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M.E. / M.TECH. DEGREE EXAMINATIONS, MAY 2019 

Second Semester 
CL18201 – ADVANCED TRANSPORT PHENOMENA 

 (Chemical Engineering) 
(Regulation 2018) 

Time: Three Hours                                                                                         Maximum : 100 Marks 
(Appendix A, Appendix B and Appendix  C  from the book “Transport Phenomena” by Bird, Stewart 

and Lightfoot (second edition) is permitted) 
Answer ALL questions 

PART A - (10 X 2 = 20 Marks) 
1. Write dimensionless time in terms of kinematic viscosity, distance and real time are the 

variables. 
2. Deduce the differential equation for unsteady state flow through a circular pipe using 

momentum equation. 
3. If Θ =    and =  then find dT/ dz in terms of dimensionless variables Θ and . 
4. Correlate Prandtl mixing length with molecular theory of gasses. 
5. What two boundary condition shall be applied in the problem when a spherical solid body of 

constant temperature is giving heat to an infinite fluid at rest. 
6. What is eddy thermal conductivity? 
7. How do you represent mathematically macroscopic mass balance? 
8. Write steady state macroscopic energy balance equation. 
9. How to correlate mass transfer coefficient with diffusivity at solid fluid boundary in turbulent 

conditions? 
10. What is jD factor? What is it’s equivalent factor in heat transfer? 

 
PART B - (5 X16 = 80 Marks) 

11. (a) Derive general equation of motion using momentum balance. (16) 
(OR) 
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 (b) A semi infinite body of liquid is bounded on one side of a plane surface (the xz- 
plane).  Initially the fluid and solid are at rest. At time t = 0 the solid surface is 
made to oscillate sinusoidally in the x direction with amplitude X0 and (circular) 
frequency ω. That is, the displacement X of the plane from its rest position is 
    = 0 sin  
And the velocity of the fluid at y = 0 is then  

  0, = = cos  
We designate the amplitude of the velocity oscillation by  v0 = X0ω and  rewrite 
the above equation as  
   0, = cos = ℜ  
Where ℜ (z) means “the real part of z”  
Obtain ‘periodic steady state solution’ for t→∞. 

(16) 

 
12. (a) Find the temperature profile for the viscous heating problem shown in the figure, 

when given the following boundary conditions:  
at x = 0,  T= T0; at x = b, qx = 0 

 

(16) 

(OR) 
 (b) A solid material occupying the space from y = 0 to y = ∞ is initially at temperature 

T0. At time t = 0, the surface at y = 0 is suddenly raised to temperature T1 and 
maintained at that temperature for t>0. Find the time-dependent temperature 
profiles T(y, t). 

(16) 

 
13. (a) A solid sphere of substance A is suspended in a liquid B in which it is slightly 

soluble, and with which it undergoes a first-order chemical reaction with rate 
(16) 
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constant k”1. At steady state the diffusion is exactly balanced by the chemical 
reaction. Show that the concentration profile is   
     =  /  
In which R is the radius of the sphere, cA0 is the molar solubility of A in B, Dab 
diffusivity of A into B and b2=k”1R2/Dab. Find molar flow rate at the surface of 
the sphere. 

(OR) 
 

 (b) (a) Start with; the equation 
    0 = −  ̅  
And show that for steadily driven, fully developed turbulent flow in a tube is 
    = = 1 −  
(b) Next set ̅ = ̅ + ̅   show that above equation can be modified as  
    + μ = 1 −  for 0 ≤ y ≤ R 

(16) 

 
14. (a) An incompressible fluid flows from a small circular tube into a large tube in 

turbulent flow, as shown in Fig. The cross-sectional areas of tubes are S1 and S2. 
Obtain an expression for the pressure change between planes 1 and 2 and the 
friction loss associated with the sudden enlargement in cross section.  

 

(16) 

(OR) 
 (b) A cylindrical tank of radius R & height H and its drain pipe of length of L & 

diameter of D is completely filled with heavy oil. At time t = 0 the valve at the 
bottom of the drain pipe is opened. How long will it take to drain the tank? Use 

(16) 
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the quasi-steady-state approach; that is, use the unsteady-state mass balance along 
with the Hagen-Poiseuille equation for the laminar flow in the pipe. 

 
 
 
15. (a) Develop an expression for determining the humidity of the air from the wet and 

dry bulb temperature readings neglecting radiation. 
(16) 

(OR) 
 (b) Oxygen is to be removed from water using nitrogen gas, introduced into the water 

in the form of bubbles, at atmospheric pressure and 20° C. Estimate the ratio of 
liquid to gaseous mass transfer coefficient.  
GIVEN DATA: 
Solubility O2 in water at 20° C - 1.38 X 10-3 moles per liter. 
Oxygen partial pressure – 760 mm of Hg 
Vapor pressure of water at 20° C – 17.5 mm of Hg 
Total pressure – 777 mm of Hg 
Diffusivity of O2 in water at 20° C – 2.1 X 10 -5 cm2 / s  
Diffusivity of  O2 in N2 at 20° C - 0.2 cm2 / s 

(16) 

 


