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                 The Stefan-Boltzmann constant:  = 56·7 × 10 –12 kW/m2 K4 

Question 1 

(a) A cylindrical conductor of radius r, which is at uniform temperature, is covered with 

insulation of thermal conductivity k. The heat transfer coefficient between the surface of 

insulation and the surrounding air is h. What is the outside radius of the insulation for the 

heat transfer from the conductor to be a maximum for the given conductor and air 

temperatures?          (10 marks) 

 

(b)  Steam at a temperature of 250oC flows through a steel pipe of 60-mm inside diameter and 

75-mm outside diameter. The convection coefficient between the steam and the inner 

surface of the pipe is 500 W/m2∙K, while that between the outer surface of the pipe and the 

surroundings is 25 W/m2∙K. The pipe emissivity is 0.8, and the temperature of the air and 

the surroundings is 20oC. 

(i) Sketch the equivalent thermal circuit of the system, 

(ii) Calculate the heat loss per unit length of the pipe.           (10 marks) 
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Question 2 

(a) A rectangular fin of width W, length L, and thermal conductivity k is exposed to an 

ambient fluid at temperature T and having a heat transfer coefficient h. The fin base is 

maintained at temperature To, and the heat loss from the fin tip can be considered 

negligible compared with that from the lateral surface of the fin. 

(i) Starting with the general fin equation 
d

dx
m

x

x

2

2

2
0




( )

( )   develop an expression for 

            temperature distribution T(x) in the fin. 

(ii) Develop an expression for the heat transfer rate through the fin.               

(12 marks) 

 

(b) An aluminium cylindrical rod (k = 2284 W/(moC) having diameter of 10 cm and length 

of 100 cm is attached to a surface having a temperature of 933 oC. The rod is exposed to 

ambient air at 211oC, and the heat transfer coefficient along the length and at the end is 

852 W/(m2oC).                                                  (8 marks) 

              

 

Question 3 

(a) Define the term ‘log mean temperature difference’ (LMTD) as applied to heat exchangers 

and show that for a counter flow heat exchanger, it is given by: 

where, Tm is the LMTD, T1 is the temperature difference between the two fluids at one 

end of the heat exchanger, and T2 is the temperature difference at the other end. State the 

assumptions you make.        (10 marks) 

 

(b) A concentric tube heat exchanger for cooling lubricating oil is comprised of a thin-walled 

inner tube of 25-mm diameter carrying water and an outer tube of 45-mm diameter 

carrying the oil. The exchanger operates in counter-flow with an overall heat transfer 

coefficient of 60 W/m2 K and the tabulated average properties. 
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Properties Water Oil 

ρ (kg/m3) 1000 800 

cp (J/kg K) 4200 1900 

ν (m2/s) 7 × 10-7 1 × 10-5 

k (W/m K) 0.64 0.134 

Pr 4.7 140 

 

(i) If the outlet temperature of the oil is 60oC, calculate the total heat transfer and 

the outlet temperature of water. 

(ii) Calculate the length of tube required for the heat exchanger.         

(10 marks) 

 

Question 4  

(a) Starting with the integral boundary layer equation for laminar flow over flat plate in the 

form: 

 

 

 

And using a cubic velocity profile distribution; 
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obtain an expression for the boundary-layer thickness, expressing your result in terms of 

the local Reynolds number.                               (12 marks) 

       

(b) Air at 30C flows over a flat plate at a velocity of 2 m/s. The plate is 2 m long and 1.5 m 

wide. Assuming a cubic parabola velocity profile distribution, calculate: 

(i) The thermal boundary layer thickness at the trailing edge of the plate. 

(ii) The total mass flow rate through the boundary between x = 40 cm and x = 85 cm. 

                   (8 marks) 
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Question 5  

(a) The spectral transmissivity of a glass cover used in a solar collector is given as: 

   mfor  3.001   

   mfor  33.09.02   

   mfor  303   

Solar radiation is incident at a rate of 950 W/m2 and the absorber plate is maintained at 

340 K by the cooling water. Determine, 

(i) The solar flux incident on the absorber plate, 

(ii) The transmissivity of the glass cover for radiation emitted by the absorber plate, 

and 

(iii) The rate of heat transfer to the cooling water if the glass cover temperature is          

also 340 K.        (10 marks) 

 

(b) Show that the net radiant heat-transfer rate between two grey surfaces is given by the 

following expression: 
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where the symbols have the usual meaning.  

Further, show how Q1-2 can be represented as an electrical network.  (10 marks)  
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