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B.E. (Mechanical Engineering / Power Engineering) Fifth Semester (C.B.S.) 
Heat Transfer 

 
P. Pages : 3 NIR/KW/18/3426/3452 

Time : Three Hours Max. Marks : 80 

_____________________________________________________________________ 

 Notes : 1. All questions carry marks as indicated. 

 2. Solve Question 1 OR Questions No. 2. 

 3. Solve Question 3 OR Questions No. 4. 

 4. Solve Question 5 OR Questions No. 6. 

 5. Solve Question 7 OR Questions No. 8. 

 6. Solve Question 9 OR Questions No. 10. 

 7. Solve Question 11 OR Questions No. 12. 

 8. Assume suitable data whenever necessary. 

 9. Illustrate your answers whenever necessary with the help of neat sketches. 

 10. Use of HT data book, steam table is permitted. 

 

    

1. a) Derive three dimensional heat conduction equation in cartesian co-ordinates and reduce it 

to Laplace equation. 

 

9 

 b) Explain the concept of thermal resistances in series and in parallel. Also find out the 

equivalent resistance in both cases. 

 

OR 

 

4 

2. a) A thermoplane (thermally insulated glass) window that is 0.6 m long and 0.3 m wide 

comprises two 8 mm thick pieces of glass sandwiching an 8 mm thick stagnant air space. 

The thermal conductivity of the glass is 1.4 w/mk and that of air is 0.025 w/mk. The window 

separates room air at 20ºC from outside ambient air at – 10ºC. The convection coefficient 

associated with the inner (room side) and outer (ambient) surfaces are 210w / m k and 

280w / m k  respectively. 

a) Determine the heat loss through the window, and the two surface temperatures. 

b) What would be the heat loss if the window had a single glass of 8mm thickness instead 

 of thermoplane? 

c) Calculate heat loss for a triple pane construction in which third pane and second air 

 space, each 8 mm thick are added. 

  

9 

 b) What is critical radius of insulation? Explain it with neat sketch. 

 

4 

3. a) Derive an expression for the steady state temperature distribution in an infinitely long solid 

cylinder of radius ‘R’ in which heat is being generated at uniform rate q units per unit 

volume. The heat transfer coefficient at the surface is 2h(w / m k)  and the ambient 

temperature is fT . 

 

9 

 b) What do you understand by lumped analysis and Heisler chart? When it is used? 

 

OR 

 

4 

4. a) How do you use fin theory for error estimation in temperature measurement? 

 

4 
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 b) A long solid 20 mm diameter rod, one end was inserted into a furnace, while other end was 

projecting into air at 28ºC. After steady state has been reached, the temperature at two points 

are 100 mm apart was measured and found to be 127ºC and 95ºC respectively. The heat 

transfer coefficient over the surface of rod was estimated to be 218w / m k . Find the thermal 

conductivity of the rod. 

 

9 

5. a) Blood at 32ºC enters a 2.5 mm inside diameter steel tube with volumetric flow rate 15 mL/s. 

The tube surface is electrically heated to impart a uniform heat flux. The tube wall 

temperature must not exceed 44ºC to avoid damage to the blood. Calculate the minimum 

length of the tube required to warm the blood to 37ºC. Blood properties may be 

approximated as those of water. 

 

8 

 b) Write the significance of following numbers. 

i) Reynold Number 

ii) Prandtl Number 

iii) Peclet Number. 
 

OR 
 

6 

6. a) Explain boundary layer concept and define clearly hydrodynamic and thermal boundary 

layer thickness when fluid is flowing over the plate. 

 

5 

 b) A refrigerated truck is travelling on high way at a speed of 90 km/hr in a desert area where 

the temperature 50ºC. The body of the truck is considered to be rectangular box 3m wide, 

2m high and 6m long rectangular box. The heat transfer from front and back side of the box 

is neglected. Assuming no separation of air stream from the surface and consider boundary 

layer as turbulent over the entire length. Heat transfer coefficient may be same for all sides. 

The temperature of the surface is 10ºC. Calculate : 

a) Heat loss from four surfaces. 

b) Tonnage of refrigeration unit 

Take 1 ton of Refrigeration = 211 kJ/min. 

 

9 

7.  A 0.4 0.4m square plates receives a constant wall heat flux at a rate of 2600w / m and is 

placed in the quiescent room air at 20ºC. Determine average natural heat transfer coefficient, 

and the mean surface temperature of the plate for the following orientations. 

i) Hot surface, horizontal facing upwards. 

ii) Hot surface horizontal facing downwards. 

iii) Heated surface inclined at an angle of 30º with the vertical, facing downwards. 
 

OR 
 

13 

8. a) A surface condenser was designed for a condensation rate of 50kg of vapour per hour. It 

contained 100, 1cm outside diameter 1m long tubes arranged in 10 10  array. The 

condenser was by mistake installed in the vertical position (tube vertical) instead of 

horizontal position (tubes horizontal) for which position it was designed. Would there be 

any change in the condensation rate. 

 

8 

 b) What are the different regions of pool boiling. Show them on a Nukiyama Curve. 

 

5 

9. a) Explain the following terms 

i) Shape factor 

ii) Kirchoff’s law 

iii) Wien’s law 
 

5 
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 b) The net radiation from the surfaces of two parallel plates maintained at a temperature of 1T  

and 2T is to be reduced by 80 times. Calculate the number of shield to be placed between 

two surfaces to achieve this reduction. Assume emissivity of shields as 0.05 and that of 

surfaces 0.8. 

 

OR 

 

8 

10. a) A thermocouple situated at the centre of the circular duct of 10cm 25cm  in length has a 

spherical bead 2 mm in diameter. It reads 185ºC with gas at 200ºC flowing along the duct. 

The wall of the duct is at 140ºC. Determine the convection coefficient for heat transfer 

between the gas and the bead. Assume radiating surfaces are black. 

 

7 

 b) The sun may be considered as black body with temperature of 6000 K calculate : 

i) Maximum emissive power. 

ii) Total emissive power. 

 

6 

11. a) What do you understand by overall heat transfer coefficient? 

 

4 

 b) Engine oil is to be cooled from 80 to 50ºC by using single pass, counter flow concentric 

tube heat exchanger with cooling water available at 20ºC. Water flows inside the tube with 

an ID of 2.5cm at a rate of 0.08 kg/s, and oil flows through annulus at a rate of 0.16 kg/s. 

The heat transfer coefficient for the water side and oil side are 21000w / m ºC  and 

280w / m ºC  respectively. Neglecting tube wall resistance and fouling resistance, Calculate 

the tube length required. 

 

OR 

 

10 

12. a) Derive log mean temperature difference for parallel flow heat exchanger. 

 

6 

 b) The refrigerator is designed to cool 250 kg/hr of hot liquid of Cp = 3350 J/kgk at 120ºC 

using parallel flow arrangement. 1000 kg/hr of cooling water is available for cooling 

purposes at a temperature of 10ºC. If overall heat transfer coefficient is 21160w / m k  and 

the surface area of the heat exchanger is 20.25m , Calculate outlet temperatures of cooled 

liquid and water and also effectiveness of the heat exchanger. 

 

*********** 

8 
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