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CAT I Examination – Winter Semester 2023-24 

B.Tech – Chemical Engineering 

Course: BCHE204L – Transport Phenomena 

Time: 90 min      Slot: A2+TA2+TAA2       Max. Marks: 50 

 

ANSWER KEY 

 

1 (a) Explain the analogy between momentum and energy transport in terms of relation between 

their fluxes and gradients, diffusivities and relation between their boundary layer 

thicknesses.                                                                                                                    (4M) 

Solution 

 

 

 
δ/δt = (Pr)1/3 

If the Pr = 1, then the hydrodynamic and thermal boundary layers are identical.  

If Pr > 1, then δ > δt. 

If Pr < 1, then δ < δt. 

δ > δt when Pr>1 
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1 (b) Determine the heat loss per m2 from a 40 cm thick furnace wall whose either side surface 

temperature are maintained at 50 °C and 300 °C. The thermal conductivity of material is 

given by K = 0.005T – (5×10-6) T2 (T is in °C).                                                          (6M)                                                                                                          

Solution 

 

2 (a) Draw the shear stress and velocity distribution for the flow of a fluid in a circular conduit 

under laminar flow condition.                                                                                     (4M) 

Solution 

 

2 (b) Water at 24 °C is filled between two parallel plates at some distance apart. The lower plate 

is being pulled at a constant velocity of 0.4 m/s faster relative to the top plate. The viscosity 

of water at 24 °C is 0.9142×10-3 kg/m.s. How far apart (cm) should the two plates be placed 

so that the shear stress is 0.3 N/m2? Also, calculate the shear rate.  (6M)                                   

Solution 

 



3 

 

 

3  Carbon dioxide gas is diffusing through nitrogen gas in one direction at atmospheric 

pressure and temperature of 15 °C. The mole fraction of CO2 at point A is 0.2 and at point B 

(3 m away in the direction of diffusion) is 0.0195. The concentration gradient is constant 

over this distance and diffusivity is 1.5×10-5 m2/s. The gas phase as a whole is stationary, 

i.e. N2 is diffusing at the same rate as CO2, but in opposite direction. 

(a) What is the molar flux of CO2 in kmol/m2.s?                                                     (5M)                                         

(b) What is the molar flux of N2 in kmol/m2.s?                                                       (5M) 

Solution 
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4 The mass flux from a 5 cm diameter naphthalene ball placed in stagnant air at 40⁰C and 

atmospheric pressure is 1.47×10–3 mol/m2. s. Assume the vapour pressure of naphthalene to 

be 0.15 atm at 40⁰C and negligible bulk concentration of naphthalene in air. If air starts 

blowing across the surface of naphthalene ball at 3 m/s, by what factor will the mass 

transfer rate increase, all other conditions remaining the same? 
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For spheres: Sh = 2.0 + 0.6 (Re)0.5 (Sc)0.33 

Where, Sh is the Sherwood number and Sc is the Schmidt number. The viscosity and 

density of air are 1.8×10–5 kg/m.s and 1.123 kg/m3, respectively and the gas constant is 

82.06 cm3atm/mol.K. 

Solution 
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5 Using Buckingham’s π-theorem, show that Sherwood Number (Sh) is a function of 

Grashoff (Gr) and Schmidt (Sc) number for free convection mass transfer. Sh = f (Gr, Sc)  

   

The dimensionless groups can be formulated using mass transfer coefficient  (LT-1) and 

other variables such as L, ρ, μ, DAB, g and Δρ where L is the  pipe length, Δρ is the density 

difference, μ is the viscosity of the fluid and DAB  is the diffusivity of the fluid. 

Solution 
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