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3
rd

 Semester Regular Examination 2016-17 

TRANSPORT PHENOMENA 

BRANCH(S): METTA, MME 

Time: 3 Hours 

Max Marks: 100 

Q.CODE: Y605 

Answer Part-A which is compulsory and any four from Part-B. 

The figures in the right hand margin indicate marks. 
  

Part – A (Answer all the questions) 
Q1  Answer the following questions:  (2 x 10) 

 a) The motion of a fluid is governed by conservation laws such as the 
equations of 

(a) Continuity  (b) Motion    (c) Energy   (d) all of these 

 

 b) The conservation of momentum for a compressible fluid flow was 
derived by 

(a) Navier-Stokes  (b)Newton     (c) Fourier (d) all of these 

 

 c) When a flow in a circular pipe is laminar, the friction coefficient, λ, is 
given by 

(a)  64/Re.  (b) 16/Re    (c) 128/Re.   (d) all of these 

 

 d) The temperature difference between a solid body and surrounding 
fluid is known as  

(a) natural convection.  (b) forced convection.    (c) convection    
(d) all of these 

 

 e) The Stefan–Boltzmann law is valid for 
(a) black body  (b) gray body (c) opaque body (d) all of these 

 

 f) Units of heat-transfer coefficient  is  
(a)  W/m-2K-1) (b)  W/m2K) (c) W/m-2K) (d) none of these 

 

 g) The ratio of the kinematic viscosity to the thermal diffusivity is  
(a) Biot number (b) Nusselt number  (c) Prandtl number  (d) none of 
these 

 

 h) Kirkendall effect occurs in Cu-Zn alloy system because  
(a) DCu>DZn (b) DCu<DZn (c) DZn>DCu (d) DZn<DCu 

 

 i) The temperature at which all crystalline solid contains point defects is 
(a) T>0K (b)  T<0K (c) T<27oC (d) T>27oC 

 

 j) The diffusion in porous media is called as  
(a) Knudsen diffusion (b)  Uphill diffusion  (c) Molecular diffusion  (d) 
none of these. 
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Q2  Answer the following questions:  (2 x 10) 
 a)  State the difference between Newtonian and Non Newtonian fluid.  

 b) Water flows at a velocity of 3.0 m/s. Calculate the dynamic pressure, 
pd, by assuming that the density of water, ρ, is 998 kg/m

3
. 

 

 c) What is packed bed? Give an example.  

 d) State the Newton’s law of cooling. Note the equation.  

 e) The surfaces of a flat plate 2.0 cm thick are kept at 300
o
 C and 10

o
 C. 

Calculate  the  heat  transfer  in  2h  and  heat  flux  assuming  that  the 
thermal conductivity is 40 W/m K. 

 

 f) Define Schmidt number. Explain physical meaning.  

 g) The following Stefan–Boltzmann law is valid for a black body.  

 h) The temperature of a black body is 800K. Calculate the emissive 

power,B.  
Given: The Stefan-Boltzmann constant (J=5.669 ×10-8Wm-2K-4

 

 

 i) State Fick's second law of diffusion? Give its application.  

 j) Define mass transfer coefficient and its unit.  

    

  Part – B (Answer any four questions)  

Q3 a) Derive the velocity distribution for steady incompressible laminar flow 
between two  parallel plates,  where  2a  is the separation between  the 
parallel  passage.  The  flow  is  assumed  to  be  fully  developed  and 
external forces are negligible. 

(10) 

 b) Determine the shear stress at plate walls caused by the water flowing 
between  the  plates  under  pressure  drop  of  1Psi.  If  the  separation 
between plates is 0.1ft and length of plate is 10 ft. Viscosity of water 
is 1cP. 

(5) 

    

Q4 a) Derive the equation of continuity of a Newtonian fluid element in the 
Cartesian coordinate system. 

(10) 

 b) Water with density, ρ, of 997 kg/m
3
 and kinematic viscosity, f, of 1.00 

x 10-6 m2/s flows in a circular pipe 5.0 cm in diameter, D at a flow rate, 
Qw, of 2.0 x 10

2
 m

3
/min. Calculate the Reynolds number, Re. 

(5) 

    

Q5 a) The height of a liquid column lifted up in a capillary tube, H (m), is 
dependent  on  tube  diameter,  D  (m),  the  density  of  liquid, ρ  (kg/m3), 
acceleration due to gravity, g (m/s

2
), and the surface tension of liquid, 

σ  (N/m¼  kg/s2). Derive  the  relationship of  H as a function  of D, ρ,  g, 
and σ on the basis of the Buckingham Π theorem. 

(10) 

 b) State the difference between Nusselt number and Prandtl number. (5) 

    

Q6 a) Drive the overall heat transfer coefficient of one-dimensional heat 
transfer through two plates.The temperatures of fluids surrounding the 
plates  are θa  and θb  If  a  plate  having  thickness δ1,  thermal 
conductivity λ1 is  covered  with  an  insulator  having  thickness δ2, 
thermal conductivity λ2. 

(10) 

 b) Write down the characteristic of black body radiation. (5) 
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Q7 a) The outer surface of a flat plate made of iron is covered with an 
insulator. The thickness of the plate is 2.0 cm and the insulator is 5.0 
cm thick. The inner wall of the plate is exposed to a gas at 400 °C and 
the  outer  surface  of  the  insulator  is  exposed  to  the  atmosphere  at 
20°C. The heat-transfer coefficients on the flat plate side and insulator 
side are 5.0 and 1.0 W/m

2
 K, respectively. The thermal conductivities 

of  the  iron  plate  and  the  insulator  are  40.0  and  0.050  W/  mK. 
Calculate  the  temperatures on the  inner wall  of  the  flat plate  and on 
the outer wall of the insulator and the heat flux. 

(10) 

 b) Differentiate between natural convection and forced convection of 
heat transfer. 

(5) 

    

Q8 a) Explain the different mechanisms of mass transfer in solids. (10) 

 b) A steel plate with 0.2% carbon is exposed to a carburizing 
atmosphere  at  1223K.  Carburizing  atmosphere  maintains  0.5% 
carbon on the surface of steel. If diffusivity of carbon in steel is DC = 
1.2  ×10-11m2/s.  Calculate  the  concentration  of  carbon  at  1mm  away 
from the surface after 1 hour.  

(5) 

    

Q9 a) Show that Sh= f (Re, Sc) using the dimensional analysis of mass 
transfer by forced convection in a circular pipe. 

(10) 

 b) Differentiate between natural convective mass transfer and forced 
convective mass transfer. 

(5) 
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