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Q.1              [15] 
Water at 70 ˚F with a uniform free stream velocity of 0.15 m/s enters between two large parallel plates. Both 
plates are maintained at 110 ˚F over its entire length. The plates are separated by a distance of 15 mm.  
Find  
(a) Distance from the leading edge where the flow becomes fully developed,  
(b) Thickness of thermal boundary layer at that location, 
(c) Local heat transfer coefficient at that location 
 
Q. 2             [15] 
An alloy sphere 20 cm in diameter is initially at a uniform temperature of 300 °C. It is suddenly subjected to a 
convection environment at 100 °C and h = 200 W/m2 °C. Calculate the temperature at a radial position of 4.0 
cm and 1 min after the exposure to the environment. 
k = 20 W/m °C; α = 8.4 x 10-5 m2/s  
 

Q. 3             [15] 
A spherical tank, 1 m in diameter, is maintained at a temperature of 120 °C and exposed to a convection 
environment. With h = 25 W/m2 °C and T∞ = 15 °C, what thickness of urethane foam (k  = 0.18 W/m °C) should 
be added to ensure that the outer temperature of the insulation does not exceed 400C? What percentage 
reduction in heat loss results from installing this insulation?  
 

Q 4            [5 X 3 = 15] 
(a) What is the difference between fin efficiency and fin effectiveness? 
(b) What are the physical assumptions necessary for a lumped capacity unsteady state analysis to apply? 
(c) Explain the physical significance of Biot number and Prandtl Number. 
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Q. 1             [10] 
A thick wall of low density particle board material is at a uniform temperature of 30 °C. It is suddenly 
subjected to a constant temperature of 10 °C. Calculate the temperature in the board at a depth of 7 cm after 2 
hrs. Also calculate the total heat removed (in W/m2) from the surface. 
 

Q. 2             [20] 

Air flows at 100 °C and at 2 atm in a 1.2-cm-(inside)-diameter tube at a velocity such that a Reynolds number 
of 15,000 is obtained. The outside of the tube is subjected to a cross flow of air at 2 atm, 30 °C, and a free-
stream velocity of 20 m/s. The tube wall thickness is 10 mm and made of pure aluminum. Calculate the 
overall heat transfer coefficient for this system considering unit length. 


