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B.E/B.TECH. Degree Examination, December 2020 
 Seventh Semester  

CH16704 – Transport Phenomena 
(Regulation 2016) 

Time: Three hours                                                                                         Maximum : 80 Marks 
Answer ALL questions 

PART A - (8 × 2 = 16 marks) 
1. It is desired that when paint is applied on a wall, it should readily flow from the brush to the wall 

but not drip excessively. A ------------------- fluid is suitable for brush coating as the viscosity of 
the fluid exhibits --------------------- when sheared? 

(a) Rheopectic, time dependent decrease 
(b) Thixotropic, time dependent increase 
(c) Pseudoplastic, time independent decrease 
(d) Newtonian fluid, no change  

2. Differentiate between Poiseuille flow and Couette flow.  
3. At steady state, assuming the reaction on a solid catalyst surface is ------------------, the following 

gas phase reaction results in equimolar counter diffusion: --------------------. 
(a) Slow, A  B                                          (b) Instantaneous, 2A  B 
(c) Instantaneous, A  2B                           (d) Slow, 2A  B 

4. Write Biot and Nusselt number for heat transfer from a metallic circular fin of length L and 
diameter D, thermal conductivity Km,which is dissipating heat to fluid of thermal conductivity 
Kf and state the difference between these two dimensionless numbers.  

5. The continuity equation for steady laminar flow of incompressible fluid is  
(a) Substantial derivative of density = 0 
(b) Curl of velocity vector = 0 
(c) Divergence of velocity vector = 0 
(d) Gradient of velocity vector = 0  

6. State two applications of Navier-Stokes equation in process industries.  
7. Chilton- Colburn analogy is applicable with highest accuracy for ------------- flow of -------------.  

(a) Laminar, liquid metals                                (b) Turbulent, heavy oils 
(c) Laminar, polymers                                      (d) Turbulent, gases and liquids 
 

8. Water of kinematic viscosity equal to 9.29×10-7 m2/s is flowing steadily over a smooth plate 
aligned along the direction of flow with a main stream velocity of 1.524 m/s. The length of the 
flat plate is 0.3048 m. Calculate the thickness of boundary layer at 0.1524 m from the leading 
edge.  
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PART B - (4 × 16 = 64 marks) 
9. (a) A counter-current double pipe heat exchanger is used to cool oil from a fractionating 

column separating hexane from oil, using water at room temperature as coolant. A 
vertical copper pipe of length 10 m, outer diameter 33.4 mm and thickness 3.38 mm 
carrying the hot oil is fitted coaxially/ concentrically with a steel pipe of length 9.95 
m, outer diameter 88.9 mm and thickness 5.49 mm carrying water. If the operating 
pressure of the fractionating column is 1.2 atm and the oil is discharged into a storage 
tank at atmospheric pressure located 10 m below the fractionating column, using 
shell momentum balance determine the volumetric flow rate of the oil. Given: The 
viscosity of the oil is 200 mPa.s and density is  
900 kg/m3. 

(16) 

(OR) 
 (b) Water flows between two tanks A and B kept 3 m apart, because PA = 1.2 atm > PB 

= 1 atm. The tanks are at the same elevation and there is no pump in the line. The 
connecting line has a rectangular cross-section of width W m and height twice the 
width. Using shell momentum balance, (i) derive an expression for mass rate of flow 
as a function of pressure difference between the two tanks, (ii) if it is desired to 
transfer water from tank A to tank B at the rate of 10 kg/min, what should be the 
cross sectional dimension of the connecting line. Viscosity and density of water are 
8.90 × 10−4 Pa·s and 998 kg/m3 respectively. 

(16) 

 
10. (a) A cylindrical nuclear fuel rod of length L m and diameter D m insulated at both ends 

is immersed in a cooling fluid at T0°C. If the heat generated by nuclear fission is 
minimum at the center and increases linearly along the radial direction, derive an 
expression and explain the plot of  temperature and heat flux distribution in the fuel 
rod using shell energy balance. 

(16) 

(OR) 
 (b) A solid spherical catalyst of diameter 5mm is used to convert reactant A from a binary 

gas mixture of A and B of composition 80% v/v of A to product B following the 
stoichiometric equation A  B at 373 K and 1 atm. If the reaction at the catalyst 
surface is instantaneous,  
(i) Derive an expression for the mole fraction of components A along the thickness of 

a 10µm thick gas film surrounding the catalyst using shell mass balance..  
(ii) Derive an expression for rate at which product B is released from the catalyst 

surface. The diffusivity of A in B is 5×10-5 m2/s, the vapour pressure of component 
A is 15000 Pa.Hint : d(ax) = ln(a) ax          

(16) 
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11. (a) Derive the general energy equation in Cartesian coordinate system for a  

non-isothermal flow system in arbitrary control volume. Reduce/ modify the derived 
equation (i) to obtain heat equation, (ii) to account for heat generation in the system.  

(16) 

(OR) 
 (b) Derive an expression for shear force and torque acting on the inner cylinder of a 

Couette viscometer shown in fig. 1 using Navier-Stokes equation with appropriate 
boundary conditions.  

 
Fig 1. Couette Viscometer 

(16) 

 
12. (a) Discuss Reynolds, Prandtl and Chilton-Colburn analogies between momentum, mass 

and heat transfer with their assumption and limits of validity.   
(16) 

(OR) 
 (b) Describe the characteristics of a turbulent flow. Derive time smoothed Navier Stokes 

equation for turbulent flow in Cartesian coordinate system. Write a note on the 
significance of additional terms arising in case of turbulent flow. 

(16) 

 


