active damping of the substrate plates and shells vibrations irrespective of 
layer sequence or boundary condition. Further, Plates and shells made of fuzzy-fiber reinforced 
composite (FFRC) with carbon nanotube (CNT) waviness contained in different planes are 
studied and the presence of the CNT waviness has an impact on the performance of the SCLD 
patch. Maximum control authority of the SCLD patch is observed in case of the FFRC with 
wavy CNTs with waviness in 1-3 plane as they exhibit higher stiffness to weight ratio compared 
to other FFRCs. In case of sandwich in this thesis a three-dimensional fractional order derivative 
model (FDM) for the constitutive relations of the viscoelastic constrained layer of the smart 
constrained layer damping (SCLD) treatment is developed by mathematically augmenting its 
existing one dimensional form for analyzing active damping of geometrically nonlinear 
vibrations of substrate plates, shells and sandwich structures. Here, the three-dimensional FDM 
is established as an efficient numerical modelling technique of the viscoelastic layer compared to 
other viscoelastic models particularly in case of computationally involved geometrically 
nonlinear vibrations of plates and shells. A nonlinear finite element (FE) model is developed to 
obtain the time dependent electro-elastically coupled governing equation of motion of three 
dimensional substrate plates and shells with a SCLD patch attached at the centre of their top 
surface. The geometric nonlinearity is included in the model by considering von Kármán strain-
displacement relations. The displacement field is assumed according to the FSDT with a 
layerwise effect such that accurate kinematics of deformations can be modeled whenever there is 
drastic change in the material properties along the thickness direction. The constraining layer is 
made of vertically/obliquely reinforced 1-3 piezocomposites (PZCs) and for the closed loop 
control a negative velocity feedback control system is considered due to its simplicity in design 
and ease of implementation in practical engineering problems. To ensure presence of sufficient 
nonlinearity in the initial responses of the structure, the amplitude of the applied loads have been 
selected from the backbone curves. The Grünwald definition has been implemented in this work 
to numerically compute the fractional order operators and numerical examples are presented 
considering laminated composite plates and shells to show that even for very small number of 
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terms in the Grünwald series the obtained responses are highly accurate. Investigation also 
revealed that the vertically reinforced 1- 3 PZCs are most effective in active damping of the 
substrate plates and shells vibrations irrespective of layer sequence or boundary condition. 
Further, Plates and shells made of fuzzy-fiber reinforced composite (FFRC) with carbon 
nanotube (CNT) waviness contained in different planes are studied and the presence of the CNT 
waviness has an impact on the performance of the SCLD patch. Maximum control authority of 
the SCLD patch is observed in case of the FFRC with wavy CNTs with waviness in 1-3 plane as 
they exhibit higher stiffness to weight ratio compared to other FFRCs. In case of sandwich  
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This investigation deals with the enhancements of the mechanical and tribological properties of 
thermally sprayed bronze and molybdenum coatings using diamond reinforcements. First, 
10wt.% diamond reinforced bronze and 10-20wt.% diamond reinforced molybdenum powders 
were produced using high energy ball-milling. Ball-milling produces grain refinement, and 
ensures homogeneous distribution of diamond in the powder. Raman spectrographs confirmed 
retention of diamond through ball-milling. Ductile bronze powders assumed flaky morphology 
upon ball-milling. Molybdenum, owing to its brittle nature, produced pulverised powder upon 
milling. Grain refinement in all the powders could be identified from the broadening of the X-ray 
diffraction peaks. Next, bronze and molybdenum based powders were deposited using HVOF 
and plasma spraying, respectively. The retention and dispersion of diamond in the coatings were 
confirmed using Raman imaging. During spraying, the molten metal matrix sheathed diamond 
particulates, thereby protecting it from the hot HVOF/plasma plume. No significant phase 
change could be observed in molybdenum, during milling and coating deposition. Bronze, 
however, showed segregation of Cu and Sn-rich phases during preparation of coating. The 
composite bronze coating demonstrated 35% and 15% increase in hardness and elastic modulus, 
respectively. The improvements in hardness and elastic modulus upon addition of 10wt.% 
diamond in molybdenum coating was 10% and 15%, respectively. These increments were 25 and 
40%, respectively in the case of 20wt.% diamond reinforced molybdenum composite. Diamond 
particles dispersed in the coatings resists dislocation movement within the coatings, producing a 
higher hardness in the composite coatings. Tribological performance of the composite coatings 
was evaluated using ball-on-disc set-up and was benchmarked with the corresponding pure 
metallic coatings. An increase in wear resistance by up to 2.7 times and 8 times was observed in 
the case of 10 and 20wt.% diamond reinforced coatings, respectively. Addition of diamond 
reinforcements also endowed the bronze coatings with higher wear resistance. Plastic 
deformation was identified as the primary wear mechanism in both pure and composite bronze 
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coatings. A lower degree of plastic deformation was observed in the composite bronze coatings. 
This has resulted in up to 65% reduction of wear coefficients in the case of diamond reinforced 
coatings.  
 
Keywords: thermal spray; plasma spray; HVOF; diamond; ball-milling; tribology;  composite 
coating; wear test 
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The orthopaedic implants for the human body are generally made of different biomaterials like 
stainless steels or Ti-based alloys. The inconsistent growth of tissues and poor osteoconduction 
performance on the metallic implant surfaces due to the variation of surface energy are major 
contributing factors for failure of the most metallic implant on account of lack of stronger 
attachment with surrounding bone or tissues.  
Keeping in view of this fact, this study aimed to develop a thin bio-functional composite coating 
over the metallic implant surface through electrochemical deposition from aqueous electrolyte 
bath. On comparison of different in-situ formation/reaction mechanism, it is observed that pulsed 
mode deliver optimum results in terms of surface morphology and corrosion protection 
performance. Also, nucleation rate vis-à-vis cathode current density plays an important role to 
determine the overall coating crystallinity, relative phase presence and internal stress generation 
in the coating surface. The formation of hydroxyapatite took place through a two-step reaction 
with the formation of calcium orthophosphate in between. Different shape and structure of 
apatite formation are evident starting from submicron spherical scaffold along with 100- 150 nm 
pores on its surface to lamellar interconnected 3D scaffolds during osteoconduction based on the 
coating surface physical and chemical properties. The coating comes with around 67% of 
hydroxyapatite gives best results as the crystalline calcium orthophosphate phase acts as a 
starting point of apatite formation during osteoconduction along with dilution of amorphous 
phase from the coatings which provides sufficient porosity for tissue growth and adherence. 
Various carbon nano structure and polymer reinforcement in the composite coating further 
improved the coating stability as compared to collagen fiber in natural bone. The chlorophyll 
functionalization showed a smart way to disperse the nano size reinforcement particle in the 
aqueous bath without damaging their chemical structure and thus ensure co-deposition side by 
side with in-situ formed calcium phosphate phases in order to ensure a better bonding with the 
composite. The polymer-ceramic composite coatings are achieved for the first time through a 
specially designed pulse reverse deposition techniques, exhibits modulus of elasticity near to 
natural human bone. 
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Laser surface processing and laser cladding are adopted in this study for tiny tailor made implant 
surfaces which require multiple surface prepositions along with varying modulus of elasticity 
based on specific requirement. Synthesis of nickel free titanium-calcium phosphate clad layer 
gives superior corrosion resistance and improved modulus of elasticity without altering the base 
material performance. 
Thus these electrochemically deposited composite coatings can acts as one of the potential 
candidate for coating over the implant surface and the entire process can be replicate for mass 
production of any implant surface unrespecting of their shape, size and complexity. Also, the 
laser surface modification can be applied for develop a nickel free functional surface of Nitinol 
in view of improved bio functionality and modulus of elasticity. 
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Low-dimensional structures are being increasingly employed in numerous applications owing to 
the development of nanotechnology. Accurate modelling at this scale would necessitate the 
consideration of higher order gradients, usually neglected by the classical theories employed for 
macro-scale studies. As a consequence of this observation, the strain-gradient based theories of 
continuum mechanics need to be incorporated along with the classical strain based theories in 
determining the elastic response of a solid. In this thesis, the effect of the strain gradients is 
analyzed on four major problems in solid mechanics: elastic and multi-field coupled response of 
structures, elastodynamic behaviour, and micromechanics. Unlike the simplified models utilized 
in literature, the effect of strain gradients over the elastic behaviour is determined here using the 
generalized strain gradient theory of elasticity, considering three independent material length 
scales to present the microstructural effects. The exact solutions, for the sizedependent response 
of simply-supported monolithic and laminated beams subjected to sinusoidally distributed loads, 
are derived by solving the governing differential equations at every point in the solid and 
satisfying the essential and natural boundary conditions, thereby making them devoid of any 
approximations. These results may serve as a benchmark for further numerical analysis involving 
complex geometries, boundary and loading conditions. A numerical model based on the element-
free Galerkin method is also developed here to determine the size dependent static and free-
vibration response of beams corresponding to general loading and boundary conditions. Multi-
field couplings of the electro-mechanical and magneto-elastic fields based on the strain 
gradients, the exoelectric and the exomagnetic effects respectively, are studied here. The exact 
solutions for the exoelectric response of a simply-supported dielectric beam subjected to 
sinusoidally distributed electro-mechanical loads have been obtained under different electrical 
configurations. Additionally, an element-free Galerkin model is also developed here to evaluate 
the electro-mechanically coupled response for any general case-study. Following this, the 
constitutive modelling for the exomagnetic response is developed from the free energy density 
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using the variational principle. Employing these results, a numerical case-study to demonstrate 
the exomagnetic effect in nanostructures is also presented. The theory for exomagnetism, 
proposed in this thesis, may be extended for the development of magneto-elastic smart structures 
without piezomagnetic coupling, thereby indicating the potential for numerous applications. The 
effect of the higher order gradients over the elastodynamic behaviour of structures is studied. 
Following a brief discussion on the dispersion of elastic waves in infinite media, considering the 
strain and velocity gradients, the size-dependent dispersion curves for the Rayleigh-Lamb waves 
in a doubly bounded infinite plate, with geometric height being of the order of material length 
scales, and plane waves propagating in the plate when subjected to mixed boundary conditions 
are investigated. Finally, the homogenized properties of a heterogeneous composite have been 
determined including the strain gradient effects. For this, the Eshelby's inclusion problem is 
solved considering the generalized theory of strain gradient elasticity. Unlike corresponding 
results from the classical theory, the effective elastic properties evaluated from this study are 
noted to be dependent on the geometric dimensions (size-dependent) of the inclusion phase. 
Using simplified analytical models, the effective electro-mechanical properties of an exoelectric 
fiber reinforced composite have also been determined. For all these studies, wherever possible, a 
comparison with the simplified theories of elasticity is presented to illustrate the significance of 
the generalized strain gradient theories without any assumptions or simplifications. 
 
Keywords: strain-gradient elasticity; microstructure; exoelectricity; exomagnetism; mesh-free 
methods. 
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Heterogeneous nucleation is ubiquitous in nature and the promotion or the suppression of 
nucleation and the subsequent growth of the nucleated phase has many practical consequences in 
engineering and technology. In heterogeneous nucleation, a stable phase is formed on an 
extrinsic substrate from its metastable phase. Therefore, the geometry of the extrinsic substrate 
has a great impact on the mechanism of heterogeneous nucleation. For example, a spherical seed 
has to be considered in the analysis of cloud formation. On the other hand, a conically textured 
substrate must be pondered in the study of metal casting. Therefore, substrate-geometry-
associated physical models of heterogeneous nucleation are important in the study of phase 
transition.  
 
Despite the disputes about various associated assumptions, Classical Nucleation Theory (CNT) is 
one of the most versatile and widely adopted framework for explaining the physical models of 
heterogeneous nucleation. Based on this framework, thermodynamics, stability, and kinetic 
analyses have been postulated for heterogeneous nucleation on rigid as well as perfectly 
deformable substrates. In the present study, the influence of three-phase contact line on extrinsic-
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substrate-induced nucleation has been discussed elaborately. Various steady-state thermokinetic 
parameters – nucleation barrier, growth rate, nucleation rate etc. – have been evaluated within 
the purview of CNT. The free-energy extremization principle and a “detailed balance analysis” 
of molecular exchange have been used to determine the mentioned parameters related to the 
present formulation.  
 
As three phases are involved in a very small length scale (of the order of nanometre), the effect 
of contact line tension cannot be neglected during the incipient stage of nucleation. From the first 
principles, the closed-form expressions in dimensionless form for the thermodynamic barrier of 
line tension associated nucleation have been formulated with respect to the system geometry and 
the substrate wettability. Line tension is found to have a considerable effect on thermodynamics 
and kinetics of heterogeneous nucleation. Moreover, the crossover situations associated with 
barrierless and homogeneous nucleation are found using the thermodynamic stability analysis of 
the three-phase metastable system. Various geometric configurations and related regime maps 
corresponding to these limiting scenarios have also been identified in the present study.  
 
In the present study of growing length scale phenomena, the evaluated kinetic parameters are the 
rates of attachment and detachment of molecules with cluster, the growth rate of an individual 
cluster and the rate of nucleation on the foreign substrate. The implicit peripheral molecular 
transfer through the vicinity of the three-phase contact line from the adsorbed layer is found to be 
about two orders of magnitude higher than the implicit interfacial transfer at the interface of the 
formed cluster and the metastable phase. 
 
During heterogeneous nucleation, the contact line may also be pinned under certain 
circumstances. This mode of heterogeneous nucleation is definitely different from heterogeneous 
nucleation with constant contact angle mode. From the present theoretical analysis, the 
nucleation barrier can be divided into two components related to the geometry of the metastable 
system and the pinning of the contact line in case of pinned nucleation. The resulting favourable 
or adverse pinning effect can induce pinning-depinning transition which may also lead to the 
corresponding crossover situations.  
 
After the initiation of heterogeneous nucleation, subsequent growth takes place in terms of a 
propagating front throughout the metastable phase. One specific case of this growth can be the 
propagation of freezing front within a water droplet placed on a chilled substrate which is 
maintained at a sub-zero temperature. In the present work, experiments have been performed to 
investigate the effect of salinity on freezing droplets initiated by heterogeneous ice nucleation. 
By observing the temporal history of crystallization carefully, three parameters have been taken 
into consideration to quantify the kinetic mechanism of surface icing. Due to the depression of 
freezing point and the formation of molecularly solvation shells, an appreciable increase in the 
delay of heterogeneous ice nucleation has been observed with the salinity of the salt solution. 
Moreover, the associated kinetic sluggishness in surface icing is seen with the increasing salinity 
because of the low solubility of salt in ice and of the brine rejection during freezing. The icing 
singularity, which is essentially found after the completion of solidification of a freshwater 
droplet, gradually disappears with the increasing salt concentration. This is basically due to the 
incomplete solidification of the droplet as found from the corresponding phase diagram.  
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Tension, Molecular Flux, Contact Line Pinning, Surface Icing, Salinity 
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This thesis investigates the effects of counter surface topography on wear of engineering 
polymers. Both theoretical and experimental approaches are taken up to address the main 
objectives of the thesis. A semi-analytical wear model has been developed for polymers rubbing 
against metal counter surfaces. The model is based on so called mechanistic processes 
comprising both low cycle fatigue and abrasive wear mechanisms which are prominent in 
polymer–metal sliding interfaces. Repeated elastic contact causes localized fatigue to form wear 
particles; whereas abrasive wear is an outcome of plastic deformation of soft polymer surface by 
hard metal asperities. Further, wear involves creation of new surfaces; this leads to consideration 
of surface force interaction in the formulation of mechanistic wear mechanisms. Thereby, 
asperity based elastic-plastic-adhesive contact theories with necessary modifications were 
analyzed to assess load–separation characteristics for their subsequent use in elementary wear 
correlations. Both Gaussian and Weibull distributions of asperity heights were considered to 
incorporate statistics of surface micro-geometry. Shape parameters of Weibull distribution were 
estimated from both skewness and kurtosis values of asperity heights according to a customized 
methodology, and a new categorization of the non-Gaussian surfaces was proposed. Preliminary 
study has revealed that skewness and kurtosis of hard steel counter surface substantially 
influence wear of soft polymers. Finally, volumetric wear was expressed in terms of surface 
topography parameters, material properties, and sliding distance. 

 
A systematic methodology, based on spectral analysis, was developed for multi-scale 

characterization of the disc surface topography to reveal a panoramic structure of 
microgeometric features of engineering surfaces. This is of practical importance in order to 
understand length scale effects in real contact problems. Surfaces from variety of processes were 
examined to validate this method. Mainly optical profilometry has been used to collect roughness 
data at five different cut-off bandwidths according to a prescribed standard; and then analyzed to 
plot auto-correlation and power spectral density functions. Nature of power spectrum has been 
analyzed, and the discussion extended to the estimation of fractal characteristics based on 
specific spectral information. Higher moments of power spectrum were extensively used to 
estimate topography parameters of geometric significance such as asperity curvature, asperity 
density, etc. Experimentally evaluated topography parameters using this approach hold the well 
established theory of surface roughness as random process. This methodology has been found to 
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be readily applicable for high resolution profilometry techniques using atomic force microscope. 
A few cases were studied with the help of AFM. Overall analysis showed that the intrinsic 
bandwidth parameter as per Nayak’s definition is closely to be a value of 2 for all cases. 
Additionally, an idea of defining band width limited fractal characteristics has been introduced 
while characterizing surfaces as an equivalent to fractal processes. 

 
Experimental validation of wear prediction was conducted extensively with the help of 

pinon- disc set-up using PEEK pins and 316L stainless steel discs. Tests were conducted in air-
conditioned  room ambience as well as in vacuum (25-10 mPa) ambience. Counter surface discs 
with different topographical characteristics were prepared by polishing, emeryprocessing, 
turning, milling, and grit-blasting. Experimental wear agreed w ell with the predictions for many 
cases with some notable exceptions. Overall, predictions were likely to fall short in some cases 
such as anisotropic surface topography, presence of thick wear debris, and under the influence of 
vacuum ambience. Further, fatigue to abrasive wear ratio was identified as a useful analytical 
tool to predict dominant wear mechanism for polymer-metal tribo-systems.  n this context, the 
ratio of asperity heights standard deviation to average asperity radius was found to be 
instrumental to determine both wear severity and governing wear mechanisms. After examining 
the considered cases, it was both interesting and physically intuitive to observe a complete 
changeover in wear mechanisms following simply an alteration of roughness characteristics. 
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The aim of the present dissertation is to investigate the effect of surface tension gradient on the 
dynamics of droplets and emulsions in the presence of an imposed flow field. This surface 
tension gradient, which gives rise to the Marangoni stress at the interface, can be generated as a 
result of any of the following three mechanisms: (i) application of a temperature gradient in the 
flow field, (ii) addition of bulk-insoluble surfactants on the surface of the droplet suspended in an 
imposed fluid flow and (iii) combined presence of both surfactants and an imposed temperature 
gradient in the flow field. Here, a general mathematical model is developed to study the effects 
of Marangoni stress on the dynamics of a Newtonian droplet in the creeping flow regime. An 
outstanding question concerning the resultant non-trivial dynamical features that is addressed in 
this thesis pertains to the nonlinearity associated as a consequence of the convective transport of 
surfactants along the interface and shape deformation, which does not permit to analyze the 
combined effect as a linear superposition of the results for the thermocapillary and imposed flow 
driven droplet dynamics, in an effort to obtain the final solution. 
 

In order to address practical microfluidic setups, the influence of a bounding wall, fluid 
inertia and finite shape deformation on the cross-stream migration of the droplet is investigated 
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through numerical simulations. This is the prime objective of the first study, where a surface 
tension gradient is generated as a result of application of a constant temperature gradient in a 
direction transverse to the imposed Poiseuille flow. This study shows that a larger droplet 
migrates towards the channel centre whereas a smaller droplet migrates away from the channel 
centreline for a fixed channel height. Towards studying the effect of surfactants distribution on 
migration as well as deformation of a droplet in the presence of an incipient flow, a small 
deformation asymptotic approach is adopted for the two limiting cases of convective and 
diffusive mode of surfactant transport. These studies show that the Marangoni stress, generated 
as a result of the nonuniform distribution of surfactants along the interface, induces retardation in 
the cross-stream migration of the droplet but enhances the deformation of droplet as well as the 
effective viscosity of an emulsion. A separate experimental study is also performed to study the 
effect of channel confinement on the cross-stream migration of a surfactant-laden droplet in a 
Poiseuille flow. This study provides evidence to the fact that presence of surfactants brings in 
reduction in the cross-stream migration velocity of the droplet. 

 
Later the combined presence of surfactants and a constant temperature gradient is 

considered and its effect on the migration of droplet, suspended in an imposed Poiseuille flow, is 
investigated over two separate studies. In the first study a spherical droplet is assumed, however, 
two separate physical systems are considered, namely, a buoyant and a neutrally-buoyant system. 
An asymptotic approach is used in this study which shows that although the temperature gradient 
as well as the buoyancy force act in the axial direction, the cross-stream migration velocity of the 
droplet is significantly affected in the presence of either or both of them. Following this, a small 
deformation asymptotic analysis is performed in another study to show the effect of shape 
deformation and a constant temperature gradient on the cross-stream migration velocity of the 
droplet. 

  
Throughout the thesis, the physical explanations and reasoning of the results facilitate the 

science and engineering community towards a better understanding of the different concepts 
related to the migration and deformation of droplets in the presence of varying surface tension 
and an incipient flow. The different outcomes from the studies prove that the dynamics of 
droplets can be precisely controlled by the effective use of surface tension gradient as a tool. 
These concepts underlying the fine-tuned control of droplet dynamics bear significant 
consequences in the design and development of droplet-based microfluidic systems.  

 
Keywords: Marangoni stress, surface tension, droplet, emulsion, shape deformation, temperature 
gradient, surfactant distribution, surface convection and diffusion 
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Pseudoelastic property displayed by shape memory alloy (SMA) is widely used in structural 
vibration control. The irreversibility in stress-induced phase transformation (from austenite to 
martensite and vice-versa) leads to energy dissipation. If a SMA element is used as a member of 
a vibrating system, the dissipation of energy helps to damp out vibration. In the present work, a 
rigid mass connected to a massless SMA bar is considered as a simple vibrating system where 
the axially deforming bar acts as a passive element. The vibrational characteristics of the system 
are studied under harmonic excitation, either due to an external force or due to the constrained 
motion. The restraining force on the vibrating mass has been calculated using one dimensional 
coupled thermomechanical model developed by Lagoudas and coworkers. The model, developed 
within the macroscopic framework, employs stress, temperature, and martensite volume fraction 
as the state variables. The use of stress, rather than strain as an independent variable, presents a 
difficulty in formulating the equations of motion. This problem has been solved by casting the 
equations in a novel state-space form. The heat generated during vibration leads to the 
temperature rise of the bar unless an arrangement is made to keep it constant. In the latter case, 
temperature appears as a fixed parameter while in the former case, the temperature is taken as an 
additional state variable. The governing equations have been solved numerically to get the 
response under various operating conditions. The same has been attempted by an analytical 
method. To this end, first equivalent linearised stiffness and damping of a SMA bar operating in 
isothermal and non-isothermal conditions are evaluated. The linearized stiffness and damping of 
SMA bar are employed to analytically analyse the steady-state amplitude of pseudoelastic 
oscillators subjected to harmonic forcing or motion excitation. Frequency response curves have 
been generated in terms of maximum displacement amplitude for the oscillators at different 
excitation amplitudes. The nonlinear stiffness and damping characteristics of the SMA bar lead 
to various interesting jump phenomena in the frequency response behaviour. The efficacy of the 
SMA to control vibration has been evaluated by studying, again numerically two important 
characteristics, namely, the force and motion transmissibilities. Although these are defined in the 
literature for linear systems, new measures are introduced to suit the nonlinear system, such as 
the one considered in this thesis. The force and motion transmissibility characteristics of 
pseudoelastic oscillator subjected to harmonic loading are evaluated at different environmental 
conditions and levels of excitation amplitude. The effect of temperature rise during operation has 
also been studied. 
 
Keywords: Shape memory alloy, Pseudoelasticity, Complex stiffness, Motion transmissibility, 
Force transmissibility, Jump phenomenon, Isothermal, Non-isothermal. 
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In the present study, in-house experimental setups were fabricated to impart pre-strain along 
three distinct strain paths viz. equi-biaxial, plane strain and uniaxial, in different automotive 
grade sheet materials namely EDD, AA5052, and DP600. Uniaxial tensile tests and stack 
compression tests were conducted to evaluate the anisotropic coefficients and yield loci using 
Hill48-r, Hill48- and Yld2000-2d yield theories. The predicted evolutions of yield loci and both 
the yield strength and plastic strain ratio directionalities of as-received and pre-strained materials 
were successfully calibrated with experimental data. Additionally, the as-received and pre-
strained sheet materials were stretch formed up to the onset of necking and further until the 
initiation of fracture. The failure limits were evaluated in principal strain space (1,  2) 
experimentally in terms of forming limit diagrams (ε-FLDs) and fracture forming limit diagrams 
(ε-FFLDs). The ε-FLDs and ε-FFLDs of as-received materials were theoretically predicted by 
Marciniak-Kuczynski (MK) model and Bao-Wierzbicki (BW) damage model, respectively. It 
was found that these two models predicted the necking and fracture strains very close to the 
experimental data when the calibrated Yld2000-2d yield theory was implemented. In the case of 
pre-strained materials, the dynamic shifting of ε-FLDs and ε-FFLDs was recorded in principal 
strain space ((1, 2) depending on the type and amount of pre-strain. Hence, the polar effective 
plastic strain (PEPS) based necking limit (PEPS-FLD) and fracture limit (PEPS-FFLD) were 
estimated using Yld2000-2d anisotropy plasticity theory, and it was observed that the dynamic 
shift of the failure strains could be restricted successfully. The maximum absolute errors for 
prediction of necking and fracture dome height of pre-strained materials were within 5% and 6% 
respectively when PEPS based failure limits were used as damage model in FE simulation. 
Moreover, all the experimental fracture strains were converted into 3D stress triaxiality locus (, 
LP, f  ) and it was concluded that the calibrated BW fracture loci had a good predictive efficiency 
for various forming tests. Moreover, the incorporation of Yld2000-2d yield model in FE 
simulation efficiently predicted the experimental limiting drawing ratio (LDR) and deep drawing 
behavior in case of both as-received and pre-strained materials. 
 
Keywords: Sheet metals; Anisotropy; Pre-straining; Forming limit diagram; Fracture forming 
limit diagram; Yield theories; Finite element simulation 
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In the recent years, research in the field of evaporation and boiling heat transfer at 
microscale level has been constantly growing due to the rapid advancement of the high heat 
dissipating electronics in the fields of biomedical, fuel cells, spacecraft, refrigeration and air 
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conditioning and automobiles etc. In spacecraft applications, there is a mandate for developing 
advanced cooling devices with phase change which can handle high heat flux dissipating 
elements. To meet this demand, we identified two significant areas i.e. thin film evaporation and 
boiling in microchannels which can cater to the future need in the applications of heat pipes and 
pumped fluid loops. The present dissertation focuses on the investigations on thin film 
evaporation and boiling in microchannel heat sinks of two different shapes. 

The first problem of thesis work deals with detailed analytical modeling of the 
evaporating thin film region considering the effects of the surface tension, disjoining pressure, 
and thermo-capillarity on the thin film region assuming the constant wall heat flux boundary 
condition. Heat transfer rate was found to be different from previous studies. The second 
problem gives the conjugate effects on the thin film evaporation region taking into account the 
effects of solid substrate and bulk liquid meniscus region.  

The third problem focuses on experimental investigations of flow boiling in 
microchannel heat sinks. Two different configurations of microchannel heat sinks were 
considered, namely, straight and wavy shaped. The straight microchannel heat sink consists of 22 
microchannels of size 500 µm (width) x 500 µm (depth) x 50 mm (length). Three different 
working fluids were chosen namely, ethanol, acetone, and pentane. The results from the flow 
visualization identified three major flow regimes: bubbly, slug, and annular. Heat transfer 
coefficient found to decrease with exit vapour quality for all test conditions. 

The fourth problem is to investigate flow boiling in wavy microchannel heat sink (13 
No.s) of size 500 mm (width) _ 500 mm (depth) embedded in same footprint as of the straight 
microchannels. Comparison studies were presented between thermal hydraulics of wavy and 
straight microchannels. 

However, there are limitations in the experimental studies which we would like to 
indicate in advance. First, we are unable to measure the pressure drop across the microchannels 
due to the malfunction of pressure transducer and lack of alternate availability. Second, for one 
of the fluid i.e. pentane, high-speed videos were not able to capture because of the dysfunction of 
the camera and lack of time to restore. These limitations are mainly due to the limited available 
resources and lack of better quality instruments. 
 
 

PERFORMANCE EVALUATION OF RAILWAY 
VEHICLES WITH WORN WHEELS 

 
Smitirupa Pradhan 

Supervisor: Prof. Arun Kumar Samantaray 
Department of Mechanical Engineering 

Accession No.: NB16238 
 
Wheel-rail interaction determines the stability (critical speed and derailment speed), passenger 
comfort and the wheel life. The rail and wheel wear depends upon the bogie and track design 
parameters, wheel and rail profiles, type of braking, and operation. In this research, the wheel 
wear depth or distribution is estimated through a wear prediction tool through co-simulation 
between a multi-body vehicle dynamics model and a wear evolution model. The outputs of the 
vehicle dynamics model are the global contact parameters such as the creepage, creep forces, and 
the locations and dimensions of the contact patches. These global contact parameters are fed into 
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the wear estimation model. The wear estimation involves contact mechanics and wear rate 
modelling. Kalker’s simplified theory of rolling contact, Hertz theory and semi-Hertzian 
approach have been implemented independently in this research to estimate the local contact 
parameters from the global contact parameters. The amount of material removed from the wheel 
surface at different locations (wear distribution) is estimated by using both Archard’s wear 
theory and a wear model developed by the University of Sheffield. In this thesis, the influence of 
braking (disc and tread braking) along with self-steering and active steering of wheel-set are 
considered separately. The change in the physical properties such as density, Poisson’s ratio and 
modulus of elasticity of the wheel material due to temperature increase during tread braking is 
also considered. After estimating the wear distribution, the wheel profiles are updated and 
several worn wheel profiles are obtained with different levels of wear. The worn wheel profiles 
are then used in further vehicle dynamics simulation, thus completing the loop in the 
cosimulation process. 
 

The influences of worn wheel profiles, with different levels of wear, on the dynamic 
performance, ride comfort and stability (critical and derailment speeds) of the railway vehicle are 
obtained. The wheel re-profiling schedule is determined by considering both the wear parameters 
(admissible values) of the wheel profiles and the dynamic performance limits (threshold 
passenger comfort, critical speed and derailment speed, etc.). Apart from the above mentioned 
investigations, this research also focuses on the suspension and articulated design of the bogie to 
study the passenger comfort. An integrated vehicle-biodynamic human model with air spring and 
nonlinear damper is modelled to determine passenger comfort by using bond graph model and a 
multi-body dynamics model (developed in ADAMS/VI-Rail). Sinusoidal track excitations due to 
track flexibilities and/or sleeper spacing are considered. The comfort level of the passenger is 
determined by the International Organization for Standardization (ISO) 2631 standard for a range 
of vehicle speeds. Furthermore, a link type active steering mechanism is proposed for a railway 
vehicle in which the steering control law considers the local track geometry and vehicle speed, 
and the consequent reduction in the wheel wear rate and the improvement in the dynamic 
performance is demonstrated. With the implementation of proposed steering mechanism, the 
wear is reduced by more than 10% as compared to without steering. Also, wear occurs mostly in 
the tread portion of the wheel and is more evenly distributed which causes increase in wheel life. 
 
Keywords: Wheel wear prediction, passenger comfort, railway vehicle dynamics, disc and tread 
braking, air spring, active steering 
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The finite inflation and stability of a toroidal membrane, inflated from a flat geometry, is studied. 
The uninflated geometry consists of two identical equatorially bonded flat annular membranes 
which results a closed toroidal structure upon inflation. Two different hyperelastic material 
models, namely, Mooney-Rivlin model and Gent model, are used to describe the isotropic 
incompressible membrane material with a relaxed strain energy density function. The inflation 
problem, involving both geometric and material nonlinearities, is solved numerically. Wrinkling 
is observed along the outer equator of the torus at low inflation pressures. A pressure limit is 
found to exist which can be linked with the material and geometric parameters of the torus 
through an empirical relationship involving two universal constants. Next, the possibility of joint 
peeling at the equatorial joints is investigated. This is based on the energy release rate 
calculations at the joints. The stability of peeling in terms of the spontaneity of deboning is 
determined over the range of inflation. The response of the inflated membrane against radial in-
line force distribution along the inner equator is studied under two different forcing conditions, 
namely, constant pressure forcing and forcing with constant amount of enclosed gas. The first 
type of loading leads to wrinkling instability, whereas the second one results a pull-in instability 
of the torus beyond a critical force value. The stability of the torus as the outer rim of an 
inflatable reflector/antenna model is investigated. The conditions under which the reflecting 
membrane surface can be approximated as parabolic are found out. The study of geometric 
symmetry breaking of the toroidal membrane is presented using perturbation technique. Beyond 
a critical level of pressurization, the torus undergoes a spontaneous symmetry breaking through a 
super-critical pitchfork bifurcation, which is later restored back by a reverse sub-critical 
pitchfork bifurcation. The corresponding asymmetric shapes and the symmetry breaking zones 
are determined. The effect of temperature change on the inflated toroidal membrane is also 
discussed. 
 
Keywords: Flat torus, Finite inflation, Stability, Hyperelastic material, Wrinkling, Limit point 
pressure, Joint Peeling, Pull-in instability, Symmetry breaking. 
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A large number of fluids do not follow the linear stress-strain rate model, applicable for 
Newtonian fluids. Such fluids are classified as non-Newtonian fluids. Flow of non-Newtonian 
fluids is encountered in diverse industrial applications. Researchers, over the years, have 
suggested several non-Newtonian fluid models such as power law model, Sisko model, third 
grade model, visco-elastic model etc. Sisko model and third grade fluid model are applicable for 
the stress and strain rate data, for a wider range of the shear rate compared to the case of power 
law model. Though a few studies on Sisko fluids and third grade fluids have been carried out, but 
several problems of fundamental and practical interest, are yet to be explored. Considering this,  
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different problems of Sisko fluids and third grade fluids, from the standpoint of engineering 
applications, have been chosen for the present study. The equations, governing the flow and heat 
transfer are non-linear in nature and have been solved by employing analytical and 
semianalytical methods. Analytical or semi-analytical methods provide a deeper physical insight 
in to a problem and present a better frame work for understanding the parametric dependence. 
Though analytical techniques suffer from a number of limitations, there implementation does not 
require large computational resources. Further, they can serve as the base solutions for many 
elaborate computational techniques. Driven by these facts, analytical and semi-analytical 
methods are employed for solving the nonlinear equations in the present investigation. The 
present study, primarily, has two objectives. The first objective is to focus on the non-linear 
aspects of flow and heat transfer of typical non-Newtonian fluids. Two non-Newtonian fluids, 
namely Sisko fluid and third grade fluid are selected for the study. The second objective is to 
apply analytical and semi-analytical techniques for solving the governing equations, describing 
the flow and heat transfer of non-Newtonian fluids. Traditional perturbation method, homotopy 
perturbation method, least square method, and collocation method have been employed for 
different problems. 
 
First, homotopy perturbation method (HPM), an analytical tool, widely adopted by the 
contemporary researchers, is chosen for analyzing the free surface flow of a Sisko fluid driven by 
a vertical belt and parallel stratified flow of two immiscible Sisko fluids over a flat inclined 
plane. The first problem, which is primarily a revisit of the belt driven transport problem, 
highlights the importance of proper selection of the guess solution in HPM, and makes 
corrections of the previously published results, which were inconsistent with the physics of the 
problem. Then thin film gravity-driven flow of two immiscible Sisko fluids is analytically 
investigated by adopting HPM. The non-linear governing equations of flow are solved by HPM 
and the effects of the Sisko fluid parameter and the non-Newtonian index on the velocity are 
analyzed.  
 
Then, HPM is applied to an internal flow and heat transfer problem of a Sisko fluid for flow 
through a narrow rectangular channel, subjected to constant wall temperatures. The non-linear 
governing equations are solved employing HPM and the expressions for non-dimensional 
velocity and temperature are obtained. An analytical study on the velocity, temperature, and the 
wall heat flux is carried out by varying the Sisko fluid parameter, non-Newtonian index, and the 
Brinkman number. Then, flow and heat transfer of a Sisko fluid in a cylindrical pipe, subjected 
to a constant surface heat flux both for heating and cooling, is studied. A semi-analytical 
technique, the least square method (LSM) has been chosen for investigating the flow and thermal 
characteristics of the problem. The non-linear equations governing the momentum and energy 
conservation equations are solved by LSM and the effect the Sisko fluid parameter, non-
Newtonian index, Brinkman number on the non-dimensional velocity, temperature, and Nusselt 
number is analyzed. The results indicate that the non-dimensional temperature increases 
significantly with an increase in the Brinkman number. Further, it is observed that an increase in 
the Sisko fluid parameter results in a decrease in the non-dimensional temperature. For heat 
transfer of Sisko fluids in a pipe, it is observed that an increase in the Sisko fluid parameter 
enhances the heat transfer coefficient for heating; a reverse trend is observed for cooling. 
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Finally, electro-magneto-hydrodynamic (EMHD) and magneto-hydrodynamic (MHD) flow and 
heat transfer of a third grade fluid through parallel plate channels have been considered. The 
EMHD problem deals with the forced convection for heating and cooling of the fluid, while the 
MHD problem considers mixed convection both for buoyancy assisted and buoyancy opposed 
flow conditions for the vertical orientation of the channel. In the EMHD flow and heat transfer, 
LSM is employed to get the solution of the non-dimensional velocity, temperature and Nusselt 
number over a range of parameters. For the MHD mixed convection of third grade fluid, a 
semianalytical method namely collocation method (CM) is employed. The governing equations 
are solved adopting CM and the effect of the third grade fluid parameter, Hartmann number, and 
the mixed convection parameter on the non-dimensional velocity, temperature and Nusselt 
number is analyzed. The results indicate that for EMHD problem, for heating, the temperature 
difference between the fluid and the wall decreases significantly with an increase in the third 
grade fluid parameter. For MHD mixed convection, it is observed that the incipient flow reversal 
occurs at higher values of the mixed convection parameter with an increase in third grade fluid 
parameter. 

 
LASER-BASED ADDITIVE MANUFACTURING OF GRADED 

POROUS IMPLANT AND SURFACE MODIFICATION OF 
TI6AL4V FOR IMPROVEMENT OF BIOFUNCTIONALITIES 

 
Sumanta Mukherjee 

Supervisor: Prof. Partha Saha and Prof. Santanu Dhara 
Department of Mechanical Engineering 

Accession No.: NB16231 
 

Wear and corrosion, stress-shielding and inadequate biological fixation are the major causes 
behind the failure of load bearing orthopaedic implants. Multi-scale surface architecture, 
implants with graded porosity, improved wear and corrosion resistance would promote improved 
cell adhesion, tissue ingrowth which eventually increases lifetime of the implant. The thesis 
explores three different processing routes to improve such biofunctionalities of uncemented total 
hip replacement (THR) implants. Porous constructs would facilitate bone ingrowth and reduce 
stress shielding effect by tailoring elastic modulus of the implant. Accordingly, first part of the 
work involves designing and manufacturing of orthopaedic implants through laser-based additive 
manufacturing route, namely, direct metal laser sintering of Ti6Al4V powder. A method was 
developed to design acetabular cup with varying porosity and pore sizes along the radial 
direction. The developed method utilizes slice-wise modification approach to ensure a 
continuous gradation of properties. Suitable build strategies and process parameters were 
identified to manufacture the designed model. In the second part, laser remelting of Ti6Al4V 
surfaces was carried out and the induced changes in different physicochemical, mechanical and 
biological properties were evaluated. Pulsed laser remelting of surfaces generated ripple-like 
structures and the resultant surface features influenced proliferation, differentiation and 
orientation of the MG63 and hMSC cells. Also, the evolved microstructure was beneficial for 
augmenting wear and corrosion resistance of the surfaces. Finally, anodic oxidation of the laser-
treated Ti6Al4V surfaces was performed in fluoride containing electrolytes to study the influence 
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of process parameters like electrolyte composition and applied potential on nano-morphologies 
of the evolved surfaces. Growth of uniform arrays of titania nanotubes with controlled 
dimensions was observed on the laser-remelted surfaces, and such nano-topographies helped to 
augment the corrosion resistance as well as the osteogenic potential of the surfaces. 
 
Keywords: Graded porous implant, Direct metal laser sintering, Laser surface remelting, Anodic 
oxidation, Hierarchical surface topography, Osteogenic potential 
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Numerical simulations have been carried out to study natural convection heat transfer from an 
isothermal horizontal or vertical solid or hollow cylinder in air. Three-dimensional continuity, 
momentum and energy equations have been solved to predict the flow field and thermal plume 
around the cylinder. The present work has been categorized into five chapters. The first chapter 
is an introduction to the subject along with literature review while the second chapter is on the 
study of natural convection heat transfer from a short or long, solid or hollow horizontal cylinder 
suspended in air or placed on ground in a laminar range of Ra spanning from 104 to 108 for L/D 
in the range of 0.05 ≤ / ≤ 20.It has been found that the average Nu for solid or hollow 
horizontal cylinders in air is marginally higher than when they are on ground for the entire range 
of L/D and Ra limited up to 107. Up to a Ra of 107 Nu for a solid cylinder in air is higher than 
that of Nu for a hollow cylinder in air but when Ra exceeds 107 Nu for a hollow cylinder is 
marginally higher than that of the solid cylinder until an L/D of 0.2. When, L/D exceeds 0.2 the 
situation reveres causing Nu for a solid cylinder to be again higher than that of the hollow 
cylinder when suspended in air. A solid cylinder on ground has higher Nu compared to that of a 
hollow cylinder on ground up to a Ra of 106. However, for higher Ra of 108 a hollow cylinder on 
ground has higher Nu compared to that of a solid cylinder on ground until an L/D of 5 and after 
that, the situation reverses again. The third chapter presents the study about natural convection 
heat transfer from a hollow cylinder with inline and staggered holes. Interesting flow and thermal 
plume around the hollow cylinder with holes could be seen which could help to explain why 
there is more heat loss from a cylinder with staggered holes compared to a cylinder with inline 
holes at lower Ra of 105, whereas for higher Ra of 106 or more there exists an optimum d/D 
where the heat loss from the perforated cylinder has a maximum value and thereafter it reduces. 
A detail analysis of natural convection heat transfer from a vertical hollow cylinder in air in 
laminar (104 ≤ Ra ≤ 108) regime has been performed in chapter 4.The simulations have been 
carried out by changing the ratio of length to pipe diameter (L/D) in the range of 0.05 ≤ L/D≤20. 
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It has been found that the average Nusselt number (Nu) for vertical hollow cylinder suspended in 
air increases with the increase in Rayleigh number (Ra) and the Nu for both the inner and the 
outer surface also increases with Ra . However, with the increase in L/D, average Nu for the 
outer surface increases almost linearly whereas the average Nu for the inner surface decreases 
and attains asymptotic value at higher L/D for low Ra. In chapter 5, turbulent natural convection 
heat transfer from a vertical hollow cylinder suspended in air has been discussed in the turbulent 
range of Ra spanning from 1010 to 1012 and L/D from 0.125 to 20. Average surface Nusselt 
number and non-dimensional mass flow rate of air through the hollow cylinder have been 
calculated and plotted with respect to the non-dimensional input parameters such as Ra and L/D. 
Nu for both the solid and hollow cylinder increases with increase in Ra for all L/D. Nusselt 
number for the inner surface of the hollow cylinder is marginally lesser than that of the outer 
surface of the hollow cylinder for all L/D and Ra. Nu for a solid cylinder lies in between the Nu 
of the outer and inner surface of the hollow cylinder for all Ra and L/D. Correlations for Nu as a 
function of all the input pertinent parameters have been proposed in all the studies which could 
be used in academics as well as in industrial practices.  
 
Keywords: Short or long cylinder, Hollow or solid cylinder, Natural convection, Inner surface 
heat loss, Outer surface heat loss, inline and staggered holes, Vertical hollow cylinder, 
Correlation of Nu. 
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A procedure for accurate and automatic determination of the neutral curves of linear stability of 
steady and time-periodic parallel flows of constant-density and thermally stratified fluids has 
been developed. The differential equations of linear stability are discretized using a spectral 
collocation technique which yields infinite order of accuracy or exponential convergence. The 
eigenvalues of the resulting generalized eigenvalue problem are determined using the QZ 
algorithm. The leading eigenmode which represents the most unstable or least stable disturbance 
is identified by sorting the eigenvalues. The locus of points representing the neutrally stable 
leading modes in the stability parameter space is traced using pseudo-arclength continuation. 
Methods based on continuation in a natural parameter may fail near the turning points of the 
curves. This difficulty is circumvented by parametrizing the curves using a pseudo-arclength 
parameter. Use of a global method for determining the eigenvalues ensures that the leading mode 
is not missed. A direct method for accurate determination of the critical parameters for onset of 
instability has also been proposed. The methods have been illustrated by computing the marginal 
curves of linear stability of plane Poiseuille, Couette-Poiseuille, unstably stratified Couette-
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Poiseuille and stably stratified Poiseuille flows and Rayleigh-Benard convection. The computed 
values of the critical parameters are more accurate than previously reported values, for all the test 
problems except Rayleigh-Benard convection.  
 
The proposed methods are used to investigate the stability of stably stratified Couette-Poiseuille 
flow, a study not reported before. Marginal stability curves and the corresponding critical 
parameters have been computed for a wide range of values of the Richardson number and the 
ratio of the velocity of the upper plate to the maximum Poiseuille velocity. The results 
demonstrate that stable thermal stratification has a stabilizing influence on the Tollmien-
Schlichting shear instability. 
 
The proposed methods are also used to study the stability of time-periodically modulated plane 
Poiseuille flow in a parameter range not considered before. It has been shown that for certain 
ranges of amplitude and frequency parameters, the neutral stability curves have multiple 
disconnected branches. Some of the branches appear as closed curves in the stability parameter 
space of Reynolds number and wavenumber. 
 
Keywords: Linear Stability, Neutral curve, Pseudo-arclength Continuation, Time-periodic 
Flows, Stratified Flows, Orr-Sommerfeld Equation, Floquet Theory, Richardson Extrapolation, 
Heinrichs Basis, Trapezoidal rule, Chebyshev Spectral method 
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This thesis deals with understanding the deformation of automotive grade sheet steels at various 
strain rates, ranging from 0.001 to 800 /s. The purpose of selecting such high strain rates (> 1 /s) 
is to assess the dynamic deformation behaviour of these materials when they are subjected to 
impact like situations as it happens during `crash' events, where the local strain rate can exceed 
100 /s. It is also well known that metallic materials possess rate dependent properties and it is 
imperative to say that the material properties at such dynamic conditions will be different from 
those at nominal strain rates. Crashworthiness assessment of the automotive components thus 
need the dynamic properties of materials. 
 
In this regard, four different commercially available automobile grade sheet steels have been 
selected on the basis of their variation in microstructure. Interstitial free (IFHS) steels with 
largely ferritic structure with minor content of titanium carbonitrides, ferrite / martensite dual 
phase steels of two different martensite content (DP600 and DP800) and a ferrite / cementite 
carbon manganese (C-Mn-440) steel have been selected for this study. The selected steels are 
deformed in tensile at strain rates ranging from 0.001 to 800 /s. The test parameters for high 
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strain rate tensile tests (100, 400 and 800 /s) were decided upon performing an exhaustive test 
standardization process employing only interstitial free steel grade. The test standardization 
exercise also investigates the influence of specimen geometry, dimension and operating cross-
head velocity on the noise generation during high strain rate tests. The obtained stress strain 
behaviour at various strain rates were analyzed to determine their properties at various strain 
rates. The strain rate sensitivity and strain hardening behaviour of these steels at various strain 
rates have been investigated from the tensile curves. It is found that the strain rate sensitivity 
increased at high strain rates but it decreased with plastic strain in the materials investigated. The 
individual strengthening mechanism of the materials also found to have an influence on the 
overall strain rate sensitivity of the material. Based on the nature of flow curves at various strain 
rates, suitable constitutive relations were examined to select a constitutive model to predict the 
flow behaviour at different strain rates. 
 
The deformation behaviour of these materials at different strain rates have been further 
investigated by observing the microstructure of the deformed specimens under transmission 
electron microscopy as well as through orientation image microscopy. Dislocation-dislocation 
interaction was prevalent in interstitial free steel and the rearrangements of dislocations 
intensified at high strain rates to produce a higher recovered microstructure. The sub-structural 
features possessed contrasting difference at low and high strain rates which could explain the 
nature of plastic deformation in the materials at different strain rates. The interaction of 
dislocation with microstructure was present in dual phase steels. With martensite content, the 
dual phase steels showed distinctly different behaviour at high strain rates. While dynamic 
recovery was prevalent in DP600 at high strain rates, in DP800 martensite fragmentation 
increased the work hardening in ferrite grains at high strain rates. Special emphasis has been 
given to understand the effect of strain rate on the strain incompatibility between the two phases 
at various strain rates in the dual phase steels which further helped in understanding the failure 
mechanisms in these materials. The influence of precipitate in the ferrite matrix of the carbon 
manganese steel was found to be crucial in maintaining the strain hardening rates of the steel at 
various strain rates. The influence of strain rate and microstructure on the ductile fracture process 
is also evaluated for all the materials. 
 
Keywords: High strain rate; automotive grade steels; deformation behaviour; ductile fracture; 
damage evolution; Constitutive relations. 
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High manganese steels have recently drawn much interest in steel industries in an attempt to 
reduce the production cost by replacing expensive alloying elements like Ni and Cr, etc. High 
manganese steels can be categorized as Hadfield steel, high Mn TRIP steel, TWIP steel and 
TWIP/TRIP steel. The production of TRIP and TWIP steels always involves thermo-mechanical 
processing such as hot rolling, cold rolling and annealing. In all these stages, the steel goes 
through thermal cycles involving both heating and cooling. Therefore, martensite formation is 
likely to take place in these steels. Martensite formation generally takes place during thermal, 
thermo-mechanical and deformation processes. Mechanical properties of steels subjected to 
rolling and annealing are determined by the presence of different phases and their morphology. 
Thus, understanding the thermally induced and deformation induced martensite in these alloys is 
extremely important because it determines the mechanical properties that make them suited for 
applications. 
 
Stacking fault energy (SFE) is considered as the main criterion to design high manganese steels 
(TWIP and TRIP). Several direct and indirect methods such as TEM node method, X-Ray 
method and thermodynamic model are generally used for the estimation of stacking fault energy. 
For low SFE high manganese steels, it is difficult to measure their SFE by TEM method because 
their SFE is so low that extended dislocation can barely be constricted. 
 
To study martensite formation, different high manganese steels with varying carbon content were 
selected and cast and hot-forged in laboratory. Different thermodynamic models available in 
literature were used to calculate the driving force (Δ → ) for  →  martensite transformation 
then estimate the Ms temperature for the formation of ε- martensite in these steels. The models 
proposed by Olson and Cohen and X-ray analysis were then used to calculate the SFE of these 
steels. The steels were subjected to cooling and deformation test. Optical micrograph, SEM, 
TEM and XRD analysis was done for microstructure observation and phase identification. The 
Ms temperatures of ε-martensite in low carbon-manganese steels used in this work were 
estimated to be higher than room temperature and SFE value was in the range of martensite 
formation. Therefore, high fraction of martensite was formed in these steels during cooling from 
1000ºC. Slow cooling (in furnace) was found to give higher fraction of martensite in comparison 
to water and ice quenching. Samples quenched in liquid nitrogen however gave higher fraction 
of martensite because of larger degree of super cooling below the Ms temperature. It has been 
argued that isothermal martensite forms in these cases. The Ms temperatures of ε-martensite in 
other steels with higher carbon and with 1.5 to 4 wt% Al were less than room temperature and 
the SFE values were in the range of twinning. No martensite was observed in these steels. 
Increase in holding time from 10 to 30 and 60 minutes at 1000°C leads to slight increase in 
martensite fraction presumably because of release of stress and larger austenite grain size. To 
confirm the formation of isothermal 
martensite, steel samples were held 10°C below the Ms temperature for 900 and 3600 seconds 
followed by water quenching. Martensite fraction was found to increase in comparison with the 
samples quenched directly from 1000°C in water at room temperature. The value of stacking 
fault probability (Psf) of the samples cooled at different rates / media was found to decrease in 
comparison with forged sample. Decrease in Psf value indicates the consumption of stacking 
faults due to martensite formation during cooling of samples. Martensite fraction increases with 
increase in grain size after quenching. Apparent SFE has negligible variation with increase in 
grain size. 
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The as-forged samples were deformed at room temperature in tension, compression and by 
rolling. The amount of martensite was found to increase with strain in all the cases. The stability 
of austenite to strain induced transformation was found be higher for cold rolling and 
compression. By comparison, the stability of austenite was lower in case of deformation in 
tension. 
 
Among high manganese steels, TWIP steel offers good combination of strength and ductility 
because of extensive formation of twins during deformation. One of the drawbacks of these 
steels is lower yield strength. Therefore, work is being done by various researchers to improve 
the yield strength and other tensile properties by decreasing the austenite grain size through 
recrystallization process. Therefore, the effect of cold rolling and annealing on recrystallization 
behavior was studied in the present study. TWIP steel samples in the as forged condition were 
cold rolled giving different reductions (40- 80%) and annealed at different temperatures (700°C -
900°C). During cold rolling of steel, deformation twins are formed within austenite grains and its 
fraction increases with cold reduction. Recrystallization does not take place during annealing at 
600°C for 180 minutes and twin structure is maintained. Recrystallization starts after 10 minutes 
for all the cold rolled samples at 700°C and the time decreases with increase in deformation and 
annealing temperature (800°C and 900°C). Recrystallization takes place rapidly at 900°C and it 
takes 1-2 minute for complete recrystallization of 70% and 80% cold rolled samples while 5 to 8 
minute are required for 40%, 50% and 60% cold rolled samples . JMAK exponent value was 
found to be in the range of 0.2 to 1.40. JMAK exponent below unity may imply that (i) the 
nucleation rate decreases with time and (ii) heterogeneous nucleation takes place. Presence of 
deformation twins after cold rolling helps to speed up the recrystallization kinetics at high 
temperature as 800°C and 900°C. Activation energy (Q) of recrystallization is found to decrease 
with increase in cold reduction. Activation energy is found to be in the range of 108 kJ/mol to 
273 kJ/mol. Cahn-Hagel growth rate (G) measurements indicated that the growth rate decreases 
throughout the recrystallization for 700°C, 800°C and 900°C. 
 
The effect of twinning and (ε and α') martensite on mechanical properties has been studied in 
high manganese steels. Hollomon analysis shows multi-stage deformation in the forged and 
quenched steels. Different strain hardening exponent (n) values were obtained in different stages 
of deformation. Low carbon steels (C=0.15 and C=0.2 wt%) having relatively higher fraction of 
martensite in the initial as-forged samples show single stage deformation and have single n value 
whereas steels with medium (0.35 wt%) and high (0.5wt%) C having no martensite in the initial 
condition shows three stages of deformation having three different n values. n value increases 
from stage I to stage III. Higher n value is obtained in the last stage where strain hardening is 
higher due to the rapid formation of martensite or twinning. Samples quenched from 800ºC and 
1200ºC to room temperature which have high fraction of martensite offer poor mechanical 
properties. Sample quenched from 1000ºC which has martensite and twinning together after 
tensile test offers better mechanical properties. 
 
Keywords: Stacking fault energy, Martensite formation, Recrystallization and Mechanical 
Properties 
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THERMO-MECHANICAL  
PROCESSING OF TRIP AIDED 

STEEL 
 

Ravi Ranjan 
   Supervisor: Prof. Shiv Brat Singh and Prof. Peter Damian Hodgson 

Department of Metallurgical and Materials Engineering 
Accession No.: NB16285 

Low carbon low-alloy 'TRansformation Induced Plasticity (TRIP)' aided multi-phase steels were 
selected for the work. Retained austenite (≈ 5 – 20%) in the microstructure transforms gradually 
to martensite under the influence of stress (TRIP effect) resulting in improved strength and 
formability. The work is carried out to explore the effect of ‘Phase Transformations' and 
'Thermo-mechanical Treatments' on the mechanical properties. Phase transformation studies  

were accomplished in a dilatometer. A new method of quantitative analysis of dilatation data was 
developed and used specifically to (i) explain an 'unusual' expansion observed during the 
formation of austenite on heating, (ii) formulate equations for the lattice parameters of martensite 
that include the effect of substitutional alloying elements, and (iii) obtain the carbon 
concentration of bainitic ferrite formed during continuous cooling. It has been observed that the 
carbon concentration of bainitic ferrite formed during continuous cooling could be as high as that 
of the parent austenite, indicating the transformation to be 'displacive'. Isothermal experiments 
reveal that when carbon concentration of the parent austenite is high and the transformation 
temperature is low, solubility of carbon in bainitic ferrite would also be high, and vice-versa. 
This has been attributed to the formation of bainitic ferrite with body centred tetragonal (BCT) 
structure. Bainite transformation below the martensite start temperature of parent austenite is 
also discussed. It is suggested that the stress generated by prior martensite transformation may 
assist bainite transformation in the subsequent stage.  

Work on thermo-mechanical treatments showed that strength - ductility balance increases 
with the increase in the volume fraction and carbon concentration of retained austenite. The 
carbon content of retained austenite is typically ≥ 0.7 wt % C. On the application of stress, 
retained austenite transforms to high carbon martensite. It is usually believed that such 
martensite would cause brittle failure in TRIP aided steels. However, samples showed 
considerable post-uniform elongation even when the TRIP effect was absent during tensile tests 
due to prior transformation of retained austenite to martensite by quenching the samples in liquid 
nitrogen. This indicates that premature transformation of retained austenite to martensite (or 
absence of TRIP effect) would not necessarily lead to brittle failure of the material.  

Keywords: TRIP aided Steel, Bainitic ferrite, Retained austenite, Martensite.  
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ELECTRODE FOR LITHIUM–ION BATTERY 
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Supervisor: Prof. Siddhartha Das 
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Accession No.: NB16203 
 

The invention of Li-ion batteries paved the pathway for the development of modern day portable 
electronics. With an increasing dependency on high energy sources for the portable equipment 
and devices, a simultaneous development of the compatible Li-ion battery with a high energy 
density is necessary. However, the present commercially available Li-ion battery based on 
graphite anodes fails to meet this increasing demand owing to their lower theoretical capacity 
(372 mAh/g). Therefore, there is an urgent need for a new anode material with a theoretical 
capacity of at least twice than that of graphite. 
 
The Sn and Sb based alloys are well known for high volumetric and gravimetric capacity 
(7214.14 mAh/cc; 993 mAh/g), and they are emerging as a potential replacement for graphite 
(Winter and Besenhard, 1999). However, Sn suffers enormous volume expansion (260 %) 
(Winter and Besenhard, 1999) during lithiation and undergoes a large volumetric stress, leading 
to pulverization (Huggins R. A. 2009). 
 
Use of “active-active” and “active-inactive” alloys has long been adopted to minimize the 
volumetric strain. The refined particle size reduces lithium diffusion length allowing a faster 
lithiation/delithiation and the nanocrystalline structure helps to accommodate the strain. The 
“active-active” alloys (alloys consisting of two or more lithium active elements), such as Ag4Sn, 
SnSb, lithiate under different voltage plateaus (characteristic to each element) reducing the 
volumetric stress on lithiation (Li H. et al., 2001; Mukaibo H. et al. 2004). Examples of the 
“active-inactive” principle include intermetallics, such as Ni3Sn4, Cu2Sb, and Cu6Sn5, which 
lithiate (and expand) at a unique potential with the ejection of the conductive inactive phase (Ni, 
Cu, Fe) which buffer the volume expansion (Hou X. et al. 2009; Sharma S. et al. 2003). 
 
The objective of this thesis is to develop a Sn-Sb-Cu ternary alloy (with a target capacity of 
~700-800 mAh/g) composed of two lithium-active (Sn and Sb) and one lithium inactive 
component (Cu) as negative electrodes for the Li-ion battery. It combines all the aforementioned 
strategies and to correlate the lithiation mechanism with the various degradation mechanisms in 
this ternary anode, and proposes a viable solution to mitigate them. The reason for selecting Sb 
as the second active element over others is that the lithiation range of Sb is 0.87-0.91 V and that 
of Sn is 0.66-0.38 V; far apart from each other. Thus, the lithiation of Sn and Sb takes place 
independently without interfering with each other. The reason for selecting Cu as the inactive 
element is that Cu is ductile and may arrest the volumetric stress by undergoing plastic 
deformation itself. 
 
From the processing point of view, the Sn-Sb-Cu alloys have been prepared using various 
synthesis techniques like ball milling, reductive co-precipitation, and electrodeposition. Among 
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them electrodeposition is a suitable bottom-up method which can be used to synthesize metals 
and alloys in a wide range of nanostructures or microstructures with a variety of compositions 
(Nithya C. et al. 2013; Wang F. et al. 2008; Arpacık M. et al. 2013; Jiang Q., Xue R., Jia M. 
2012; Yang R. et al. 2010). The method is cheap, fast, simple, and environmental friendly. 
Binder-free Sn based anodes can easily be electrodeposited with various morphologies and 
varying compositions. Synthesis of such 3D anodes using electrodeposition offers the flexibility 
in preparing appropriate microstructures, which are not offered by other synthesis techniques. 
 
A Sn-Sb-Cu alloy electrode, having a phase mixture of SnSb, Cu6Sn5 and Sn, with a target 
capacity of ~700-800 mAh/g (at 200 mA/g charge-discharge rate) has been prepared using 
electrodeposition. In spite of the strategies employed, the electrode has faded after delivering 672 
mAh/g till the 22nd cycle. In order to provide a more physical buffering, a foamy electrode has 
been deposited followed by incorporation of reduced graphene oxide (RGO). The RGO 
reinforced foamy sample delivers ~600 mAh/g till the 55th cycle. However, the capacity drops to 
272 mAh/g only after 80 cycles. 
 
In order to identify the exact mode of failure, a study on the phase transformation during 
lithiation has been carried out with the help of the X-ray diffraction technique. It has been found 
that Li reacts with Cu6Sn5 to form Li-Sn intermetallic and free Cu. Because of this the 
interfacial bonding weakens, and the electrode fails owing to the delamination from the current 
collector (Cu), but not due to pulverization. 
 
The problem has been rectified with four different strategies. In the first strategy, the problem 
has been partially solved by employing an Ag current collector, where the intermetallic interface 
Ag3Sn) reacts at a lower voltage than Sn. By cutting off the cycling before the intermetallic 
interface reacts, the problem of delamination is solved while still obtaining a high specific 
capacity. 
 
In the second strategy, instead of a Sn rich alloy a Sb-rich ternary alloy has been used. It is found 
that Sn35Sb55Cu10 outperforms Sn75Sb15Cu10 owing to a better mechanical stability. This 
superiority of Sn35Sb55Cu10 electrode can be attributed to more number of lithiation voltage 
plateaus which produce better buffering against volumetric strain. Moreover, in the 
Sn35Sb55Cu10 electrode, Cu in its elemental form is present throughout the lithiation cycle and 
performs as a more effective buffer than the Cu in Sn75Sb15Cu10 electrode. Because of these 
structural advantages, Sn35Sb55Cu10 delivers 377 mAh/g at 200 mA/g charge-discharge rate 
even after the 100th cycle. 
 
The third strategy is to replace the conventional Cu current collector (foil) with the Cu/Ni foam. 
This Cu/Ni foam is prepared by electrodeposition utilizing the in-situ hydrogen evolution as a 
dynamic template. The porous Ni scaffolded Sn-SnSb-Ni3Sn4 alloy lithiates at five different 
potentials inside the 3D Ni scaffold, and thereby avoids mechanical disintegration and loss of the 
electrical connectivity owing to the stress accommodation during cycling. The as-synthesized 
binder-free electrode delivers a high reversible capacity of 506 mAh/g after the 100th cycle and 
it undergoes only a capacity loss of 16% in the last 50 cycles at a rate of 0.5 C. It shows an 
exceptional rate performance of 380 mAh/g at 1C rate. 
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In the fourth strategy, pure Sn has been electrodeposited on Ni-foam followed by isothermal 
holding at 300 oC for 1 hr. This process melts Sn which completely impregnates the Ni-foam 
resulting in the formation of Sn-Ni and Sn-Cu intermetallics within the Ni-scaffold. This active-
inactive Sn:Sn-Cu/Ni intermetallic, impregnated into Ni-scaffold assembly, delivers a specific 
capacity of 587.9 mAh/g at a rate of 500 mA/g (0.5 C) after the 100th cycle and superior rate 
capability delivering 463 mhA/g at a rate of 2 A/g (2 C). 
 

 
THERMOMECHANICAL PROCESSING SIMULATION ON THE GRAIN 

REFINEMENT, TEXTURE EVOLUTION AND AVOIDANCE OF 
DEFECTS IN INDUSTRIAL GRADE STEELS 

 
Sudipta Patra 

Supervisor: Prof. Debalay Chakrabarti and Dr. L. K. Singhal 
Department of Metallurgical And Materials Engineering 

Accession No.: NB16191 
 

Three important industrial problems is addressed: (i) achieving significant grain refinement using 
multi-pass deformation schedules in a low-C HSLA steel (ii) avoiding the hot-cracking issue in 
hot deformation processing of a lean duplex stainless steel and (iii) preventing the ‘ridging’ 
defect in cold rolled and annealed ferritic stainless steel. The submitted thesis studies the 
evolution of microstructure and texture for the improvement in mechanical properties and to 
avoid defect generation in different industrial grades of steels based on thermomechanical 
processing simulation. In the first part of the study,  
Single-pass and multi-pass deformation schedules have been applied over (700-1050ºC) using 
the Gleeble® thermomechanical simulator to understand the effect of a number of deformation 
pass, strain per pass and inter-pass interval on the ferrite grain refinement. The study emphasized 
on the formation of ultrafine ferrite grain structure (ULFG) with favorable high-angle grain 
boundaries and texture components. As heavy deformation of metastable austenite region is 
considered to be an efficient way to form ultrafine ferrite grain, systematic thermomechanical 
studies were conducted using Gleeble® at two isothermal intercritical temperature: 810°C 
(~40°C below Ae3 but ~160°C above Ar3) and 710°C (~140°C below Ae3, ~25°C above Ae1 and 
only ~60°C above Ar3) to identify the critical conditions for the formation of ultrafine ferrite 
(UFF) grains in a low Carbon micro-alloyed steel. Microstructure, texture and grain boundaries 
were characterized using SEM and EBSD. Multi-pass deformation at the intercritical temperature 
can produce a uniform distribution of ultrafine ferrite grains (grain size ≤ 2 µm) as a result of the 
combination of static strain induced transformation (SSIT), dynamic strain induced 
transformation (DSIT) and continuous dynamic recrystallization (CDRX). Evolution of 
microstructure and texture was explained considering the restoration mechanisms 
(recrystallization, grain growth and phase transformation) acted during and after deformation. 
Finally, the ferrite grain refinement in different processing schedules was predicted following a 
simple mathematical approach and its future modifications were suggested. After studying hot 
deformation in low-C steel, two industrial problems i.e. poor hot ductility of duplex stainless 
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steel and ridging defect in ferritic stainless steel has been taken. The thermomechanical 
simulation was carried out in lean duplex stainless  steel in Tdef=800ºC-1100ºC temperature 
range and applied strain ε=0.25 to 0.8. Microstructure and texture changes and the softening 
mechanism in each individual phase has been investigated for every deformation condition. 
Strain induced precipitation of δ-ferrite to austenite causes an increase in the K-S interphase 
boundary which resists the interfacial sliding and provides a favourable path for cracking during 
hot deformation. Following the thermomechanical study, an industrial trial was carried out with 
two stage hot rolling which successfully produced thinner coil without edge crack. A systematic 
study has finally been performed to identify the cause of ‘ridging behavior’ in 409L grade ferritic 
stainless steel by studying the sequential evolution in the microstructure and crystallographic 
texture during industrial processing of this steel. Coarse grain sized bands comprised of primary 
cube oriented ferritic grains have been found to form inside the cold rolled and annealed sheets. 
A direct correlation has been found between the severity of coarse-grain banding and the ridging 
phenomenon. In order to overcome the ridging defect by restricting the formation of coarse grain 
sized bands, hot band annealing at sufficiently high temperature (~940°C) has been found to be 
necessary, prior to the cold rolling and annealing operation. 
 
Keywords: Ultrafine grain steel, Dynamic strain induced transformation, thermomechanical 
processing, duplex stainless steel, K-S orientation relationship, EBSD, ferritic stainless steel, 
ridging, microstructure and texture. 
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The present work deals with the influence of microstructural features on intergranular and pitting 
corrosion in austenitic stainless steel. Strain annealing-based one-step thermo-mechanical 
processing (OTMP) and iterative thermo-mechanical processing (ITMP) have been employed to 
optimize the grain boundary character distribution (GBCD). The OTMP comprising of low pre-
strain (~ 5 and 10%) followed by annealing at 1273K for 1 hour has resulted in a large fraction 
of Σ3n boundaries and significant disruption in random highangle grain boundaries (RHAGBs) 
connectivity owing to the occurrence of prolific multiple twinning. Among ITMP, the schedule 
comprising two cycles of 10% and 5% deformation followed by annealing at 1173K for 1 hour 
has yielded the optimum grain boundary engineering (GBE) microstructure with the grain size 
and residual strain akin to the as-received condition. The individual and synergistic effects of the 
microstructural features viz. grain size, residual strain, GBCD and its connectivity on 
intergranular 
corrosion (IGC) behavior have been evaluated. Straining accelerated sensitization by promoting 
chromium carbide precipitation via Cr diffusion through dislocations. Coarsegrained 
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microstructure has suppressed IGC by delaying both the onset and progression of sensitization. 
GBE microstructure has exhibited remarkable resistance to IGC due to the reduction of 
chromium depletion zone in the vicinity of the grain boundaries owing to the substitution of 
RHAGBs by Σ3 and its variants. Impressively, evidence suggested that GBCD has higher 
implication than grain size or residual strain in controlling the IGC behavior. The individual 
influence of the microstructural features (i.e., grain size, residual strain, and GBCD) on the 
semiconducting behavior of the passive film has been critically investigated through 
electrochemical impedance spectroscopy and Mott-Schottky analysis. Further, the critical 
evaluation of the individual effect of the aforementioned microstructural parameters on the 
metastable pitting corrosion is also established through potentiodynamic and potentiostatic 
polarization tests. It has been found that the deformed and fine-grained microstructures have 
lower resistance to pitting corrosion. This behavior has been attributed to the lower stability of 
passive film due to the presence of a higher concentration of point defects. However, a 
significant fraction of Σ3n boundaries and J3- type triple junction in the GBE-treated specimen 
resulted in greater stability of the passive film, which ultimately has led to remarkable resistance 
against pitting corrosion. The nucleation of pits has predominantly been found to happen at J0 
and J1-type triple junctions and RHAGBs. 
 
Keywords: Austenitic stainless steel; Grain boundary character distribution; Grain boundary 
engineering; Intergranular corrosion; Metastable pitting; Microstructure; Multiple Twinning; 
Passive film; Pitting corrosion; Sensitization; Thermo-mechanical processing. 

 
 

PERFORMANCE MONITORING OF HYDROCYCLONE BASED ON 
UNDERFLOW DISCHARGE PATTERN 

 
Rakesh Kumar Dubey 

Supervisor: Prof. Karanam Uma Maheshwar Rao and Prof. Arun Kumar Majumder 
Department of Mining Engineering 

Accession No.: NB16364 
 

Hydrocyclones are used for various purposes in mineral processing industries. Although this 
device is apparently simple in design but with frequent changes in mined ore quality in terms of 
particle size and density distribution, it is difficult to generate consistent product quality through 
it. Therefore, numerous attempts were made to develop suitable mathematical models to 
optimize the performance of hydrocyclones with changing feed ore characteristics. However, due 
to the complexities associated with modelling of swirling multiphase flow inside a hydrocyclone, 
concerned industries still rely heavily on empirical models for this purpose.  
 
It is well known that the underflow discharge profile provides good indication, at least in 
qualitative terms, about the performance of any operating hydrocyclone for a specific task. An 
attempt has, therefore, been made to quantify the underflow discharge profile in terms of 
discharge angle. To measure this underflow discharge angle at any given condition, digital 
images of the underflow discharges were first captured using a commercial digital camera. The 
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captured images were then processed using appropriate image processing tools ultimately to 
measure the included angle. Well-planned experiments were then carried out in a laboratory 
model 2-inch hydrocyclone mounted on a well-designed closed-circuit test rig using water and 
slurry. It was observed that the underflow discharge angle remains unchanged at a fixed working 
condition whereas any change either in the feed material characteristics or in the 
operating/design condition alters the discharge angle.  
 
Through exhaustive data set, it is finally concluded that underflow discharge angle can be 
reliably used as a performance monitoring tool of an operating hydrocyclone. Suitable theoretical 
justifications have also been provided in support of this finding. A semi-empirical model has also 
been developed to correlate the underflow discharge angle with various influencing parameters 
on it based on the data generated.  
 
It has long been advocated that for the best dewatering performance rope discharge is the 
preferred state of any cyclone used for this purpose. Detailed analysis, however, reveals that rope 
discharge may not guarantee the best dewatering condition always as it depends on many other 
factors. Finally, it has been shown that at rope discharge condition the hydrocyclone may lead to 
maintenance related problems not only because of the associated risk of choking but also due to 
significant enhancement in structural vibration.  
 
Keywords: Hydrocyclone, Image Processing, Underflow discharge angle, Performance 
monitoring, Rope discharge, Dewatering 
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The contribution of shale gas industry in the gas production drive in the US, have caused a global 
impact. Hence, other countries have started looking into their shale gas prospects which could 
lead to improved energy security. The producibility of any shale gas reservoir, directly depends 
upon it’s gas storage capacity. Assessing the gas storage capacity of shale is a challenge due to 
it’s heterogeneous nature. Hence understanding of the geological and petrophysical factors 
influencing gas adsorption and production becomes extremely complex. Shale, being an 
unconventional reservoir, the exploita- tion becomes enormously challenging. Thus, a thorough 
understanding is required to investigate the nature of shale and factors influencing the gas 
storage capacity. 
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Previous studies have found that, adsorption takes place at the micropores of clay 
minerals and organic matter. Different types of kerogen and clay mineral have different 
adsorption capacity. Since, shale is an extremely heterogeneous rock, their composition differs 
widely from basin to basin and within same basin itself. Thus, it is necessary to identify the type 
of organic-inorganic composition in shale. Similarly, for upstream shale-gas industry, 
characterization of pores is extremely important for the identification of sweet spots and 
production of the natural gas. Pore being a vital reservoir property, their quantification in terms 
of pore volume, surface area, pore size distribution is very crucial to understand the Gas In Place 
of a reservoir. 
 

The relationship between adsorption capacity, composition and pore characteristics is not 
very well understood, especially in case of Indian shales. Since the past few years India has been 
trying to improve its resources with exploration of several shale-gas wells. However, research in 
the Indian shale gas scenario is in a very nascent stage. The present research is a systematic 
investigation of the geological and petrophysical factors affecting the gas adsorption capacity of 
shales of Damodar Valley and Assam basins. Shale core samples were collected from the 
different regions of Damodar Valley and upper Assam basin. The methodology followed four 
essential themes, pertinent to the gas shale reservoir characterization and engineering. First, pore 
characteristics of the of organic matter rich shale samples are investigated. Second, a detailed 
analysis was undertaken to describe the composition (both organic and inorganic) of the shale 
sam- 
ples. Third, methane and carbon dioxide adsorption studies were performed. Finally, the effect of 
shale composition on pore structure and finally on gas storage capacity was discussed. 
 

In the first stage of the study, adsorption isotherm experiments were conducted using 
methane and CO2 and the adsorption phenomenon of the shales was studied. In the second phase 
meso, micro and macropore characteristics were studied by low-pressure adsorption (LPA) 
analysis using N2 and CO2 as adsorbates coupled with with MICP study. Moreover, SEM study 
was carried out to decipher the shape, size and geometry of pore. In the third phase of the study, 
organic-inorganic composition of shales was explored by various techniques. Organic matter 
characteristics and source rock poten- tial analysis was done by Rock Eval and organic 
petrography. Mineralogical analysis was done using XRD, XRF and ICPMS. Finally, all the 
analyses were integrated to un- derstand the effect of shale composition on pore characteristics 
and methane adsorption capacity. 
 

The organic rich (4.8 - 37.6 wt%) shales have abundant type II kerogen and are found to 
have excellent source rock potential. Different major and trace elements confirm an intermediate 
provenance and an anoxic sediment depositional environment. Organic matters are found to be 
the primary host of micropores and show a strong control over methane/carbon dioxide sorption 
capacity of the studied samples. But, meso and macroporous clay minerals do not contribute to 
the gas storage capacity of studied shales. Vitrinite the most abundant maceral and also the 
governing factor of the sorption potential of carbon dioxide and methane. Maximum sorption 
capacity decreases with increasing minerals matter and increasing thermal maturity. Under 
similar temperature and pressure condition CO2:CH4 ratio varies from 2.6:1 to 6:1. CH4 
sorption capacity 
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ranges from 3.01 cc/g to 9 cc/g. CO2 capacity is found to be very high than that of methane (4.88 
cc/g to 46.8 cc/g ). Contribution of mesopores is highest to the total pore volume followed by 
micro and macropore volume. The investigation of the shale pore characters and mineral variety, 
has contributed into a unique understanding of gas storage mechanism in Indian shale. 
 

Limitation of this present study is the few number of samples and absence of the well log 
data. However, qualitatively, the study gives an idea about the nature of Damodar valley and 
Assam shales in terms of composition, pore structure and gas adsorption capacity. The findings 
of the research also confirms the influence of organics on the gas adsorption capacity of the 
shales that has dominant mesopore volume. High organic matter concentrations and very high 
CO2 sorption capacity of these shales make them ideal for sink for carbon dioxide sequestration. 
 
Keywords: Adsorption Isotherm, Pore Characteristics, Source rock potential, Gas stor- age 
capacity, Pore-size distribution. 
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Differential Interferometric Synthetic Aperture Radar (DInSAR) is one of the modern remote 
sensing techniques by which the surface change phenomena over mining areas are quantified 
accurately. DInSAR processing consists of several subprocessing steps which demands proper 
attention in order to achieve accurate end results. A comparative evaluation of various methods 
in two sub steps of DInSAR processing i.e., speckle filtering and coregistration, has been carried 
out in this thesis. In continuation, an exhaustive DInSAR based deformation mapping over an 
Indian coal mining area has been carried out over a period of last five years. 
 
Even after satisfying all other interferometric criteria, it is frequently observed that the SAR 
images pairs are still impaired with sporadically distributed random granular speckle noise which 
affects next processing steps. The selection of a particular filter mainly depends upon the 
application of interest and characteristics of the noise present in the data set. Hence, a 
comparative performance analysis for different filtering techniques should be carried out before 
selecting a particular filter for case specific situations. The main goal of this part of investigation 
is to assess the performance of the two wavelet shrinkage filers (VISU shrink and SURE shrink) 
against the three local statistical adaptive filters (Enhanced Lee, Gamma- MAP, Frost) for the 
removal of speckle noise from high resolution COSMO-SkyMed (CSK) SAR datasets. Various 
statistical quantity based performance indexes are designed to evaluate the functioning of these 
_lters. The results suggest that VISU shrink performs the best for speckle removal from both 
simulated image and real CSK SAR image used in this study. 
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SAR coregistration is so important that even a misregistration at a sub-pixel level, creates a 
significant coherence loss which subsequently affects in phase unwrapping and finally generates 
an erroneous deformation result. To examine the influence of the orbital accuracy and the 
topography of the area on SAR coregistration, a comparative analysis between DEM-assisted 
coregistration and ampcor coregistration methods have been performed. Prior to performing the 
analysis for selecting the optimum set of parameters used for both the techniques, a two stage 
sequential Contents GA process is applied. The outcomes have suggested that, DEM-assisted 
technique doesn't improve the result significantly compared to conventional ampcor method in 
all CSK-pairs used in this study. 
 
In pursuit of achieving accurate deformation result, a Small BAseline Subset (SBAS) approach is 
adopted with the conventional DInSAR processing technique. From the time series displacement 
map, three areas in Jharia coal field { Barora, Katras and Jharia are identified where 2 { 14 
mm/year downward surface displacement has been found. In absence of sufficient and necessary 
ground truth surface deformation data, a Corner Reector (CR) based controlled DInSAR 
experiment has been carried out as a part of the validation exercise. 
 
Keywords: DInSAR Processing; Mining Surface Deformation Monitoring; SAR Speckle 
Filtering; Wavelet Shrinkage; SAR Coregistration; DEM-assisted Coregistration; Small Baseline 
Subset; COSMO-SkyMed; Corner Reector. 

 
 

INVESTIGATIONS ON THERMO-MECHANICAL 
TENSIONING - A DISTORTION MITIGATION TOOL 

 
Amith. H. Gadagi 

Supervisors:  Prof. Nisith Ranjan Mandal and Prof. Om Prakash Sha 
Department Of Ocean Engineering and Naval Architecture 

Accession No: NB16158 
 
 
The objective of this work is to investigate into the various aspects of weld induced distortion 
primarily focusing on buckling distortions and its mitigation in fabrication of large stiffened 
panels as used in ship structures. For numerical simulation of fillet welding process, lack of 
generalized approach for determining the appropriate heat source parameters was strongly felt. 
Prior to the study on buckling distortion and its mitigation technique an Artificial neural network 
(ANN) model was developed for the prediction of heat source parameters of the Goldak's double 
ellipsoidal model for Gas metal arc welded fillet joints. The ANN predicted heat source 
parameters were found to be in good agreement with the experimentally measured parameters. 
The impact of Thermo-Mechanical Tensioning (TMT) on the weld induced out-of-plane 
buckling distortions was studied in great detail. For the accomplishment of this work numerical 
simulations using commercially available Finite Element Analysis (FEA) software ANSYS®16 
was used followed by extensive experimentations. All the FEA numerical simulations carried out 
were uncoupled nonlinear thermo-elastoplastic analyses. The experimental and numerical 
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investigations on Thermo Mechanical Tensioning (TMT) - an active in process distortion control 
technique were carried out on thin plate of thickness 3 mm to study its impact on the reduction of 
weld induced out-of-plane distortions. The Finite element numerical results were found to be in 
good agreement with the experimentally measured values. It was observed that, the 
implementation of TMT led to a substantial reduction in the magnitude of weld induced out-of-
plane distortions. Further it was found that, if the transverse restraining and tensioning lugs are 
removed prior to the removal of longitudinal lugs, a greater reduction in the magnitude of weld 
induced out-of-plane distortions occurred. The effect of stiffener spacing and the rate of heat 
input on the TMT process were investigated. A correlation between the welding out-of-plane 
deformations, rate of heat input and TMT pull was established. The experiments involving TMT 
were carried out by limiting the tensioning and restraining lug width confined to the width of 
tensile stress zone caused by welding of the stiffeners. The effect of TMT pull on the welding 
distortions was examined experimentally. The effectiveness of distortion mitigation by TMT 
technique and heat sinking techniques was also compared. It was revealed that TMT process for 
welding distortion mitigation is an easy-to-implement and distinctively effective in nullifying 
distortion in ship structural stiffened panel fabrication. 
 
Keywords: Heat source modeling, Weld induced distortions, Thermo Mechanical Tensioning 
(TMT), Finite element analysis, Distortion mitigation, Stiffened panel buckling. 

 
 

FLUID STRUCTURE INTERACTION OF MARINE CYCLOIDAL 
PROPELLER DURING MANEUVERING 

 
Joseph Prabhu J 

Supervisor: Dr. Vishwanath Nagarajan and Dr. Mohammed Rabius Sunny 
Department of Ocean Engineering and Naval Architecture 

Accession No.: NB16363 
 

This thesis deals with the fluid-structure interaction of marine cycloidal propeller. These 
propellers are well known for their maneuvering capability. In such a propulsion system, both 
maneuvering and propulsion units are combined. Therefore no separate rudder is required for 
maneuvering the vessel. The main objective of this thesis is 
 

• Developing a mathematical tool for unsteady flow analysis of the propeller blades with 
structural coupling, and 

• Investigating the maneuvering dynamics of the ship, hydrodynamic load and structural 
response on the propeller blades for various maneuvering operations. 

 
The maneuvering conditions considered are straight acceleration, autopilot, crash stop, towing, 
turning and zigzag. During this maneuvering operation, the blades are subjected to substantial 
fluctuation in the loading. The propeller blade continuously flaps as the disc rotates. Due to this 
effect the inflow to the blade continuously changes and that leads to unsteady flow. For 
computing the hydrodynamic load, unsteady flow is modeled by panel method. Viscous 
corrections to the predicted flow are applied by boundary layer technique. The rotating disc 
effect of the propeller is computed, and the flow near the root of the blade is altered. The 
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inception of flow separation is also determined. Structural dynamic analysis is carried out using 
the finite element method considering the blade as a thin plate. Weak coupling of structural 
dynamics with hydrodynamic loading is considered. The computing power required for the 
numerical scheme is discussed. The proposed numerical method will contribute to the 
development of unsteady CFD analysis of ship maneuvering behavior with fluid-structure 
coupling incorporated. The propeller and engine is modeled numerically, and the torque and rpm 
can be computed. The individual blade thrust, torque, and load distribution along the surface are 
computed. The computation of these hydrodynamic parameters experimentally, is expensive and 
time consuming. 
 
Keywords: Panel method; Unsteady flow; Finite element method; Mode superposition method; 
Blade vibration; Maneuvering dynamics; Boundary layer problem; Flow separation; Rotating 
disc effect; Hydrodynamic load and parallel computing. 

 
PRESSURE STRAIN CORRELATION MODELING FOR TURBULENT 

FLOWS 
 

Jyoti Prakash Panda 
Supervisor: Prof. Hari Vijayan Warrior and Prof. Om Prakash Sha 

Department of Ocean Engineering and Naval Architecture 
Accession No.: NB16298 

 
Accurate and robust models for the pressure strain correlation are an essential component for the 
success of Reynolds Stress Models in turbulent flow simulations. However replicating the non-
local action of pressure using only local tensors places a large limitation on potential model 
performance. In this thesis we outline an approach that extends the tensor basis used for pressure 
strain correlation modeling to formulate models with improved precision and robustness. This set 
of additional tensors is analyzed and justified based on physics based arguments and analysis of 
simulation data. In the first part of the work, a higher degree nonlinear return-to-isotropy model 
has been developed for the slow pressure strain correlation, considering anisotropies in Reynolds 
stress, dissipation and length scales. In the second part of the work, the modeling of the rapid 
pressure strain correlation of turbulence is considered. The anisotropy of turbulence in the 
presence of mean strain is studied and a new model is formulated by calibrating the model 
constants at the rapid distortion limit. The resulting complete pressure strain correlation model is 
tested for a wide variety of turbulent flows. It is shown that the new model provides significant 
improvement in prediction accuracy, while being contrasted against the predictions of 
established models. In the last stage of the work a series of experiments on decaying grid 
generated turbulence and grid turbulence with mean strain were conducted. Experimental data of 
turbulence statistics including Reynolds stress anisotropies is collected, analyzed and then 
compared to the predictions of Reynolds Stress Models to assess their accuracy and is used to 
evaluate the variability in the coefficients of the rate of dissipation model and the pressure strain 
correlation models used in Reynolds Stress Modeling. 
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IMPACT OF COASTAL MANGROVES AND GEOMORPHOLOGY ON 
SHALLOW WATER WAVE DISSIPATION 

 
Parvathy K G 

Supervisor: Prof. Prasad K. Bhaskaran 
Department of Ocean Engineering and Naval Architecture 

Accession No.: NB16286 
 

The nearshore wave climate for the Head Bay of Bengal is multifaceted due to the presence of 
dense mangroves and the complex geomorphology involved. The mutual interaction of surface 
gravity waves with mangroves, mud, etc. is important to understand the potential for shore 
protection and to model coastal hydrodynamics. The quantification of wave attenuation 
characteristics due to these local scale processes is an essential pre-requisite for any coastal zone 
management activities in this region. The field measurements are quite tedious and challenging 
in the nearshore regions of the Head Bay of Bengal as it is difficult to fix a shore station to 
receive coastal wave data, and the existing satellite measurements become unreliable owing to its 
coarse spatial and temporal resolutions. As the direct in situ measurements are revealed to be 
quite difficult and challenging for the region of interest owing to various complexities, the 
numerical wave models can aid in presenting a realistic wave climate of the region with 
deliberate efforts. The existing operational centre in the country currently provides ocean state 
forecasts for coastal regions, however, they do not account for wave-vegetation interaction or the 
effects of local geomorphology. Therefore, the dynamic impact of waves on mangroves/mud is 
missing in the current wave forecasting system for this region. The global interest of this study is 
to comprehend the impact of mangroves and geomorphology on the nearshore wave 
characteristics of the Head Bay of Bengal and consequently improve the capability of a 
nearshore wave forecasting system for this region. In the study, the interseasonal and interannual 
variability of wave attenuation by mangroves are numerically investigated. The seasonal 
dependency of wave attenuation by mangroves is understood for the region exposed to the 
reversing wind system. The analysis for wave energy attenuation by mangroves is carried out 
from the spectral estimates. Besides the nonlinear energy transfer, the wave-mangrove 
interaction modifies the directionality of the wave system in coastal regions off Sundarbans. The 
mangroves significantly minimize the directional spread of coastal waves during the monsoon 
and post-monsoon seasons. The study also exposes the sensitivity of wave dissipation by 
mangroves to varying bottom slopes, highlighting the fact that the characteristic wave height 
dissipation by mangroves depends on the bottom slope. Mostly the wave climate modeling 
studies carried out for this region has assumed wave evolution over the non-cohesive 
environment however, discontinuous silt and mud patches are reported earlier along the central 
parts of Head Bay of Bengal. The study attempted to comprise the effect of cohesive bottom on 
the nearshore wave climate in the mud dominated central Head Bay of Bengal. The study reports 
that notable improvement in the wave prediction system is conceivable with realistic bottom 
sedimentary information; however, the reliability of model is doubted beyond 5 m shoreward. 
The analysis is extended to understand the effectiveness of mud in attenuating cyclone induced 
waves. The present study can be extended to understand the role of water level variation and 
currents on the wave attenuation characteristics due to mangroves and mud within this tide-
dominated deltaic ecosystem. It is crucial to identify the appropriate formulation for damping by 
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mud for this region, and the scope further extends to improve the existing parameterization for 
wave-mud interaction. Also the climate change is a prominent factor which may alter dissipation 
characteristics, and there is an emerging need to forecast the wave transformation and attenuation 
rates with projected datasets in the near shore regions for operational needs and coastal zone 
planning.  
 
Keywords: Mangroves, Geomorphology, Dissipation, Wave Models, Indian seas. 

 
 

NUMERICAL STUDIES ON SLOSHING-COUPLED SHIP MOTIONS AND 
SLOSH-INDUCED LOADS 

 
Saripilli Jai Ram 

Supervisor: Prof. Debabrata Sen 
Department of Ocean Engineering and Naval Architecture 

Accession No.: NB16315 
 

In the present thesis, a hybrid solution algorithm is developed to study nonlinear violent sloshing 
inside tanks by considering the coupling effects between ship motions and sloshing, each 
influencing the other. The algorithm combines a potential flow based weakly-nonlinear 
seakeeping solution with a viscous multiphase flow based fully-nonlinear sloshing solution. A 
three-dimensional transient Green function based boundary element method (BEM) is used for 
the seakeeping solution while an open- source finite volume method (FVM) solver OpenFOAM 
which is based on interface capturing volume of fluid (VOF) method is adopted for the sloshing 
solution. Effective coupling between the potential-flow based external hydrodynamics solver for 
the  ship motions and the CFD based internal slosh flow solvers is not trivial due to the widely 
disparate time steps necessary for the two solvers which are run in serial and parallel modes 
respectively. A robust, efficient and effective coupling algorithm is developed here in which the 
BEM solver is considered the parent process while the CFD solution is the child process. Within 
a BEM time step for ship motions, there are many mini and adjustable time steps for the CFD 
solver decided based on an algorithm to retain numerical stability. This and several other 
numerical details that are found necessary for an effective and optimized coupling between the 
solvers are described. 
 

The developed method is verified and validated against available experimental results as 
well through comparisons against other numerical results reported in literature. Initially the two 
solvers are validated independently (i.e. for sloshing impact pressures and ship motions) 
followed by validation of the coupled algorithm. The present method is found to provide 
predictions in overall fair agreement with experiments and other numerical results. 

 
Studies are next made to determine the influence of several parameters such as incident 

wave steepness, fill conditions in the tank, ship speed and heading etc. on the slosh coupled ship 
motion behaviour as well as on the interior sloshing. Other aspects such as sway-roll coupling, 
effect of nonlinearity in seakeeping and correlation of various sloshing modes on ship motions 
and sloshing are also studied when coupling is considered between interior sloshing and external 
hull motions.  
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Further, the application of the algorithm in the assessment of design slosh-induced 

pressures under extreme wave conditions is presented. For this purpose, a methodology is 
devised for evaluation of extreme pressure statistics based on long duration sloshing analysis. 

 
Overall, the present study suggests that consideration of slosh coupling on seakeeping is 

important and thus essential if realistic sloshing loads are to be evaluated. The developed tool is 
found to produce predictions within acceptable engineering ac- curacy, which can assist in the 
evaluation of design slosh loads. 
 
Keywords: slosh coupled ship motions, sloshing, seakeeping, transient Green function method, 
BEM, FVM, OpenFOAM, weakly-nonlinear, F-K nonlinear 
 
 

FREE DRY AND WET VIBRATION OF PLATES INCLUDING RIGID 
BODY MODES THROUGH SEMI-ANALYTICAL APPROACH WITH 

EXPERIMENTAL VERIFICATION 

 
Yogesh Verma 

Supervisor: Dr. Nabanita Datta 
Department of Ocean Engineering and Naval Architecture 

Accession No.: NB16191 
 

This thesis deals with the formulation and advantages of closed-form admissible functions into a 
semi-analytical approach for free vibration analysis of uniform homogenous isotropic plates, 
including submerged vibration. First, a square Mindlin’s plate, clamped on all sides, has been 
studied through the standard closed-form orthogonal set of Timoshenko beam functions using the 
Rayleigh-Ritz method. The energy-minimization principle generates an Eigenvalue problem, 
which precipitates the Eigenvalues and Eigenvectors. The frequencies are classified into three 
distinct categories based on the Eigenvectors (and the final plate modeshapes). The 
constructive/destructive interferences of the admissible functions, which are products of 
perpendicular beam-wise modeshapes, give accurate nodal patterns (and therefore, the 
prominences of the anti-nodes). The discrepancies in the modeshapes of the repeated (duplicate) 
frequencies, seen extensively in the literature, has been attempted to be removed. The 
Eigenvector-study is repeated for a plate with all free edges. However, an accurate study of a 
completely free plate is not possible without the inclusion of the rigid-body modes (RBMs). A 
closed-form approach is proposed to scrutinize the prominence of the RBMs of a 
translationally edge-restrained thin plate. The frequency parameters, waveform coefficients, 
orthogonality, and strain 
energies of the RBMs have been studied for a wide range of edge restraints, asymptotically 
leading to the classical-edge beam vibration characteristics. The second trivial frequency 
parameter is seen to transform from a RBM to a flexural mode at a certain magnitude of the edge 
restraint. The nature of the frequencies has been again scrutinized using the Eigenvectors, which 
shows the participation of the RBM functions. The same beam-wise RBM will be present in the 
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vibration analysis of a cantilever plate. The proposed RBM, with flexural modes of a free-free 
beam in 
one direction and a clamped-free beam in the other direction (cantilever), is used to analyse 
a dry and a partially wet Kirchhoff’s cantilever plate. The modeshapes generated are further 
used in the boundary element method to calculate the contactfluid inertia and the reduced wet 
natural frequencies. The frequencies are also experimentally generated by the impact hammer 
test, both in the dry state, and under three different levels of submergence from the free edge. 
Conclusions are drawn regarding the prominence of the RBM and the influence of the fluid 
inertia distribution on the plate modeshape, as functions of the submergence level. 
 
Keywords: Plate vibration, Eigenvectors, Nodal patterns, Translational restraint, Rigid-body 
modes (RBM), Radiation boundary value problem, Partially wet modes. 
 
 

ENHANCEMENT IN THE GAMMA RADIATION SENSING 
PERFORMANCES OF SOME METAL OXIDE FILMS 

A. Sudha 
Supervisor: Prof. S. L. Sharma and Dr. A. N. Gupta 

Department of Physics 
Accession No.: NB16201 

 
Processing by ionizing radiation is an expanding technology with numerous applications such as 
health care, sterilization of medical products, pasteurization, water purification, hospital waste 
treatment, polymer modification, food irradiation, etc. The effectiveness of the exposure process 
depends on the proper application of the radiation dose and its measurement. The required dose 
would depend upon both the product and the effect desired. Adequate dosimetry with proper 
controls and documentation is the main key factor of the quality control process, which is quite 
necessary to assure that the products are treated properly. 

The metal oxide film based technology for sensing ionizing radiation has recently been 
praised by many due to its low-cost and efficient detection methods. After decades of research 
and development activities, these radiation sensors are now used in a variety of applications 
including the gamma sensing. However, challenges still remain in the area of sensitivity, 
response, power consumption and recovery. Therefore, improvement of metal oxide sensors by 
the incorporation of various technologies is quite important. In this area, the modification of the 
metal oxide based sensors by thermal annealing was investigated. The research work presented 
in this thesis explored methods of enhancing the sensitivity of the indium oxide films in gamma 
radiation sensing through changes in the structural, optical and electrical characteristics by 
thermal annealing at appropriate temperature. The measurements on indium oxide films 
confirmed the thickness, crystallization, crystal structure, grain size, etc. A fabrication process 
consisting of two lift-off processes for the indium oxide and contact metal was developed to 
create the prototype devices. Maximum sensitivity was achieved in these devices at the annealing 
temperature of 400 °C. 
A part of the research work was on optimization of the gamma sensing using the tellurium 
dioxide thin films of thickness 600 nm. Various analytical techniques were used to characterize 
the structure and the composition of these films. As expected, the TeO2 sensors exhibited highest 
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response for gamma sensing with the optimum thermal treatment at relatively low temperature of 
150 _C. Therefore, these techniques can be utilized to manufacture gamma radiation sensors 
using metal oxide thin films. In summary, the sensing studies performed showed that the post-
deposition thermal annealing produces excellent response and highest sensitivity in comparison 
to the as-deposited samples. Also, at the end of the thesis, the guidelines for future work are 
given. 
 
Keywords: Indium oxide, Tellurium dioxide, Thin film, Gamma radiation dosimetry, 
Sensitivity. 
 
 

INTERACTION OF VORTEX BEAM WITH ULTRA-COLD ATOMS: 
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The proposed formalism of transfer of orbital angular momentum (OAM) from paraxial vortex 
beam to single-component Bose-Einstein condensate (BEC) is now well established. Here, we 
develop a theory for the microscopic interaction between matter and an optical vortex beyond 
paraxial approximation. The coupling of spin angular momentum (SAM) and OAM of the 
optical field produces three angular momentum channels (AMC) in interaction with atomic BEC 
through three different dipole selection rules of transitions. Eventually, the AMCs will produce a 
superposition of matter-wave vortices using two-photon stimulated Raman transitions. We study 
how the Rabi frequencies of Raman transitions vary with focusing angles for different 
combinations of OAM and SAM of optical states. We also have extended the theory of vortex 
beam-matter interaction by considering the two-component BEC. The mixture of BECs produces 
interesting ground state structures due to the competition between intra- and inter- component 
coupling strengths. For large number of particles, N = 107, we have found out the critical value 
of inter- component interaction strength for which the BECs will collapse. The coherency of 
vortex-ant vortex superposition is evaluated in terms of inter-component coupling strengths. We 
have also studied the importance of inter- and intra- BEC scattering lengths on the non-paraxial 
effects of focused vortex beam, when it interacts with the two-component BEC. 
 
Presence of external electric field inevitably produces a stark shift in the energy levels of an atom 
and the polarizability of the energy level is the measure of the stark shift of that particular level. 
In this thesis, we have also presented a theory of dynamic polarizability for an atomic state due 
to an external field of non-paraxial Laguerre-Gaussian (LG) beam using the sum-over-states 
technique. A highly correlated relativistic coupled-cluster theory is used to evaluate the most 
important and correlation-sensitive parts of the sum. Results show the variation of magic 
wavelengths with the choice of (OAM, SAM) and the focusing angle of the LG beam. 
Valuations of the wide spectrum of magic wavelengths from infrared to ultraviolet have 
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substantial importance to experimentalists for carrying out high-precision measurements in 
fundamental physics. 
 
Keywords: Paraxial and non-paraxial Laguerre-Gaussian beam; orbital angular momentum; 
Bose-Einstein condensate; Two-photon Raman transition; Dynamic Polarizability, Magic 
Wavelengths, Red and Blue detuned trap. 
 
 

ARSENIC/ANTIMONY BASED III-V SEMICONDUCTOR 
HETEROSTRUCTURES: STRUCTURAL AND OPTICAL 

CHARACTERISTICS 
 

Atanu Patra 
Supervisor: Professor Anushree Roy 

Department of Physics 
Accession No.: NB16336 

 
The need of finding an alternative to the most commonly used HgCdTe alloys as mid- infrared 
detectors prompted researchers to investigate narrow band gap InSbxAs1−x ternary alloy 
systems. The efficiency of InAs- or InSb-based semiconductors to long wavelength radiation 
helps in fabrication of various devices. For these applications, a detailed understanding of the 
physics of such semiconductor materials, particularly in the context of electronic band 
engineering and light-matter coupling, is essential. 
 

Lattice mismatch in semiconductor heterostructures (HSs) is one of the main hindrances 
in any application. Raman spectroscopy is sensitive to the local strain in the crystal structure. We 
report weak residual strain along the axis of individual InAs/InSb HS nanowires (NWs), as could 
be revealed using confocal Raman measurements. The measured value of the strain is within the 
resolution limit of other commonly used techniques, e.g., high-resolution transmission electron 
microscopy and selected area diffraction measurements. This intrinsic residual strain can be 
exploited to modulate the band gap along the axis of these HS NWs. Next we exploit the 
variation of composition in alloy based HS NWs, to tune the physical properties of these 
systems. We employ resonance Raman mapping and demonstrate the graded band gap along the 
axis of individual InAs/InSbAs NWs. We show that the resonance Raman imaging along with 
the calculated band profile from density functional theory (DFT) can be used as an easy 
characterization tool to probe the smooth grading of the band gap in these HS NWs. We further 
carried out the DFT calculations on two HSs: (InSb)n/InSb0.5As0.5 and (InAS)m/ InSb0.5As0.5. 
Here, n and m are number of unit cell of zinc-blende (ZB) InSb and wurtzite (WZ) InAs. We 
explain the importance of the modified Becke-Johnson and local density approximation 
(mBJLDA) and spin-orbit coupling to determine the band structure. We predict the existence of 
direct and indirect band gaps in some of these systems. We present the layer modulated band gap 
variation and carrier pockets generation in these HSs. Finally, we focus on light-matter 
interaction in another type of HS, radial HS NWs, i.e. core-shell NWs. We show that the 
polarization anisotropy has a non-linear variation with the excitation wavelength in InAs/GaSb 
core-shell NW in comparison to the linear variation for bare InAs NW. 
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We believe that this thesis presents various fascinating characteristics of As/Sb based 

HSs.  
 
Keywords: III-V semiconductor, heterostructure, nanowire, zinc-blende, wurtzite, Raman 
scattering, strain, polarization anisotropy, density functional theory, electronic band structure.  
 
 

 
MULTIFERROIC STUDIES ON GEOMETRICALLY FRUSTRATED 
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Accession No.: NB16327 
 

This thesis describes the experimental investigations of the multiferroic properties of 
geometrically frustrated swedenborgite CaBaCo4O7 (CBCO), CaBaCo4-xBxO7 (B= Ni and Zn: 0 
< x ≤ 0.10) and Dy(Y)BaCo4O7 compounds. They receive special attention for having 
noncentrosymmetric space group, the large structural distortions, crystal structures build with 
geometrically frustrated kagome and triangular layers and the magnetic structure of represented 
with k=0 propagation vector, which is one of the essential symmetry condition for the 
multiferroic or magnetoelectric coupling. In CBCO the multiferroic properties are reported, 
however, there are no such studies were established in ABaCo4O7 (A=Y and Rare earth) 
materials. Having necessary symmetry condition, a set of bonds in kagome layer (couples the c-
axis bitetrahedral Co-chains), kagome layer distortion, Co-charge ordering and c-axis anisotropy 
plays a major role to induce the electric polarization and polarization switching. The CBCO 
shows different dielectric and heat capacity anomalies compared to magnetic transition and the 
reason behind the magnetic origin dipolar ordering (pyroelectric) is unclear. Present ac 
magnetization study on CBCO has revealed a kink at 66 K apart from a frequency independent 
peak at 60 K (TC) and these transitions match closely with the dielectric and heat capacity 
anomalies. A pyroelectric current measurement shows a nonswitchable electric polarization and 
neutron powder diffraction (NPD) confirms noncolinear FIM ordering with net magnetization 
along the b-axis. The competing magnetic interactions in CBCO changes drastically upon doping 
and modifies the multiferroic ground states. Magnetic ion, i.e., Ni2+ substitution in kagome layer 
shows multiple magnetic and dielectric transitions at 60 K and 80 K and switching from 
pyroelectric to ferroelectric state. Particularly, NPD studies on 10% Ni doped sample showed a 
transition from noncolinear magnetic structure to the collinear magnetic structure with ↑↑↓↓ 
ordering in the kagomé planes, further, an increase in c-axis parameter and negative thermal 
expansion below 80 K. The 3% nonmagnetic Zn doping at Co site in CBCO showed competing 
magnetic phases and coexistence of magnetic glassy state with the ferroelectric state at low 
temperatures. With increasing Zn % to 10% a collinear spin structure like in the case of Ni 
doping was observed, however, the ferroelectric behaviour disappears. Closer observation  
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revealed a decrease in the kagome layer distortion and increase of local disorder with 
nonmagnetic  Zn in kagome layer leading to suppression of the electric polarization. On the other 
hand, the structural, dielectric and pyroelectric current studies on DyBaCo4O7 and YBaCo4O7 
show the absence of electric polarization. The absences of kagome layer distortion and charge 
ordering (Co3+; Co2+; 1:3) seem to be important to establish multiferroic properties in ABaCo4O7 
compounds.  
 
Keywords: Geometric frustration, structural distortion, multiferroicity, ↑↑↓↓ magnetic ordering, 
neutron diffraction and cluster glass. 
 
 

A FIRST-PRINCIPLES STUDY ON THE INTERPLAY 
OF SPIN, ORBITAL AND LATTICE DEGREES OF 
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Supervisor: Arghya Taraphder 

Department of Physics 
Accession No.: NB16211 

 
Various physical phenomena and ground state properties of two important correlated electronic 
systems, Vanadate spinel oxides (FeV2O4, MnV2O4) and the Oxygen-deficient layered 
perovskite compound (YBaCuFeO5) have been studied in this thesis. These phenomena are 
primarily driven by the interplay between orbital, spin and lattice degrees of freedom. 
 

A long-range orbital order as a function of doping in Mn-doped FeV2O4 is investigated 
by using first-principles density functional theory calculations in the presence of Coulomb 
correlations and spin-orbit interactions. Through a detailed analysis of corresponding Wannier 
orbital projections of the vanadium d-bands, we have established that for x ≤ 0.6, the orbital 
order at V sites is dxz ± dyz type. On the contrary, for x > 0.6, it is the dxz or dyz orbital that 
orders at V sites in the successive ab planes along c direction (so-called A-type ordering). At the 
Fe sites, an ordering of dx² - dy² orbitals for x ≤ 0.6 and dz2 orbitals for x > 0.6 is found. The 
effect of spin-orbit interaction on orbital ordering is found to be not significant. 

 
Next, we study the effects of magnetic ordering and Coulomb correlation on the lattice 

vibrations of the low-temperature tetragonal structure of MnV2O4 and calculate the phonon 
dispersion relations in two different magnetic orders (ferrimagnetic and ferromagnetic). Further, 
we have calculated the Raman intensities to understand the polarization-dependence of the Bg 
modes already observed experimentally. Finally, we have estimated the spin-phonon coupling 
across the Brillouin zone. Temperature dependence of the Raman intensity peaks has been 
analyzed from the strong spin-phonon coupling, observed at the high symmetry points of the 
Brillouin zone. 

 
Experimental results on YBaCuFeO5, in its incommensurate magnetic phase, appear to 

disagree on ferroelectric response. By using first-principles calculations for the parent compound 
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within LSDA + U + SO approximation, we reveal the nature of the spiral state in YBaCuFeO5. 
The helical spiral is found to be more stable below the transition temperature as spins prefer to 
lie in the ab plane. While the Dzyaloshinskii-Moriya (DM) interaction turns out to be negligibly 
small, the spin current mechanism does not work in the helical spiral state ruling out an electric 
polarisation. We also investigate the magnetic transition in YBa1-xSrxCuFeO5 for the entire 
range (0 ≤ x ≤ 1) of doping. The exchange interactions are estimated as a function of doping and 
our quantum Monte-Carlo (QMC) calculations on the resulting effective spin Hamiltonian show 
that the paramagnetic to commensurate phase transition temperature increases with doping till x 
= 0.5 and decreases beyond. This conforms well to the extant experimental observation. 
 

CLASSICAL STRINGS IN DEFORMED AdS: FINITE SIZE EFFECT AND 
CHAOS 

 
Manoranjan Samal 

Supervisor: Prof. Kamal Lochan Panigrahi 
Department of Physics 

Accession No.: NB16370 
 

A remarkable feature of AdS/CFT correspondence is the underlying integrability 
structure on both sides of the duality which provides an important tool for finding both gauge 
theory and string theory spectrum. Though solving for the exact spectrum is highly non-trivial, 
semiclassical approximation in limit of large global charge is quite helpful for mapping the string 
states with the conformal dimensions of certain gauge invariant operators. In order to extend our 
understanding of integrability beyond the original AdS5 ˟ S5, we study different classical string 
solutions in a integrable deformed background of AdS. 

In this context, first we study pulsating string in different subspaces such as R X S2 and 
AdS3 of χ-deformed background. We generalize the results of pulsating string to one angular 
momentum case. We have examined the situation when string is simultaneously spinning and 
pulsating in the deformed background. We also have studied different rigidly rotating strings like 
giant magnon, spiky string and folded spinning string and investigate the finite size effect to 
scaling relations between the conserved charges of such string solutions. We also study classical 
string dynamics and phase-space trajectories in a one parameter deformed AdS5 ˟ T1,1 

background where we use numerical techniques such as Poincare section and Lyapunov 
exponent to examine the chaotic behavior of the string. 
 
Keywords: AdS/CFT correspondence, bosonic strings, semiclassical techniques, chaos 
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Energy storage technologies will be an integral part of renewable based energy landscape. They 
will ensure efficient energy utilization, grid security and provide means for flexible off-grid 
electricity distribution networks. An integrated system comprising of batteries and 
supercapacitors will solve the problem of simultaneous demand for high specific energy and 
power. This thesis reports the use of few high performing metal oxides (viz. Mn3O4, ZrO2, WO3, 
V2O5 and Co3O4) in supercapacitors. For example, Mn3O4 is one of the fast emerging transition 
metal oxides (TMOs), which can find potential application in supercapacitors. In this thesis, the 
room temperature synthesis of Mn3O4 nanoparticles is presented. Its electrochemical 
performance, effect of redox additive (KI) and magnetic fields on Mn3O4 based supercapacitors 
are discussed in detail. For integration in devices, it is essential to achieve high capacitive 
material with good cycling stability with capability to operate over a wide potential window. To 
tackle the detrimental consequences, owing to low electrical conductivity observed in most metal 
oxides, PANI (conducting polymer) and graphene were used to coat metal oxides. Conducting 
polymer (PANI) also provides electron transport pathways and pseudocapacitance. The 
drawback with PANI is its poor stability due to the polymer back bone damage during 
charging/discharging. PANI also suffers from volumetric swelling and shrinkage during charge-
discharge process, which influences it cycling stability. To overcome these issues, a 2D carbon 
material (graphene) was used, which can give the pathways for electron transport, increase the 
mechanical stability and eventually suppress degradation during cycling. Neutral electrolyte 1 M 
Na2SO4 was used to stabilize an extended potential window. Electrochemical performance of 
symmetric cell fabricated using metal oxide-PANI-Graphene composites are also discussed. It is 
shown that the specific capacitance can be significantly improved by modifying the electrolyte 
using optimum concentration of redox additive (like: KI). This strategy has been recently 
proposed by our group for developing the next generation supercapacitors. The results regarding 
the synthesis of materials, their characterization and various electrochemical measurements are 
summarized in 6 chapters. Few major outcomes of the work are: (1) Increasing trend of 
capacitance during cycling of Mn3O4 electrode, which can be attributed to the conversion of 
Mn3O4 to MnO2. (2) Decreasing capacitance of Mn3O4 nanoparticles, in the presence of 
increasing magnetic field. (3) Extended operating voltage window for most of the metal oxides 
and their composites using 1 M Na2SO4 electrolyte. (4) Use of redox additive (KI) for 
significantly enhancing the specific capacitance. 
 
Keywords: Metal oxides; Composites; Symmetric supercapacitors; Magnetic field; Redox 
additives 

 
 

EXPLORING THE CORRELATION OF STRUCTURAL DISORDER, 
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Double perovskite systems with fascinating physical properties have a wide range of applications 
like special interfaces in spintronic devices, solid state refrigerants, digital data storage with spin 
based memories, etc. Considering this, the present work aims to provide a comprehensive 
investigation of some new and interesting cobalt-manganese based Ln2-x(Ca/Sr)xCoMnO6 
(Ln=La,Sm,Gd) double perovskite systems, based on detailed studies of their structural disorder, 
magnetic behaviour, exchange bias effect, magnetic entropy change, Griffiths phase formation 
and electronic- and magneto-transport properties. The thesis also significantly contributes to the 
underlying physics behind (1) spin dynamics in phase separated Ln2-x(Ca/Sr)xCoMnO6 
(Ln=lanthanides) systems (2) magnetic frustration and giant spontaneous exchange anisotropy in 
Sm1.5Ca0.5CoMnO6 system and (3) magnetocaloric and relative cooling power behaviour in Gd2-

xSrxCoMnO6 systems. To illustrate these ideas, the chemically prepared samples are 
characterised by XRD, Neutron powder diffraction, FESEM, HRTEM, XPS and electrical 
resistivity measurements followed by rigorous data analysis. The phase separation and magnetic 
field induced phenomena have been examined using VTI cryostat and SQUID/PPMS 
magnetometer. In this work, the exchange bias effect has been studied in the Ln2-

x(Ca/Sr)xCoMnO6 (Ln=La and Sm) polycrystalline bulk and nanoparticles to explain the intrinsic 
unidirectional anisotropy at the magnetic interfaces. Such analysis implies that multi-magnetic 
phases and disorder play a substantial role in the exchange bias phenomena. A phenomenological 
antiferromagnetic-ferromagnetic interface type structure has been proposed to describe this 
observed effect. The formation of Griffiths phase arising from short-range ferromagnetic 
phases/clusters in the paramagnetic matrix, has been investigated in La2-xCaxCoMnO6 (0≤x≤1) 
and Sm1.5Ca0.5CoMnO6 samples, through AC and DC magnetic susceptibility measurements. The 
electronic-transport studies for the Ln2-x(Ca/Sr)xCoMnO6 ((0≤x≤1) samples confirm that the 
electronic phase of the samples gets enhanced to a high resistive state with Ca doping till x=0.5. 
The x=0.5 Ca-doped sample exhibits highest magnetoresistance~ 67 % at 40 K. The electronic 
phase then gets arrested to a low resistive state for x>0.5. Magnetoresistance of all Ca-doped 
samples strongly depends on temperature and Ca2+ concentration, therefore suggesting that 
disorder plays a crucial role here. A detailed magnetic study on Gd2CoMnO6, obtained by 
replacing La/Sm with rare-earth magnetic element Gd having a comparatively smaller ionic 
radius, has revealed large magnetocaloric effect at the ordering temperatures because of complex 
magnetic couplings. This material also shows large entropy change around TGd (Gd spin 
ordering temperature). Sr2+ doped Gd system (Gd1.5Sr0.5CoMnO6) exhibits enhanced 
ferromagnetism and inverse magnetic entropy change near antiferromagnetic ordering 
temperature as a result of negative 3d-4f exchange interactions. Also, a huge entropy change and 
large relative cooling power are observed around the Curie temperature. Finally, a correlation of 
structural disorder, magnetic properties and spin dynamics of all the systems has been 
established.  
 
Keywords: Exchange bias effect, magnetocaloric effect, Griffiths phase, phase separation, spin-
glass, magnetoresistance, antisite disorder, magnetic relaxation and double perovskites. 
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With a revolutionary technological improvement in the field of ultrafast lasers, shorter time 
domain laser pulses with broader bandwidth have become available for high resolution ultrafast 
spectroscopic techniques. Not only the high peak power from ultrafast laser pulse is suitable for 
inducing electronic nonlinearity resulting in nonlinear absorption and nonlinear refraction from 
non centrosymmetric materials, but also the shorter pulse width enables it to excite and then 
probe the characteristic life time of the charge carriers, excitons and phonons constitute the 
system. Sufficient spectral bandwidth of an ultrafast laser pulse can also be used to generate new 
frequency such as terahertz radiation using nonlinear crystals by frequency mixing processes. In 
the present thesis we have exploited these advantages and have investigated the ultrafast 
nonlinear optics and time resolved spectroscopic behavior of carbon based 2D materials such as 
graphene oxide (GO), reduced graphene oxide and semiconductor system such as Gallium 
Selenide (GaSe), Indium (In) doped GaSe and Cromium (Cr) doped GaSe. 
 
Pristine graphene sheet consisting entirely of sp2- hybridized carbon atoms has already been 
identified having large optical nonlinearity. However GO, a precursor of graphene having both 
sp2 and sp3 - hybridized carbon atom is increasingly attracting cross-discipline researchers for its 
controllable properties by reduction of oxygen containing groups that reside in GO. Thus GO is 
chosen for investigation not only due to it’s ease of fabrication, solvent and substrate 
compatibility but also due to achievable band gap engineering using various reduction techniques 
(photo thermal 
and chemical) which establish the control over oxygen functionality in GO sheets. Both real and 
imaginary part of third order optical nonlinearity is probed in GO and gradually reduced GO via 
single beam open aperture and close aperture z-scan at variable wavelength and pulse energies 
which conclude that reduction of oxygen functional groups on GO plane can be used to tune it’s 
nonlinear optical properties. Variation of pump wavelength and pump power using broadband 
transient absorption spectroscopy (TAS) in these materials further reveal unique features such as 
delay dependent optical switching, non-degenerate nonlinear absorption property as well as 
different carrier relaxation path ways. Also, terahertz time-domain spectroscopy (THz-TDS) has 
been carried out in GO, partially reduced GO to achieve tunability of optical transmission and 
electrical properties in THz regime. Lastly, doped and undoped GaSe crystals grown by modified 
vertical Bridgman method are investigated for phonon mode absorption by THz-TDS at room 
temperature. The effect of doping on plasma frequency and momentum relaxation time are 
explained under the framework of modified Drude-Smith model. The resonance peaks of THz 
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absorption spectra are attributed to the different combinations of phonon modes obtained by 
Raman spectroscopy.  
 
Keywords: Femtosecond laser, Z-Scan, Transient absorption spectroscopy, THz time domain 
spectroscopy, Graphene Oxide, Reduced Graphene Oxide, GaSe, In-GaSe, Cr-GaSe 
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After the discovery of topological band insulators, Dirac and Weyl semimetals have led 
to an explosion of activity in recent years due to their intriguing topological properties and 
anomalous response functions. Recently, possible experimental realizations with real material 
candidates make these phases of matter even more interesting for their potential applications. 
Here, we study unusual transport properties such as anomalous Hall effect, planar Hall effect, 
and longitudinal magneto-conductivity in topological systems. Using quasi-classical Boltzmann 
transport equation with relaxation time approximation, we derive the general formalism for 
planar Hall effect in the presence of Berry curvature and orbital magnetic moment. In case of 
non-magnetic Weyl semimetal, we show that chiral anomaly is the origin of this novel 
phenomenon whereas it can appear from the bulk states of the topological insulator due to 
nontrivial Berry curvature even without chiral anomaly. In addition to the well-known chiral 
anomaly, Dirac semimetals have been argued to exhibit mirror anomaly. We show that although 
mirror anomaly (step function-like behavior) seems to be valid in type-II Dirac semimetals 
(strictly speaking, in the linearized Hamiltonian), type-I Dirac semimetals do not possess such an 
anomaly in anomalous Hall response even at the level of the linearized Hamiltonian. Therefore, 
AHC may be used as a probe to identify two distinct types of Dirac semimetals. At the same 
time, the metallic interface between perovskite band insulators LaAlO3 and SrTiO3 has been the 
focus of considerable efforts for the last decade because of a wide variety of extraordinary 
properties such as superconductivity (below 200 mK), ferromagnetism (below 200 K), 
ferroelectricity and strong spin-orbit coupling (SOC) as well as their novel device applications. 
We have investigated the effect of Lifshitz transition on transport properties at LaAlO3/SrTiO3 
interface. We have shown that the cusp in the Seebeck coefficient is a robust response of the 
change in the Fermi surface topology and can be used to examine Lifshitz transition in metallic 
systems. In addition, we have shown that multiple cusps appear in the Seebeck coefficient 
revealing multiple Lifshitz transitions beyond a sufficiently large field. Moreover, the repulsive 
electron-electron interaction reduces the critical density for the Lifshitz transition. 
 
Keywords: Planar Hall Effect; Chiral Anomaly; Mirror Anomaly; Anomalous Hall Effect; 
Lifshitz Transition. 
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Rare-earth activated transparent glasses and glass-ceramics have great potential for applications 
in the integrated optics. Glasses, in general, are amorphous in nature; whereas glass-ceramics are 
two-phase composite materials having nanocrystals embedded in the amorphous glass matrix 
leading to the advantage of crystalline environment in the glass matrix. In this thesis, we study 
optically active materials (e.g. Eu, ZnO, graphene oxide (GO)) incorporated glasses and hybrid 
nanocrystals embedded low-loss glass-ceramic waveguides based active photonics devices for 
integrated optic applications. Eu-doped transparent ZnO films have been fabricated by sol-gel 
method and effect of controlled heat-treatment temperatures on structural and optical properties 
of Eu-doped ZnO films have been studied. Extended X-ray absorption fine structure analysis has 
been performed to understand the local environments of Eu-ions within the crystalline ZnO 
environments. The F¨orster energy transfer process from ZnO to Eu3+ is studied by 
photoluminescence (PL) and PL excitation spectra. Moreover, Eu-doped 70 SiO2 – (30-x) HfO2 
– x ZnO (x = 0, 2, 5, 7 and 10 mol%) ternary glass-ceramic waveguides have been studied 
extensively to obtain ZnO incorporated low-loss ((0.3 to 0.6)_0.2 dB/cm) glassceramic 
waveguides. Interestingly, controlled growth of hybrid nanocrystals are observed with an 
average size of 3 nm–25 nm, composed of ZnO encapsulated by a thin layer of nanocrystalline 
HfO2, with an increase of ZnO concentration from x = 2 mol% to 10 mol% in the ternary matrix. 
PL spectra show the signature of mixed valence state of Eu-ions (both Eu2+ and Eu3+) in the 
ternary matrices. The effect of ZnO concentrations on the local environment of Eu-ions are 
investigated by analysis of the time-resolved PL spectra and the PL emission lifetimes of Eu2+ 
and Eu3+ ions. Furthermore, 70 SiO2 – 23 HfO2 – 7 ZnO (mol%) waveguide, the optimal 
waveguide containing ZnO with low propagation loss (0.5_0.2 dB/cm), has been studied to 
demonstrate the structural evolution of ZnO/HfO2 nanocrystals and its effect on Eu2+/Eu3+ 
emission as a function of heat-treatments. It is observed that HfO2 evolves as both spherical and 
rod-like nanocrystals whereas ZnO evolves as spherical nanocrystals. The highly crystalline 
environment in the ternary matrix leads to the reduction process of Eu3+ to Eu2+ and hence 
enhances the blue emitting characteristic of ternary waveguide.  
Finally, SiO2–HfO2 waveguides are fabricated by UV-photolithography method followed by 
wet chemical etching. GO integrated SiO2–HfO2 channel waveguide has been demonstrated as 
an on-chip TE-pass waveguide polarizer. The controlled intensity tuning of the selective state of 
polarization of this on-chip waveguide polarizer has been demonstrated by chemical 
modification of GO flakes by laser irradiation technique. 
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Keywords: Glass-ceramics, Waveguides, Rare-earth, Hybrid nanocrystals, Blue emission, 
Waveguide polarizer, Integrated optics. 
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Solar energy, amongst all other non-conventional energy resources is a promising and freely 
available source of enormous energy. Third generation photovoltaic devices like organic and 
hybrid photovoltaic devices hold the key for cost-effective and efficient harvesting of solar 
energy. This dissertation is based on the investigations on efficiency enhancement in zinc oxide 
(ZnO) based hybrid and organic bulk heterojunction solar cells using various routes. 
Nanostructured ZnO based hybrid solar cells were fabricated using MDMO-PPV (Poly[2-
methoxy-5-(3′,7′-dimethyloctyloxy)-1,4-phenylenevinylene]) polymer. N, N`- Dioctyl- 3, 4, 9, 
10- perylenedicarboximide (PTCDI-C8) nanoribbons have been investigated for enhancing the 
photovoltaic performance of these devices. A donor-acceptor (D/A) PCDTBT (Poly[N-9′-
heptadecanyl-2,7-carbazole-alt-5,5-(4′,7′-di-2-thienyl-2′,1′,3′-benzothiadiazole)]) co-polymer 
system having enhanced absorption in the visible region has been studied for photovoltaic 
application along with ZnO nanorods. The variation of charge transport property, optical 
absorbance, morphology and chemical compositional behavior of the PCDTBT co-polymer 
system upon changing the polymer processing condition have been investigated and correlated 
with the change in the photovoltaic parameters. 
Bulk heterojunction devices using PCDTBT and PC71BM (Phenyl-C71-Butyric-Acid-Methyl 
Ester) polymers have been studied using solution processed ZnO electron transporting layer. The 
efficacy of charge collection at the ZnO cathode has been discussed by introducing a vacuum 
deposited fullerene (C70) interlayer between photoactive polymer blend and the ZnO electron 
transporting layer. The improvement of solar cell efficiency has been investigated in context with 
the change in surface homogeneity and XPS studies. Furthermore, an exhaustive comparative 
study on two different n-type organic small molecules with different molecular origin has been 
made for altering the ZnO/active polymer interface in P3HT: PCBM based bulk heterojunction 
devices. The role of various facets of these organic interfacial modifiers such as the ability to 
passivate surface traps, improving the compatibility with the active polymer blend, electron 
mobility, and the efficacy of charge transfer at the organic-inorganic interfaces have been studied 
for determining an efficient organic modified ZnO cathode interlayer. 
An organo-metal halide perovskite MAPbI3 (Methylammonium lead iodide) material having 
absorbance in the whole visible region of the solar spectrum has been studied for photovoltaic 
application in conjunction with ZnO nanorod array. Accelerated degradation of MAPbI3 
perovskite on ZnO nanorods under thermal ageing has been investigated and the ageing time has 
been optimized to yield decent device efficiencies. 
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MARTENSITE TRANSITION DRIVEN GIANT MAGNETOCALORIC 
EFFECT AND GIANT MAGNETORESISTANCE IN AL AND IN DOPED 

NI-MN-SN HEUSLER ALLOYS NEAR ROOM TEMPERATURE 

 
Tanmay Chabri 

Supervisor: Dr. T. K. Nath and Dr. V. Adyam 
Department of Physics 

Accession No.: NB16233 
 

Heusler alloys, having first order solid to solid martensite transition, transform from high 
temperature austenite phase to low temperature and low symmetry martensite phase with 
decrease of temperature. These alloys show a variety of multifunctional properties, e.g., 
magnetocaloric effect, magnetoresistance, shape memory effect etc. There are various kinds of 
interesting applications associated with these properties, like magnetic refrigeration, switching 
devices and actuators etc. Out of various kinds of interesting applications disordered Ni-Mn 
based Heusler alloys show large magnetocaloric effect and large magnetoresistance. The aim of 
this work is to optimize the composition of the samples to get large magnetocaloric effect near 
room temperature at relatively low magnetic field. For this we have chosen Ni45Mn44Sn11 as 
parent sample and doped Al and In at Sn site. We have also prepared the ribbon form of the 
parent sample. Detailed investigations on the structural, magnetic, calorimetric, electronic- and 
magneto-transport properties of Ni45Mn44Sn11-xYx, (where x = 0, x = 1 and 2 for Y = Al, x = 
2, 4 for Y = In) ferromagnetic Heusler alloys have been carried out. The thesis also significantly 
contributes to the underlying physics behind (1) shift of martensite transition with the application 
of higher magnetic field (2) magnetic field induced change of austenite and martensite phase 
fraction in the vicinity of martensite transition temperature at isothermal condition and (3) arrest 
of austenite phase in the martensite phase in the magnetic field decreasing path. To illustrate 
these ideas, the arc melted samples are characterised by X-ray diffraction, FESEM and XPS to 
confirm the phase purity, surface morphology and chemical state, respectively. The compositions 
of the samples are confirmed by EDAX study. DSC measurements show large exothermic and 
endothermic peaks corresponding to martensite and reverse martensite transition, respectively, 
confirming the first order nature of the transition. The increase of austenite phase fraction with 
increase of temperature has been estimated from the DSC data for each sample. The isofield 
thermomagnetization curves show thermal hysteresis between FCC and FCW curve near 
martensite transition. A sharp drop in magnetization is observed in the vicinity of martensite 
transition. Magnetic field induced martensite to austenite phase conversion is observed from 
isothermal magnetization and resistivity data. As a result, there is sharp increase in 
magnetization and decrease in resistivity with increase of magnetic field. The estimation of 
transformed austenite phase fraction with the application of magnetic field at an isothermal 
condition is carried out for Ni45Mn44Sn9In2 sample. The arrest of austenite phase in the 
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martensite phase is observed with decreasing field. As a result, the decreasing field magnetic 
field path has always higher magnetization and lower resistivity. The isofield martensite 
transition shifts towards lower temperature with increase of magnetic field, which confirms the 
stability of austenite phase with increase of magnetic field. The martensite transition increases 
with the increase of Al and In content in Sn site. The parent Ni45Mn44Sn11 sample shows the 
martensite transition at 275 K. However, Ni45Mn44Sn10Al1, Ni45Mn44Sn9In2 and 
Ni45Mn44Sn7In4 samples show martensite transition at 293 K, 298 K and 315 K, respectively. 
The isothermal magnetic entropy change, refrigeration capacity and adiabatic temperature 
change have been calculated for each sample. Comparing these values we can conclude that 
Ni45Mn44Sn7In4 alloy can act as better magnetic refrigerant among all other studied samples. 
 
Keywords: Heusler alloys, Martensite transition, Austenite phase, martensite phase, 
Magnetocaloric effect, Magentoresistance, Field induced transition, Ferromagnetism. 
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In this thesis, we have studied intermodal nonlinear interaction between femtosecond optical 
pulses propagating in a triple-clad silica fiber (TCSF). The first part of the thesis addresses the 
nonlinear interaction between a dispersive pulse propagating in the fundamental mode of the 
TCSF and a soliton propagating in the LP02 mode of the fiber. Both the soliton and dispersive 
pulse are launched at the same wavelength in the TCSF and the fiber parameters are chosen in 
such a way that the intermodal walk-o_ length between the soliton and the dispersive pulse is in 
the order of a few centimeters. Such interaction lengths make it possible to achieve sufficient 
intermodal interaction between femtosecond optical pulses propagating in the LP01 and the 
LP02 modes of the TCSF. The cross-phase modulation (XPM) led intermodal interaction 
between the soliton and the dispersive pulse causes the temporal reflection of the dispersive 
pulse by the soliton. The temporal reflection leads to either a red-shift or a blue-shift in the 
spectrum of the dispersive pulse depending upon whether the dispersive pulse is launched before 
or after the soliton, which in turn is determined by the fact whether the dispersive pulse 
propagates at a slower or faster group speed 
than the soliton. The phase-matching conditions (PMCs) are derived for the generation of new 
radiation in the LP01 mode and the PMC solutions agree with the numerical results. Temporal 
reflection phenomenon is next exploited to achieve an efficient control of the soliton by a 
comparatively weak dispersive pulse by using single wavelength pump source. In the single-
mode case already studied in the literature, two different wavelength sources are required for the 
same purpose. In the second part of the thesis, we have studied the nonlinear interaction between 
the orthogonal components of a vector-soliton propagating in a birefringent fiber under the 
combined effect of Raman induced frequency shift (RIFS), the XPM, the group-velocity 
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difference and the negative third-order dispersion. The interplay between RIFS and XPM leads 
to different evolution 
behavior in both the polarizations of the vector-soliton. This type of dynamics can be realized in 
the LP02 mode of proposed TCSF, if a structural birefringence is introduced in the TCSF design. 
 
Keywords: Soliton, Dispersive pulse, Cross-phase modulation, Phase-matching condition, 
Raman induced frequency-shift, Temporal reflection, Vector-soliton. 
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The development of microbial fuel cell (MFC) concept was materialized to serve principally three 
purposes, first is to offer effective anaerobic treatment of different organic waste, second is for 
energy or by-products recovery from waste, and the last but not the least is to develop environment 
specific green technology. Electrogenic bacteria, which work as biocatalyst in an anodic chamber, 
play crucial role in enhancing power production of MFCs. The major bottleneck in application of 
MFC for wastewater treatment is the quick identification of bio-electrogenic activity of inoculum; 
hence, minimum startup time of about 8 days is required for MFC to check initial power production 
performance to ascertain electrogenic activity of inoculum. Therefore, for ensuring optimum 
performance of MFCs, emphasis should be given on development of technique for rapid 
identification of electrogenic activity in the anodic inoculum, so as to have assured start-up and 
enhance performance of the MFCs. Semiconductor quantum rods such as tungsten trioxide (WO3) 
are inexpensive, easy to synthesize, biocompatible, possess photo- and electro-catalytic properties, 
and change its coloration to blue under an electrogenic environment; hence, these sensitive properties 
were used to determine the presence of electrogenic bacterial community. 
Till now numbers of researches have been done using low-cost clayware MFCs for wastewater 
treatment and simultaneous electrical power recovery. Among them inexpensive clayware separator 
presented a viable option as a separator for MFCs. However, their negative impact on existing 
bacteria in anodic chamber due to oxygen crossover should be minimized by coating or filling of 
ceramic separator with suitable material having no toxic effect on bacterial population. For this 
purpose, Brassica juncea oil smearing on both sides of clayware separator showed 4.31 times higher 
power density than control MFC with significantly reduced internal resistance. 
Electrogenic bacterial attachment on anode material is also the primary concern for improving 
electron flow towards anode for which a conductive and biocompatible carbonaceous material 
possessing high surface area is required. Hence, low-cost activated carbon produced from post 
brewing tea waste an environment-friendly and biocompatible anode catalyst was recommended to 
be used for fabricating anode for low-cost field scale MFCs. The current collector connected with 
electrodes also significantly affect the electron flow and power production of MFC. Higher 
conductivity, lesser resistivity, corrosion resistant and biocompatibility are the major factors to be 
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kept in mind while selecting the perfect current collector for MFCs for which tungsten wire was 
found suitable. Similarly a wide variety of organic substrates have been successfully treated in MFCs 
till now including various types of wastewaters and several agricultural wastes for the power 
production; however, post brewing tea waste and household organic waste till now has not been 
explored as substrate. For treatment of above mentioned waste, a three chambered MFC 
configuration is proposed successfully, having dual cathodes to harvest in-house electricity from this 
waste and use of the digested waste from MFC as a bio-fertilizer is established. 
 
Keywords: Bioelectrogenesis; Electrode catalyst; Microbial fuel cell; Power generation; Tungsten 
trioxide quantum rods; Wastewater treatment. 
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Recent surge in the data rate requirements due to the bandwidth demanding applications has 

triggered the quest for developing high capacity Access Networks. The only data transfer technology 
that has the potential to provide such high data rates is the optical fiber. A fiber can transmit data in 
the order of tens of gigabits per second. Unfortunately, fiber does not allow mobile users. Since, 
mobility is a highly sought after facility that the users want to avail, the service providers have to 
consider wireless trans-mission solutions for their last mile connectivity. However, the wireless 
channel is time variant. This makes the wireless transmission technologies very unreliable and the 
data rate that a wireless technology provides over long distances is limited in the order of tens of 
megabits per second. Therefore, wireless transmissions schemes alone cannot provide a broadband 
connectivity that can support a very high data rate demanding service. Further, it is well known that 
if the distance of separation between the wireless transmitter and the wireless receiver is reduced, the 
data rate can be increased.  
 

Hence, a solution can be thought of where an antenna provides coverage to a very small area 
and the antenna is being fed by an optical fiber. This kind of approach paves way for the wireless 
optical integrated networks (WOINs). WOINs have emerged as a potent solution for providing 
mobile broadband connections to the users. However, the independence of the wireless and optical 
network components makes it quite difficult for the operations to provide good Quality of Service 
(QoS) after integrating the two network components. The hybrid network can be formed by 
interfacing Ethernet Pas-sive Optical Networks (EPONs) or Resilient Packet Rings (RPRs) with 
Wireless Local Area Networks (WLANs), Long Term Evolution (LTE) or Worldwide 
Interoperability for Microwave Access (WiMAX).  
 

If LTE is being backhauled, transmission of both control and data messages from the LTE 
network must be facilitated by the backhaul. Firstly, in LTE, the base stations (eNodeBs) are 
logically connected to each other through the X2 interface. The eNodeBs can communicate with each 
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other through the X2 interface without the involvement of the LTE core network. A backhaul must 
provide provision for the eNodeBs to directly communicate with each other without the intervention 
of the LTE core. Hence, there is a need for developing proper backhauling architecture and 
associated protocols. Secondly, the medium access control (MAC) protocols of EPON and LTE are 
different. Therefore, if the MAC layers of the two network segments are al-lowed to work 
independently, then the end-to-end QoS will degrade. Consequently, the network designer must 
design a proper interfacing protocol to ensure end-to-end QoS. Hence, the thesis introduces new 
optical backhauling architectures and associated protocols. Thereafter, the thesis proposes medium 
access control (MAC) protocols for interfacing the LTE and EPON networks.  
 

Initially, a ring-based integrated wireless optical network architecture and an associated 
protocol that involves EPON is proposed in the chapter 3 of the thesis. In chapter 4, a RPR based 
backhauling architecture is introduced. Both the architectures seamlessly implement the X2 interface 
of LTE. The architectures are further extended to support an open access network where a single 
network can be used by multiple mobile service providers without compromising information 
security.  
 

In the chapter 5 of the thesis, the inefficient channel aware scheduling with an infinitely 
backlogged buffer model is replaced by an optimal channel and buffer aware LTE uplink packet 
scheduling procedure with a realistic traffic source. The proposal is then extended to operate with 
multiple traffic classes. An Integer Linear Program (ILP) is formulated to address the scheduling 
problem. Since ILPs are generally np-hard, a polynomial time algorithm is proposed to solve the ILP. 
The proposal ensures QoS maintenance and provides user fairness.  
 

In chapter 6, the focus is on Service Level Agreement (SLA) based end-to-end QoS 
maintenance across a WOIN. The wireless network used is LTE and the optical net-work is 
comprised of an EPON. The proposal targets opportunistic allocation of any bandwidth that is 
available after meeting the SLA requirements. The opportunistic scheduling is facilitated using 
distributed Learning Automata.  
 
Keywords: Wireless optical Integrated Networks, WOBAN, FiWi, EPON, RPR, LTE, Handover, 
Mobile backhauling, MAC Protocols, Open Access, Uplink, X2, Destination Stripping, ILP, 
Hungarian Algorithm, Assignment, Knapsack, Priority flipping, VCG Auction, Learning Automata. 
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With proliferation of bandwidth-on-demand services, future transport network will be required to 
provide highly dynamic connectivity with a wide range of bandwidth requirements to support 
such heterogeneous services. Elastic optical network (EON) is one of the promising solution for 
transport optical network for meeting these growing heterogeneous demands. Deployment of 
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advanced control plane is the key to fully exploit the emerging capabilities and flexibilities of the 
optical network. The control plane functionalities are also constantly evolving with the traffic 
pattern. Moreover, with increase in data traffic the volume of control traffic in the network also 
increases. A well designed control plane must take into account the provisioning of this control 
traffic, i.e. to reserve resources for control traffic on appropriately chosen links of the physical 
topology, particularly when network is congested. Presently, the two prevalent control 
architectures are Automatically Switched Optical Network (ASON)/ generalized multi-protocol 
label switching (GMPLS) based distributed plane and the recently introduced Software defined 
network (SDN)/Open Flow based centralized control plane. It is envisioned that a practically 
deployable control architecture may follow a hybrid combination of both. This thesis has two 
parts, first part addresses control plane virtual topology design of distributed control plane 
(Chapter 3) and second part presents control plane virtual topology design of centralized control 
plane (Chapter 4 & 5). 

Resource reservation for control traffic ensures that delay in control plane remains within 
the service specific delay bound which is imperative for quick set-up and tear-down of such 
dynamic services. Moreover, data plane and control plane are to be mapped on the same physical 
topology and share same resources. Therefore, designing one plane without taking into 
consideration the other, may actually detriment the performance of both the planes. Hence, it is 
essential to have a combined /comprehensive virtual topology design methodology for control 
and data planes of the optical backbone network, where the need of both control traffic and data 
traffic are duly accounted for. 

In our first work, we propose a comprehensive design methodology for GMPLS-based 
control and data planes of wavelength-routed optical networks (WRONs) employing mixed line 
rate (MLR) transmission for cost-effective resource provisioning. The proposed design approach 
attempts to minimize the maximum lightpath congestion in network for a given traffic matrix, 
however, without compromising the network restoration response against link failures. 

Centralized control plane architecture of backbone optical network is physically 
distributed and logically centralized. In the second work, we present an optimization problem 
and a heuristic algorithm to design control plane virtual topology of Software Defined-EON 
(SD-EON), wherein dedicated bandwidth is reserved for control traffic to ensure that delay in 
control plane links remain within bound and consistent network state is maintained among 
physically distributed controllers. Results show that propagation delay is the dominant factor 
when control traffic is low. However, as control traffic increases, queuing delay does not remain 
negligible. Thus, while designing control plane virtual topology it is important to take into 
account queuing delay and transmission delay along with propagation delay, especially if control 
traffic is not negligible.  

In the third work, we present an optimization problem to make this control plane virtual 
topology survivable while minimizing the resources reserved for protection of control traffic 
subject to the delay bound criteria. Apart from control traffic volume the delay bound is shown 
to influence the amount of resources that need to be reserved for protection. 
 
Keywords: Optical network, Elastic optical network (EON), Control plane, Data plane, Virtual 
topology design, Generalized multi-protocol label switching (GMPLS), Software defined 
network (SDN), Wavelength-division multiplexing (WDM), Wavelength-routed optical 
networks (WRONs), OpenFlow, queuing delay, restoration time, controller placement problem, 
survivability, shared protection. 
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Recent years have witnessed considerable research in cognitive radio networks primarily due to 
its capability of solving the problem of spectrumscarcity. In cognitive radio networks, the 
secondary user (SU) can access the spectrum allocated to the primary user (PU) in the following 
ways: Interweave access (opportunistic spectrum access), underlay access (spectrum sharing) 
and overlay access. In interweave access, the SU is allowed to transmit only when no PU activity 
is detected, whereas, in underlay access and overlay access, the SU coexists with the PU. In 
underlay access, the SU is allowed to transmit under the constraint that the quality of service 
(QoS) of the PU is maintained. The SU may also access the PU spectrum in a hybrid manner, 
i.e., the SU first detects the activity of the PU via spectrum sensing. If no PU is detected, the SU 
transmits following the interweave access method. However, if the PU is detected to be active, 
the SU transmits in the underlay manner, while maintaining the QoS of the PU. 
 
Spectrum sharing strategies perform a very critical role in throughput maximization while 
maintaining the QoS of the PU. These strategies require the SU to either adjust its transmission 
power or the field of view (FOV) of the transmission. Hence the detection of the presence of the 
PU as well as estimation of critical parameters, such as PU location or channel gain between the 
PU and the SU, are required. Existing spectrum sharing strategies consider these detection and 
estimation subproblems independently. However, uncoupled treatment may not result in the 
optimum solution for the combined problem of detection and estimation. Deviating from 
conventional strategies, we propose novel spectrum sharing strategies based on coupled detection 
and estimation for cognitive radio networks. 
 
The proposed approach adopted by an SU is the following: SU transmits when the PU is deemed 
to be inactive based on detection decision made. However, if the PU is detected to be active, the 
SU estimates the PU parameters and compares the posterior cost of the estimate to a  
predetermined threshold to determine whether the estimate is reliable. If the estimate is 
unreliable, the SU stays inactive (censors the transmission). Otherwise, the SU transmits to its 
intended receiver on PU licensed band. The proposed approach can trade off throughput for 
reduced interference at the PU via censored transmissions. For the proposed approach, the 
throughput maximization is formulated as an optimization problem and the optimum sharing 
strategy is derived. 
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In the chapter 3 of the thesis, we derive the average interference produced at the PU due to 
imperfect PU localization. We demonstrate that if PU detection and localization (estimation) are 
carried out independently, it is not possible to control the average interference at the PU.  
Furthermore, we also demonstrate that the proposed approach can control the interference at the 
PU. We derive the optimum censoring strategy that maximizes the throughput of the cognitive 
radio system under an average interference power constraint at the PU. We then extend the 
proposed framework to jointly optimize the censoring and the power allocation strategies of the 
SU that maximize the throughput of the secondary network under average transmit power and 
average interference power constraints.  
 
In chapter 4 of the thesis, the problem of simultaneous primary user (PU) detection and channel 
estimation is proposed for spectrum sharing in cognitive radio networks over fading channels. 
We formulate the problem mathematically for Rician and Rayleigh fading channels. Closed-form 
expressions are derived for the critical performance metrics in low SNR regime. Further, we 
optimize the censoring parameter and the power allocation for throughput maximization under 
transmit and interference power constraints. In chapter 5 of the thesis, the problem of 
simultaneous primary user detection and channel estimation is extended for performance analysis 
in MIMO cognitive radio networks. Closed-form expressions are derived for the critical 
performance metrics like the probability of detection, the probability of false alarm, Bayesian 
cost, posterior cost function and the censoring threshold. 
 
We provide extensive simulation results to demonstrate the enhanced performance of the 
proposed censoring based spectrum sharing strategies over the conventional uncoupled spectrum 
sharing strategies. Simulations results also confirm the close agreement of the derived analytical 
expressions with the simulated results. 
 
Keywords: Cognitive Radio, coupled detection and estimation, beamforming, spectrum sharing, 
power allocation, fading channels, throughput maximization, interference, multiple input 
multiple output. 
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The wireless world is diligently moving towards fifth generation (5G) networks which is 
expected to support the huge traffic growth (54% annually forecast by international 
telecommunication union (ITU)), ultra-dense connectivity and low-latency. To cope up the 
challenges of 5G, distributed multiple-input multiple-output (DMIMO) is one of the viable 
options. It is enriched by the benefits of extended system coverage and enhanced capacity while 
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liberating the multiple-input multiple-output (MIMO) systems from its shackles of form factor. 
Moving towards coordinated DMIMO systems from conventional uncoordinated network 
requires to address the fundamental bottleneck, channel estimation and synchronization. In 
addition to that, the dimension of the parameter vector will increase proportionally with the order 
of relay nodes. Hence, appropriate joint algorithm should be developed at the receiver to mitigate 
the effect of timing and frequency misalignments and to obtain channel state information (CSI) 
in order to ensure the “distributed coherence” of the systems. 

 
Two pilot-based joint estimation techniques (expectation conditional maximization 

(ECM), space alternating generalized expectation maximization (SAGE)) of multiple timing 
offsets (MTOs), multiple carrier frequency offsets (MCFOs) and channel are addressed in the 
first work (Chapter 3) to attain coherent deployment of the one-way relay (OWR)-orthogonal 
frequency division multiplexing (OFDM) and two-way relay (TWR)-OFDM systems. 
Effectiveness of pilot-based estimators hinges on acquiring proper knowledge of training 
sequences (TSs) which is known to the receiver. Hence, optimal TS design poses a distinct 
problem for recent DMIMO-OFDM systems. In the second part of the work (Chapter 4) the 
design of optimal TSs for joint channel and frequency offsets estimation in OWR-OFDM 
systems over spatially correlated channel are developed. 

 
Though the designed pilot-based joint estimators are able to achieve effective parameter 

information, but the systems require large length of pilot symbols leading to direct reduction in 
spectral efficiency. Therefore, a semi-blind joint estimator (Iterative SAGE (ISAGE) algorithm) 
is proposed in Chapter 5 to recover the loss of spectral efficiency without affecting the accuracy 
of the joint estimation for OWR-OFDM systems. The most recent revolutionary wireless 
communication paradigm, full-duplex (FD) system is considered as a potential solution for 
spectrally efficient solution than their half-duplex (HD) counterparts. The fundamental limitation 
of FD transmission is self-interference (SI) 
which needs to be suppressed at the level of noise floor. Although active and passive SI 
cancellation (SIC) techniques alleviate SI, but it’s effect cannot be mitigated completely in 
practice under outdated SI channel estimates and hardware impairments. As a consequence, 
residual self-interference (RSI) always exists at the FD transceiver. RSI puts another level of 
challenge in joint estimation of FD systems. The ISAGE algorithm encompasses the effect of 
RSI in the joint estimation method, and attains higher spectral efficiency due to the usage of 
small pilot overhead at a nominal increase in complexity. 
 

The capability of SIC techniques at FD node is limited specifically due to inherent non-
linearities of transmitter and receiver front end. Non-linearity in radio frequency (RF) power 
amplifier in association with time-variant channel results in a great challenge in efficient signal 
detection and successful SI suppression of FD-TWR systems. In contrast to classical scheme, 
which consider non-linear distortion at the transmitter, we present a blind data detection and non-
linear channel estimation in the presence of RSI at the receiver in the last part of the work 
(Chapter 6). The proposed scheme provides an effective nonlinear signal detection framework 
for emerging FD-TWR systems. 

 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 331 

 

Keywords: DMIMO-OFDM, OWR systems, TWR systems, SAGE, ISAGE, Fullduplex 
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estimation techniques. 
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Fuel cells are an efficient and emerging solution to the development of clean, sustainable and 
environmentally friendly power source devices. Many researchers from the academic and 
corporate world are involved in the development of proton exchange membrane (PEM) 
electrolyte material for fuel cells. The PEM is a proton transporter and an electron insulator as 
well as the separator between the fuel and the oxidant in fuel cells. It is also a highly efficient in 
converting chemical or bio-chemical energy into electrical energy. Nafion® is a   
oly(perfluorosulfonic acid)-based PEM material that exhibits well phase-separated morphology  
etween the hydrophilic (ionic clusters) and hydrophobic (backbone) domains, generally  equired 
for high proton conductivity. Moreover, these membranes are highly stable in both oxidative and 
reductive environmental conditions owing to its perfluorinated backbone. The proton 
conductivity of Nafion®  is influenced by temperature and relative humidity which stimulates the 
development of alternate materials. 

Among the various PEM materials, sulfonated polyimide membranes are one of the 
potential candidates known for their high thermal and chemical stability, excellent film forming 
ability, strong resistance to fuel crossover and high proton conductivity. However, there are some 
problems persist in terms of poor solubility, insufficient hydrolytic and oxidative stability owing 
to the high sensitivity of the imide rings. To avoid these difficulties, the objective of this research 
is to incorporate semi-fluorinated bulky moieties like 3F (-CF3) or fluorenyl or benzyl ether or 
methoxy in the polymer repeat units. These moieties not only enhance solubility of the polymers, 
thereby improving their processability through solution casting route, but also improve the 
peroxide radical resistance of sulfonated co-polyimides. Additionally, these groups help in 
obtaining a better phase separated morphology, which is responsible for attaining high proton 
conductivity. However, the cross-linking helps to improve the dimensional stability of the 
membranes and to obtain a distinct well phase-separated morphology, which is accountable for 
higher proton conductivity of the polymer membranes. In conclusion, we have correlated the 
various PEM properties with chemical structure, composition, functionality and molecular 
design. 
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The main focus of this thesis is to improve the thermoelectric figure of merit (ZT) in Cu3SbSe4 
based materials and its composites by enhancing electrical parameters and reduction of lattice 
thermal conductivity. For higher ZT, its power factor (= 2 , where S and σ are the Seebeck 
coefficient and electrical conductivity, respectively) need to be enhanced or at least remained 
unaffected with the simultaneous reduction in thermal conductivity (k). For the experimental 
observation of the Zn substitution at Cu sites and its effect on thermoelectric properties in 
Cu3SbSe4, electrical and thermal transport properties in samples with different Zn contents have 
been investigated. A significant reduction in lattice thermal conductivity has been observed due 
to scattering of acoustic phonons via substitutional impurities in the crystal lattice with 
asymmetric occupancy of Zn at Cu site. As a result, enhancement in ZT value was achieved in 
Cu2.5Zn0.5SbSe4 at 475 K due to the relatively higher value of Seebeck coefficient and the 
smaller value of thermal conductivity. For the reduction of thermal conductivity along with the 
increase in carrier concentration in Cu3SbSe4, Pb was used as a dopant. Thermal transport 
measurements coupled with microstructural investigation suggest that both increase in phonon 
scattering via grain boundaries, and structural defects on Pb doping play a significant role in the 
reduction of thermal conductivity. In this study, it is found that Cu3Sb0.05Pb0.05Se4 shows the 
highest ZT (~0.72 at 625 K), which is approximately two times larger than that observed in 
pristine Cu3SbSe4. The effect of nanoinclusion on the thermoelectric properties in Sn-doped 
Cu3SbSe4 based composite was studied. It was found that the enhancement in power factor and 
reduction in lattice thermal conductivity in Cu3SbSe4/Cu2Se composite samples is due to the 
combined effects of low energy charge carrier filtering and scattering of phonon at the interfaces 
of Cu3SbSe4 and Cu2Se. As a result, a maximum ZT with a value of 1.05 is achieved at 650 K in 
samples with 4 wt% Cu2Se nanoinclusion. Anisotropic thermoelectric properties were studied in 
Sn, Bi co-doped Cu3SbSe4 samples synthesized at high pressure (75 MPa) via spark plasma 
sintering. Power factor was not found to be affected much as mobility shows anisotropic 
behaviour whereas carrier concentration remains the same in all direction. The thermal 
conductivity value was found different along the cross-plane and in-plane directions, whereas 
Seebeck coefficients in all the samples show almost isotropic behaviour and are independent of 
the directions of measurement. In our study, Cu3Sb0.97Sn0.02Bi0.01Se4 show a ZT value of 0.92 
along the cross-plane and 0.57 along the in-plane direction. We have demonstrated that the 
electrical transport characteristics of Cu3SbSe4/PEDOT:PSS hybrid nanocomposite film can be 
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manipulated by the controlled inclusion of Sn-doped Cu3SbSe4 in PEDOT:PSS. The carrier 
concentration in PEDOT:PSS was found to decrease towards its optimum value with the addition 
of Cu3Sb0.98Sn0.02Se4. A maximum power factor of 164 μWm-1K-2 has been realized at 420 K for 
the film with 4 wt% Sn doped Cu3SbSe4 (Cu3Sb0.98Sn0.02Se4). This value of power factor in 
composite film is significantly lower than that of its inorganic counterpart, however, the 
inorganic-polymer hybrid composite structure in Cu3SbSe4/PEDOT:PSS will favour the large 
area manufacturing which will further enable the high-throughput fabrication of low-cost and 
efficient organic thermoelectric generators.  
 
Keywords: Thermoelectric, Seebeck coefficient, phonon scattering, figure of merit, nanograin, 
anisotropy, carrier concentration. 
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Proton exchange membrane (PEM) fuel cells have been extensively considered as an automotive, 
portable and stationary power sources. PEM acts as an essential component in the fuel cell 
system which not only transfers protons from anode to cathode, completing the electric circuit, 
but also acts as a barrier to fuel crossover, oxidant and electrons between the electrodes. 
Environment-benign technologies of fuel cells provide pollution free operation, high energy 
conversion efficiency. In the present context, perfluorosulfonic acid (PFSA) ionomer 
membranes, Nafion® is considered as state-of-the-art membrane for fuel cell applications due to 
excellent chemical and physical stability along with high proton conductivity. However, difficult 
synthetic procedure, low glass transition temperature, restricted operation temperature (< 80 °C), 
and high fuel crossover limit their applicability. These has triggered the researchers to search for 
an alternative PEM material with improved property. 

Among the various PEM materials, sulfonated polyimide membranes are one of the 
potential candidates known for their high thermal and chemical stability, excellent film forming 
ability, strong resistance to fuel crossover and high proton conductivity. However, there are some 
problems persist in terms of poor solubility, insufficient hydrolytic and oxidative stability owing 
to the high sensitivity of the imide rings. To circumvent these problems, our objective was to 
introduce ether (-O-) linkages, polar phosphine oxide moiety and bulky group (like CF3, DOPO) 
in the polymer backbone. Thus, we prepared different series of sulfonated polyimides and 
investigate their PEM properties systematically. The polar bond of C-F or –P=O imparts high 
thermal stability, good oxidative and hydrolytic stability. The use of bulky group in the polymer 
backbone resulted good phase separated morphology which in turn ease the proton transport 
process. On the other hand, the bulky group disrupt the packing of the polymer chain and thereby 
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increasing the fractional free volume (FFV) of the polymer which in turn improve solubility and 
better water management. Furthermore, sulfonated silica (3-trihydroxylsilyl propane-1-sulfonic 
acid) to improve the phase separation which is responsible for better proton conductivity of the 
polymer membrane. In conclusion, we have correlated the various PEM properties with chemical 
structure, composition, functionality and molecular design.  

 
Keywords: Sulfonated polyimide, thermal stability, oxidative stability, phosphine oxide, 
morphology, proton conductivity. 
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The research work embodied in this thesis reports a comprehensive piece of experimental work 
of a surface modified compound CaIn2O4 of the small core-shell crystallites so as it delineates 
multifunctional properties useful for optical, photocatalytic electronic and other applications. An 
optical doping of Eu3+ and Cr3+ ions of selective dosages varied up to 10 mol% is used in finely 
tailoring light absorption/emission in the UV-visible regions in the doped samples in harvesting 
their photocatalytic and electronic properties as demanded for the multifunctional applications. A 
synergetic eco-friendly biogenic synthesis method using a natural green aloe-vera gel (which 
offers hydrolysis of the metal salts in small tissues in a biogenic complex) has been explored to 
produce these synergetic materials of finely tailored physical properties in a tunable core-shell 
structure. As-prepared samples (after burning the mixed precursor gels in a flame in camphor in 
air) were annealed over 400-600 °C in air for 1-2 h in finely tuning a core-shell structure, 
wherein part of a grafted-C-sp2 surface layer desorbs off and the bare crystallites grow over 
reactive facets in a refined core-shell structure so as it finely tunes the optical bandgap and 
associated optical/electronic properties. So obtained results are presented in seven chapters as 
follows. Chapter-1 provides a general introduction to the basic research interest and overview of 
materials science of CaIn2O4 types of mixed valence oxides. This includes a statement of the 
problem, review of the literature, motivation behind choosing this research work, intriguing 
properties, and applications of such materials. Chapter-2 describe so obtained results of 
characterizing small core-shell C-CaIn2O4 crystallites with tailored X-ray diffraction, 
microstructure, XPS bands, and phonon bands. Chapters-3, 4 describe the results of the data 
analyses of the phase formation with XRD patterns and microstructure of the Eu3+/Cr3+ doped C-
CaIn2O4 of selective chemical compositions. Novel results of light absorption/emission, 
photocatalytic and dielectric properties obtained in finely tuned core-shell C-CaIn2O4 crystallites 
are described in Chapter-5. Tailored optical properties so obtained in the doped samples are 
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described in Chapter-6. The phonon and XPS bands illustrate how surface species, oxygen 
vacancies and twins vary in a C-sp2 surface layer bonding on the crystallites and when it is 
etched out selectively by annealing at successively increased temperatures. A summary and 
conclusion of the major findings of this work are briefed in Chapter-7 along with a further scope 
of the work in this series. 
 
Keywords: A biogenic synthesis, Core-shell CaIn2O4 crystallites, Hybrid nanocomposites, 
Hierarchical nanostructure, Dielectrics, Optical properties 
 
 

BIMETALLIC AND TRIMETALLIC ALLOY NANOPARTICLES-BASED 
HYBRID MATERIALS FOR ALCOHOL ELECTROOXIDATION AND 

PHOTOCATALYTIC H2 GENERATION 
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Accession No.: NB16451 

 
Development of energy conversion devices that use renewable resources and produce no 

green house gases is a major goal for a sustainable society. In this regard, direct alcohol fuel cells 
(DAFCs) have been intensively studied as clean and high-efficiency energy conversion devices. 
However, the expensive Pt-based materials as anode catalyst in DAFC make it unsuitable for 
large scale commercialization. To address this shortcoming, considerable efforts have been made 
toward Pt-based alloys synthesis and/or suitable support materials such as reduced graphene 
oxide, carbon nanotube, and metal oxide not only to reduce the cost of the catalyst but also to 
reduce the use of such expensive catalyst material. In this work, several bimetallic and trimetallic 
alloy nanoparticles (NPs) involving Pt, Au, and Ni are synthesized using wet-chemistry 
techniques and their electrocatalytic performance are demonstrated for the oxidation of alcohols 
(methanol, ethanol, ethylene glycol, and glycerol). Trimetallic alloy NPs shows superior alcohol 
oxidation performance in terms of small onset oxidation potential and high mass activity than 
their bimetallic counterparts and standard Pt/C. In addition, reduced graphene oxide is used as a 
support for the alloy NPs to demonstrate the importance of support material for the development 
of anode catalysts in DAFC. The photocatalytic water splitting to produce H2 fuel is another 
prospect to solve the energy crisis and environmental problem. Despite enormous efforts devoted 
toward development of efficient photocatalysts for photocatalytic H2 production, those suffer 
from low efficiency due to poor light absorption and fast charge-carrier recombination. The 
cocatalyst loading is considered as an effective way to suppress the charge carrier recombination 
rate and increase the effective proton reduction sites. Noble metals, especially Pt, Pd, and Au, are 
generally used as cocatalysts for H2 evolution. To improve the cocatalyst performance, two 
different bimetallic alloy systems (PtAu and AuPd) are considered here using a graphitic carbon 
nitride support (g−C3N4). In both cases, the percentages of individual metal contents are varied 
to find an optimum alloy composition for the best cocatalyst performance with highest H2 
production activity. 
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In summary, this thesis focuses on the development of bi/trimetallic alloy electrocatalysts 
for alcohol oxidation and bimetallic alloys as cocatalysts for photocatalytic H2 production with 
suitable support material. 
 
Keywords: DAFC, alcohol electrooxidation, photocatalytic H2 evolution reaction, Ptbased alloy, 
bimetallic and trimetallic alloy nanoparticles 
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P. V. Rajeswari 

Supervisor: Prof. Shanker Ram and Dr. Debabrata Pradhan 
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Accession No.: NB16373 

 
The research work in this investigation describes a simple biogenic synthesis of a series of pure 
and c doped TiO2-C-O hybrid nanostructures using green hot chili, Capsicum annuum L., as one 
of the raw materials, catalyst, and a medium without any additional solvent and stabilizer. It 
includes a detailed study of the crystal structure, thermal, optical and photocatalytic properties in 
correlation to the microstructure. It aims on two main aspects, designing a biosynthetic protocol 
to produce TiO2-C-O hybrids in the form of small core shell structure with the C-sp2 shell 
formed on TiO2 in situ during synthesis and tuning the optical and photocatalytic properties in 
terms of annealing temperature over 400-800 °C and C-sp2 shell thickness. The photocatalytic 
performance of the pure and hybrid samples is studied through the degradation of organic 
pollutants, methylene blue dye and 2-chlorophenol under UV as well as visible light. It is 
observed that a synergy between TiO2 core and C-sp2 shell structure plays a key role in 
enhancing and extending the performance into the visible spectral region. Moreover, a hybrid 
sample annealed at 600 °C for 2h in air shows highest performance over the 400 and 800 °C 
samples. This is ascribed to the effective separation and transfer of photo-induced charges in the 
hybrid by supressing charge recombination. Further the performance in degrading methylene 
blue is enhanced under visible light by doping a hybrid with Eu3+ ions owing to the enhanced 
light absorption and thus enhanced photo-induced charge production. In this case, a sample 
annealed at 600 °C shows the highest performance over the others because of optimum level of 
photo-induced charge production. The nature of light emission from a hybrid remains the same 
as that from a typical TiO2, originating from the defect levels in TiO2. The presence of C-sp2 
shell over core TiO2 in the hybrid simply reduces the light emission owing to the core shell 
interaction and decrease in the defect levels. It is noteworthy that incorporation of Eu3+ ions into 
TiO2 lattice modifies the light emission from the hybrids annealed at 400 °C for 2 h in air. 
Uniquely, the emitted light results from 5DJ (J = 3) → 7FJʹ (Jʹ = 0, 2, and 3) transitions in Eu3+ 
ions. This is attributed to the different local electron coupling processes in the core shell hybrids 
that dictate such transitions, quite different from the common 5D0 → 7F1-4 transitions. It shows 
two main novelties, in situ formation of C-sp2 shell on TiO2 and a violet-blue light emission and 
opens a scope for violet-blue phosphor and related applications. This work is presented in eight 
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chapters as follows. Chapter 1 provides general introduction, important properties, research 
trends of TiO2 and its composites, review of the literature, motivation for selecting the present 
work, and statement of the problem. Chapter 2 describes the characterization methods used for 
evaluating desired properties of the samples in brief. Chapter 3 deals with the experimental 
details of the synthesis method designed to produce the hybrid nanostructures. Chapters 4 and 5 
describe the thermal, structural, microstructural properties of the samples. The UV-visible light 
absorption, phonon and XPS bands, and photoluminescence are analysed in the Chapter 6. The 
photocatalytic performance of various hybrid samples in degrading organic pollutants is 
presented in Chapter 7. A summary and conclusion of the major findings along with a future 
scope of this work are briefed in Chapter 8. 
 
Keywords: Green hot chili, Biogenic synthesis, TiO2 hybrid nanostructures, Core shell structure, 
Visible light driven photocatalysis, Eu3+ doping, Doped TiO2, Photoluminescence 
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This research work presents experimental studies on the phase formation, magnetostructural and 
magnetocaloric (MC), thermal conductivity and magnetostriction properties of a novel series of 
ferromagnetic shape memory materials of non-stoichiometric Heusler alloys Ni2MnSn in the 
form of cylindrical discs. The objective of this investigation is two-fold; one, from fundamental 
aspects and the other from an applied point of view. In the fundamental part, it is to develop a 
basic understanding of coupled magnetostructural, thermomagnetic, magneto-transport and MC 
properties in relation to the microstructure, whereas in the other part, it is to develop a magnetic 
refrigerant with large MC properties near room temperature in low magnetic fields. The Mn-rich 
and Ni-rich alloys in the Ni-Mn-Sn system are chosen in view of tuning the martensite transition 
with optimal MC properties near room temperature. A partial Ni → Ag substitution in the Mn-
rich Ni41-xAgxMn50Sn9 (x ≤ 2) series promotes the martensite phase stabilization near room 
temperature. In the other series Ni50Mn37-yCrySn13 (y ≤ 2), a small Mn → Cr substitution triggers 
a single magnetostructural transition with functional MC properties. An advantage with the Ni41-

xAgxMn50Sn9 (x ≤ 2) alloy series is that it yields inverse MC properties near room temperature.  
 

The results of the structural, thermal, mechanical, electrical, MC, and magnetoresistance 
(MR), magnetostriction and thermal conductivity studies on these two-alloy series under 
selective experimental conditions are presented in four chapters (Chapters 3-6). Chapter-1 gives 
a general introduction to the subject of ferromagnetic Heusler alloys, with the statement of the 
problem, review of the literature along with the drive behind selecting this specific class of 
materials, and typical physical properties and applications of such alloys. Chapter 2 describes 
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experimental details of the alloy formation and sample preparation for the measurements and 
analysis of the different properties. Chapters 3 and 4 deals with the structural transformation, 
microstructure, and magnetic properties the Ni41-xAgxMn50Sn9 (x ≤ 2) and Ni50Mn37-yCrySn13 (y  
≤ 2) alloys, respectively. X-ray diffraction (XRD) patterns reveal a single martensite phase 
formed as Ni → Ag increases from 0.5% to 2.0%, and content so as to exist at room temperature 
in a L10 tetragonal crystal structure. The FESEM/ HRTEM images reveal the growth along the 
(222) plane. The thermomagnetic curves clarify the suppression of both magnetic saturation 
value and magnetic transition temperature as the percentage of Ag increases. The Ni41-

xAgxMn50Sn9 (x ≤ 2) alloy exhibits exchange bias phenomenon. In Ni50Mn37-yCrySn13 (y ≤ 2.0), 
the XRD shows a twin along (131) plane and the FESEM describes a second level hierarchal 
structure. Chapter 5 describes the relationship of hardness and strain with variation in Ag/Cr 
content in the alloy compositions. Both the Vickers hardness and Young’s modulus soften in a 
parabolic curve over the Ag-doping whereas, Cr-doping increases the Vickers hardness, Young’s 
modulus, as well as microstrain through a broad maximum observed around y → 1.0. Chapter 6 
describes MC, MR and MS properties in both Ni41-xAgxMn50Sn9 (x ≤ 2) and the Ni50Mn37-

yCrySn13 (y ≤ 2) alloys of thin microscopic layers of small crystallites. A maximum MR  (-) 
55% (at ∆H = 8 kOe field) is observed in a critical x → 1.5 at% Ag-doping in the first alloy 
series at TM of 256 K, while it dropped to (-) 36% in y → 2.0 at% Cr doping in the other alloy 
series of a tailored TM → 320 K in the martensite ← austenite transitions. The Ag-doping has 
tuned TM from 380 K to 243 K as x → 2.0, while the ∆S progressively decreased to 7.91 J-kg-1-
K-1, with an intermediate value ∆S = 9.73 J-kg-1 found at near room temperature, TM ~ 324 K as 
x → 0.5, in the DSC thermograms. A summary of the work with important implications achieved 
in this work is described in Chapter 7 along with the future scope of the work in this series.  

 
Keywords: Heusler alloy; Martensite transition; Magnetocaloric, magnetostriction and 
magnetoresistance properties; Magnetic entropy 
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As compared to conventional cathode materials for Li-ion batteries (viz. LiFePO4, LiMn2O4, 
LiMn0.33Ni0.33Co0.33O2, LiCoO2, LiMn1.5Ni0.5O4, LiNi0.8Co0.15Al0.05O2), lithium manganese rich 
(LMR) cathodes are considered to be one of the most attractive material candidates for next 
generation cathode materials due to their high discharge capacity (in the range 250 - 300 mAhg-

1), wide working voltage (2.5 V - 4.8 V), and good energy density, In the present work we have 
explored the electrochemical properties of layered-layered (xLi2MnO3-(1-x) LiMnpNiyCozO2) 
and layered-spinel (xLi2MnO3-(1-x)LiMn1.5Ni0.5O4) cathodes. For layered-layered LMR cathode, 
we have opted to dope these cathodes at Li site (K+ ion) as well as at Mn site (Zr4+, Cr4+ and 
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Mo4+). We have found that for Li2MnO3 and Li1.2Mn0.55Ni0.15Co0.1O2 LMR cathode (also 
represented as 0.5Li2MnO3 – 0.5LiMn0.375Ni0.375Co0.25O2), doping Zr4+ (at Mn site) and K+ (at Li 
site) dramatically improves the electrochemical performance whereas Cr4+ and Mo4+ does not 
prove to be effective dopant in delivering noticeable improvement. Thus, K doped and Zr doped 
LMR cathodes have shown cycleability (83% capacity retention after 50 charge discharge 
cycles), voltage fade characteristics (average discharge voltage ~3.5 V after 50 cycles), and rate 
performance. By post mortem analysis using X-ray diffraction, Raman spectroscopy, EIS and 
dQ/dV analysis we have demonstrated that the major factor is retardation in layer to spinel 
structural transformation and partial alteration of surface characteristics of cathode particles. 
Further, we have optimized mole fraction of Li2MnO3 phase in xLi2MnO3 – (1-x)LiMn1.5Ni0.5O4 
layered-spinel composite for better electrochemical properties. Among various compositions, 
0.3Li2MnO3 – 0.7LiMn1.5Ni0.5O4 is found to deliver highest discharge capacity (~275 mAhg-1) 
and reasonably good cycleability characteristics. Further, the electrochemical properties of x = 
0.3 composition are tested in Li+/PMP-TFSI (N-propyl-N-methyl pyrrolidinium-
bis(trifluoromethanesulfonyl) imide) ionic liquid (IL) electrolyte at 60ºC and interestingly, 
composite cathode are found to exhibit superior properties (high discharge capacity, better 
cycleability and rate performance) as compared to conventional organic electrolyte.  
 
Keywords: Li-ion battery, high energy density, Li-rich cathodes, doping, ionic liquid, high 
temperature electrochemical performance. 
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The research in developing new polymers for proton exchange membrane fuel cells (PEMFCs) is 
one of the most emerging research fields in the area of alternate energy sources in current days. 
This has gained immense acceptance in both mobile and stationary applications. A proton 
exchange membrane (PEM) is considered as an ion-selective transport channel which selectively 
transfers protons from anode to cathode and itself acts as a barrier between the fuel gas and 
oxidant in high performance proton exchange membrane fuel cells (PEMFCs). Compared to 
other energy converting devices, PEMFCs are clean and eco-friendly as no toxic by product is 
generated during cell operation and also provide higher energy efficiency. At present, the 
commercially available state-of-the-art materials Nafion® and Flemion® are extensively used as 
PEM materials due to their excellent physical and chemical stability combined with high proton 
conductivity values. However, there are a few limitations of Nafion® like, high cost, high fuel 
crossover, low operation temperature (≤ 80 ◦C) etc. which limit their utility for practical 
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applications. In addition, these polymers lose membrane performance at high temperature and 
low humidity. All these factors stimulate and motivate researchers in developing alternative 
proton conducting polymer membranes with low cost and better overall performance.  
In this context, semifluorinated sulfonated polytriazoles were chosen to be potential candidates 
for PEM primarily due to the ease of synthesis and higher thermal-chemical stability. Different 
series of novel semifluorinated sulfonated co-polytriazoles were prepared and their various 
physical, chemical and PEM properties were systematically investigated. The principal objective 
of our present research was to introduce the flexible ether (‒O‒) linkages and bulky pendent 
trifluoromethyl (–CF3) groups into the polytriazole copolymer backbone for the improvement of 
structural architecture and desired PEM properties. Hence, some of the semifluorinated 
monomers were chosen to achieve this. The C‒F bond in the structure of the polymer imparts 
high thermal stability, good oxidative and hydrolytic stability, high tensile strength, and more 
significantly, distinct phase separated morphology which is essential for better water 
management and ion transport pathway with high proton conductivity. In addition, the bulky –
CF3 groups disrupt the inter-chain packing density and due to this reason the fractional free 
volume (FFV) of the polymers become enhanced which in turn increases the solubility and 
processability of the polymers. On the other hand, it was also planned to control the PEM 
properties of the polymers by varying the functionality and molecular weight of the preferred 
monomer units, thereby, controlling the overall ion exchange capacity of the polymers. Finally, 
we have correlated the various PEM properties with chemical structure, composition of the co-
polytriazoles, the effect of sulfonation content, fluorine content and molecular design.  
 
Keywords: Semifluorinated sulfonated co-polytriazoles, Thermal and mechanical properties, 
Water Uptake, Oxidative stability, Proton conductivity with phase separated morphology. 
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To minimize the energy crises and electronics wastes, searching for alternative renewable energy 
resources is the prime challenge for our civilization. Mechanical energy is the most abundant 
renewable energy because of its greater accessibility. The generation of electricity through 
minute deformation of piezoelectric materials prompted the research in the arena of micro/nano 
scale mechanical energy harvester, also known as nanogenerator. Though a variety of advanced 
inorganic piezoelectric micro/nanostructures have been fabricated, but they have major 
limitations in terms of cost, toxicity, brittleness, electrical poling, and moldability. Development 
of flexible, biocompatible, durable, and efficient self-poled piezoelectric nanogenerators (PNGs) 
with remarkable output performances is of great challenge for powering smart electronics. To 
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overcome these limitations, present work focuses towards development of piezoelectric poly 
(vinylidene fluoride) (PVDF) based PNGs with greater flexibility and durability. Furthermore, 
nature driven bio-inspired polysaccharides and protein materials based PNGs have shown 
potentiality as next generation possible biomedical applications due to their effectiveness in 
designing biocompatible/biodegradable smart electronics without any electronics wastes. The 
present research proposed various effective ways to harvest green electricity using different 
bio/non-bio based piezoelectric materials and their effective potential applications. The 
effectiveness of metal oxides decorated reduced graphene oxides (RGO) with PVDF was 
explored to enhance the piezoelectric performance of the materials and their usefulness in energy 
harvesting fields. Our study on iron oxides doped RGO (Fe-RGO)/PVDF based PNG device 
delivered high output performances, and aluminum oxides doped RGO (Al-RGO)/PVDF based 
PNG device using steel fabric as electrodes has turned the piezoelectric performances and 
durability in new directions. Again, vitamin (VB2) is first time introduced as an effective β-
phase stabilizer (~93%) in designing PVDF/VB2 based PNG which shows outstanding 
performances in terms of high power density and energy conversion efficiency. Furthermore, 
nature driven bio-waste materials like onion skin (OS), and spider silk (SS) fibers have been 
introduced as an innovative and effective new bio-piezoelectric materials for effective green 
energy harvesting. Here, OS and SS based bio-PNGs (BPNG) without any chemical/surface 
treatment provided outstanding piezoelectric properties (output voltage/current and energy 
conversion efficiency of ≈60%) under small pressure. These flexible, self-powered, high energy 
conversion efficient durable PNGs and BPNGs can have significant impact in piezoelectric 
energy harvesting fields for powering portable electronics, in- vitro/in-vivo biomedical 
applications, and many more.  
 
Keywords: Flexibility, PVDF, Bio-materials, Piezoelectric nanogenerator, Energy harvesting, 
Biomechanical activities. 
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Improvement of health care facilities and financing is an important development goal in 
developing countries like India. Therefore, government agencies are creating awareness to 
promote the utilization of health care services by provision of subsidies/funds. The quality of 
health care services varies geographically in India, the rural region in most of the geographical 
locations are in a distressed position. The existing destitute quality of health care services in the 
rural region force them to avail costlier private health care facilities and have to pay out of 
pocket expenditure (OPE) for wellbeing. India is among a few countries having very high OPE 
on health care. 
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In order to reduce the burden of OPE on low and marginal income group people, the 
central government as well as the state governments have launched several health insurance 
schemes. These insurance schemes are effectual in mitigating the burden of health care cost but, 
inequity and socioeconomic disparities exist in India. Almost 70% of the population lives in a 
rural area, but only 14.1% are covered under any health insurance scheme. The low level of 
penetration rate and customer satisfaction is an outcome of the poor assessment of preferences of 
the consumers in the initial stage of the design of health insurance schemes. To design a scheme 
the benchmarks for the attributes of health insurance are usually set by the expert’s perspective. 
Till now little research has been done to identify the consumer preferences of the rural 
population for health insurance. 
 

This research aims to determine the preferences for attributes of health insurance in rural 
settlements of India based on users’ perception. The objectives of the research are; to understand 
the benefits of health insurance in India, to understand the issues affecting the adoption of 
existing health insurance schemes in India, to understand the customer preferences for attributes 
of a health insurance plan, and to estimate the willingness to pay of the customers for a health 
insurance plan. To study the impact of health insurance on health care service utilization, we 
used NHFS-3 data and implemented a generalized linear model. The findings suggest that health 
insurance increases the odds of receiving antenatal care services. Subsequently, we compared 
different schemes and portrait the overview of the present scenario of India’s current health 
insurance. The finding suggests that the schemes launched by state governments are facing 
financial challenges. 
 

We implemented the Discrete choice experiment (DCE) to obtain the choice and 
preferences for health insurance from the household heads. The execution of DCE has several 
stages: selection of attributes, designing the choice experiment, data collection and analysis. The 
primary list of attributes for health insurance was identified through literature review. The 
qualitative study was conducted using focus group discussion (FGD) to validate and select the 
relevant attributes that affect their choice of enrollment for health insurance. Through FGD, we 
identified 10 important attributes of health insurance form the responses of rural respondents. 
Though there are no design restrictions for the DCE on the number of attributes in the final 
design still, in practice attributes less than 10 are preferred. Therefore, we conducted a 
quantitative study to rank the 10 attributes according to the preferences of respondents. Finally 
the top six attributes are selected for the DCE analysis. 
 

The attribute and attribute levels preferences were estimated using Multinomial Logit and 
Random-Parameter Logit. The analysis shows that all attribute-level significantly affects (P < 
0.05) the choice behavior. Willingness to Pay (WTP) associated with each attribute, which is a 
good measure to interpret and estimate the perception of the respondents for each unit change in 
the attribute. The result from this analysis demonstrated that WTP is highest for the attribute 
entire extended family. This shows the respondents will pay more for it in contrast with the core 
nuclear family. 
 

The provision of health insurance perceived and expected by the consumers is essential 
for the viability as well as sustained use of services. This study gives insight into the overall 
scenario of rural health insurance and provides relevant information to policymakers. This 
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research would help decision-makers to determine the appropriate service delivery level for each 
attribute of health. The model provides an opportunity to evaluate and select the best possible 
attributes and attribute level for the target population for designing health care insurance. 
 
Keywords: Out of pocket expenditure, discrete choice experiment, focus group discussion, 
perception, health insurance, willingness to pay, rural. 
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The endeavor on the development of various farmer-friendly technologies has been prioritizing 
for the benefit of the farmer. Still the gap has been identified in literature on farmer’s capacity 
development. This farmer-centric research identifies the indicators of capacity development of 
Indian farmers through reducing the challenges of technology transfer training (TTT) by 
redesigning resource deployment mechanism. Field survey research has been adopted to collect 
qualitative and quantitative data. Small/ marginal individual farmer is the unit of analysis. The 
final sample size is considered to be 402. Data were analyzed using exploratory factor analysis 
(EFA) on the three constructs, viz., ‘challenges in technology transfer training (TTTC)’,  
‘capacity development of Indian farmers (CDF)’, and ‘redesigning resource deployment (RRD)’ 
to identify the factors whereas impact of RRD and TTTC on CDF was investigated by using 
regression analysis.  
 
Extraction in EFA results two factors, viz.,challenges in technology transfer training 
comprehension (TTTCCOMP), and customization (TTTCCUST) under TTTC; three factors, viz., 
efficient market linkage (EML), effective resource utilization (ERU), and safe and healthy 
farming (SHF) under CDF; and four factors under RRD, viz., structural development (RRD1), 
appropriateness of socio-political environment (RRD2), institutional integration at different 
levels (RRD3), and training delivery mechanism (RRD4) for technology adoption. Regression 
models are run with three factors of CDF as dependent variables, and factors of TTTC and RRD 
as the independent variables. Interaction effect has also been examined by interaction of TTTCs 
and RRDs. 
 
The key finding of this research is identification of various farmer-centric indicators (factors) of 
agricultural technology transfer training challenges and exploration of their role in capacity 
development of a farmer. The factors under CDF reveal the components of capacity development 
and under RRD explore various redesigning options to reduce technology transfer training 
challenges. Interaction results reveal, for the first time, some serious dichotomy in agriculture. 
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When farmers are encouraged for higher yield this study indicates various negative impacts due 
to higher crop productivity. This study suggests many redesign options which will upgrade 
farmers’ performance and will lead to betterment of farmers’ livelihood by contributing in 
capacity building of Indian farmers. 
 
Keywords: Agricultural education and extension, Technology transfer training, EML, CDF, 
RRD, Sustainable agriculture, Agro-ecosystem. 

 

 

PLANNING INTERVENTIONS FOR PREVENTING CARDIOVASCULAR 
DISEASES IN INDIA 

 
 Sharad Kumar 

 Supervisor: Dr. Ram Babu Roy 
 Rajendra Mishra School of Engineering Entrepreneurship 

Accession No.: NB16326 
 

Cardiovascular diseases (CVDs) have emerged as a leading cause of premature mortality in 
India, and are responsible for a significant amount of morbidity and healthcare costs. The 
projections indicate that the situation is going to worsen over time. A large proportion of deaths 
in younger age group lead to adverse impact on nation’s productivity. Majority of CVDs can be 
averted by practicing a healthy lifestyle. Significant health gain can be achieved through the 
implementation of primary care interventions and basic public health measures targeting 
behavior and lifestyle modifications. A few regional studies have tried to capture the impact of 
locally practiced interventions in India. However, at the national level, prevention strategies are 
in very primitive stages, and limited information is available on the impact assessment of these 
interventions. Though effective handling of the growing burden of CVDs in resource-constrained 
settings presents a major challenge, experiences from high-income countries reveal that CVDs 
are mostly preventable. Hence, it is necessary to plan a nationwide intervention in response to 
the growing challenge of CVD in India.  
Early identification and timely treatment of the disease prevalent in a population and preventive 
treatments to the potential disease groups have been identified as the two major approaches for 
alleviating the burden of CVDs. Huge amount of resources are needed for the clinical 
interventions approach, which may not be accessible and/or affordable to a majority of the Indian 
population, especially those in the rural areas. Therefore, it would be better to take preventive 
actions based on prevailing risk factors in population rather than the clinical interventions. It is 
not feasible to implement these interventions and assess their impact on the real population. 
Therefore, the present study aims to use computational methods to estimate the potential health 
and economic impact of the interventions.  
The broader aim of this research work is to design and develop a simulation-based framework to 
estimate the potential impact of preventive care interventions and evaluate the relative 
effectiveness of various preventive strategies for reducing the potential burden of cardiovascular 
diseases. In order to achieve the above research objectives, the following research questions have 
been framed which have been answered in this research work. What type of model would be 
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suitable to estimate the impact on public health and what information is needed to develop the 
model? What are the major modifiable risk factors for CVD prevention in India and associated  
preventive care interventions? What is the prevalence of modifiable risk factors in rural and 
urban population in India? What is the impact of various preventive interventions (e.g., 
increasing tobacco price, raising the legal age of smoking, educating about tobacco hazards, 
behavioral counseling) on smoking-attributable CVD burden in India? What is the relative 
effectiveness of different policy interventions? Based on the literature on prevention approaches 
and the availability of secondary data on tobacco consumption in India, smoking has been 
identified as a behavioral risk factor to be focused upon in this research. A modeling framework 
is developed to estimate the impact of smoking cessation interventions. The model incorporates 
data on smoking prevalence, cause-specific mortality, smoking rates, and plausible cessation 
scenarios. The model uses three segments of the population, namely never smokers, smokers, 
and ex-smokers. A set of future scenarios associated with the different plausible pattern of 
smoking initiation, quitting, and relapse rates in the population have been examined. The model 
was initialized with an initial population of the year 2010 as a base case and displayed 
projections till the year 2050. The model estimates the smoking population of subsequent years 
using information on net migrations such as birth, deaths, smoking initiation rate (SIR), quit rate 
(QR), and relapse rate (ReR) as reported in the literature.  
In the status quo scenario, our model predicts 12% smoking prevalence in the year 2050 in India. 
However, simulation outputs for different interventional scenarios predict 8.50 to 9.50% 
smoking prevalence over the forecast period. Simulated predictions show that price intervention 
approach may not be equally effective in rural and urban areas. It is likely to produce relatively 
better outcomes in rural populations. Restricting youth access to tobacco is likely to produce 
relatively better health and economic gain in the urban population. The direct implication of this 
intervention approach is that smoking initiation would be delayed among the majority of 
adolescents/youth population. The delay in the age of smoking initiation could increase the 
subsequent probability of cessation. Hence, considering the larger proportion of the youth’s 
population in India, the strict enforcement of restricting youth access of tobacco could produce 
better health and economic benefit to the nation. On the other hand, educating about tobacco 
hazards and behavioral counseling interventions could produce relatively better health and 
economic gain for the rural population.  
Analysis of the simulated output reveals that restricting youth access to tobacco could generate 
considerable health and economic benefits at the national level. Further, restricting youth access 
could produce relatively better results in the urban population and education about tobacco 
hazards could work better in the rural population. Cost-effectiveness analysis was also performed 
in this work. Since, tobacco price raise intervention and restricting youth access by increasing the 
legal age of smoking interventions are legislative in nature, there is no direct cost incurred in 
implementing these interventions. Our model predicts that practicing behavioral counseling 
could add one life year or Quality-adjusted life year (QALY) at 10-12% lower cost than the 
educational intervention. Cost-effectiveness of interventions is within the acceptable range, and 
it is 25-30 times more cost-effective than the USA.  
This research demonstrates the usefulness of system dynamics in planning and evaluating 
population care interventions. The simulation modeling framework provides us an opportunity to 
evaluate and choose the best possible intervention without losing precious resources and time. 
Our study reveals that different intervention approaches would be effective in different strata to 
produce better health and economic gain. Findings of this research provide an opportunity to 
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prioritize the interventions for different population segments that would help in healthcare policy 
planning. The prevalence of major modifiable risk factors (gender wise) and other model 
parameters have been estimated using secondary data in stratified segments at national and rural-
urban levels. The knowledge about the prevalence of these risk factors and model parameters 
would enable further study on health and economic impact of various interventions for 
preventing CVDs.  
 
Keywords: Cardiovascular disease (CVD), public health, modeling and simulation, system 
dynamics, preventive care, smoking, quality-adjusted life year (QALY) 
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The Active Tilt Control system (ATC) allows the vehicle to automatically tilt during cornering 
such that the vehicle rollover propensity is reduced. Tilting three wheeler vehicles provide 
excellent opportunity to develop a high-speed electric Three Wheeler (3W) which could be 
lighter in weight, lower in carbon footprint, narrower in track and more comfortable than existing 
alternatives for personal mobility. 
 
For studying the possible improvement in the stability and drivability of the vehicle with the 
addition of the tilt control system, a full vehicle simulation model including the multibody model 
has been developed to capture the dynamic characteristics of the active tilt controlled 3W 
vehicle. Along with the simulation model, a full size prototype electric vehicle with one wheel in 
front configuration and rear non-tilting module has been developed. The simulation model has 
been validated for the yaw rate and lateral acceleration response using the prototype vehicle 
under limited laboratory test conditions. 
 
A pair of hydraulic actuators is used to tilt the front tilting part of the vehicle, whereas high 
torque DC motor has been used in the steering column in order to provide counter steer action in 
accordance with the tilt angle. In order to understand 
the effect of tilt rate and frequency response of the ATC system on the vehicle in terms of 
vehicle trajectory, perceived acceleration and reduction in load transfer across the rear axle is 
considered as a significant measure in the present study. 
 
A Steering Direct Tilt Control (SDTC) approach from the literature is used for the analysis. 
Transfer Functions (TF) of the Tilt Actuation System (TAS) and Active Steer system (AS) are 
estimated from the experimental measurements on the prototype using System Identification (SI) 
approach. The SI methodology used in the research is novel in its approach which includes the 
actual behaviour of the control system derived using system identification technique for 
simulation of the tilt controlled electric 3W vehicle. This approach allows quicker analysis of 
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any modification made in the ATC or AS system on the overall vehicle response. The estimated 
TFs are then used to analyze the response of the vehicle during the Constant Turn Radius (CTR) 
manoeuvre as well as rapid steer manoeuvres like Lane Change (LC), Double Lane Change 
(DLC) and J-turn manoeuvre. The analysis is further extended to consider the effect of Road 
Bank Angle (RBA) as well as extended tilt angle limitations during the CTR manoeuvre. A 
modified SDTC methodology is proposed which includes the RBA compensation within the 
demand tilt angle calculation. 
 
The results indicate that the perceived acceleration felt by the driver is nearly 55% less than the 
lateral acceleration along with the reduction in load transfer across the rear wheels up to 17%. 
During the analysis of extended tilt angle limitations upto 40 degrees, it is observed that, the 
perceived acceleration and load transfer can be reduced up to 81% and 48% respectively in 
comparison to the existing TAS limitation. For the case of road with RBA, it is found that 
inclusion of RBA compensation in the existing SDTC strategy can improve the drive experience 
in terms of perceived acceleration and minimise the steady state tilt torque requirement. The 
speed and tilt angle dependent active steering gain curve is modified so as to maintain the 
trajectory of the active tilt controlled vehicle similar to that of the non-tilting vehicle for the same 
steering input. It is observed from the vehicle trajectory of the non-tilting 3W and 3W with 
SDTC is nearly the same for the same steering and velocity inputs. From the trajectory analysis it 
was confirmed that the novice driver would be able to adapt the ATC 3Ws without special 
training.  
 
Keywords: Tilt control system, Electric three-wheel vehicle, Transfer function  estimation, 
System identification, Multibody dynamics, Steering direct tilt control 
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Grassroots innovations hold significant potential to support the growth and development of 
national economies, particularly in emerging economies (EEs) where majority of the people 
strive for improving their livelihood. Grassroots innovators (GRI) are often wealthy in terms of 
knowledge, new ideas and innovations. However, the existence of limited literature to examine 
the nature of grassroots innovations further strengthens the need for knowledge creation in the 
domain. Hence, the ubiquitous attention and particular relevance to conceptualize grassroots 
innovations in Indian context is justified.  Innovation is linked to entrepreneurship development 
and economic growth of nations. Research on how grassroots innovation (GRI) spurs 
entrepreneurial activities is critical, yet meagerly explored and still in its infancy. Although the 
relationship between grassroots innovation and entrepreneurship development has been 
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recognized in literature, the relationship between grassroots innovation and entrepreneurial 
success was mostly extracted qualitatively. Hence, this study makes an attempt to fill the gap. 
This research emphasizes on the thought process of grassroots innovation, which has been 
viewed as important for obtaining a better understanding of the way in which it promotes 
entrepreneurship development. In this study, researchers have reviewed existing literature, 
conducted open-ended inquiries and surveyed grassroots innovators using a structured 
questionnaire to delineate the theoretical domain of the grassroots innovation construct and its 
relationship with entrepreneurial success. 
 
This study is conducted through a field survey of 400 grassroots innovators using a close ended 
questionnaire and face-to-face interviews in West Bengal, Uttar Pradesh and Gujarat states of 
India. The analysis of the empirical data is done by using SPSS 20 and AMOS software. 
Exploratory factor analysis and confirmatory factor analysis are used to investigate common 
factors that potentially explain underlying perceptions of grassroots innovators regarding 
innovation. This research explored the concept of grassroots innovation into three distinct 
factors- new learning practices, localized solutions and networking capabilities. In this thesis, the 
structural equation modeling is used to analyze the relationship between factors of grassroots 
innovation and entrepreneurial success. The results revealed that three factors of grassroots 
innovation (new learning practices, localized solution and networking capabilities) significantly 
influence the economic benefits and non-economic benefits from entrepreneurial success. This 
study also focused on the untapped opportunities of grassroots innovation and its potential to 
energize entrepreneurship at grassroots level. As entrepreneurial orientation holds the key for 
entrepreneurial success, research on how entrepreneurial orientation influences the relationship 
between grassroots innovations (GRI) and entrepreneurial success was identified as one of the 
open research questions. Hence, this study tries to address this question in the Indian context for 
the first time through empirical research in grassroots innovation area to examine the mediating 
role of entrepreneurial orientation on the relationship among the factors of grassroots innovation 
and entrepreneurial success while considering theoretical perspectives in an integrated way. The 
results indicate that entrepreneurial orientation leads to enhance economic benefits from 
entrepreneurial success, whereas the effect is greater for new learning practices and networking 
capabilities. Furthermore, the results indicate that entrepreneurial orientation leads to better non- 
economic benefits from entrepreneurial success, whereas the effect is greater for localized 
solution in grassroots context. 
 
Entrepreneurship is often mentioned as a key to national development, but the leverage points for 
triggering entrepreneurial activities are often unclear. In grassroots context, microfinance 
provision and community collaboration serve to promote entrepreneurial activity by leveraging 
financial and non-financial resources more effectively and ensuring participation from different 
community to address the needs of diverse constituencies. Hence, this research has modeled 
microfinance provision and community collaboration as moderator on the relationship between 
grassroots innovation and entrepreneurial orientation. The results revealed that microfinance 
provision and community collaboration help to promote entrepreneurial orientation of grassroots 
Innovators. However, the prime concerns of grassroots innovators are lack of understanding and 
accessibility of market information. In this regard, market orientation and use of ICT play a 
significant role to help grassroots innovators connect to sources of essential information and 
market opportunities. Hence, this study analyzed the moderating effect of market orientation and 
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use of ICT on the relationship between grassroots innovation and entrepreneurial orientation. 
The results show that market orientation and use of ICT helps to enhance economic benefits 
from entrepreneurial success. 
 
Innovation and entrepreneurship literature are enriched with the following findings of this 
research. This research mainly contributes towards (i) establishment of a distinct 
multidimensional phenomenon of grassroots innovation and validates it empirically (ii) 
advancement of grassroots innovation literature to confirm the significant influence of grassroots 
innovations on entrepreneurial success (iii) collect data from grassroots innovators in order to 
identify possible ways to enhance entrepreneurial activities at grassroots level. This research 
would help to assess the impact of grassroots innovation on entrepreneurial success at grassroots 
level. It also assists to recognize and articulate the impact of different intervening factors for 
entrepreneurship development at grassroots level. Future studies could use sample from other 
countries to examine and extend the generalizations of the findings. The entrepreneurial potential 
of grassroots innovation is seemingly huge. Future research in identifying and testing other key 
intervening variables to understand the impact of grassroots innovation on entrepreneurial 
success is needed using advanced research methods as tools and countries as context. 
 
Keywords: Grassroots Innovators, Grassroots Innovation, Entrepreneurial Success, 
Entrepreneurial Orientation, Emerging Countries 

 

 
IMPROVING AMBULANCE DEPLOYMENT AND DISPATCHING 

DECISIONS IN EMERGENCY MEDICAL SERVICES 
 

Sreekanth V K 
Supervisor: Dr. Ram Babu Roy 

Rajendra Mishra School of Engineering Entrepreneurship 
Accession No.: NB16365 

 
Emergency medical care is necessary to prevent mortality and morbidity in a particular class of 
patients who need urgent medical attention. Emergency Medical Services (EMS) is a vital 
component of emergency medical care to ensure immediate medical assistance to such patients. 
EMS provides pre-hospital care and transportation to the patients based on the urgency and 
severity of the medical situation. Usually, a patient or the bystander contact an EMS provider by 
telephone using a specified number (for example, 911, 112, 999, and 108). The service provider 
evaluates the situation and provides an appropriate medical service. 
 
The service providers need to provide quick services as it may improve the chances of survival 
of the patients. To do so, the service providers need to establish a network of service facilities 
and a mechanism to select a particular facility to serve the demand judiciously. Moreover, they 
need to decide upon which ambulance to be dispatched to a particular patient. 
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Emergency Response Services (ERS), a part of National Ambulance Services (NAS), is a project 
under National Health Mission, India. ERS, commonly known as 108 Ambulance Services, acts 
as a single contact point for emergency medical, police, and fire services. The project serves 
most of the states/union territories in India. In our study, we considered the data from 108 
Ambulance Services in Rajasthan, India. The monthly reports for more than two years are 
available on the official website of the 108 Ambulance Services, Rajasthan, India. We used the 
data from the official website to understand the demand and study the optimal deployment of 
ambulances. 
The demand for EMS in Rajasthan follows certain intriguing spatio-temporal patterns. Various 
regression and time series models were used to forecast the temporal and spatiotemporal 
demand. Further, we analyzed different ambulance deployment models using agent-based 
modeling and simulation to improve the coverage. The optimization models formulated as 
Maximal Expected Covering Location Problem (MEXCLP) provided better coverage than a 
deterministic model – Maximal Covering Location Problem (MCLP). Our study reveals that it is 
essential to use the appropriate response time threshold that balances the services to nearer and 
farther call neighborhoods. The optimal deployment of ambulances helps us to reduce the cost of 
operations as we need less number of ambulances required to serve the similar demand. 
Moreover, we have observed that we could serve the demand even if the demand goes up by 
50% with existing ambulances and base location facilities. 
 
We evaluated two dispatching policies using agent-based modeling and simulation. Our study 
shows that it may not be an effective dispatching policy to deploy the nearest ambulance always. 
The study also reveals that the dispatchers could over-respond to the calls; dispatching the 
ambulances to emergency cases where the dispatchers are unsure about the urgency. However, 
over-responding increases the cost of operations without significantly improving the services to 
real emergency patients. The study confirms that a good triage system should be in place to have 
a check on the cost. 
 
We developed a service blueprint for an EMS system. The role of the customer in value creation 
is emphasized wherein the patients collaborate with the service providers to save lives. However, 
due to the principal-agent structure of the EMS system, there are chances of moral hazard and 
adverse selection. The triage could help us in reducing the adverse selection. We need strong 
policies and transparent information system to avoid moral hazards. Adoption of the Uber model 
into the EMS system may help the service providers to utilize the capacity in a better way and 
reduce the cost in terms of time and money.  
 
EMS system plays a crucial role in improving public health systems. EMS is a reactive 
mechanism to handle the adverse situations promptly and diligently. However, we may need to 
look forward to prevent the adverse events as far as possible and improve the services to the 
persons suffering from inevitable medical requirements.  
 
Keywords: Ambulance services, service improvement, service design, agent-based modeling, 
public health. 
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The Constitution (74th Amendment) Act, 1992 brought about the concept of local self-
government in that it envisaged that functions, funds and functionaries be transferred to 
municipalities, which were designated as Urban Local Bodies (ULBs). The constitutionalization 
of the local bodies reinforces the significance of a city in ensuring quality of life for the dwellers. 
Cities are getting surged with people in a hope of better living. With rapid urbanization cities 
were expected to cope with challenges of upholding the greater concept of sustainable 
development and with this was created the need to establish ‘smart cities’ where the quality of 
life is considered a dominant factor. The ULBs are, constitutionally, assigned with clearly 
identified responsibilities such as sanitation, building, public health etc. The responsibilities 
entrusted to the local bodies could require the assistance of technology to meet the challenges of 
the cities. One such significant area of technological intervention is of green technology. 
 
The role of ULBs in technology transfer will make the mission of ‘smart cities’ more sustainable 
and workable. This research aimed to analyse and assess the municipal governance structure in 
smart cities through an assessment of the green building industry which forms an inevitable 
component of sustainable living. Laws and policies, particularly on building, on municipal 
governance of two cities are taken as a case study to understand the role of the ULBs in transfer 
of green technologies. Notably, these cities are developed as smart cities. Apart from analytical 
study of laws and policies, the empirical study has also been made to understand the role of 
ULBs. 
Interviews with municipal corporation officers and architecture consultancy firms identified 
several key deficiencies in the existing mechanism. The respondents’ overall perception revealed 
their lack of understanding on policies on green buildings and the recognition of the matter as 
requiring urgent attention. This finding calls for a better understanding of the governance 
framework of smart cities in conjunction with the concept of sustainable development and the 
need to address energy efficiency issues in the building sector. The research spells out that a 
defined role of municipality in the matter of transfer of green technology will deliver a better 
result in building smart cities. According to the findings, it is suggested that there be a channel of 
dialogue and discussion among all stakeholders so as to empower the municipalities in framing 
policies on green buildings. Finally, the study provides an assessment toolkit for the stakeholders 
and a suggestive framework that could well be used as an improvement to the existing 
mechanism. 
 
Keywords: Municipal governance, smart cities, green buildings, technology transfer 
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The digital revolution has changed the complex legacy from traditional processes to simple 
online processes. This upgradation of the traditional system to digitised system has made the life 
of individual easy and drastically changed their lifestyle. This changing livelihood leading an 
individual to vulnerable situation where his privacy is at stake. The organizations have created a 
huge business of worth billions of dollars from the individual data. Many multinationals like 
YouTube, Google Inc. and Facebook etc. are using user access pattern, public posts and their 
personal information to make huge business through business intelligence and analytics. 
Organizations are making the individuals completely dependent on their technologies and using 
the data generated by them; this is creating a vulnerable situation for the individual privacy. 
Organizations are influencing the individual in such a way that they are made to think that in 
future there will be no term like privacy and the entire world is an open community. Liberty of 
an individual is being intruded by technological interference in regards to their private life. The 
privacy of an individual’s personal data is under a constant threat by the interference when an 
individual shares information in any part of the world. Personal data protection laws are the 
subject matter of an intense global debate, triggered by the extraordinary development of 
Information Technology (IT). This debate is especially triggered by way of advancement in 
technological sector interfering in term of societal demand of regulation. The use of internet in 
modern day life style has become indispensable and use of internet is making the life on an 
individual life easy. However, it has become an easy source to collect personal information and 
easily hack the servers storing the user data. Many internet users are not properly educated on 
do’s and don’ts of the internet. This is making them vulnerable for sharing of information with a 
stranger or organization on internet without knowing facts. Personal information disclosed, 
intentionally or unintentionally, has been exploited for commercial interest and susceptible to 
misuse. As developing country, India doesn’t have specific laws on privacy and data protection. 
However, in many of its judicial pronouncement the Apex Court has sugared right to privacy as 
integral part of right to dignified life enshrined under Art 21 of Constitution of India. This 
research attempted to suggest the policy framework on privacy and data protection law for India.  
 
Keywords: Privacy, Data Protection, Technology, Constitution. 
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Over the years, the investment treaty arbitration (ITA) has emerged as the chief means to resolve 
disputes between foreign investors and the host state. One of the major reasons for this 
development is that in case of invocation of investment treaty arbitration, the recourse to 
domestic courts are almost excluded. From the investor’s perspective, domestic courts are not 
usually considered as an effective forum to settle their disputes with the host state because of the 
perceived fear of home-court bias. However, in practice, domestic courts are making 
interventions in the resolutions on numerous occasions. More particularly, the ICSID Additional 
Facility and the non-ICSID awards are subject to review by domestic courts at the time of 
enforcement of awards or claim for interim reliefs. There are also other instances in which 
judicial proceedings are pursued in parallel to investment arbitration, especially in cases of non-
ICSID proceedings.  
 
It is in this connection, this research provides a first-ever detailed study on the interactions 
between investment arbitral tribunals and domestic courts, especially in the light of Indian 
courts. In particular, it brings out the major differences between the countries following the 
International Centre for Settlement of Investment Disputes (ICSID) model of investment dispute 
resolution process and the non-ICSID model which is followed by India. This relationship is 
examined at the various stages of the arbitration such as, before the commencement of arbitration 
proceedings, during the arbitration proceedings, and after the rendering of investment treaty 
arbitration award. This study analyses the scope of investment protection under the Indian Model 
BITs, and it undertakes comprehensive analysis on features of revised Model BIT and its 
implication on future investment in India. The research also examines various grounds under 
which India may incur responsibility for non-enforcement of arbitral awards. It mainly focuses 
on India’s (host-State) liability due to undue delay in the domestic courts process vis-à-vis BIT 
standards of treatment. In the end, the study, considering both domestic judicial decisions and the 
investment arbitral decisions, is expected to contribute to the development of a better investor-
state dispute settlement process in India. 
  
Keywords: Bilateral Investment Treaties, Crossover cases, Domestic Courts, ICSID Convention, 
Indian Courts, Investment Treaty Arbitration, New York Convention & UNCITRAL Arbitration 
Rules 
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Corporate disclosure stands as an essential facet of corporate governance. In today's globalized 
world, the corporate organizational structure and their operations are moving towards 
complexities. Thus corporate disclosure has also taken on a new connotation of comprehensive 
and reliable disclosures instead of the mere release of redundant information. Adequate and 
timely information is a global concern to ensure corporate accountability. In spite of several 
regulatory efforts to converge reporting standards, the extent of corporate disclosure varies 
across corporations. Corporations' disclosure practice grown endogenously, and variations of 
disclosure practices can be due to change in incentives of disclosure. Pieces of literature on 
corporate disclosures practices have documented that corporate ownership structure influences 
disclosure practices. 
 
The present research analytically reviewed the development of corporate ownership and 
disclosure standards in India. The research empirically examines the impact of corporate 
ownership on corporate disclosure in Indian perspective. It was found that the development of 
India's corporate ownership structure featured the molding effect of government’s economic 
priorities and policies. The review of the trajectory of corporate disclosure standards in India, 
established that concentrated ownership structure is the reason for lack of standardization in 
corporate governance disclosure. The analysis of historical data contradicts the existing 
theoretical notion that promoter ownership is negatively correlated with the level of disclosure in 
developed markets. The negative correlation between institutional investors, non-institutional 
investors; and level of disclosure implicates an absence of markets in India to push for 
compliance with voluntary disclosure norms. From these findings, the research further suggested 
reforms in existing legal framework in a mandatory approach. 
 
Keywords: Dispersed, Concentrated, Institutional, Non-Institutional, Ownership, Governance, 
Disclosure, Executive, Succession, Risk, Creditors, Shareholders, Credit Rating 
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The secondary copyright infringement law comes into motion when individuals assist, encourage 
or extend material support to the primary infringers transcending the innocuous threshold. 
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During the formative years of this discipline, finding overall factual similarities between the 
instances of secondary copyright infringement and joint tortfeasance, the courts in common law 
jurisdictions unhesitatingly imported this tort law concept into the copyright law. In copyright 
context it means that a person who participates (even trivially) in a concerted action of copyright 
infringement with a common intention, he too is liable. The factual and technical facets of the 
subsequent secondary infringement disputes were complicated. As an inevitable consequence, 
this simplistic concept fell inadequate. In their quest for course correction, the courts invented 
new theories and redefined the frontiers of the old ones. Consequently, the discipline of 
secondary copyright infringement got generously nurtured and enriched by various concepts 
having distinctive nomenclature, nature, and criteria. The absence of clear statutory provisions, 
made the U.S. courts develop two theories of secondary copyright infringement, namely, 
contributory infringement and vicarious liability. In the U.K. secondary copyright infringement 
is controlled by statues and the judicial interpretation thereof. To deal with the hard cases 
involving auxiliary wrongdoers, the U.K. courts did often use the concepts of unauthorized 
authorizations of copyright infringement and joint tortfeasance. The U.S. and the U.K. secondary 
liability laws are not free from doctrinal deficiencies and boundary problems, but they 
successfully thwarted two new-age challenges. The first was the analog challenge of duplication 
devices that made copying of sound recordings and audio-visual works faster, easier and 
cheaper. The second was the most formidable challenge of peer-to-peer file sharing platforms. 
Though the challenges of physical and digital mass duplication devices were somehow put to 
rest, fresh uncomfortable open-ended questions started haunting the courts, law-makers and 
academics. A major predicament is how to exonerate or implicate the developers of dual-use 
products or software having infringing as well as non-infringing uses. Is it necessary to 
objectively quantify the infringing and non-infringing uses or mere showing of some sporadic 
non-infringing uses would absolve the product developer from secondary liability. The other 
nagging question is as to whether or not the dual-use product makers have an obligation to filter 
out infringing uses of the product. With this lens of comparative insight, the current research 
looks into to the Indian copyright regime. Issues involving secondary copyright infringement 
hardly surfaced before the Indian courts. Consequently, neither the courts got opportunities to 
develop a well-developed body of case laws nor did the lawmakers feel any urgency to frame 
bright-line secondary copyright infringement provisions. In this backdrop, suddenly India 
discovers that it has the second highest number of internet users in world. The Indian music and 
cinema Industry started complaining about huge loss due to online piracy. This research reveals 
that the Indian secondary copyright infringement provisions are archaic relic of the bygone past. 
They are utterly deficient to address the question of online piracy effectuated by complicated file 
sharing and other mass dissemination technologies. Furthermore, by adopting restrictive 
interpretation of some of the copyright provisions, the Indian courts to an extent narrowed down 
the applicability of certain common law and equitable principles that assisted the courts in other 
common law jurisdictions to navigate through the problematic terrain of secondary liability. The 
researcher feels that the current copyright law does not bar the application of the concepts of 
unauthorized authorization of copyright infringement as well as joint tortfesance. The application 
of these concepts would immensely help the Indian courts to tackle even the most difficult 
instances of secondary copyright violations. Be that it may, the researcher suggested certain 
amendments to the copyright statute with the hope that such curative measures would make the 
Indian law better prepared for the futuristic and most complicated occasions of secondary 
copyright infringements.  
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Keywords: secondary copyright infringement, peer-to-peer file sharing, unauthorized 
authorization 
 
 

TPU-PDMS BLENDS AND NANOCOMPOSITES BASED ON 
NANOHYDROXYAPATITE FOR BIOMEDICAL APPLICATIONS 

Drupitha M.P. 
Supervisors: Prof. Kinsuk Naskar and Prof. Golok B. Nando 

Rubber Technology Centre 
Accession No: NB16153 

 
The present investigation is aimed at the selection of processing technique and optimization of 
compatibilizer for TPU-PDMS blends, detailed analysis of nanocomposites with various types of 
nanohydroxyapatite (Hap) and their use in skin and bone related applications. The effect of 
processing route on physico-mechanical and thermal characteristics of compatibilized TPU-
PDMS blends prepared by melt mixing and the solution mixing technique were compared and 
solution mixed blends showed improved phase morphology, mechanical, thermal and dynamical 
mechanical properties than the melt blends. 
 
Modified Hap with different shapes have been prepared by co-precipitation methods and 
characterized using FTIR, XRD, FESEM and HRTEM techniques. The decorated Hap has been 
introduced in TPU-PDMS blend matrix by solution mixing technique. The incorporation of 
polypropylene glycol modified spherical Hap (PPG-Hap) in TPU-PDMS blend at 70:30 blend 
ratio (T70P30) promoted the nucleation effect and has shown a considerable improvement in the 
tensile strength, crystallinity and thermal stability over the neat blend. Chitosan modified Hap 
nano rods (CS-Hap) were introduced in compatibilized blend matrix (T70-P30) which enhanced 
the physico-mechanical and thermal properties of the blend. Tensile strength has been improved 
upto 140% at an optimum dosage of 5 parts of CS-Hap. Further, hybrid filler of 
nanohydroxyapatite and halloysite nanotubes (HNT-Hap) was synthesized by co-precipitation 
method. The incorporation of an optimum dosage of 3 phr of HNT-Hap shows significant 
improvement in physico-mechanical and thermal characteristics of the compatibilized TPU-
PDMS (T70-P30) blend. From DSC, it was observed that the crystallization enthalpy (ΔH) of 
TPU soft segments (TPUss) increased with nanospheres (PPG-Hap and HNT-Hap) and cold 
crystallization enthalpy of PDMS increased with nanorods (CS-Hap and HNT-Hap) in 
nanocomposites. It confirms the physical compatibility of nanospheres with TPUss and nanorods 
with PDMS chains. 
 

The scaffolds of TPU-PDMS blends and the blend nanocomposites based on PPG-Hap were 
fabricated using electrospinning technique. The morphology, porosity, surface wettability, and 
mechanical properties of electrospun scaffolds were distinctly influenced by the presence of 
PDMS. The scaffold architecture varied from electrospun fibres to porous fibres and finally 
occurrence of unique porous beads were noticed at 30% PDMS (ET70-P30) in the microstructure 
using FESEM. Micro-CT analysis revealed that the porosity of electrospun scaffolds was 
enhanced from 61% to 79% with 30 parts of PDMS addition. Moreover, MTT assay and cell 
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proliferation were studied using human skin fibroblast cells and found to be significantly 
enhanced with the PDMS. Electrospun scaffolds based on 5 parts of PPG-Hap (ET70-P30H5) 
exhibited good dispersion, which was confirmed using FESEM, Cryo-TEM and Micro-CT. 
Furthermore, MTT assay and cell proliferation were examined using human skin fibroblast cells 
and osteoblast-like cells (MG-63) and found to be extensively improved with PPG-Hap addition. 
These observations reveal the potential application of ET70-P30H5 for bone-cartilage interface 
and ET70-P30 and its nanocomposites for skin tissue engineering. 

Keywords: thermoplastic polyurethane, polydimethylsiloxane rubber, nanohydroxyapatite, 
electrospinning technique, tissue engineering. 

 

THERMOPLASTIC ELASTOMER CLAY NANO COMPOSITES BASED 
ON POLY (ETHYLENE-CO- METHYL ACRYLATE) AND POLY 

(ACRYLONITRILE-CO-BUTADIENE) RUBBER BLENDS 
 

Murugan N. 
Supervisor: Prof. Nikhil K.Singha and Prof. Golok B. Nando 

Rubber Technology Centre 
Accession No.: NB16387 

 
New thermoplastic elastomers (TPEs) comprising of poly (ethylene-co-methyl acrylate) (EMA) / 
poly (acrylonitrile-co-butadiene) rubber (NBR) have been prepared by melt blending procedure. 
Taguchi methodology with criteria based on the statistical design of experiment (DOE) was used 
to optimize the process conditions such as mixing temperature, mixing time and rotor speed for 
blends of EMA/NBR. It has been found that the optimal processing parameter for the preparation 
EMA/NBR (50:50) blends is 140°C, 80 rpm and 10 minutes. The influence of blend ratio over a 
composition range varying from 100:0 (Neat EMA) to 0:100 (Neat NBR) were studied on the 
structure property correlation of EMA/NBR blends. Rheological characteristics of various 
EMA/NBR blends have been evaluated to understand flow properties. Blends exhibited 
rheological behavior of non-Newtonian fluid. The rheology of EMA/NBR blends registered a 
good correlation in regard to the viscous vs. elastic response. The complex viscosity (η*) of the 
blends are found to be intermediate to those of individual blend constituents (EMA and NBR) 
and agree with that of the additive rule indicating partial miscibility and compatibility attributed 
to polar-polar interaction between the blend constituents. The rheological parameters have also 
been correlated with the developed morphology under different conditions. The compatibility has 
been further judged on the basis of physico-mechanical, morphology, oil swelling, dynamic 
mechanical and thermal properties of the blends throughout the composition range. Rubbery 
nature of the blend increased with increase in NBR content in the blend and blends having EMA 
60 wt% and above showed thermoplastic elastomeric behavior (tension set < 40%). Optimum 
proportion has been found to be 60:40 EMA:NBR blends. SEM study clearly shows that blends 
exhibit smooth surface finish. In addition, organic-inorganic hybrid nano-composites, with the 
objective of achieving an improved balance between stiffness and toughness, based on 
EMA/NBR blend and MMT were prepared. The compression molded samples were utilized to 
evaluate the morphology and properties like physico-mechanical, thermal, electrical and 
processing characteristics. Morphological studies showed montmorillonite (MMT) was more 
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properly dispersed in the polymer matrix and mostly located in the dispersed EMA phase. An 
appreciable improvement in the impact strength and tension set properties is observed for MMT 
nanocomposites. Addition of MMT increased the modulus moderately for all TPE  
nanocomposites. The thermogravimetric analysis revealed that thermal stability of the 
EMA/NBR blend nanocomposite was improved by addition of MMT. The mould flow analysis 
of EMA/NBR/MMT nanocomposite shows processing parameters such as weld line, air traps 
and so on that will affects the quality of the finished product. It can also effectively help to 
determine optimal process parameter settings and achieve competitive advantages of product 
quality and costs. These EMA/NBR blends can be used as potential thermoplastic elastomers 
(TPEs). They can supplant high cost rubbers in engineering applications involving both oil and 
weather resistance particularly under low temperature conditions.  
 
Keywords: poly (ethylene-co-metEyl acrylate polymer, poly (acrylonitrile-co-butadiene) rubber, 
organoclay, nanocomposites, morphology, rheology and physico-mechanical properties 
 
 
 

MECHANICAL, THERMAL AND ELECTROMAGNETIC 
INTERFERENCE SHIELDING EFFECTIVENESS OF POLY 
(ETHYLENE-CO-METHYL ACRYLATE) BASED HYBRID 

NANOCOMPOSITES 

 
Poushali Bhawal 

Supervisor: Dr. Narayan Chandra Das 
Rubber Technology Centre 

Accession No.: NB16185 
 

The present thesis comprises the dispersion and distribution of various carbonaceous fillers in 
thermoplastic elastomer and elastomeric blend matrices to unveil the structure-property 
relationship of composites for improved mechanical and thermal stability. The study is focused 
on electromagnetic interference shielding effectiveness (EMI SE) of the formed composites. To 
achieve superior EMI SE, variable amount of fillers like particulate specialty conductive carbon 
black (Vulcan XC-72), short carbon fiber (SCF), carbon nanofiber (CNF) and in-situ reduced 
graphene oxide (IRGO) have been incorporated within matrices by employing conventional melt 
blending in brabender plasticorder internal mixer. Dispersion and distribution of fillers were 
investigated in neat poly(ethylene-co-methyl acrylate) (EMA), as well as blend of poly(ethylene-
co-methyl acrylate) and carboxylated acrylonitrile butadiene rubber (XNBR) (EMA/XNBR) 
matrices. The variation of mechanical property, dynamic mechanical stability and thermal 
behaviour due to incorporation of such fillers in to the composites has been studied. Electrical 
conductivity of composite greatly depends on the formation of interconnected conductive 
network structure. Therefore, the mode of dispersion of filler in pure polymer and blend 
composites has been investigated. Blending of polymers to achieve tailor made properties for 
specific application have been widely applicable. Since the viscosity of polymer plays an 
important role to control the dispersion behaviour of fillers and formation of conductive network 
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architecture we have fabricated “Technologically compatible blend” of EMA/XNBR depending 
on their different viscosity to achieve improved DC electrical conductivity by retaining the 
properties of individual components. DC conductivity of all composites was evaluated against 
filler concentration and percolation threshold was calculated from power law equation to find out 
the formation of interconnected conductive network architecture. EMI SE of the composites has 
been studied over X-band frequency range of 8.2 – 12.4 GHz and systematic study reveals that 
interconnected conductive network attenuates harmful electromagnetic radiation by absorbing 
the incident electromagnetic waves on composites and the effectiveness is influenced by various 
factors, like, filler loading, degree of mixing, dispersion and distribution of filler through 
polymer, filler-polymer interaction as well as thickness of the sample. Detail investigation has 
been performed to study the effect of aspect ratio of fibrous filler (SCF, CNF) on the mechanical, 
thermal, electrical property and EMI SE of EMA/short carbon fiber (EMA/SCF), EMA/carbon 
nanofiber (EMA/CNF) and EMA/XNBR/CNF (EXCF) composites with increasing filler loading. 
This work demonstrates that very high temperature and shearing action converts graphene oxide 
(GO) to partially reduced graphene oxide by in-situ melt blending of GO in EMA and 
EMA/XNBR blend system by increasing the temperature of the system for the synergistic effect 
of high temperature and frictional heat produced in polymer matrices from shearing action. This 
study highlights on the reduction mechanism of GO, where effectiveness significantly depends 
on the methodologies, chemistry of polymer and processing conditions. Thorough morphological 
characterization has been performed to elucidate the dispersion of filler within matrices. This 
reveals that formation of segregated morphology by the construction of 3D conductive network 
enhances the electrical conductivity by lowering the percolation threshold to very lower extent of 
1.98 phr and results very high EMI SE with adjustable mechanical property and thermal stability. 
Systematic study reveals that fabrication of blend composites divulges an effective method to 
prepare cost-effective, robust, light weight, flexible superior EMI shielding material by lowering 
the percolation threshold to significant extent. This illustrates the improved dispersion of fillers 
either in the individual blend element or at the interfaces of constituent blend element also 
reduces the thickness of material to offer improved shielding effectiveness.  
 
Keywords: Polymer composites, Electrical conductivity, Percolation threshold, Electromagnetic 
interference, Mechanical properties, Thermal stability, Morphology, Filler loading. 

 
 

FUNCTIONAL POLYURETHANES WITH SHAPE-MEMORY AND SELF-
HEALING PROPERTIES 

 
Prasanta Kumar Behera 

Supervisor: Prof. Nikhil K. Singha 
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In today’s society the widespread application of polyurethanes (PUs) motivates to design PU 
based materials with improved properties. This study reports the preparation of new classes of 
functional PUs with ionic/furan/disulfide moieties which show interesting self-healing and 
shape-memory properties. The functional PUs were characterized using FT-IR, 1H-NMR, GPC, 
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TGA, DSC, SAXS, WAXS, AFM and FESEM analyses. Self-healing property of functional PUs 
were evaluated by tensile test, as well as by monitoring the disappearance of the crack using 
optical microscopy. Shape-memory property was evaluated using cyclic tensile test. The 
incorporation of ionic liquid crosslinker into the hard segment of PUs improved the phase 
separation and reduced the Tg, whereas the non-ionic crosslinker resulted in mixed phase 
morphology and increased Tg. PUs with ionic liquid crosslinker exhibited superior shape-
memory property than the conventional non-ionic crosslinked PU or linear PU. The ionic liquid 
moiety was also incorporated into the soft segment (polycaprolactone, PCL) and subsequently 
used in the preparation of PUs. Incorporation of ionic liquid moiety into the soft segment of PUs 
resulted in interesting self-healing property which can improve the application life of the 
material. PU functionalized with pendant furan moiety (FPU) was prepared using a novel chain 
extender and was grafted with maleimide functionalized polyhedral oligomeric silsesquioxanes 
(POSS maleimide isobutyl, POSS-M) via Diels-Alder (DA) “click” reaction. Grafting of POSS-
maleimide molecules on to the furan containing PU via DA reaction improved the surface 
hardness, hydrophobicity and self-healing properties which are important in coating application. 
Functional PU having disulfide and furfuryl moiety (DSF-PU) was prepared using a novel chain 
extender having a disulfide as well as furfuryl functionality. This resultant PU (DSF-PU) on 
crosslinked with bismaleimide (BM) via Diels-Alder (DA) ‘click’ reaction showed remarkably 
high tensile strength (~40 MPa) as well as self-healing efficiency (~97%).  
 
Keywords: polyurethane, functional polyurethane, shape-memory, self-healing, ionic liquid, 
Diels-Alder reaction, disulfide metathesis reaction. 

 
 

FUNCTIONALIZATION OF NITRILE RUBBERS WITH META- 
ENTADECENYL PHENOL: A MULTIFUNCTIONAL ADDITIVE AND A 
RENEWABLE RESOURCE FOR IMPROVED PROCESSABILITY AND 

TECHNICAL PROPERTIES 
 

Satyajit Samantarai 
Supervisor: Dr. Narayan Chandra Das and Dr. Ahindra Nag 

Rubber Technology Centre 
Accession No.: NB16250 

 
Meta-pentadecenyl phenol popularly known as cardanol is a multifunctional additive in the 
rubber. It’s phosphorylated derivative, phosphorylated cardanol prepolymer (PCP) is also a 
multifunctional additive whereas both cardanol and PCP are derived from CNSL (cashew nut 
shell liquid, a processed by-product of Anacardium Occidentale L.). In addition, the primary 
work is to graft these additives onto the NBR backbone main chain in order to functionalize the 
acrylonitrile butadiene rubber for improved processability and technical properties. Grafting of 
cardanol and its phosphorylated derivative PCP onto NBR and grafting of cardanol onto XNBR 
are carried out in the latex stage to imbibe multifunctional characteristics into these rubbers using 
BPO as a free radical initiator. Optimization of grafting parameters such as initiator 
concentration, cardanol and PCP concentration, reaction temperature and reaction time is carried  
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out using Taguchi methodology, a component of design of experiments (DOE). All parameters 
of grafting have been optimized as per maximum percentage of grafting and grafting efficiency. 
The grafting of cardanol onto NBR and XNBR as well as grafting of PCP onto NBR were  
confirmed by UV-Visible and FTIR spectroscopy, NMR spectroscopy, and GPC. The 
plasticizing effect of cardanol and PCP is reflected by a low Tg for functionalized rubbers as 
revealed from DSC and DMA findings. Functionalized NBR nanocomposites containing 
nanoclay exhibited improved thermomechanical and physico-mechanical properties as well as 
better adhesion to different substrates, improved flame and fire retardancy, and improved 
biocompatibility as well as antibacterial properties over nanoclay loaded DOP plasticized NBR 
composite. Besides these, functionalized NBR nanocomposites exhibited greater resistance to air 
and oil ageing, improved dielectric properties, higher surface energy and high cure rate over 
DOP plasticized nanoclay containing NBR composite. Functionalized XNBR exhibited a low 
glass transition temperature, high cure rate, increased LOI, enhanced bactericidal effect and 
moreover, found to be biocompatible. Conclusion and summary containing all the topics covered 
under this study are placed at the end of the Chapters. 
 
Keywords: NBR; XNBR; cardanol; PCP; functionalization; thermal stability; 
physicomechanical; LOI; antibacterial; biocompatible. 
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SEMIIPNS 
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Hydrogels are hydrophilic network of polymers having a 3D array which are insoluble but 
swellable in water. In this thesis stimuli responsive semi-interpenetrating polymer network 
(semi-IPN) hydrogels have been fabricated in order perform control release of small molecules. 
For small molecules release, model drug molecules have been chosen. Semi-IPN hydrogels are 
special class of hydrogel which composed of at least two hydrophilic polymer chains intertwined 
together where only one phase has been crosslinked. The hydrogels prepared here, are all acrylic 
acid derivative based free radically triggered gels. 
 
In the whole thesis our aim was to develop tough hydrogels with external stimuli responsiveness. 
Initially the hydrogels were pH responsive in nature. Poly (ethylene glycol) based synthesis 
semi-IPNs were discussed initially which were pH-responsive in nature. But die to lack to 
biodegradability, swelling property and mechanical properties the uncrosslinked phase has been 
altered to biodegradable natural polymers and copolymer modifications respectively. The 
hydrogels were characterised by water uptake, morphological evaluations by electron 
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microscopic techniques, Ph-reversibility, stress-strain experiments, cyclic loading-unloading test, 
cytotoxicity 
assay, and flow behaviour analysis. The studies showed that incorporation of biopolymer in 
semi-IPNs could accelerate the biodegradability of the hydrogels. Besides this, nanofiller also 
have been incorporated to enhance the dimensional strength, mechanical robustness, and 
mechanical toughness. The nanofillers used in this thesis are expanding nanoclay 
(phyllosilicates) and graphene. In situ grapheme based semi-IPNs are quite superior to 
phyllosilicates based hydrogels in terms of their mechanical toughness and rubber-like elasticity. 
Graphene based hydrogels are reversibly ductile and shows electrical conductivity. Low 
electrical percolation also has been achieved in case of graphene hydrogels which was as low as 
0.69 wt%. Electrical percolation phenomenon is mostly nurtured phenomenon of electronic 
conduction pathways in spatial connecting network among the conducting nanofillers. Graphene 
based semi-IPN hydrogel showed ~1500% elongation at break which implied superstretchability 
of hydrogels. Conducting hydrogels showed electrical pulsatile drug release behaviour and the 
drug release can be tuned by adjusting the graphene content in hydrogel matrix. 
 
Keywords: Hydrogels; Hydrophilic network; Semi-IPN; pH-reversibility; Biodegradability; 
Mechanical toughness; Conducting hydrogels. 
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Today, we stand at the edge of exploring next generation electromagnetic interference (EMI) 
shielding materials. Thus, a major challenge is to fabricate suitable EMI shielding materials by 
incorporating very lower amount of conducting filler and investigate materials’ preparation 
methods and properties in details for their practical application in technological fields. In this 
thesis work, chlorinated polyethylene (CPE) filled with different conductive nanofillers like 
carbon nanofiber (CNF), multiwalled carbon nanotube (MWCNT), ketjen carbon black (K-CB), 
hybrid nanofiller (CNF and K-CB) and blend of CPE and poly(methyl methacrylate) (PMMA) 
(CPE/PMMA) filled with K-CB were successfully prepared using simple solution mixing 
method followed by hot compression molding. The effect of dispersion and distribution of 
different conductive fillers on electrical conductivity, EMI shielding effectiveness, mechanical 
properties, dynamic mechanical stability, and thermal behavior have been investigated in order to 
understand practical implications and profound serviceability. The electrical conductivity of all 
nanocomposites was evaluated against varying concentration of different carbonaceous 
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conducting nanofillers to assess the percolation threshold of different nanocomposites. 
Morphological analysis has been performed to study the dispersion and distribution of different  
nanofiller within the polymer matrices. Controlling the conductive network architecture 
formation was the important key aspect to improve the electrical properties of nanocomposites. 
AC conductivity was also investigated in the range of 102-106 Hz whereas EMI shielding 
effectiveness was measured in X-band frequency region (8.2-12.4 GHz) for all the 
nanocomposites. It was found that the EMI shielding depends on the filler type, filler 
concentration, dispersion and distribution of filler within the composites, and thickness of the 
composites. At the optimum filler loadings, all nanocomposites exhibited significant 
improvement in mechanical properties, dynamic mechanical properties, and thermal stability. 
Compared to single nanofiller (MWCNT, K-CB, and CNF) based composites, hybrid nanofiller 
based composite showed very high electrical conductivity with low percolation threshold value, 
improved EMI shielding effectiveness, as well as robust mechanical and thermal properties 
which was attributed to the combined effect of hybrid nanofiller. Blend composites showed high 
electrical conductivity with low percolation threshold and superior EMI shielding effectiveness 
due to co-continuous morphology of blend components and double percolation phenomenon. 
Further, effect of thermal-air ageing treatment on electrical conductivity, EMI shielding 
effectiveness, and mechanical properties of nanocomposites have been investigated with an aim 
to understand the serviceable performance of the material upon whole service life. 
 
Keywords: Nanocomposite, Electrical conductivity, EMI shielding effectiveness, Mechanical 
properties, Percolation threshold, Thermal stability, Filler loading. 
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Novel thermoplastic vulcanizates (TPVs) based on Ethylene acrylic elastomer (AEM)/Polyamide 
12 (PA12) and Hydrogenated acrylonitrile butadiene rubber (HNBR)/Polyamide 12 (PA12) at 
different blend ratios were prepared via melt blending technique. The blends have been prepared 
via dynamic vulcanization at 185 °C using di-(2-tert-butyl peroxy isopropyl) benzene (DTBPIB) 
peroxide as the cross-linking agent by phase mixing method. This dynamically vulcanized blends 
(with 4 phr peroxide) show improved mechanical, thermal, oil resistance properties along with 
very good recyclability. The effect of three various acrylonitrile content in HNBR/PA12 on the 
performance properties of the thermoplastic vulcanizates (TPVs) were studied in detail. Highest 
acrylonitrile contents showed the dispersed phase morphology of cross-linked rubber particles as 
observed from AFM phase image for all the TPVs. H-43 TPV (containing 43% ACN content) 
amongst all TPVs shows better physico-mechanical properties, dynamic mechanical behaviour 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 364 

 

and good thermal stability. The HNBR/PA12 blends were also irradiated by using a 2.5 MeV 
electron beam accelerating energy over a dose range from 25kGy to 100kGy for technological 
application. Modification of the blends via irradiation causes remarkable improvement in tensile 
properties, thermal stability as well as oil resistance and optimum performance was obtained at 
75 KGy radiation dose. Hydrogenated acrylonitrile butadiene rubber/Polyamide 12/layered 
double hydroxide (HNBR/PA12/LDH) nanocomposite have been prepared with varying LDH 
content via melt mixing technique. The nanocomposites show significant improvement in tensile 
strength LDFB3 containing 3 wt% LDH showed the optimum improvement in tensile properties 
as compared to the unfilled blend which can be ascribed to the partial exfoliation of LDH layers 
as seen from TEM analysis. LDH positively affects the flame retardance characteristics with a 
steady increase in limiting oxygen index (LOI) value due to the formation of water vapor and 
metal oxide char residue that hinder the burning process by reducing the oxygen supply to the 
bulk phase. These TPVs are designed to find potential application in automotive sector especially 
for under-hood-application, where high temperature resistance as well as high oil resistance is 
our prime importance.  
 
Keywords: Ethylene acrylic elastomer, Hydrogenated acrylonitrile butadiene rubber, Polyamide 
12, electron beam irradiation, dynamic vulcanization, heat and oil resistance. 
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Acrylic rubber is a special class of saturated polar rubbers with excellent resistance towards 

swelling in hydraulic oils, engine oils and transmission fluids. The current challenge is to improve 
the heat resistance and mechanical strength of the elastomer further in view of the stringent 
application requirements. This can be achieved by first studying the degradation behavior of the 
pristine elastomer followed by suitable modification of the elastomer. A series of Reactive Force 
Field (ReaxFF) molecular dynamics simulation was performed on polyacrylicester (ACM) 
terpolymer to understand its thermal decomposition characteristics. Evolution mechanisms of 
dominant products (alkyls and alkenes) were explored in details based on the simulation approach. 
The fracture of ester linkage is the typical initiation step for the formation of alkyl radicals. The 

pathway for yielding alkenes mainly consists of the β- hydrogen elimination from the side chain ester 
groups. The findings were further verified with the experimental results from thermogravimetric 
analysis coupled with Fourier transform infrared spectroscopy (TGA-FTIR) and simultaneous 
thermal analyzer coupled with gas chromatography and mass spectroscopy (STA-GC-MS). Having 
been motivated by the quest to develop an elastomer with enhanced thermal as well as mechanical 
properties for the application at extreme environmental conditions, ACM based nanocomposites with 
nanosilica, modified nanoclay and graphene oxide were prepared by solution casting method and its 
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thermal, as well as mechanical properties, were investigated. Incorporation of nanofillers enhanced 
thermal, dynamic mechanical and mechanical properties of ACM. The service life was also improved 
with the presence of nanofillers. Apart from the experimental analysis a series of reactive force field 
molecular dynamics simulation was performed on the polyacrylicester model chains ACM10 in 
presence of model silica and model graphene oxide. The initial decomposition temperature and the 
final degradation temperature were increased while the rate of degradation of ACM10 decreased with 
the introduction of model silica and 
graphene oxide molecules. The activation energy of degradation for ACM calculated from the 
reactive simulation was also consistent with the results obtained from the non-isothermal 
thermogravimetric analysis. Furthermore, optimization of the compounding formulation for the 
vulcanized compounds was carried out with the help of Taguchi method. Different dianiline curatives 
were used in the optimized formulation for the improvement of heat resistance and mechanical 
properties of the vulcanizates. Finally, different levels of nanosilica were used in the optimized 
formulation to enhance the thermal stability and mechanical properties further. Time-temperature 
superposition (T-TS) principal was utilized to evaluate the activation energy for degradation of the 
cross-linked samples. This current study would help in understanding and improving the thermal 
stability as well as mechanical strength of various elastomers in industrial applications. 
 
Keywords: Degradation, Polyacrylicester elastomer, Thermal stability, Reactive molecular dynamics 
simulation, Dianiline curative 
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Microbial communities within the deep Earth crust play critical role in major biogeochemical 
activities of this planet. It is of great importance in understanding the biosphere within large 
igneous provinces having limited nutrient resources. The present study aims to explore the 
microbial diversity and function within the deep terrestrial crystalline basaltic and granitic 
horizons and aquifer therein of the Koyna–Warna region known for Reservoir Triggered 
Seismicity. Core samples, collected from granitic, basaltic and transition zones at different 
depths (60–1490 m) were used for detailed geo-microbiological investigation. Presence of 
different prerequisites of life such as water, nutrients and amicable environment within the 
extreme and oligotrophic igneous provinces of deep subsurface Deccan traps was studied 
through different geochemical analysis. Geochemical data of the rock samples revealed low 
organic carbon content (4–48 mg/kg) and characteristic mafic-felsic minerals containing high 
silica and iron. Exploration of bacterial and archaeal diversity through deep sequencing of 
bacterial V4 and archaeal V4-V5 region of 16S rRNA gene was conducted. Bacterial 
communities were mainly dominated by Alpha-, Beta-, Gamma- Proteobacteria, Actinobacteria 
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and Firmicutes. Archaeal communities in basaltic horizon were dominated by acidiphilic 
Thermoplasmatales members Thermoplasmata and Ferroplasma, hydrogenotrophic methanogen 
Methanobacterium along with Sulfolobaceae and Halobacteriaceae. Acetoclastic methanogen 
Methansarcinales and South African Gold mine crenarchaeotic group 1 (SAGMCG-1) were 
found to be the abundant archaeal taxa in organic carbon lean granitic samples. Microbial 
community composition was found to be governed by various geochemical characteristics 
specific to different rock horizons. Shotgun metagenome sequencing displayed that fermentation, 
denitrification, ammonification (assimilation and respiration) and sulphur oxidation are the major 
fuelling reactions in the subsurface ecosystem which links the carbon, nitrogen and sulphur 
cycles. Microbial community structure of surface and sub-surface (up to 1027 mbs) water from 
Deccan Traps was explored through sequencing of V4 region of 16S rRNA gene. Distinct 
difference in microbial community of surface and subsurface water was observed. 
Comamonadaceae and Moraxellaceae families were more abundant in groundwater samples 
whereas Sporichthyaceae and Planctomycetaceae members represented the major populations of 
surface water. Comparative analysis among microbial diversity and community function across 
different subsurface provinces (subterranean rock and water samples) revealed distinct  
partitioning of microbial population. Microbial community response under pressure stress (25 
and 50 MPa) was studied using basaltic water. A prominent shift in community structure was 
observed under different pressure and nutrient conditions which indicated presence of 
piezotolerant and piezophilic bacterial populations in the Deccan groundwater. Genomic 
inventories of different piezotolerant strains were assessed to understand the possible genomic 
repertoire responsible for pressure adaptation and tolerance. Overall results suggest that deep, 
aphotic oligotrophic Deccan subsurface at Koyna-Warna region is not only habitable for life but 
also supports and sustains diverse microbial community partitioned by horizon specific ambient 
milieu which have adapted/evolved under different extreme stresses.    
          
Keywords: Deep Life, Koyna-Warna region, Geochemistry, Amplicon sequencing, Shotgun 
metagenome sequencing, Biogeochemical cycles, Pressure adaptation. 
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Accession No: NB16132 
 

Giant multinucleated cells (MNCs) are mostly reported to be formed under cytotoxic stress, 
producing either daughter mono-nucleated cells or die via mitotic-catastrophe. Although there is 
a strong correlation between multinucleated cells (MNCs) and cancer chemo-resistance in 
variety of cancers, our understanding of how multinucleated cells modulate the tumor micro-
environment is limited. We find that MNCs are prevalent in aggressive chemo-resistant cells and 
tissues. Our study unfolded a unique mode of cellular adaptation in chemo-resistant breast cancer 
MNCs wherein they did not divide or die but displayed release of clustered nuclear bodies with 
distinct changes in morphology. These senescent polyploid cells (containing 5-40 nuclei) were 
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characterized by high ROS production and were stressed with increased acidic vesicles. On 
further characterization, they were found to display stem cell like properties with low metastatic 
potential and aberrant expression of regulatory cell-cycle proteins. Interestingly, the conditioned 
medium from MNCs exhibited significant transforming ability. It helped induce chemoresistance 
in non-resistant breast cancer cells with marked morphological changes. On the other hand, it 
also helped down-regulate proliferation, migration and metastasis of cancer cells. 
 
We show that oxidatively stressed MNCs induce chemo-resistance in vitro and in vivo by 
secreting VEGF and MIF. These factors act through the RAS/MAPK pathway to induce chemo-
resistance by up-regulating anti-apoptotic proteins. In MNCs, elevated reactive oxygen species 
(ROS) stabilizes HIF-1α contributing to increase production of VEGF and MIF. Together the 
data indicate, that the ROS-HIF-1α signaling axis is very crucial in regulation of chemo-
resistance by MNCs. 
 
Chemo-resistant MNCs are thus speculated, to induce chemo-resistance and therefore might have 
a major role to play in failure of chemotherapeutic treatment and disease recurrence. Targeting 
ROS-HIF-1α in future may help to abrogate drug-resistance in breast cancer. 
 
Keywords: Multi-nucleated cells, Chemo-resistance, Breast Cancer, ROS, VEGF, MIF 
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The loss of tissue/organ functions as a result of injury, trauma, aging, and diseases are the 
primary concern in healthcare. However, the currently available clinical treatment procedures are 
not able to restore the functions of the tissue/organs. The author aims to develop a functional 
construct using a combinatorial approach involving biomaterials and primary/stem cells for 
restoring or replacing the damaged organ/tissue. In this endeavor, the placental derived 
extracellular matrix has been used throughout the study for fabricating different composite 
bioactive grafts for bone and skin tissue engineering. Owing to the presence of various 
cytokines/growth factors in the placental derived extracellular matrix, it could potentially 
accelerate the regeneration process of the damaged tissue.  
 

Osteochondral defect sites experience high strain, and when scaffolds lacking strain 
reversibility property are used for osteochondral tissue regeneration, they would have permanent 
deformation. The present study describes a method for fabricating placental derived extracellular 
matrix sponge (PEMS) by the process of decellularization. The PEMS with its intrinsic 
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cytokines/growth factors along with its ability to withstand alternate strain and relaxation 
combined  

with amniotic membrane-derived stem cells (HAMSCs) when implanted in the 
osteochondral defects demonstrated superior tissue regeneration compared to the empty defects. 
Composites fabricated by combining placental derived extracellular matrix, and silk fibroin 
exhibited enhanced mechanical properties and supported the proliferation/differentiation of 
HAMSCs into osteogenic lineage in vitro. Further, the composites facilitated enhanced bone 
regeneration in a critical bone defect rabbit model. 

 
The composites fabricated from placental derived extracellular matrix, and silk fibroins 

were also explored for skin tissue engineering. The composites when cultivated with primary 
fibroblast/keratinocyte demonstrated good cytocompatibility in vitro. The composites did not 
trigger the host inflammatory/immune response when implanted subcutaneously in a rabbit 
model. The composites also facilitated rapid wound closure/epithelization of critical full-
thickness defects in rat model owing to increased neovascularisation, accelerated 
fibroblast/keratinocytes migration, and enhanced collagen synthesis. Another class of composite 
nanofibers was fabricated by blending placental derived extracellular matrix with 
polycaprolactone. The composite nanofiber mats were proposed for wound dressing application. 
The composite nanofiber mats firmly adhered to the wound bed and thus provided shielding to 
the wound bed from the external environment. The composite nanofiber mats demonstrated 
enhanced angiogenesis ex vivo owing to the growth factors/cytokines embedded in it. Further, 
the composite nanofiber mats proved to be a suitable matrix for in vitro and in vivo skin tissue 
engineering. 

  
Keywords: Placental Extracellular Matrix; Skeletal Tissue Regeneration; Full-Thickness Wound 
Healing; In Vivo Studies. 
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CARE UNITS 

 
Arunava Biswas 
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The evidence is now incontrovertible that healthcare is not as safe as it is presumed. Medical 
errors harm patients worldwide, the majority of which occur in low and middle income countries. 
Hospitalized neonates are at higher risk of harm from medical errors than adults due to their 
physiological limitations, immature immune systems, inability to communicate with caregivers, 
and the complexity of drug dosage calculations. Available patient safety solutions for high 
income countries are often not feasible in low resource neonatal care settings.  
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The origin of medical errors in neonatal care settings are multiple and complex. 
Standardization of medical procedures and removal of system fragility can minimize errors and 
improve patient safety. In this thesis, we focused on quality improvement in processes of patient 
handover, hand hygiene, hospital linen management, neonatal apnea detection, and feed-fluid 
calculation.  
 

This thesis reports five research projects done in resource limited neonatal care settings. 
The first project was generating patient handover documents from electronic health records for 
doctors, containing all relevant medical information to prevent communication failure during 
doctors’ duty handover in the Neonatal Intensive Care Unit (NICU). The second project was 
measuring healthcare providers’ compliance to hand hygiene protocols, and developing a 
conceptual framework to increase hand hygiene compliance, in a NICU. The Third project was 
implementing colour batching of hospital bed linens in a Special Newborn Care Unit, and 
measuring its impact on linen change compliance, and nosocomial infections. The fourth project 
was automated detection of neonatal apnea from contact-less video monitoring, by a novel 
method. The fifth project was developing an android application for neonatal feed and fluid 
calculation, with integrated safety features.  
 

Overall this dissertation adds to our knowledge of how patient safety culture can be 
improved using a systems approach. We reported five strategies of quality improvement in low 
resource neonatal care, using principles and methods of ergonomics. Future research needs to 
assess the impact of such strategies. On patient outcomes in more detail, while continuing to 
develop more solutions for ensuring patient safety in neonatal care. 

 

 
PRO-SURVIVAL AUTOPHAGY REGULATES BREAST CANCER 

CHEMORESISTANCE 
 

Chandan Kanta Das 
Supervisor: Prof. Mahitosh Mandal 

School of Medical Science and Technology 
Accession No.: NB16424 

 
Breast cancer therapy resistance is one of the major challenges for breast cancer treatment. 
Recently, autophagy has gained a lot of attention for cancer cell survival restricting the triumph 
of many anti-cancer therapies. Autophagy is an evolutionary conserved catabolic process that is 
induced in response to various cellular stress conditions. With this context in this piece of work, 
we investigated the potential role of autophagy in various established chemoresistant breast 
cancer cellular models and unraveled the underlying molecular mechanisms of autophagy 
involved in the regulation of breast cancer chemoresistance. To this end, we found pro-survival 
autophagy was induced in our established chemoresistant breast cancer cellular models. In our 
first objective, we observed the anti-apoptotic HSP70 co-chaperone, BAG3 was overexpressed 
along with the induction of cytoprotective autophagy in most of the chemoresistant triple 
negative breast cancer cells. Further, inhibition of BAG3 attenuated the cytoprotective 
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autophagy, cell adhesion, invasion, migration and reversing the EMT like phenomena, followed 
by restoration of the drug induced apoptosis. In our second objective, we found the marked up-
regulation of glycolysis in the tamoxifen resistant breast cancer cells with the overexpression of 
the glycolytic protein, LDHA. Further, LDHA worked in a symbiotic manner for the induction of 
pro-survival autophagy in the tamoxifen resistant breast cancer cells in order to meet the short 
term energy demand of the highly glycolytic tamoxifen resistant breast cancer cells. 
Mechanistically, LDHA induced pro-survival autophagy by interacting with Beclin-1 in the 
tamoxifen resistant breast cancer cells. Moreover, inhibition of LDHA attenuated pro-survival 
autophagy, EMT like phenomena and restored the sensitivity of tamoxifen in the tamoxifen 
resistant breast cancer cells. Finally, we also observed the involvement of mitophagy, the 
selective form of mitochondrial autophagy in the 5-FU resistant breast cancer cells for the 
selective degradation of the damaged mitochondria. Moreover, we confirmed the induced 
mitophagy behaved in a cytoprotective manner in the 5-FU resistant breast cancer cells to 
alleviate extra oxidative stress generated due to the dysfunctional mitochondria, underscoring the 
involvement of ROS/parkin mediated signaling axis. Thus, our study may open new avenues for 
the treatment of the established therapy resistant breast cancer by targeting pro-survival 
autophagy. 
  
Keywords: Breast cancer, Chemoresistance, Tamoxifen resistance, 5-FU resistance, Autophagy, 
BAG3, LDHA, Beclin-1, EMT, Mitophagy, ROS, Parkin 

 

 
IMPLICATIONS OF MIGRATION RELATED STRESS WITH ITS 

ASSOCIATED DISEASES AND MANAGEMENT STRATEGIES 
EMPHASIZING SIKKIMESE POPULACE 

Harpreet Singh Pawar 
Supervisor: Dr. Analava Mitra 

School of Medical Science & Technology 
Accession No: NB16134 

 
Rural urban divide in increasing due to unsuccessful planning-implementation by administrators 
causing significant rural migration in different parts of India, as a consequence to poverty, 
unemployment, infrastructural lacuna with attitudinal changes. To obtain a total picture a sample 
profile from each zone namely Narsinghpur (Cuttack, Orissa, Eastern India) Kamrej (Surat, 
Gujarat, Western India), Malerkotla (Sangrur, Punjab, Northern India), Amaravathi (Guntur, 
Andhra Pradesh, Southern India) and Pakyong (Gangtok, East Sikkim, North East India) 
revealed increased migrational stress, as being evident through their biochemical and 
psychosocial profile in comparison to rural populace. This leads to increased prevalence of 
metabolic disorders. Stress related imbalance in hypothalamic- pituitary axis may further 
complicate life style disorders. Of all the groups we concentrated on the migrant group of Sikkim 
as ANOVA showed maximum response in that group. Brisk walking experimentation done at 
6km/hr/day helped in reduction of stress.. We found that a high prevalence of anxiety disorders 
(AN) and hypertension (HTN) in Sikkim and on close inspection of hospital records, a 
comparatively higher prevalence of osteoarthritis (OA) there ( >60 yr). People above 60 yr had 
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already relocated themselves overcoming the migrational stress and thus giving a hint to what 
may happen as an after-effect of migrational stress. Based on initial higher prevalence of AN, 
HTN and OA in above 60 populace at Sikkim, we made a detailed study to indicate the exact 
prevalence. Our study revealed prevalence of AN 17.22%, HTN15%, and knee joint OA 13.33% 
in aged Sikkimese populace. This study also indicated increased arterial stiffness in Sikkimese 
populace compared with migrants from plain land of India residing in Sikkim for years. Well 
developed and well accepted traditional therapies and management modalities in Sikkim showed 
acceptable effectiveness of garlic extract tablet in HTN, fresh ginger in OA and transcendental 
meditation (TM) in AN in comparison to existing globally practised evidence based therapies. 
OA being difficult to cure and requires daily oral therapy of oxaceprol (the standard drug being 
used), we explored alternate route of administration through intra-articular injection in rabbit 
model following experimental protocol with promising result for further research. 
 
 
BIO-INSPIRED HONEY-SILK FIBROIN MATRICES FOR SOFT TISSUE 

ENGINEERING 
 

Monika Rajput 
Supervisor: Prof. Jyotirmoy Chatterjee and Prof. (Dr.) Ranjan Rashmi Paul 

School of Medical Science and Technology 
Accession No.: NB16215 

 
Selection of novel biomaterial blends for developing unique bio-inspired scaffold for soft tissue 
engineering practices and in providing patches for scarless wound repair and cancer research is 
demanding. Adoption of soft lithography and lyophilization to fabricate desired bio-matrix with 
honey-silk fibroin blend may extend smart synergism of biophysical and biochemical cues for 
cell-cell/matrix interaction in varied wound beds. Present study develops nanopatterned, 
micropillared and 3D porous honey/silk-fibroin matrices using soft lithography and 
lyophilization, and physico-chemically characterizes matrices for surface architecture, 
mechanical strength, and biodegradability. Nanopatterned matrices examined for cell-matrix 
interaction, and on micropillar substrates ultrastructural, molecular and nanomechanical behavior 
of normal and pre-cancer associated primary oral fibroblast and cancer epithelial cells were 
studied. Matrices further tested for mesenchymal stem cell’s biocompatibility and impact on 
cutaneous wound healing in normal and diabetic murine models. Again 3D porous scaffold 
tested as a dermal substitute in vivo. Nano-patterned matrices with 2% honey showed better 
fibroblast-matrix interaction which was further amplified in micropillared ambience. Micro-
pillared matrix with aspect ratio (~8μm) and elastic modulus (~70Mpa) favored proliferation of 
normal fibroblast and epithelial cells but inhibited primary pre-cancer fibroblasts and cancer 
epithelial cells as evident by morphology, gene expressions, apoptosis, cytoskeleton 
rearrangement and nanomechanical features. Matrices also favored stem cells growth and 
augmented healing of normal and diabetic wounds, supported through ultrastructural and 
nanomechanical profiling of tissue collagen. 3D scaffolds accelerated infiltration of cells in vitro 
and in vivo, which led to faster re-epithelialization and matrix remodeling as evidenced by 
expressions of p63, ck10, MMP9 and collagen expressions. This dissertation thus successfully 
developed honey-silk fibroin matrices having potential to favor normal cells including stem cells 



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 372 

 

and scarless wound healing with inhibitory impact on pre-cancer and cancer cells. Hence, it 
paved the path in developing smarter bio-matrix with tunable textural, mechanical and 
compositional attributes for regenerative medicine and cancer tissue engineering application.  
 
Keywords: Soft tissue engineering, honey- silk fibroin blends, soft-lithography, biophysical and 
biochemical cues, cancer inhibition and wound healing, cell-matrix interaction, dermal 
substitute. 
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Breast cancer (BC) is the second most common carcinoma among women worldwide. This 
cancer is not only affecting women but sometimes men also get affected. In diagnostics, 
pathologists collect a small quantity of tissue components from the suspicious region(s) of the 
breast by biopsy or through aspiration. Next, the obtained tissue components are further 
processed for cyto-/immuno-/histological processing and interpretation by an experienced 
pathologist. Visual inspection of microscopic images of cytology or tissue slides by experienced 
pathologists involves subjectivity and intra-observer variability even that leads to the error-prone 
decision. The scarcity of real expert pathologists in rural as well as in urban area-based 
hospitals/clinics is well known. To improve diagnostic accuracy in the cyto-/immuno-
/histological slide/image evaluation, there is an urgent need for semi/fully automated computer-
assisted tools for diagnosis and prognosis of cancer. 
This thesis focuses on the computer-assisted BC detection and grade evaluation using imprint 
cytology (IC), histopathology and immunohistology (IHC) images. We developed an efficient 
algorithm for overlapped and non-overlapped nuclei segmentation using Lagrange’s 
interpolation and superpixels, followed by classification into healthy and malignant cases using 
breast IC images. The proposed algorithm achieved 98% segmentation and 99% classification 
accuracies respectively. For mitosis and non-mitosis detection and classification, a deep learning 
framework comprising of handcrafted features was proposed using breast histopathology images. 
This methodology achieved 92.95% precision, 87.93% recall and 90.37% F-score. For mucinous 
region segmentation, Fuzzy C-means with Gap statistic based algorithm was developed here. Our 
proposed algorithm showed 97.74% segmentation accuracy, 82.85% correlation coefficient, and 
74.29% dice coefficient leading to BC screening using IC images. 
A deep learning framework consisting of decision layer was proposed for hotspots 
(immunopositive and immunonegative nuclei) detection and proliferation rate scoring using Ki-
67 stained breast IHC images. The proposed methodology achieved 98.52% precision and 
98.45% classification accuracy. A deep learning framework (HscoreNet) consisting of an  
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encoder, decoder, and scoring layer was proposed for automated scoring of estrogen receptor 
(ER) and progesterone receptor(PR) using ER and PR stained breast IHC images. This 
methodology achieved 95.87% precision, 95.64% recall and 96.49% Fscore. A deep framework 
(Her2Net) consisting of convolution and deconvolution parts was proposed for semantic 
segmentation and classification of the cell membrane and nuclei followed by computation of 
HER2 scoring using HER2 stained breast IHC images. This methodology uses additional 
trapezoidal long short-term memory. The proposed methodology achieved 96.64% precision, 
96.79% recall, and 98.33% classification accuracy. The proposed methodologies showed better 
performance in comparison with the state-of-art. The research carried out in this thesis yields 
scope for extension and application of the ideas in the field of IC, histopathology and IHC image 
analysis for BC grading/evaluation. 
 
Keywords: Breast cancer, imprint cytology, histopathology, immunohistology, digital 
pathology, molecular markers, mitosis, deep learning, estrogen, progesterone, human epidermal 
growth factor receptor-2, performance evaluation. 
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Titanium alloys are widely used in load-bearing implant applications for their adequate 
mechanical properties, low modulus, high corrosion resistance and biocompatibility. However, 
successfully fabrication of these implants through conventional techniques such as melt casting 
followed by machining, rolling, forging and wire drawing are depended on high end equipment 
owing to their chemical reactivity and low thermal conductivity property.  
 
In this context, a simple net shape forming process, namely, plastic dough process (PDP) is 
described for fabrication of Ti6Al4V components via powder processing. An optimized dough 
composition was formulated through rheological studies to construct dense Ti6Al4V green 
compacts followed by sintering at 1400 oC under argon gas atmosphere. Flexural strength of 
sintered Ti6Al4V was measured to be 622.7 ± 5.8 MPa with Weibull modulus of 6.3 revealing 
process viability for load bearing implant applications. Rietveld analysis confirmed the presence 
of β phase in sintered samples. From the shrinkage analysis, the linear shrinkage associated with 
sintering was ~ 15 % and isotropic in nature. 
  
Dental root and spinal plate were successfully fabricated though net shape forming of Ti6Al4V 
via green machining. The machined sintered surface had smooth appearance with no visual 
surface defects as compared to unmachined one. The flexural strength of machined Ti6Al4V was 
measured to be 774.35 ± 76.22 MPa with improved Weibull modulus of 27.7. Additionally, the 
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sintered machined Ti6Al4V had similar ~ 15 % isotropic shrinkage. Thus, the proposed net 
shape forming was viable towards developing Ti6Al4V implants.  
 
Nano/micro topographies directly interact with cells to modulate the adhesion, migration, 
proliferation, differentiation, and consequent bone formation. Therefore, physical and chemical 
cues were developed on dense Ti6Al4V through embossing followed by calcium hydroxide and 
sodium tripolyphosphate solutions based hydrothermal treatment to develop nanostructure, 
generating a nano/micro topographical hierarchy. The hydrothermally treated samples supported 
stem cell attachment, migration, and proliferation significantly higher as compared to untreated 
ones.  
 
Implant failure analysis has indicated high rate of failures at the interfacial regions due to poor 
tissue integration of implants and osteolysis associated with modulus mismatch. To address this 
issue, this study further emphasizes on improving interfacial bonding through incorporation of 
highly interconnected porosity in Ti6Al4V scaffold. The low viscous dough was extruded to 
develop porous Ti6Al4V scaffold with pore size ~ 500 μm and total porosity ~ 58%, under 
ambient environmental condition. Further, the compressive strength and elastic modulus values 
of the developed scaffold were comparable to cancellous bone mechanical properties. In vitro 
studies using human mesenchymal stem cells proved cytocompatibility of the scaffolds along 
with significant bone in-growth as well as on-growth in vivo evidenced by micro-CT. Overall, 
the proposed PDP process is simple, user friendly and easy alternative over existing conventional 
techniques towards development of Ti6Al4V implants with improved interfacial bonding. 

Keywords: Ti6Al4V, Plastic Dough Process, Green machining, Weibull modulus, 3D printing, 
nano/micro hierarchy 
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Molecular communication (MC) has emerged as a new domain of communication and 
networking that operates at nanoscopic to macroscopic scale. MC uses molecules to encode, 
transmit and receive data. This model is inspired by biology, where cells employ MC to establish 
both intra-cellular and inter-cellular information links. With current research focus to 
interconnect the molecular communication environment with external environment, it is 
imperative to design external devices working on molecular communication schemes to be 
interfaced with in-vivo molecular network. However, diffusion based MC suffers from various 
limitations related to range of communication, synchronization between transmitter (Tx ) and 
receiver (Rx ), and low information rate arise in a diffusion based system due to uncertainty in 
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propagation and type of channels which are mostly concentration based or timing based. These 
issues are addressed by novel Dielectrophoresis (DEP)-based relay model proposed in this thesis. 

In first work, we model Tx and channel that can be interfaced with Labon- Chip (LOC). 
The Tx is modeled by a DEP based three electrode sorting device, which sorts at least two 
information molecules from heterogeneous population. After segregation, information molecules 
are stored separately can be released into the channel with predefined sequence. The microfluidic 
channel is embedded with interdigitated electrode pairs, along the length of microfluidic channel, 
which are energized by the asymmetric potential capable of transporting molecules released by 
Tx in the same order, in which they are released from Tx . 

To avoid synchronization between Tx and Rx, it becomes imperative to use in-sequence 
delivery of molecules. However, due to uncertainty in propagation they may not arrive in-
sequence. To overcome this limitation, DEP planar electrodes are modeled as relays used in 
telecommunications. We describe the theoretical system model and analyze the effect of 
introducing DEP relays in diffusive channel in terms of probability of in-sequence delivery of 
molecules. Then we derive the minimum distinguishable distance required between two 
molecules for maintaining the sequence at Rx and for avoiding Inter symbol interference (ISI). 
Further, using these probabilities and minimum distinguishable distance we derive the expression 
for information rate for the molecular communication system assisted with DEP based relays. 

In the last part of our work, we characterize DEP relay assisted MC system using 
analogue transmission line. The transmission line technique is used to evaluate the reflection and 
transmission coefficient, which are used to determine signal strength at any node. The 
concentration signal in diffusive channel is subjected to frequency dependent attenuation. In 
order to show the attenuation in concentration signal in diffusive channel, we analytically derive 
the concentration profile of information molecule in microfluidic channel subjected to frequency 
based attenuation without DEP phenomena. To study the frequency response of information 
molecules diffusing between two consecutive electrodes towards Rx we derive the transfer 
function of inter relay segment of DEP relay assisted MC system using transmission line 
parameters. 
 
Keywords: Molecular Communication, In-Sequence delivery, Information rate, Channel 
Capacity, Transmission line, Dielectrophoresis, Relays, Lab-on-Chip (LOC), Attenuation. 
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Polycystic ovary syndrome (PCOS) is one of the most common metabolic and endocrinological 
disorders in women. PCOS is the major reason behind anovulation related infertility and is 
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clinically characterized by menstrual disorder, chronic amenorrhea, hormonal imbalance and 
polycystic ovaries. Several phenotypes of the disease exist along withmultiple diagnostic criteria 
thus making diagnosis of PCOS challenging. Presently, there is no definite molecular marker of 
the disease and therefore the need for accurate diagnostic marker(s) is well recognized. 
 
The first part of the study involves identification of altered serum proteins in PCOS when 
compared with controls. Both discovery and validation phase analysis indicated that vitamin D-
binding protein, complement component 3, Ig mu chain C region, and Ig gamma-1 chain C 
region hold promise as effective serum protein markers for diagnosis of the disease. 
 
The second part of the study explores and validates serum metabolic alterations in PCOS patients 
using proton nuclear magnetic resonance spectroscopy (1H NMR). Significant dysregulation of 
several amino acids including alanine, leucine, histidine, valine, glutamate, L-glutamine, 
threonine and proline and energy metabolites viz. lactate, glucose, acetate and 3-hydroxybutyric 
acid were observed. Amongst these, lactate, threonine, proline, acetate and alanine appear to 
have highly significant diagnostic potential. 
 
The third part of the study involves liquid chromatography mass spectrometry (LC-MS/MS) 
based targeted and gas chromatography (GC-MS) based untargeted metabolomics approach to 
identify altered serum metabolic profile in PCOS. A large panel of metabolite markers including 
riboflavin, sucrose, adenine, N-acetyl glycine, thymine, cystathionine, phosphoric acid, cortisol, 
and phenylalanine were found to be most significantly altered in these women. These metabolites 
also hold potential as serum metabolic markers of the disease. 
 
Next, 1H NMR was used to discover lipid biomarkers characteristic for PCOS. Altered lipid 
metabolism majorly characterized by alterations in a number of phospholipid moieties further 
motivated us to investigate phospholipid specific changes in PCOS using LC-MS/MS. Twelve 
most significantly altered phospholipid moieties were identified from the four phospholipid 
classes. Amongst these lipid moieties, PC 38:1, PC 38:2, PC 44:12, SM 42:1, and SM 42:2 were 
found to have the highest diagnostic capability as markers of PCOS in addition to the lipids 
identified using NMR. 
 
Interestingly, when all the identified markers were used together, sensitivity and specificity of 
the panel increased to 84% and 100%, respectively. During significant feature selection, 
phenylalanine, cystathionine, SM 42:2, SM 42:1, thymine, PC 38:1, PC 44:12, and PC 38:2 were 
found to be the most promising set of markers for PCOS. It is envisioned that these identified 
markers can be put to clinical use and is a step towards future development of robust bio-assays 
for diagnosis of PCOS. 
 
Keywords: Polycystic ovary syndrome; biomarker(s); proteomics; metabolomics; lipidomics 
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Glioblastoma (GBM), a faction of tumors arising from neural stem cells, glial progenitors, 
astrocytes and progeny cells of mutations forms the most infiltrative genre of malignant brain 
tumors. It’s extremely poor prognosis with current management and lack of potential 
chemotherapeutic agents demands the rapid buildout of potential therapeutic targets. Two 
processes that are instrumental in GBM advancement are the EMT-like process and ECM 
remodeling which enhances its migratory and infiltrative potential. We have hypothesized a 
mechanistic model of GBM stating that the HSPs while interacting with MMPs have a 
synergistic effect on the promotion of GBM. HSP27 was found to be interacting with both 
MMP-2 and MMP-9, and this association was found to be of prime significance in GBM 
progression. The analysis of precise interaction site of HSP27 (amino acid stretch AA 29-40) 
with MMP-2 and MMP-9, opens up avenues for potential drug design for GBM. It has been also 
observed that ECM remodeling and EMT-like characteristics are involved in the acquisition of 
radiation and temozolomide (TMZ) resistance. The HSPs are one of the major protein signatures 
and biomarkers for radio/TMZ resistant GBM. For the first time we identified that Fli-1 
orchestrates ECM remodeling and EMT-like characteristics in GBM via transcriptional 
regulation of HSP27. Fli-1 modulated downstream pathways of ECM remodeling and EMT-like 
characteristics promoting GBM transformation and therapeutic resistance. We have also 
identified that lumefantrine, an anti-malarial drug; can inhibit the transcriptional activities of Fli-
1. The drug showed significant selective cytotoxicity towards GBM and was also able to reverse 
the radio and TMZ resistance in GBM. Thus it can be assumed that the drug could be easily 
repurposed for management of GBM. Additionally, oxidative stress along with ECM remodeling 
has also been found to be involved in gaining temozolomide (TMZ) resistance. We have 
established NFE2L2, an important member of oxidative stress regulation elevated in TMZ 
resistant cells, to be playing a transcriptional regulatory role on MMP-2, an ECM remodeling 
marker. This link led us to further explore targeted molecules to inhibit NFE2L2, thus affecting 
MMP-2, an important member promoting TMZ-resistance. Thus, diosgenin was proposed as a 
novel NFE2L2 inhibitor acting as an alternative strategy to prevent the high dose administration 
of TMZ. Combinatorial therapy of diosgenin and TMZ significantly reduced the dosage regimen 
of TMZ and also showed effectively in hitherto TMZ resistant GBM cells. Thus, our study 
proposes a multidimensional approach towards glioblastoma management by analysis of the 
molecular regulation of its migration and infiltration and potential therapies against the same. 
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Soil Moisture Content (SMC) is declared to be an Essential Climatological Variable (ECV) due 
to its critical role in land-atmosphere feedbacks and its enormous utility in hydrologic, climatic 
and agricultural applications. Its space-time variability is important in various 
hydroclimatological processes at both local and global scales. The retrieval of surface SMC from 
active Microwave Remote Sensing (MWRS) data using Synthetic Aperture Radar (SAR) is in 
the research interest due to its fine resolution along with day-night and all-weather applications. 
Recently, Indian Space Research Organization (ISRO) has launched Radar Imaging Sattellite1 
(RISAT1) that uses SAR at C-band (5.35 GHz) and provides fine resolution, quad-polarized 
backscattering coefficients (HH, HV, VH and VV). However, even though the SAR data is 
useful in Soil Moisture (SM) retrieval, the existing literature suggests the presence of significant 
uncertainty in the estimated SMC. Another important issue is that the MWRS is capable of 
retrieving the SMC information only for the top few centimeters (~ 5-10 cm) of surface layer. 
However, the information of vertical SM profile is required in most of the hydrologic and 
climatologic applications. Thus, the assessment of the vertical SM profile based on remote 
sensing observations is of tremendous use due to its large-scale, fine resolution applicability. 
Considering all these issues, the overall objective of this thesis is to develop a unified framework 
for the assessment of 3-dimensional, fine-resolution; soil moisture profile using the satellite 
based remotely sensed observations. In this thesis, firstly potential of MWRS based quad-
polarized SAR data in retrieving surface SMC using a few Data Driven Models (DDMs) namely 
Support Vector Machine (SVM), Genetic Programming (GP) and Random Forest (RF) is 
explored. Whereas the model performances of all these models are almost comparable in surface 
SMC estimation, the GP shows the potential to explore the mathematical relationships of 
different input variables with surface SMC. A SMC map for the study area is also developed 
using GP. Moreover, the assessment of individual importance and sensitivity of each input 
variable to the surface SMC through RF and GP respectively enhances the application of these 
models in surface SMC retrieval studies from SAR data. However, the outcomes of these DDMs 
are point estimates i.e. uncertainty quantification is not available. Next, a probabilistic model is 
developed to estimate SMC from quad-polarized SAR data along with uncertainty quantification. 
The proposed approach develops a combined index and its association with surface SMC is 
modelled through joint probability distribution using copula. It uses the Supervised Principal 
Component Analysis (SPCA) to reduce the dimensionality while developing the combined index 
and ensures the maximum association between the developed combined index and the target 
variable i.e. surface SMC. The proposed approach is developed and validated with the field SMC 
data within the study area and is applicable for bare and vegetated land (<30 cm height). 
However, depending on the penetration ability of SAR data, SMC can be estimated only for the 
surface layer. Hence, the next step of this thesis is to estimate the vertical SM profile from the  
surface SMC information through modelling its temporal persistence (memory) and considering 
the inputs from adjacent layers (forcing). The forcing is observed to be predominant for near 
surface layers than deeper layers whereas the contribution of SM memory increases with 
increase in depth. Potential of the proposed approach shows some promise to integrate satellite 
estimated surface soil moisture maps to prepare a fine resolution, 3-dimensional soil moisture 
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profile for large areas, if spatial transferability is invoked in the developed approach. Thus, the 
study is extended further to impart spatial transferability by developing a stochastic Statistical 
Soil Moisture Profile (SSMP) model based on the concept of coupling the memory and forcing 
to estimate the vertical SM profile knowing the surface SMC information. The model 
incorporates the information of Hydrologic Soil Groups (HSGs) to ensure the spatial 
transferability of the proposed model by capturing the spatial variations of SM profile with the 
change in soil hydraulic properties. During the model development the forcing coefficients are 
higher for high infiltration (HSG A) and lower for low infiltration (HSG D) of the soil which 
justifies the consideration of spatial transferability through incorporation of HSGs. The study 
computes the Deviation in Mean (DM) of surface SMC layer between the model developing 
stations and target stations selected for spatial validation when applied to new monitoring 
stations to investigate the spatial transferability. The estimated SMC values are corrected using 
the DM values to match the regime of SMC at the new locations. Finally, this SSMP model is 
utilized to develop a fine resolution HSG-wise 3-dimensional vertical SM profile map for entire 
India by assimilating the satellite based surface SMC data into the model. The developed 3-
dimensional, large-scale, fine resolution, vertical soil moisture profile map for entire India can be 
of tremendous use in different fields of applications.  
 
Keywords: Soil Moisture, Microwave Active Remote Sensing, Radar Imaging Satellite1 
(RISAT1), Uncertainty Quantification, Vertical Soil Moisture Profile, Memory, Forcing, Spatial 
transferability, StatisticalSoil Moisture Profile Model, 3-dimesional soil moisture profile map. 
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A large-scale conceptual hydrological model, namely, Satellite-based Hydrological Model 
(SHM), has been developed for the entire landmass of India. It has five modules: Surface Water 
(SW), Forest (F), Snowmelt (S), Groundwater (GW), and Routing (ROU); and works on a grid 
cell resolution of 5 km × 5 km. The ROU module is based on the principle of time variant 
spatially distributed direct hydrograph (SDDH) travel time method to route streamflow to the 
catchment outlet. The comparison between model simulation results with modified and original 
routing scheme show that implemented method, with modified parameterization, outperforms the 
original one. The overall results support the applicability of the implemented routing scheme. 
Eventually, the “hierarchical operational testing” scheme has been applied in Subarnarekha 
basin, India to test the credibility of the model in data available condition. Regionalisation 
approach has subsequently been applied, considering Subarnarekha as the reference basin and 
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neighbouring Brahmani, Baitarani, and Kangsabati as test basins, to evaluate the model 
performance under data scarce condition. Both similarity index and hierarchical agglomerative 
cluster analysis show that Brahmani is the most homogeneous basin with respect to 
Subarnarekha basin among the three test basins. Results further show that the model passes all 
the steps of “hierarchical operational testing” scheme successfully and performs well with the 
regionalised parameters. Then, performance of the newly developed grid-based hydrological 
model- SHM has been compared with Soil and Water 
Assessment tool (SWAT)- a widely used hydrological response unit (HRU)-based hydrological 
model at Baitarani basin, a large scale (12,900 km2) river basin, to find out the impact of spatial 
discretization schemes on monthly streamflow simulation. The gridbased model has grid cell size 
of 25 km2 and the HRU-based model was set with average HRU area of 25.2 km2. Result of 
SHM simulation appears to be superior in comparison to SWAT simulation for both calibration 
and validation periods. The models’ performances are also analyzed for annual peak flow, 
monthly flow variability and for different flow percentiles. SHM has performed better in 
simulating annual peak flows, and has reproduced the annual variability of observed streamflow 
on monthly basis. In addition, SHM estimates normal, moderately high and high flows better 
than SWAT. Finally, to check the reliability of the newly developed model, the uncertainty 
analysis has been performed using the quantile regression (QR) technique, which considers all 
sources of error. The analysis of uncertainty shows that the uncertainty is the least in case of the 
Muri gauging station (forest land cover =6.90%) of the Subarnarekha basin and is the highest for 
the Kabini dam site gauging station (forest land cover =87.88%) of the Kabini basin and implies 
that F module needs to be improved to reduce the uncertainty of SHM simulations. 
 
Keywords: ROU module, SDDH travel time, SHM, hierarchical operational testing, 
regionalization, Grid-based, HRU-based, SWAT, uncertainty analysis, predictive uncertainty, 
QR technique 
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Understanding influences of water-energy dynamics and environmental heterogeneity on plant 
distribution have strong management implications for conservation of fragile mountain 
ecosystems. The Water-energy dynamics hypothesis was analyzed in reference to annual 
precipitation and potential evapotranspiration. Using generalized linear model (GAM), the 
maximum explained deviance could be 68% and 51% in Western Himalaya and Eastern 
Himalaya, respectively. Structural equation model (SEM) could explain variance of 41% and 
26% for Western and Eastern Himalayas, respectively. The underestimation of SEM predictions 
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compared with GAM results suggests greater approximation of nonlinear relationships between 
plant richness and the predictors of the environment Climate emerged as dominant determinant 
of plat richness (64.4% and 35.3% explained deviance in Western and Eastern Indian Himalayas, 
respectively). Climate followed by physiography, and climate along with soil; are determined to 
be the major determinants of plant richness in the Western and Eastern Himalaya, respectively. 
Climate and physiography, and soil and climate are the major determinants of plant richness in 
the Western and Eastern Himalaya, respectively. Precipitation emerged as the strong positive 
determinant in both regions Precipitation seasonality strongly determines woody species richness 
in Western Himalaya and herbal species richness in Eastern Himalaya; whereas, temperature 
seasonality inversely determines herbal richness in Western Himalaya and woody species 
richness in Eastern Himalaya. Lantana camara and Chromolena odorata could invade the Indian 
Himalaya in the future climate, while the Cassia tora and Tridax procumbens are not likely, 
indicating insulation of the Himalayas from invasion in this century. Moisture availability, 
fluctuations in seasonal solar radiation and increase in variations in day time temperature could 
determine their invasive potential. The range size expansion could be more prominent in L. 
camara than C. odorata, indicating greater invasion of L. camara in the future climate. The 
utility of models (i) GAM and SEM for determining plant richness and, (ii) GLM and Maxent for 
assessing future distribution of selected invasive species could provide vital information for 
conservation and mitigation. The future studies could attempt to integrate other variables such as 
community characteristics to enhance the deviance explained. It is expected that all the above 
important findings on determinants of Himalayan plant richness would add values to the current 
understanding of this mountain ecosystem. 
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The relatively rapid recession of glaciers and surface areal increment of moraine dammed glacial 
lakes (MDGLs) in the Himalayas are alarmingly increasing the risk of glacier lake outburst 
floods (GLOF). As a product of climate change and global warming, such probability of GLOF 
has raised and these lakes represent a hazard which may become a high level of threats to the 
habitation and infrastructure of the mountainous region. Moreover, it has also contributed to the 
worsening of the balance of the unique ecosystem that exists in this domain that sustains several 
of the highest mountain peaks of the world. In this context, the present study overall aims to 
understand the GLOF process by analyzing its cause to happen, moraine dam breach (break) and 
generated flash flood hydrograph on the downstream. This study starts with the monitoring of the 
MDGLs in the central and eastern Himalayan region using remote sensing data, with an 
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objective to analyse their surface area variations with time from 1990 to 2015. The study also 
includes the evaluation for potentiality level of any MDGLs to a GLOF with the least criteria 
decision analysis (LCDA). Forty two major MDGLs, each having a lake surface area greater than 
0.2 km2, that were monitoring in thisstudy, are categorized according to their surface area 
expansion rates in space and time. With a total surface area of 37.9 km2, these MDGLs as a 
whole are observed to have expanded by an astonishing 43.6% in area over the 25 year period of 
this study. A factor is introduced to classify the lakes according to their tendency level to happen 
a GLOF, based on the interpretation of their surface area extents from satellite imageries. Then 
the next part of study focuses on introducing an integrated model for simulating the failure of 
moraine dam by overtopping and erosion using a coupled numerical simulation model. The 
proposed numerical methodology is validated with the data from experiments in laboratory scale 
physical models. The results of the model are compared for both the erosional profiles during 
collapse of the dam and the resulting outflow flood hydrograph. Using the numerical simulation 
model, the primary finding of the sensitivity analysis is that the moraine dam height and the 
volume of the lake upstream of the dam are the most sensitive parameters influencing the GLOF 
peak. The model is also applied to the field scale problem of the Tangjiashan lake outburst and 
dam failure and shows reasonably good agreement with observations. The validated model is 
also run for the South Lhonak glacial lake in the Sikkim Himalayas, India to obtain the probable 
flood hydrograph in case of failure of the moraine dam. Then, another type physical experiment 
is conducted to observe bed morphology after the dam breaching and it also helps in providing 
an insight into the bed sedimentological parameters i.e. sorting and skewness induced by dam 
break flash floods.It is a unique approach to analyze the morphological pattern of deposited 
debris after a dam breaching and to capture the general trend of its sedimentological 
characteristics. The bed topography is reported more flatter with medium sand sediment (D50 = 
0.42 mm) than that with coarse sediment (D50 = 0.97 mm). The final channel bed morphology 
revealed an apparent sediment sorting composition, i.e., a common coarsening tendency in the 
channel reach with small bedforms. Finally, with linking all part results it can be implemented in 
an operational GLOF warning system for early prediction. Moreover, it can be benefited by 
economically impoverished countries as well due to its dependency on freely available data and 
less simulation run time. 
 
Keywords: Glacial Lakes mapping, Moraine dammed glacial lake (MDGL), Landsat imagery 
data, Breach morphodynamics, Moraine dam failure, Erosion, Open channel flow, Outflow 
glacial lake outburst flood (GLOF) hydrograph, Mobile bed, Nonuniform sediment, Depositional 
bed morphology, Sediment transport. 
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Land and water resources management is essential for sustainable agricultural development. The 
main objective of the present study is to develop a set of methodologies for integrated land and 
water management framework for the sustainable agricultural production system in a tropical 
river basin under climate uncertainty. Methodology includes hydrological fluxes and stream flow 
pattern prediction in present as well as future climate change context. Calibration and validation 
of hydrological model, Soil and Water Assessment Tool (SWAT) with 4-gauging station data 
showed satisfactory performance (Nash-Sutcliffe Efficiency (NSE) > 0.50). Curve number for 
soil moisture condition II, Groundwater re-evaporation coefficient, and Deep aquifer percolation 
fraction were found to be the most sensitive parameters. Future climate data (for 2030, 2050, 
2070, and 2080) considering 4-scenarios was used from HadGEM2-ES model. Rate of increase 
of minimum temperature is more than the rate corresponding to maximum temperature. Majority 
of the sub-basins would experience a biomass loss in the tune of 2 to 3% over time. In total the 
Subarnarekha basin is going to get more surface water in future under changing climate 
scenarios. Total twelve feature layers based groundwater potential zone (GWPZ) map was 
validated by field level pumping well yield data up to 85% accuracy level. Analysis showed 
hydrogeology, normalized difference vegetation index, surface geology, and soil as most 
sensitive parameters. Spatiotemporal analysis of the groundwater quality corresponding to 
GWPZ map indicates its suitability for agricultural use. Overall analysis showed that 
groundwater quality is mainly controlled by rock-water interaction in presence of Ca–Mg–HCO3 
type, mixed type, and sodium bicarbonate type facies. Land and water allocation were performed 
based on optimization based model. Profit maximization based two optimization formulations 
(grey linear programming (GLP) and acceptability constrained linear programming (ACLP)) 
were developed and tested considering parameter and operation uncertainties. Response matrix 
was generated from calibrated and validated MODFLOW model for its use in optimization 
model. Total eight plausible scenarios were tested for GLP and ACLP models. Management 
plans were obtained to maximum overall production or net benefit. These plans were validated 
for safe yield limit using MODFLOW simulation model. The developed methodologies should 
be applicable to the other river basin, with or without modifications.  
 
Keywords: Hydrological Model; Climate Change; Groundwater Potential; Groundwater Quality; 
Optimization Model; Grey Linear Programming; Acceptability Constrained Linear 
Programming; SWAT; MODFLOW; Water Resources management. 
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This research work proposes new methods for diagnosing induction motor faults and 

efficiency monitoring as a tool for planning maintenance actions. 
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An infrared thermography based fault detection techniques has been proposed. The fault 

cases of winding and failure of cooling system have been considered, as both these faults lead to 
increases in the stator temperature and have similar hot spot location. An algorithm that uses 
these infrared thermography images and the thermal data is proposed to diagnose these two kinds 
of faults. 
 

In vibration and current spectrum analysis, estimation of accurate speed is essential for 
diagnosing induction motor faults, as fault frequency components are functions of its rotational 
frequency. An algorithm for accurate speed estimation has been presented that uses a signal of 1s 
duration to estimate speed with error of ±2 rpm, by using its generated harmonic components. 

 
Detection of half broken rotor bar fault using current monitoring techniques, in motors 

with variable frequency drive running at light load condition is found to be ineffective. A motor 
square current multiple signal classification algorithm has been presented in this thesis for 
diagnosing such cases. This method will generate more fault frequency components which helps 
in easy and effective diagnosis of the motor fault. 
 

Most of the faults which occur in induction motor lead to decrease in the motor 
efficiency. Therefore, running the faulty motor leads to increase in the motor running loss which 
ultimately leads to increase in the CO2 emission. An efficiency based maintenance strategy has 
been proposed which not only minimizes CO2 but also optimizes the uses of vibration, current 
and infrared thermography based condition monitoring techniques. 
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The communication systems possessing multiple antennas at the transmitter and the receivers are 
termed as MIMO (multiple-input multiple-out) systems. MIMO is a RF technology or radio 
communications technology that is being used in many new technologies these days. Wi-Fi, 
Long Term Evolution (LTE) and many other wireless technologies are using the new MIMO 
wireless technology to provide increased link capacity and spectral efficiency combined with 
improved link reliability using what were previously seen as interference paths. The exploitation 
of several antennas at the transmitter and receiver ends are usually by two methodologies, viz., 
Spatial Diversity (SD) and Spatial Multiplexing. The first method exploits the diversity provided 
by transmitting several copies of same signal via multiple transmitting antennas and receiving 
the same signal multiple times at the multiple receiving antennas. The cardinality (i.e., number) 
of independent replication of same information at the receiver is known as ’diversity gain’. 
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For MIMO systems that operate at high SNR regime in Line of Sight (LOS) environment 

(i.e., no fading environment), the capacity augmented by several antennas in the system can be 
exploited by transmitting different information from every antenna, viz., spatial multiplexing, at 
the transmitter. The cardinality of different signals at the receiver at the same instance is known 
as ’multiplexing gain’. More recently, there has been a concerted effort to realize both the 
capacity and robustness gains simultaneously and it has been demonstrated that there is a 
fundamental tradeoff between these two types of gains, that is, at what rate the error probability 
will decay and at what rate the data rate will increase with increase in Signal-to-Noise Ratio 
(SNR) with analytically providing the correctness of Diversity-Multiplexing Tradeoff (DMT) for 
systems with any cardinality of transmit and receive antennas. 

 
The DMT is considered to be the benchmark for comparing and evaluating the 

performance of existing and newly proposed transmission and reception schemes. Despite being 
proven to be a powerful tool of performance evaluation of MIMO systems, the DMT fails to 
answer - how much reliability (or transmission rate) is increased in a system by increasing SNR 
by 3-dB? This has led to the formulation of Throughput-Reliability Tradeoff (TRT) at high SNR 
regime due to its ability to reveal the reciprocity between outage probability (OP), SNR and 
transmission rate (R) more clearly unlike diversity-multiplexing tradeoff. In this thesis, 

 
1. The TRT analysis of 2-layer D-BLAST transmission scheme with two varieties of 

receiver considering Gaussian fading scenario has been proposed. First, TRT analysis 
of D-BLAST with group detection receiver is investigated where each contented 
diagonal of D-BLAST is detected at once. Then the TRT analysis of D-BLAST with 
successive interference cancellation receiver detecting a symbol at once has been 
investigated. 
 

2. The TRT analysis of MIMO channels under broad class of fading distributions has 
been proposed. The broad class fading distribution includes different identical fading 
distributions, correlation between channels, non-identical fading distributions, and 
non-zero channel means. The analysis is carried out by characterizing the joint pdf of 
the eigenvalues of Gram matrix in high SNR regime. This work also investigates the 
relation between DMT and TRT of MIMO in broad class of fading distributions. 

 
3. Finally, the asymptotic analysis of 2-layer D-BLAST transmission scheme with   

group detection receiver under broad class of fading channels has been proposed. The 
asymptotic analysis includes both DMT and TRT analysis. The D-BLAST considered 
here is a multi-layered space-time transmission scheme wherein each diagonal of 
code-word forms a group. On the other hand, group detection considered detects 
symbols by nulling out interference from other groups and performs maximum-
likelihood (ML) decoding on the chosen group. 

 
4. The validation of the proposed TRT analysis is done through Matlab simulations by 

obtaining outage versus SNR curves for the deduced expressions of TRT that overlap 
with the simulated system at large SNRs. Also, the DMT results have been illustrated 
through Matlab plots. 
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Group decoding, Successive interference cancellation. 
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The thesis examines important issues related to the corporate dividend policy and ownership 
structure of corporate in India. The first objective of the study examines the determinants of 
dividend payouts and its adjustment process. The second deals with the interlinkages of dividend 
policy with capital structure policy in the wake of dominance of family firms. The final theme 
relates dividend policy and ownership structure with corporate performance, including 
profitability, valuation, idiosyncratic risk, and stock liquidity. The thesis uses the firm level data 
and the period of the study is from financial year 2007 to 2017. These three themes extend the 
literature on dividend policy and ownership structure among emerging markets firm. Subject to 
the usual assumptions of the techniques used and the data limitations, the study has made the 
following salient findings; (a) family firms pay low dividends and are less inclined to smooth 
dividends, (b) past dividends, firm value, investment opportunity, accumulated earnings, 
financial leverage, systematic risk, and family ownership concentration and control are 
prominent determinants of dividend payouts, (c) Indian firm have high reliance on debt and 
dividends, leverage, and average cost of capital are interlinked, (d) ownership concentration and 
family control erode firm value, increase idiosyncratic risk, and lead to reduction in stock 
liquidity. The findings of the study have significant implications for corporate managers and 
investors. The present work calls for ownership diffusion and reduction of information 
asymmetry and risk level. 
 
 
Key Words: Dividend Policy, Family Firms; Dividend Smoothing, Ownership Structure, 
Leverage, Idiosyncratic Risk, Firm Performance, Simultaneous Equations Modeling 
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Mobile banking (m-banking) enables banks to provide convenient and customized banking 
services to customers without time and geographical constraints. Identifying consumers’ 
perceived service quality is the key to success and banks are keen to explore it in the m-banking 
context. But, no study has been found to measure service quality in this context. Thus, the 
purpose of this study is to develop a scale to measure m-banking service quality and validate the 
same through the rigorous steps of scale development and validation recommended in the 
literature. The objective of this study is three-fold. First, to examine the need of the unique scale 
in the m-banking context. Second, to develop a scale for measuring m-banking service quality 
and examine the reliability and validity of the scale. Third, to evaluate the stability of the 
developed scale from the bankers’ perspective. To achieve first objective, the capability of 
different generic service quality measurement scales (SERVQUAL, SERVPERF, and E-S-
QUAL) have been evaluated to examine the need of the unique scale in the m-banking context. 
For the second objective, initial items have been explored through four qualitative studies, then 
five studies have been conducted to establish the reliability and validity of the five-dimensional 
M-B-QUAL scale. Security and privacy, customer support, interactivity, content, and efficiency 
were found to be the dimensions of the scale. Finally, the stability of the scale has been 
examined by collecting responses from bank employees. This study enriches service quality 
literature by developing a new five-dimensional M-B-QUAL scale to measure m-banking service 
quality. Practically, this study will help banks to understand consumers’ perception of m-banking 
service quality and to deliver these services accordingly to gain consumers’ loyalty.  
 
Keywords: Mobile banking, service quality, scale development, online banking 
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Research on market microstructure explored the techniques in which the working processes of 
market affects determinants of prices, transaction costs, trading volume and trading behavior. 
Availability of high-frequency trading (HFT) data, consisting of Orders and Quotes, from stock 
markets, in recent years, has given new foundation to intraday stock market research. The 
validity of market microstructure theories, developed with low frequency data, are being 
reexamined with recent high frequency data and, in many cases, old theories are being replaced 
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with new findings. Introduction of HFT improves market quality, reduces spreads, increases 
market depth, and enhances price discovery. The present study is set to empirically analyze, 
under Indian conditions, (a) various factors driving bid-ask spread, (b) asymmetry information 
and transaction costs in bid-ask spread and (c) probability of limit order execution and hazard 
rates. 
 
Subject to the usual assumptions of the techniques used and the data limitations, the study has 
made the following salient findings; (a) return volatility, share price, trading volume, number of 
trades are significant determinants of spreads, (b) positive relationship between order processing 
cost and volume; (c) volatility and trading volume have positive relation with asymmetry 
information cost;(d) same side book depth, opposite side open indicator, remaining time 
intervals, bid-ask spread, tick volume are the determinants of execution probability; (e)tick 
volume, remaining intervals, quoted spread, price aggressiveness, book depth, return volatility 
and inferior price are the determinants of survival analysis. The findings of the Study have 
significant implications for traders and stock exchange regulator. 
 
KeyWords: Market Microstructure, Limit Order Book, Order Processing Cost, Asymmetry 
Information Cost, Execution Probability, Hazard Rates, Survival Analysis 
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BRINKMAN FLOWS THROUGH CHANNELS 
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Supervisor: Prof. G. P. Raja Sekhar 
Vinod Gupta School of Management 

Accession No.: NB16454 
 

This thesis mainly focuses on the development and implementation of a nonprimitive boundary 
element method for Stokes and Brinkman flows through channels. However, the geometries 
considered in this thesis deal with some specific applications. Chapters and 0.5 of the thesis are 
introductory. 
 

In Chapter 0.10 we investigate two dimensional (2D) steady pressure-driven flow of 
Newtonian fluid through slip-patterned, rectangular microchannel in the low Reynolds’ number 
limit. The slip flow regime is modeled using the Navier’s slip boundary condition. Depending on 
the relative location of slip regime on the top and bottom walls of the channel in-phase and out-
phase configuration of patterned slip are defined. Moreover, based on the periodicity of 
patterning, we have considered two subcases of the patterned slip, namely large and fine 
patterning. Boundary element method (BEM) is used to numerically solve Stokes equation and 
obtain the streamline profiles. Streamlines, velocity profiles, pressure gradients, and shear 
stresses are analyzed to gain a proper understanding of the flow mechanics. 
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Chapter 0.14 focuses on the investigation of two-dimensional (2D) steady Stokes flow 
inside topographically patterned microchannel. Boundary element method (BEM) is used to 
solve the Stokes equation and obtain the streamline profiles. We restrict ourselves to rectangular 
stepped geometries and study the effect of variation of step width, step height and step 
frequency. Interestingly, ’crown-shaped’ patterns in the horizontal velocity profiles are formed 
when a sudden contraction is met in the flow region. Pressure gradients, together with the 
velocity and streamline profiles are analyzed to gain a wholesome understanding of the flow 
physics. 

 
In Chapter 0.18 we develop a non-primitive boundary integral equation (BIE) method for 

steady two-dimensional (2D) flows of an incompressible Newtonian fluids through porous 
medium. We assume that the porous medium is isotropic and homogeneous in nature, and utilize 
Brinkman equation to model the fluid flow. First, we present boundary integral equation (BIE) 
method for two-dimensional Brinkman equation in terms of the non-primitive variables namely, 
stream-function and vorticity. Subsequently, we discuss an application of our proposed method 
to flows through porous wavy channel, which is a problem of significant interest in the micro-
fluidics, biological domains and groundwater flows. 

 
In Chapter 0.22 we develop a non-primitive boundary integral formulation (BIF) for 

modeling steady two-dimensional (2D) flow through composite porous channel. We consider a 
planar channel having two packings that are filled with fully saturated porous media. We assume 
that the two porous media are isotropic and homogeneous in nature, but with different 
permeabilities. Brinkman equation is used to model fluid flow through porous media. Stress-
jump condition is utilized at the porous-porous interface to account the flow exchange due to two 
layers porous media. We present BIF for steady two-dimensional Brinkman-Brinkman system in 
terms of non-primitive variables namely, stream-function and vorticity. We derive the Brinkman 
layer thickness for Brinkman-Brinkman system as a function of various flow parameters. 
 
Keywords : Boundary element method; Stokes’s equation; Navier’s slip; Patterned slip; Patterned 
topography; Brinkman’s equation; Wavy channel; Darcy number; Permeable interface; Stress-
jump condition; Brinkman layer. 
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This research has measured the effects of antecedents of electronic word of mouth (eWOM) on 
Consumer Based Brand Equity (CBBE) for branded hotels. Initially, this study has identified 
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eight antecedents of eWOM including information or argument quality, loyalty, satisfaction, 
social relationship, trust, source quality, subjective norms, and information quantity through 
systematic literature review (SLR). After that, it has examined the impact of eWOM and its 
antecedents on CBBE using SLR. The literature review indicated that the first four antecedents 
of eWOM positively impact CBBE. Through a qualitative study (grounded theory), this thesis 
has investigated the relationship between trust in online information, information quantity, 
source quality, and subjective norms, and CBBE. The qualitative study indicated that trust, 
information quantity, source quality, and subjective norms help in building CBBE. It also 
illustrates the mediating role of eWOM between all the eight antecedents of eWOM and CBBE. 
Therefore, the hypotheses and a conceptual framework were developed based on the review of 
extant literature and qualitative study which was empirically tested using structural equation 
modeling (SEM). The findings of this study indicate that information quality, trust, satisfaction, 
loyalty, and social relationship act as the antecedents of eWOM for hotels. This study also 
revealed that out of the five antecedents of eWOM, mentioned above, satisfaction, loyalty, and 
trust in online reviews enhance CBBE and encourage a person to pay a price premium for the 
hotels. This study contributes to the eWOM literature by identifying eWOM as a mediating 
variable between satisfaction, loyalty, and trust in online reviews and CBBE.  
 
Keywords: Antecedents, Consumer-Based Brand Equity, Electronic Word of Mouth, Hotel 
Industry, Mediation, Online Communication, Price Premium 
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This study has examined the roles of various electronic word of mouth (eWOM) antecedents on 
purchase intention of Indian online shoppers. The main objectives of this study were: (1) to 
examine the effect of mixed neutral eWOM (MNWOM) on eWOM credibility and adoption, (2) 
to investigate how rich eWOM content affects eWOM credibility, adoption, and purchase 
intention; (3) to study the comparative effects of eWOM volume and eWOM valence (PWOM 
and NWOM) on eWOM credibility, eWOM adoption, and purchase intention, and (4) to examine 
how source credibility factors affect eWOM credibility and adoption. In-depth literature review 
was conducted to develop the hypothesized relationships for analyzing the above objectives. This 
study developed an integrated eWOM model consisting of above hypotheses. This study used 
online sampling method to collect responses from 614 online shoppers through online survey 
questionnaire. 
 
Existing scales of various eWOM constructs were validated using expert interview, pre-test and 
pilot test before using the questionnaire for the final survey. The various statistical analyses were 
conducted to check the outliers and normality of data set before conducting the final statistical 
analysis. Structural equation modelling (SEM) technique was used to check the hypothesized 
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relationships in the integrated eWOM model. Confirmatory factor analysis (CFA) was used to 
test the measurement model. Result of CFA confirmed good fit of the proposed eWOM model 
with the collected data. Afterward, path analysis confirmed the good model fit of the structural 
model. Result of path analysis indicated that mixed neutral WOM has positive effects on eWOM 
credibility and adoption. Text based rich eWOM content exhibited significant effects on eWOM 
credibility and purchase intention. Image based eWOM has indicated positive impact on all 3 
types of eWOM outcomes. This study found higher effect of eWOM valence on eWOM 
credibility and adoption than that of eWOM volume. However, eWOM volume was found to 
have greater effect on purchase intention than valence. This study also found significant effects 
of market level source credibility factors on eWOM credibility and adoption. Finally, this study 
compared the proposed model with other alternative models. Theoretical and managerial 
implication of each objective was discussed based on the result and findings. At the end of the 
report, limitations of this study were discussed and future research directions were proposed. 
 
Keywords: electronic word of mouth, eWOM valence, eWOM content, online purchase 
intention, source credibility, eWOM credibility, eWOM adoption. 
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In today’s highly competitive and dynamic business environment, employee voice has certainly 
been recognized as one of the most critical ingredients for improving organizational functioning. 
Concerning its relevance, the concept has indeed gained the increasing attention of both OB 
academicians and practitioners. By departing from the narrow focus of the voice researchers in 
the past, the present study makes a rich contribution by encompassing both promotive and 
prohibitive aspects of voice. The purpose of the study lies in identifying the most suitable 
leadership style out of transformational, ethical and empowering leadership for promoting 
promotive and prohibitive voice on grounds of social exchange and social learning theory. The 
study also examines the mediating impact of leadership member exchange (LMX) and 
moderating impact of individual power distance orientation (IPDO). Additionally, the impact of 
promotive and prohibitive voice on various individual level employee outcomes has also been 
examined by taking into consideration the much-neglected impact of idea endorsement. The 
whole study was divided into two phases by adopting a cross-lagged design. In phase 1, the 
impact of proposed leadership styles on promotive and prohibitive voice via mediating impact of 
LMX and moderating impact of individual power distance orientation was examined. In this 
phase, data was collected from 416 employees, and structural equation modelling (SEM), 
Necessary condition analysis (NCA) and SPSS PROCESS macro were used. Afterwards, in 
phase 2, the impact of promotive and prohibitive voice on employee job performance related 
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outcomes was examined along with the moderating impact of idea endorsement. In this phase, 
296 of 416 responses were utilized, and structural equation modelling (SEM) was deployed for 
testing the hypothesis. The data was collected from the full-time employees working in service 
organizations in India at three-time points. In phase 1, direct impact of empowering, 
transformational and ethical leadership on promotive voice behavior was observed. However, 
only empowering leadership notably influenced prohibitive voice behavior. Further, leader 
member exchange partially mediated the association between empowering, transformational, 
ethical leadership and promotive voice; between empowering, transformational leadership and 
prohibitive voice. Additionally, Individual power distance orientation (IPDO) moderated the 
relationship between empowering leadership and LMX; transformational leadership and LMX; 
ethical leadership and LMX. Finally, IPDO moderated the indirect connection of empowering 
leadership and promotive, prohibitive voice through LMX; transformational leadership and 
promotive through LMX. In phase 2, supporting results were observed for the effect of 
promotive voice on creative performance, organizational citizenship behavior, and task 
performance. However, prohibitive voice was found to positively affect the task performance, 
safety performance and counter productive work behavior. Idea endorsement moderated the 
above-mentioned relationships. The findings of the study offered both theoretical and practical 
implications. Managerially, the findings of the study can be utilized by the managers across 
service sector in India for encouraging both promotive and prohibitive voice behavior for 
improving job performance outcomes.  
 
Keywords: Empowering leadership, Transformational leadership, Ethical leadership, Individual 
power distance orientation, leader member exchange, Promotive voice, prohibitive voice, job 
performance outcomes, idea endorsement. 
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The informational efficient market is one in which stock prices adjust quickly when new 
information arrives, and the current prices of stocks reflect all information about the stock. The 
concept of informational efficiency has given rise to theoretical and empirical research, which 
has broad and significant relevance to stock markets, traders, and investment firms.  
The recent studies on the informational efficiency of the stock market have focused majorly on 
measuring the unpredictability in the market correlated with long-term hidden trends, volatility, 
and local trending behavior. In this dissertation, three different methodologies have been 
considered to empirically analyze the informational efficiency of stock markets, which include 
Hurst Exponent, Shannon entropy and price discovery. In addition to these particular 
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methodologies, a composite efficiency index has been defined considering all methods together 
and compared the market efficiency based on the composite index.  
This study has considered closed price of 8 stock markets and corresponding financial sector 
indices from China (SSE SHCOMP), India (NIFTY 50), US (NYSE NYA), UK (LSE FTSE 
100), Japan (NIKKEI TSE), Hong Kong (HKEX HSI), Singapore (STI), Brazil (BOVESPA-
IBOV) over a period of 11 years starting from 2005 to 2016, and draw comparisons of Indian 
stock market along with the Indian financial sector index with the indices from the developing as 
well as developed markets. The study has also been extended to analyze the impact of a recent 
economic event (Brexit) on the informational efficiency of these stock indices and corresponding 
financial sector indices.  
It has been observed from the analysis using the individual methodologies and the composite 
efficiency index that the informational efficiency of Japan (NIKKEI TSE) is higher in 
comparison to other stock markets. The analysis has also established that the informational 
efficiency of US (NYSE NYA) and the UK (LSE FTSE 100) are most impacted due to Brexit. In 
the context of Indian stock market and financial sector index, it has been observed that the 
market is not entirely random, showing a persistent behavior, taking a long time for approaching 
full price adjustment and less impacted by the uncertainty as well as the Brexit.  
 
Keywords: Informational Efficiency, Hurst Exponent, Range to Standard Deviation, De-trended 
Fluctuation Analysis, Fractal Dimension, Shannon Entropy, Price Discovery, Efficiency Index, 
Brexit 
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The primary focus of capital market based accounting research is the market response to reported 
accounting information. Value relevance of accounting information as a line of research comes 
under capital market based accounting research approach. Prior literature based on developed 
markets, shows that the value relevance of accounting information is declining overtime, due to 
increasing intangible intensity of the firms. Whereas, in emerging markets the impact of 
intangible intensity on the value relevance of accounting information is unexplored. This study 
examines the impact of increasing intangible intensity on the value relevance of accounting 
information in an emerging market.  
 
Specifically, this study investigates the impact of intangible intensity on the value relevance of 
accounting information in India in four different aspects, viz. 1) long-term change in value 
relevance of accounting information with accounting regulation reforms and intangible intensity, 
2) Incremental value relevance of research and development R&D outlay and intangible 
intensity, 3) Incremental value relevance of disaggregated earnings over aggregated earnings and 
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intangible intensity, and 4) The difference in value relevance of accounting information between 
profit and loss reporting firms and intangible intensity. The generalized model specification of 
Ohlson (1995) has been applied in this study to investigate the above stated objectives.  
 
The study finds that the total value relevance of earnings and book value of equity increases 
overtime with accounting regulation reforms and the incremental value relevance of earnings is 
substituted by the incremental value relevance of book value with increment in intangible 
intensity. The study also indicates that the incremental value relevance of R&D expenditure is 
higher in intangible intensive firms compared to non-intangible intensive firms. In addition, the 
study observes higher incremental value relevance of disaggregated earnings over aggregated 
earnings in intangible intensive firms compared to non-intangible intensive firms. Further, the 
study finds that the nature of intangible intensity of the firm is creating a significant difference in 
value relevance of earnings and book value between profit and loss reporting firms.  
 
JEL classification: M40, M41, G10, G12  
 
Keywords: Value relevance, Earnings, Book value of Equity, Intangible intensity, Emerging 
Market 
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This study examines three important research issues pertaining to volatility index for the 

Indian stock market: (i) it examines how the behavioural loss aversion principle can be used to 
explain the asymmetric volatility index-return relation; (ii) it explores the information content of 
volatility index in forecasting underlying stock market volatility; and (iii) it investigates whether 
volatility index can be used as an additional factor in the standard asset pricing model. 
 

First, this study finds that there is a negative, asymmetric and non-linear relation between 
changes in volatility index and stock market returns, following behavioural loss aversion 
principle. Trading strategies can be developed using the volatility indices for profit-booking. For 
instance, a long position in decreasing volatility markets can be paired with a short position in 
increasing volatility markets. Like other measures of market sentiment, volatility index can be 
used to gauge investor sentiment. 
  

Second, this study provides evidence that volatility index, due to its forward-looking 
nature, contains incremental information as compared to the GARCH family models in 
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forecasting stock market volatility. The findings provide useful insights for market risk 
evaluation, options valuation and portfolio management. Volatility index could be used as one 
input (of many) for estimating the portfolio profit & loss distribution and portfolio VaR. 
 

Third, this study shows that stocks’ sensitivity to volatility index innovations is a priced 
risk factor during high volatility period, but not in low volatility period. Nevertheless, addition of 
volatility risk factor leads to marginal improvement in the explanatory power of the model to 
explain the variation of stock returns. The results of this study will help financial analysts and 
corporate financial manager in evaluating the performance of professionally managed portfolios.  
 

This study contributes and extends the literature in several dimensions like dataset, 
theoretical constructs and methodological approach. It underscores the volatility indices of Asia-
Pacific markets in general and India in particular. It proposes a behavioural explanation for the 
asymmetric volatility index-return relation, using loss aversion principle, under various volatility 
periods identified by Bai- Perron structural breaks test. As true volatility is latent and 
unobservable, the study constructs return-based realized volatility and range-based realized 
volatility from 5-minute intraday data. This study investigates pricing of volatility risk by 
incorporating factor-mimicking portfolio returns for volatility index as an additional explanatory 
factor over high and the low volatility periods. 
 
Keywords: Volatility index, Asymmetric volatility, Loss aversion, Information content, Volatility 
forecasting, EGARCH, Realized volatility, Fama-French model, Factor-mimicking portfolios for 
volatility index 
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The relationship between insurance market, banking sector, and economic growth has received 
substantial attention in the finance literature. While the research specifies that there are relations 
between these variables, a majority of the research focuses on the impact of financial 
development on economic growth. This study focuses on the causal nexus between insurance 
market, banking sector, and economic growth across the 19 Eurozone countries (EZC), namely, 
Austria, Belgium, Cyprus, Estonia, Finland, France, Germany, Greece, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, the Netherlands, Portugal, Slovakia, Slovenia, and Spain over the 
period 1980-2015. Specifically, the study first deploys dynamic panel data modelling to examine 
the determinants of both insurance market and banking sector activities in these selected 
countries. The Granger causality test is consequently applied for studying the causal nexus 
between insurance market, banking sector, and economic growth. The empirical analysis finds 
that there exist interregional disparities in the availability of insurance market activities, banking 
sector activities, and economic growth in EZC. The Granger causality test shows that both 
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insurance market and banking sector activities have considerable impact on economic growth. It 
also shows that both insurance market and banking sector activities Granger cause each other. It 
is, therefore, necessary to have sufficient availability of both insurance market and banking 
sector activities and their integration in these countries for achieving higher economic growth in 
the Eurozone. The insufficiency of these two bring in different policy implications in these 
European countries.  
 
Keywords: Insurance market, banking sector, economic growth, GMM, Granger causality, 
Eurozone countries.        
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‘Showrooming and Webrooming’ have emerged as the two most critical challenges in the 
present multi-channel retailing dynamics. While showrooming denotes the buying behavior of 
those consumers who first inspect a product offline but later purchase online, alternatively, 
webrooming depicts the shopping behavior of those consumers who first visit an online channel 
for collecting product related information online but later close the purchase of the product 
offline. Both the concepts are challenging for marketers in today’s day and age. While the former 
makes it difficult for offline retailers to survive, and the latter hits hard on the profitability of 
online retailers. Despite the rising statistics, and endorsed negative impact of these behaviors on 
the profitability of online and offline retailers respectively, these have not been given much 
attention. The present research work makes a novel attempt by integrating varied factors derived 
from multi-channel choice literature like perceived search and purchase channel benefits online 
and offline, anticipated regret, online trust, online risk and online risk suitably, and proposes two 
integrated TAM-TPB models intertwined with uncertainty reduction theory and anticipated 
regret view distinctively for examining consumers’ motivation behind showrooming and 
webrooming behavior. Purposive sampling was utilized for data collection, and subsequently the 
partial least squares-structural equation modeling (PLS-SEM) was employed to test the proposed 
models. As regards showrooming behavior, the results of the study revealed that perceived 
search benefits offline and purchase benefits online, perceived ease purchasing online and 
perceived usefulness of showrooming significantly determined consumers’ attitude towards 
showrooming behavior. The notable impact of anticipated high-price regret and sub-optimal 
choice regret, and perceived behavioral control was also observed on the intentions toward the 
behavior, except for subjective norms. However, the impact of online trust was only observed on 
the intentions, but not on the attitude towards behavior. With respect to webrooming behavior, it 
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was identified that perceived ease of searching online and perceived usefulness of webrooming 
along with perceived search benefits online and purchase benefits offline significantly 
determined consumers’ attitude towards webrooming behavior. The notable impact of online risk 
perceptions, anticipated sub-optimal choice regret and e-distrust was also observed on the 
intentions towards behavior, barring perceived behavioral control, which however significantly 
determined actual webrooming behavior. Supporting results were observed for the moderating 
impact of product involvement in both the models. Findings of the study are expected to aid 
online and offline retailers for combating showrooming and webrooming customers respectively.  
 
Keywords: Showrooming, Webrooming, Anticipated Regret, Trust, Online Risk, Online 
Distrust, Multichannel Self-efficacy, Channel Benefits 
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Over the past few decades, it has become very important for organizations to manage physical as 
well as intangible assets to sustain in a knowledge-driven competitive era. Consequently, 
organizations have been acknowledging knowledge as one of the most important intangible 
resources. The process of sharing organizational knowledge continues to grab attention of 
researchers and practitioners, as it facilitates creation and dissemination of new and improved 
knowledge. It is entangled with other processes involving transferring, storing and reusing the 
knowledge residing within the organization. This current study is based on the ideology of 
dividing knowledge sharing individuals into ―knowledge donors or source of knowledge and 
knowledge collectors or recipients of knowledge‖. The differences in the perspectives of source 
and recipient of knowledge make a significant contribution to the success of knowledge sharing 
process. Subsequently, the desirable success of Knowledge Management (KM) Systems 
ultimately depends upon the internalisation of knowledge by the recipient, so, its underlying 
determinants and their effects need to be examined. To fulfil the research gaps in the field of 
KM, there is a need to understand external as well internal factors affecting knowledge sharing 
behaviour (KSB) of employees and knowledge internalisation in various private and public 
sector organizations in India.  
 
For attaining the objectives of this study, data were collected from middle and lower level 
managers of various Indian organizations. The questionnaire consisted of two sets, each for 
source and recipient of knowledge. Out of 600 distributed questionnaires, 477 valid responses 
could be collected. The Partial Least Square – Structural Equation Modelling (PLS-SEM) has 
been used to analyse the impact of antecedents on knowledge sharing behaviour and knowledge  
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internalisation by the employees. The composite reliability of the constructs is found to be [vii] 
above 0.70. The significant effects of external factors like knowledge disseminating/gaining 
context (KCON) and knowledge sharing media, and individual factors like behavioural 
intentions, commitment for knowledge sharing and interpersonal trust have been studied. 
Interestingly, this study argues about the direct and significant effect of behavioural intentions on 
actual behaviour. The findings reveal the full mediation effect of commitment of employees on 
this relationship. Moreover, the success of the knowledge sharing process, as accounted by 
knowledge internalisation, has been investigated. The results demonstrate that knowledge 
gaining behaviour, perceptions of recipients and sharing media influence the adaptability and 
usability of the new knowledge. The analysis also shows that commitment for knowledge sharing 
and KCON are very important for defining KSB of employees in public and private sector firms, 
respectively. Moreover, the effect of interpersonal trust on knowledge sharing behaviour of 
employees of these two sectors has also been studied. 
 
Keywords: Knowledge disseminating/gaining context, Commitment for knowledge sharing, 
Knowledge sharing behaviour, Knowledge sharing intention, Knowledge sharing media, 
Internalisation of knowledge, Interpersonal trust, Technology Acceptance Model Beliefs. 
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Boron-based fuels have remained attractive for solid fuel ramjet (SFRJ) and ducted rocket 
(SFDR) applications since long due to their potential to release high energy on combustion. 
However, boron’s energetic potential has not been successfully harnessed even till date in any 
practical combustion system. As reported in literature, boron has its inherent problems during 
ignition and combustion due to native boron oxide (B2O3) coating around active core boron. In 
view of this, the present research focuses on utilizing boron particles embedded in paraffin-wax 
and HTPB in various proportions (weight %) as solid fuel. Various fuel combinations are studied 
here such as boron with paraffin-wax, boron with HTPB, and boron with HTPB along with metal 
additives (titanium, magnesium, and iron). Ti, Mg, and Fe particles have been used with boron-
HTPB based solid fuel to enhance the burning of boron. A low-cost, rapid screening instrument 
called an opposed flow burner (OFB) is used to investigate the salient features of various boron-
based solid fuels to understand the major performance parameters such as regression rate and 
burning efficiency. Gaseous oxygen is impinged on the solid fuel surface in OFB system. A 
range of oxygen mass flux has been considered while performing the experiments. High-speed 
videography and UV-VIS spectroscopy have been employed to realize the burning process of  



2018-19  Abstracts of Ph.D. Theses 
 

Central Library, Indian Institute of Technology 399 

 

fuel samples. Emission spectra obtained from the experiments identify the gas-phase 
intermediate species (BO and BO2) of boron ignition/combustion. The energy density of virgin 
solid fuel samples is evaluated using bomb calorimeter. In addition to that, several material 
characterization techniques such as FE-SEM, EDS, XRD, and TGA have also been applied on 
pre-and post-burn samples (ejected from the burning surface) to identify the physiochemical 
changes. The main objective of the present research is to understand the feasibility of boron-
based solid fuels for hybrid gas generator in ducted rocket applications. 
 
Keywords: Boron; Paraffin-wax; HTPB; Solid fuel; Opposed flow burner; Combustion; 
Regression rate; Burning efficiency; SFDR. 
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