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 Candidates are required to give their answers in their own words as far as practicable. 

 Attempt all questions 

 The figures in the margin indicate Full Marks. 

 Necessary figure(s) are/is attached herewith. 

 Assume suitable data if necessary 

 

QN Description Marks Chapter 

No. 

1 A Newtonian fluid is in laminar flow in a narrow slit formed by two 

parallel walls a distance 2B apart. It is understood that B ≪W and B≪ 

L, so that “edge effects” are unimportant. Make a differential 

momentum balance, and obtain the following expressions for the 

momentum-flux and velocity distributions:  
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In these expression ℘ = p + ρgh = p - ρgz 

 

6 1 and 2 

2 Engineers often deal with the flow of fluids inside a circular conduit or 

pipe. Let us consider a horizontal section of pipe in which an 

incompressible Newtonian fluid is flowing in 1-D, steady state, laminar 

flow. The flow is fully developed; that is, it is not influenced by entrance 

effects and the velocity profile does not vary along the axis of flow in the 

x-direction. Obtain the equation for the velocity distribution using shell 

balance and draw velocity and momentum flux profiles. Also determine 

the average velocity for a cross section and express velocity in terms of 

average velocity. 

6 1 and 2 

3 Derive an equation using the equation of continuity giving the velocity 

distribution at steady state for laminar flow of a constant-density fluid 

with constant viscosity flowing between two flat and parallel plates. The 

velocity profile desired is at a point far from the inlet or outlet of the 

channel. The two plates will be considered to be fixed and of infinite 

width, with the flow driven by the pressure gradient in the x-direction. 

9 3 and 4 
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Assume that the channel is horizontal. Express your answer in terms of 

maximum velocity. 

4 Derive q = kT and mention all the assumptions. Explain Prandtl 

number in short. 
5 3 and 4 

5 Derive the temperature profile in an electrical wire with constant heat 

source using shell heat balance. 

9 5 

6 Define each expression in the following equation 


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5 6 

7 Derive the concentration or mole fraction profile for a liquid 

evaporating in a stagnant gas film using shell mass balance. 

9 7 and 8 

8 An open pan of diameter 0.2 m and height 80 mm (above water at 27 C) is 

exposed to ambient air at 27 C and 25 % relative humidity. Determine the 

evaporation rate, assuming that only mass diffusion occurs. Determine the 

evaporation rate considering bulk motion. Water vapor-air (T = 300 K and 1 

atm), DAB = 0.2610-4 m2/s. Similarly, water vapor (T = 300 K and 1 atm), Psat 

= 0.03531 bar and vg = 39.13 m3/kg.  

5 7 and 8 

9 Derive Fick’s second with suitable assumptions. 

 

6 9 and 10 

*** 

Important Formula: 

 

 



 


