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B.E. / B.TECH. DEGREE EXAMINATIONS, DEC 2019 

Fifth Semester 
CH16503 – MASS TRANSFER-I 

(Chemical Engineering) 
(Regulation 2016) 

Time: Three Hours                                                                                         Maximum : 100 Marks 
(Use of Psychrometric Chart, Heat and Mass Transfer Data book is allowed) 

Answer ALL questions 
PART A - (10 X 2 = 20 Marks) 

  CO RBT 
1. Elucidate the effect of temperature on diffusivity in gases and liquids. 1 U 
2. State Fick’s first law and second law of diffusion. 1 R 
3. Distinguish between stage-wise and differential contactors.  2 U 
4. State the assumptions in Chilton-Colburn Analogy. 2 U 
5. A gas mixture has 60% Relative humidity. The vapour pressure is 100 mm Hg. 

Estimate the molal humidity if the total pressure is 600 mm Hg. 
3 AP 

6. Distinguish relative and percentage humidity. 3 U 
7. Write the working principle of spray dryer. 4 U 
8. Sketch the drying rate curve and indicate the various regimes of drying. 4 U 
9. Write the application of ΔL law of crystal growth. 5 U 
10. Sketch inverted solubility curve and give examples. 5 R 

   
PART B - (5 X16 = 80 Marks) 

11. (a) (i) Starting with fundamentals, derive an expression for the flux 
under steady state equimolar counter diffusion and show that 
the concentration profile is linear. 

(10) 1 AP 

  (ii) Estimate the diffusivity for diffusion in multi component 
system. 

(6) 1 U 

(OR) 
 (b) (i) Oxygen is diffusing through a non-diffusing gas mixture of 

Methane and Hydrogen that are present in the mole ratio 2:1 at 
(8) 1 AP 
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100 kPa and 273 K. At this condition the diffusivity of Oxygen 
in Methane is 1.86 x 10-5 m2/s and diffusivity of Oxygen in 
Hydrogen is 6.99 x 10-5 m2/s. Calculate the rate of diffusion of 
Oxygen per unit area across two planes 2 mm apart, if the 
partial pressures of Oxygen at these planes are 20 kPa and         
10 kPa, respectively. 

  (ii) Discuss briefly the diffusion in porous solids. (8) 1 U 
 
12. (a) Air is blown counter current to water which is flowing down as a 

thin film along a solid surface at 101.3 kPa and 273 K. The air is dry 
and ky is 30 kmol/m2h. Diffusivity of water vapour in air is               
2.25 x 10-5 m2/s. The vapour pressure of water at 273 K is 610 Pa. 
Assuming one way diffusion, calculate Molar flux, kc, kG , Ky and 
thickness of the film. 

(16) 2 AP 

(OR) 
 (b) Discuss the various theories of mass transfer to predict the mass 

transfer coefficient. 
(16) 2 U 

 
13. (a) (i) Describe the wet bulb theory and derive the equation for wet 

bulb depression. 
(10) 3 AP 

  (ii) Explain why the wet bulb temperature is same as the adiabatic 
saturation temperature for air-water system. 

(6) 3 U 

(OR) 
 (b) A plant requires 2200 kg/min of cooling water to flow through its 

distillation equipment condensers. The water will leave the 
condensers at 50°C. It is planned to design a counter current cooling 
tower in order to cool this water to 30°C from 50°C for reuse, by 
contact with air. Air is available at 30°C dry bulb temperature and 
24°C wet bulb temperature. 30% Excess air will be used. For the 
packing to be used, the value of mass transfer coefficient is expected 
to be 2500 kg/hr (m3)Δy’, provided the minimum liquid rate and gas 
rates are 12,000 and 10,000 kg/hr m2 respectively. Determine the 
diameter of the cooling tower and makeup water to be used. 

(16) 3 AP 
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14. (a) A wet material is to be dried from the initial moisture content of 25% 

to the final concentration of 10%, both moisture contents expressed 
on dry basis. Assume that the equilibrium moisture content is 
negligible. The area of drying surface is 10 m2/kg dry solid. The rate 
of drying varies with moisture content as follows: 

(16) 4 AP 

X kg of  
water/kg of dry 
solid 

1.5 1 0.8 0.7 0.6 0.5 0.45 0.4 0.35 0.3 0.2 0.1 

N kg of water/hr 
m2 

2.5 2.5 2.5 2.1 1.73 1.39 1.22 0.88 0.66 0.52 0.33 0.18 
 Plot the drying rate cure and determine the time of drying in constant 
rate period and total time of drying. 

   

(OR) 
 (b) (i) Describe the construction and working operation of a rotary 

drier with a neat sketch. 
(10) 4 U 

  (ii) Explain the mechanism of through circulation drying. (6) 4 U 
 
15. (a) (i) Discuss the operation of a typical crystallizer used in modern 

sugar factory with a neat sketch. 
(10) 5 U 

  (ii) Explain the population density model with respect to 
crystallization. 

(6) 5 AP 

(OR) 
 (b) (i) Explain the theory of crystallization.  (8) 5 U 
  (ii) Write a short note on Nucleation, Crystal growth and Growth 

co-efficients. 
(8) 5 U 

 
  


