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Subject Name: Mass Transfer Operations in Food Processing (AG60100) 

Total Number of students: 5; Pages: 2; Full Marks: 60; Time: 2 Hours 
(General graph sheet will be supplied) 

Section-A (Answer all questions, marks - 20) 

1. (i) Which of the following is a probable value of the diffusivity of ethanol in chloroform 
vapour at 15°C and 1 atm pressure? 
(a) 20 cm2/s (b) 2.25 ft2/h (c) 10-5 m2/s (d) none 

(ii) The molar average velocity of the components in a binary mixture in which they are in 
equimolar counter diffusion is ..... 
(a) equal to the mas~ average velocity 
(b) zero 
(c) always negative 
(d) always positive 

(iii) The individual gas phase mass transfer coefficient ky has the same unit as .... 
(a) molar concentration 
(b) diffusivity 
(c) molar flux 
(d) none of the above 

(iv) The number of degrees of freedom for water at the equilibrium line is .... 
(a) 0 (b) 1 (c) 2 (d) 3 

(v) The value of error function erf ( oo) is equal to 
(a) 0 (b) 1 (c) 2 (d) 1.5 [1 x 5 = 5] 

2. (i) Calculate the concentration of oxygen dissolved in water at 25°C when the solution is in 
equilibrium with air at 1 atm total pressure? The Hemy's law constant is given as 4.38 x 
104 atm/mol fractions and partial pressure of oxygen in air is 0.21 atm.' 

(ii) Estimate the Knudsen diffusivity of ethylene within a 100 A 0 pore radius of a catalyst at 
600K. 

(iii) Explain the basic difference between the mass transfer coefficients ky and ( with their 

corre.sponding units. 

(iv) Interpret benzene-toluene phase diagram in which both the components are completely 
miscible with each other. 

(v) Give a list of assumptions made in McCabe-Thiele method of distillation for constant 
molar overflow in the distillation column [3 x 5 =15] 

Section-B (Answer any four questions, marks - 40) 

3. (i) Tomato slices are being dried by atmospheric hot air at 45°C. Calculate the mass transfer 
coefficients ky' and kg if the value of ky is given as 4.8 x 1 o-5 kg mol I m2 s mol fraction. 
Given vapor pressure of water at 45°C is 12.240 kPa. 
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(ii) What is the significance of flash distillation? [6 + 4 = IO] 

4. Water in a wire loop of Imm diameter is held at a constant temperature of 27° C. Air is 
assumed to be dry and its total' pressure is 101325 Pa. The diffusion coefficient of water vapor 
at 27° C and IOI325 Pais 0.3 x 104 m2/s. The vapor pressure of water at 27° Cis 3.889 kPa. 
What is the time required for complete evaporation of the droplet? [IO] 

5. Methane is diffusing at steady state through non diffusing argon and helium in a long pipe at 
298 K and 1 atm total pressure. At point 1 inside the pipe, the partial pressures of methane, 
argon and helium in atm are 0.4, 0.4 and 0.2 and at a certain distance 0.005 m away from 
point 1, the partial pressures of methane, argon and helium are o, 1, 0.6 and 0.3 atm 
respectively. 
Given DMethane-Argon = 2.02 X 10-5 m2/s, DMethane-Helium = 6.75 X 10-5 m2/sand DArgon-Helium = 7.29 
X 1 o-5 m2/s. Calculate the steady state diffusion flux of methane. [I 0] 

6. A gas mixture of N2 and He at a total pressure of 0.1 atm absolute and 298 K is diffusing 
through an open capillary 0.01m long having a diameter of 5xi0-6 m. The mole fraction ofN2 
at one end of the capillary is 0.8 and at the other end is 0.2. Calculate the flux at steady state in 
the transition region diffusion of He and N2• Given the molecular diffusivity N2-He mixture is 
6.98 x 10-5 m2/sat 1 atm. [1 0] 

7. A vapor at the dew point and 101.32 kPa having amok fraction of 0.40 benzene and 0.60 
toluene and total 100 kg mol is contacted with 1I 0 kg mol of a liquid at the boiling point 
containing a mole fraction of 0.30 benzene and 0.70 toluene. The two streams are brought in 
to contact in a single stage, and the outlet streams leave in equilibrium with each other. 
Equilibrium data for benzene-toluene system are presented in the Table given below at I 0 I.32 
kPa pressure. 

Temperature Mole fraction of Temperature Mole fraction of 
benzene at benzene at 

101.325 kPa 101.325 kPa 
K c XA YA K c XA YA 

353.3 80.1 1.000 1.000 373.2 100 0.258 0.456 
358.2 85 0.780 0.900 378.2 105 0.130 0.261 
363.2 90 0.581 0.777 383.8 110.6 0 0 
368.2 95 0.411 0.632 

Calculate the amounts and compositions of the exit streams by assuming constant molal 
overflow. [I 0] 

************* 
(Best Wishes from the Course Instructor) 
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