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

 
P. Pages :  3 NRJ/KW/17/4481/4507 

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. Heat and mass transfer data book is permitted.  

 

    

1. a) It is required to reduce heat loss from a furnace wall by increasing the thickness of brick 

work by 50%. The temperature of inner surface of brickwork is 600ºC and ambient is at 

40ºC. The temperature at the outer surface before increasing the wall thickness was 250ºC. 

Calculate the percentage decrease in heat loss.  

 

7 

 b) Derive equation for critical thickness of insulation for sphere.  

 

6 

  OR  

2. a) A furnace operated at 400ºC and has 30cm thick wall. The outside temperature of the 

furnace wall is 55ºC. The thermal conductivity of material varies as 

 k = 0.0022T–1.5x10–6T2 where T is in ºC. Calculate i) The rate of heat loss per unit area 

from the wall ii) Average value of thermal conductivity of the material in the mentioned 

temperature range.  

 

8 

 b) Draw the neat sketch showing thermal resistances in series and parallel. Write expression 

for heat transfer for both.  

 

5 

3. a) Explain the Heisler chart and its significance.  

 

3 

 b) Heat is generated at an interphase between two slabs of different materials both 5cm thick 

one is steel bar for which k = 30 w/mºC and other is brass for. Which k = 65 w/mºC. The 

temperature of the outer surface of steel slab is 95ºC. While that of the outer surface of the 

brass is 40ºC. The rate of heat generation at the contact area is 15000 w/m3. Calculate the 

heat flow rate at the intercontact temperature.  

 

10 

  OR  

4. a) A thermometer well 22 cm in diameter and 0.5mm thick is made of steel (k = 27 w/mk) and 

it is to be used to measure the temperature of a steam flowing through a pipe. Calculate the 

minimum length of the well so that the error is less than 0.5% of the difference between the 

pipe wall and fluid temperature take steam temperature as 250ºC and heat transfer co-

efficient as 98 w/m2k. 

 

6 

 b) A 50mm x 50mm iron bar 0.4m long is connected to the walls of two heated reservoirs each 

at 120ºC. The ambient air temperature is 35ºC. and convective heat transfer co-efficient is 

17.4 w/m2 k. Calculate the rate of heat loss from the bar and the temperature of the bar 

midway between the reservoirs. The thermal conductivity of iron is 52 w/mk.  

7 
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5. a) Explain the concept of hydrodynamic & thermal boundary layer with neat sketch in detail.  

 

6 

 b) Water is heated while flowing through 1.5cm x 3.5cm rectangular cross-section tube with a 

velocity of 1.2 m/sec. The entering temperature of water is 40ºc and tube wall is maintained 

at 85ºC. Determine the length of the tube required to raise the temperature of water to 70ºC.  

 

8 

  OR  

6. a) Explain the following dimensionless numbers and their physical significance.  

i) Reynold number  

ii) Prandtl number  

iii) Nusselt number.  

 

6 

 b) A tube bank uses aligned arrangement of tubes of diameter 30mm with transverse and 

longitudinal pitch are 60mm and tube is of 1m length. There are 10 tubes in a row in flow 

direction and have 7 tubes per row. Air at 27ºC flows over the tubes at a rate of 15 m/sec. 

Tube walls are maintained at 100ºC. Determine the temperature of the air leaving the tube 

bank and also heat transfer rate.  

 

8 

7. a) Explain with neat sketch the pool boiling curve and regimes of pool boiling.  

 

5 

 b) A condenser is designed to condense 500 kg/hr of dry and saturated steam at 0.1bar. A 

square array of 400 tubes, 6mm in diameter is used. The tube surface is maintained at 

24ºC by flowing water. Calculate the heat transfer coefficient and length of each tube.  

 

8 

  OR  

8. a) Distinguish between filmwise and dropwise condensation process. Also discuss the effect 

of non-condensable gases on condensation rate. 

 

5 

 b) Steam at 260ºC flows through a 10 cm diameter pipe which is exposed to atmospheric air 

at 27ºC. Calculate the amount of heat transfer if the length of the tube is 5 meter.  

 

8 

9. a) Explain following terms in brief.  

i) Kirchoff's law and Wein's displacement law 

ii) Radiation network.  

 

4 

 b) Two parallel square plates, each 4m2 area are large, compared to a gap of 5mm separating 

them. One plate has a temperature of 800k and surface emissivity of 0.6, while the other has 

a temperature of 300k and a surface emissivity of  0.9. Find the net energy exchange by 

radiation between the plates. If a thin polished metal sheet of surface emissivity 0.1 on both 

sides is now located centrally between two plates, what will be its steady state temperature? 

How the heat transfer would be altered? Neglect the convection and edge effects, if any. 

Comment upon the significance of this exercise.  

  

9 

  OR  

10. a) Calculate the shape factor for a cylindrical cavity of diameter D and length L with respect 

to itself.  

 

5 

 b) The sun may be considered to be a black body. With a surface temperature of 5780K. 

Calculate.  

i) Wavelength corresponding to the maximum spectral emissive power  

ii) Maximum spectral emissive power  

iii) Total emissive power.  

 

8 
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11.  An intercooler of air compressor takes in air at 6 bar and 150ºC and passes it to the next 

stage at 30ºC and at the equivalent rate of 6m3 of free air (15ºC and 1bar) per minute. The 

cooling water passes in parallel flow over the tubes which are 100mm on and 1.2mm thick. 

The inlet and outlet water temperature are 10ºC and 20ºC respectively. and the air velocity 

to entry into the tubes is 6m/sec. Inside heat transfer co-efficient is 90 w/m2k and outside 

heat transfer coefficient is 1800 w/m2k. Find the no. of tubes in the intercooler and the length 

of each tube. What will be the saving in the total tube length if the cooler is made counter 

flow with the inlet and outlet temperature being maintained same as before?  

 

14 

  OR  

12. a) A concurrent ( parallel flow) heat exchanger of 1m length cools oil from 150ºC to 100ºC by 

a stream of cooling water that enter the cooler at 15ºC and leaves at 25ºC. Subsequently the 

process condition demand that the oil be cooled to 75ºC and the design engineer suggest 

that this is done by lengthening the cooler. If the oil and water flow rates their inlet 

temperatures and other dimensions remain unchanged, then determine the length and outlet 

temperature of cooling water of the new cooler.  

  

8 

 b) Derive an expression for LMTD of counterflow heat exchanger.  

 

6 

  ********  
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