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ME6502-Heat and Mass Transfer – Unit 5 
 

UNIT 5 
 
PART A 
 
1. What is meant by mass transfer?  
 
2. What is Diffusion mass transfer?  
 
3. What is Convective mass transfer?  
 
4. Give some examples of Diffusion mass transfer.  
 
5. What is the governing equation for Diffusion mass transfer?  
 
6. What is mass diffusion velocity?  
 
7. What is the Molar Diffusion velocity?  
 
8. Define the following: (a)Mass concentration b) Molar concentration  
 
9. What is Counter diffusion?  
 
10. Define mass transfer fluxes.  
 
11. What is the governing equation for Transient Diffusion?  
 
12. Give equation for Counter diffusion.  
 
13. Define Fourier number & Biot number for mass transfer.  
 
14. What are the factors considered in evaporation of water into air?  
 
UNIT V (Part B Questions) 
 
15. A steel sphere of radius 60 mm which is initially at a uniform temperature of 325°C is 
suddenly exposed to an environment at 25°C; with convection heat transfer coefficient 500 
W/m2K. Calculate the temperature at a radius 36 mm and the heat transferred 100 seconds 
after the sphere is exposed to the environment. (16) 
 
16. The tire tube of a vehicle has a surface area 0.62 m2 and wall thickness 12 mm. The tube has air 
filled in it at a pressure 2.4 x 105 N/m2. The air pressure drops to 2.3 x 105 N/m2 in 10 days. The 
volume of air in the tube is 0.034 m3. Calculate the diffusion coefficient of air in rubber at 
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the temperature of 315K. Gas constant value = 287. Solubility of air in rubber tube = 0.075m3 of 
air/m3 of rubber tube at one atmosphere. (16) 
 
17. (i) Define mass concentration, molar concentration, mass fraction and mole fraction. (4) 
 
(ii) The diffusivity of CCl4 in air is determined by observing the steady state evaporation of 
CCl4 in a tube of 1 cm diameter exposed to air. The CCl4 liquid level is 10 cm below the top 
level of the tube. The system is held at 25°C and 1 bar pressure. The saturation pressure of 
CCl4 at 25°C is 14.76 kPa. If it is observed that the rate of evaporation of CCl4 is 0.1 kg/hour 
determine the diffusivity of CC14 into air. (12) 
 
18. (i) Dry air at 20°C (p = 1.2 kg/m3, v = 15 x l0-6 m2/s, D = 4.2 x l0-5 m2/s) flows over a flat 
plate of length 50 cm which is covered with a thin layer of water at a velocity of 1 m/s. Estimate 
the local mass transfer coefficient at a distance of 10 cm from the leading edge and the average 
mass transfer coefficient. (8) 
 
(ii) Discuss the analogy between heat and mass transfer. (8) 
 
19. (i) A mixture of O2 and N2 with their partial pressures in the ratio 0.21 to 0.79 is in a 
container at 25°C. Calculate the molar concentration, the mass density, the mole fraction and 
the mass fraction of each species for a total pressure of 1 bar. What would be the average 
molecular weight of the mixture? (8) 
 
(ii) Discuss the analogy between heat and mass transfer. (8) 
 
20. (i) Explain Fick\'s first and second laws of diffusion. (8) 
 
(ii) Explain the phenomenon of equimolar counter diffusion. Derive an expression for 
equimolar counter diffusion between two gases or liquids. (8) 
 
21. (i) Define the Schmidt, Sherwood and Lewis numbers. What is the physical significance of 
each? (8) 
 
(ii) Dry air at 27°C and 1 atm flows over a wet flat plate 50 cm long at a velocity of 50 m/s. 
Calculate the mass transfer co-efficient of water vapour in air at the end of the plate. Take 
the diffusion coefficient of water vapour in air is DAB = 0.26 x 10-4 m2/s. (8) 
 
22. Discuss briefly the following 
 
(i) Fick’s law of diffusion (5)  
 
(ii) Equimolar counter diffusion (5)  
 
(iii) Evaporation process in the atmosphere (6)  
 
23. (i) What are the assumptions made in the 1 D transient mass diffusion problems? (4) 
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(ii) An open pan, 20 cm diameter and 8 cm deep contains water at 25°C and is exposed to dry 
atmospheric air. Estimate the diffusion coefficient of water in air, if the rate of diffusion of 
water is 8.54X 10-4kg/hr. (16) 
 
24. C02 and air experience equimolar counter diffusion in a circular tube whose length and 
diameter are 1m and 50mm respectively. The system is at a total pressure of 1 atm and a 
temperature of 25°C. The ends of the tube are connected to large chambers in which the species 
concentrations are maintained at fixed values. The partial pressure of CO2 at one end is 190mm 
of Hg while at other end is 95mm of Hg. Estimate the mass transfer rate of CO2 and air 
through the tube. The diffusion coefficient for CO2 - air combination is 0.16 x 10-4 m2/s. (16) 
 
25. (i) Define the non dimensional numbers in mass transfer (6) 
 
(ii) Dry air at 27ºC and 1 atm flows over a wet flat plate 50cm long at a velocity of 
50m/sec. Calculate the mass transfer co-efficient of water vapour in air at the end of the 
plate. Take D=0.26x10-4m2/sec, ρ=1.1614kg/m3, µ=184.6 x 10-7 Ns/m2, Pr = 0.707 (10) 
 
26. Atmospheric air at 40° C flows over a wet bulb thermometer and it shows 25° C. Calculate 
the concentration of water vapour in the free stream and also its relative humidity. Take D (air-
water) = 0.256 x 10-4m2/s. If temperatures of dry and wet bulb are 30° C and 25° C 
respectively. What would be the corresponding values? (16) 
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