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Instructions: Answer the following. Answer for each question should start on a fresh page. Any 
assumption of data should be justified. See the marks distributions. 
Write the SET NUMBER at the top of your answer book 

Q1(a) 

(b) 

Air entering a dryer has a temperature (dry bulb temperature) of 60°C and a dew point 
temperature of 26. 7°C at a barometric pressure of 740 mm of Hg. Without using humidity 
chart, determine the absolute humidity, relative humidity, percent humidity, wet bulb 
temperature, humid volume and enthalpy. [6 x 1 =6] 

In an air conditioning system, 1 kg s·1 air at 350 K and IO% relative humidity is mixed with 
5 kg s·1 air at 280K and 30% relative humidity. What are the enthalpy, humidity and 
temperature of the resultant stream? [4) 

Q.2(a) Give neat diagrams (PENCIL SKETCH) for backward-feed, forward:.feed and parallel-feed 
multiple effect evaporators showing clearly the different streams. Give the advantages and 
disadvantages of these schemes. (3+ 3 = 6] 

(b) A single-effect evaporator is used to concentrate 7 kg/s of a solution from I 0 to 50% of 
solids. Steam is available at 205 kNm-2 and evaporation takes place at I3.5 kNm-2

• If the 
overall heat transfer coefficient is 3 kW m·2 K\ calculate the heating surface required and 
the amount of steam used if the feed to the evaporator is at 294 K and the condensate leaves 
the heating space at 352.7 K. Specific heat of IO% solution and 50% solution 3.76 and 
3,14kJkg-1K\ respectively. (2+2 = 4] 

Q.3 One kilogram common salt with an initial moisture content of 5% (db) has been packed in a 
small paper cartoon (10 em x IO em x I2 em; Imm thick) and stored at 80% RH and 30°C. It 
has been found that, if the moisture content of the salt increased to I 0%( db), its free-flow 
characteristic is lost. How long the salt can be kept under the above-mentioned condition 
without loosing its free-flow character? Assume a constant moisture concentration gradient 
across the paper wall. Given, the permeability of water vapor for the paper is 1.040 x 1{)-5 m3 

(STP)-mm m·2 s·1 atm-1
• The BET parameters for salt are Mo = 3.1 %(db); C = 1.28. [lOl 

Q.4 In a continuous sterilizer, the holding section has been designed· for reduction of 
microorganism in a liquid from an initial level of I 016 to a probability level of survivals of 1 o· 
3

• The liquid flow rate through I 0 em diameter stainless steel tube and 20 m long is 20 litre 
per second. Using axial dispersion model calculate the temperature that will satisfy the above 
sterility level. What is the nominal residence time of the liquid in the holding section? 
Assume that, the heating and cooling of liquid outside the holding section occurred very fast 
and almost killing of all microorganisms takes place in the holding section only. 
Given, the specific denaturation rate constant (k) of the index microorganism in this liquid 
follows the Arrhenius relationship as below: 



k=l.4934 x 1037 exp(-335,1~,_where ·T~~~~~n K, density of liquid = 1004 kg m·3 and 
· viscosity = 1.083 cP . Given Peclet Number (Npe~"""--= uL/Dz; u is average velocity; L is length 

of holding tube; Dz is dispersion coefficient; NT is Damkohler Number = kL/u. [Hints: use 
attached figure. Value of DzJ(ud) = 0.2 for NRe ~ 1 05

]. [10] 

Q.7 Mechanical recompression of vapor is used to concentrate orange juice from B% to 35% 
TSS with the operating conditions as follows. Feed rate at 1 kg s·1 and 20°C, ia used to 
introduced. Steam used for heating is saturated at 160 kPa and the suction pressure of the 
compressor is 90 kPa. The boiling point rise is 2.0°C. The overall heat transfer coefficient of 
the heat exchanger is 2.0 kwm-2K-1

• The heat capacity ofthe fresh juice is 4.187 kJkg-1K"1 and 
that for concentrated juice is 3.92 kJkg-1K-1

• No preheating of feed is done. The compression 
efficiency is 35%. Calculate the C.O.P. and required capacity of the compressor. [10] 
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