
INDIAN INSTITUTE OF TECHNOLOGY KHARAGPUR
End-Spring Semester 2017-18

Date of Examination : 24.4.2018 Session: AN Duration: 3 hours Full Marks: 50
Subject No. : AG60100 Subject: Mass Transfer Operations in Food Processing
Department/Center/School: Agricultural and Food Engineering Department
Specific charts, graph paper, log book etc. required: Plain Graph Paper/ Steam Table! Psychrometric Chart
Special Instructions (if any) :

PART A

Q1. A saturated liquid feed of 200 mol h" at the boiling point containing 42 mol % heptane and 58 mol % ethyl benzene is
to be distilled at 101.325 kPa abs pressure to give a distillate containing 97 mol % heptane and a bottoms containing
1.1 mol % heptane. A reflux ratio of 2.5: 1 was used. Calculate the mol h-' of distillate, mol h-' of bottoms, theoretical
number of trays and the feed tray number. The equilibrium data for the mole fraction n-heptane XH and YH at 101.325
kPa abs pressure is given below: [7]

Tem~rature Temnerature
K °C XH YH K °C XH YH
409.3 136.1 0 0 383.8 110.6 0.485 0.730
402.6 129.4 0.08 0.230 376.0 102.8 0.790 0.904
392.6 119.4 0.250 0.514 371.5 98.3 1.000 1.000

Q2. (i) Calculate the vapor and liquid compositions in equilibrium at 9s"C for benzene-toluene system at 101.32 kPa The
vapor pressure of benzene and toluene are given as 155.7 kPa and 63.3 kPa respectively.

(ii) A food material is packed in a 0.3 mm thick polyethylene film"at 30°C. The partial pressure of O2 outside and
inside of the package are 0.25 atm and 0.01 atm respectively. Calculate the diffusion flux of O2 at steady state.
The permeability value is given as 4.75 x 10-12 (m" solute (STPYs.m2.atmlm).

(iii) Define phase rule. Find out the number of degrees of freedom at the equilibrium line and at triple point of water.
(iv) A mixture of Helium (He) and Argon (Ar) is diffusing at 1.013 x 105 Pa total pressure and 298 K through a

capillary having a radius of 100 A. Calculate the (a) Knudsen diffusivity of helium (b) Knudsen diffusivity of
Argon and (c) compare with molecular diffusivity D He-Ar. [2x4=8]

Q3. Mention the"assumptions of constant molar overflow in a distillation tower as per McCabe-Thiele method. Derive the
operating line equation for the enriching section of the tower. [4]

Q4. Derive a relationship between the overall mass transfer coefficient and individual mass transfer coefficients in the
form as given below:

The notations have their usual meaning. [6]



PARTB

(Attempt 25 marks)

Ql. It is planned to cool water from 45°C to 30 °C using packed counter-current water cooling tower using entering air
at 31°C with a wet bulb temperature of 22 °C. The water flow rate is 6000 kg h" m" and the air flow rate is 1.4
times the minimum. The individual gas phase mass transfer coefficient is Koa = 6000 kg h-' m" atm", Water-side
volumetric heat transfer coefficient is hLa= 0.059Lo.s,O in kcal m-3 h-' K' where L and 0 are mass flow rates of
water and air (dry basis). Determine (a) the dry air flow rate to be used, (b) height of the tower, (c) wet bulb
depression at bottom of the tower. (10)

Q2. An inlet water solution of 150 kg/h containing 0.01 weight fraction nicotine in water is stripped with a kerosene
stream of 300 kg/h containing 0.0005 weight fraction nicotine in a counter current stage tower. Water and
kerosene are immiscible in each other. It is desired to reduce the concentration of exit water to 0.001 weight
fraction nicotine. Determine the theoretical number of stages needed. Equilibrium data showing weight fractions
of nicotine in water solution (x) and those in kerosene (y) are as follows:

[10]

Q3. A continuous countercurrent multistage system is to be used to leach oil from meal by benzene solvent. This
process is to treat 2400 kg/h of inert solid meal containing 960 kg oil and also 60 kg benzene. The inlet flow per
hour of fresh solvent mixture contains 1572 kg benzene and 24 kg oil. The leached solids are to contain 144 kg
oil. Settling experiments similar to those in the actual extractor show that the solution retained depends upon the
concentration of oil in the solution. The data are tabulated below as N (kg inert solidlkg solution) and yA (kg oiVkg
solution).

Calculate amounts and concentrations of the streams leaving the process and number of stages required. [10]

Q4. A feed solution of 10000 kg at 54.4 °C containing 47 kg FeSOJI00 kg total water is cooled to 26.7 °C, where
FeS04.7H20 crystals are removed. Solubility of the salt is 30.5 FeSOJI00 kg total water. Average heat capacity
of the feed solution is 2.93 kJ kg" K'. Heat of solution is -18.4 kJ (g mole)" FeS04.7H20. Assuming that no
water is vaporized, calculate the yield of crystals and make a heat balance. [5]

Q5. Write short notes on: i. Hildebrandt extractor ii. Miers' theory of crystallisation (2.5 x 2]
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