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

 

P. Pages : 3 NJR/KS/18/4481/4507 

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. Due credit will be given to neatness and adequate dimensions. 

 9. Assume suitable data whenever necessary. 

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

 11. Use of non programmable calculator is permitted. 

 12. Use of Heat Transfer Data Book & steam table is permitted. 

 

    

1. a) Derive three dimensional steady state heat conduction equation in cylindrical co-ordinates. 

 

7 

 b) A wall of a furnace is made up of inside layer of magnesite brick 240mm thick. Temperature 

at the inside surface of silica brick wall and outside surface of magnesite brick wall are 

725ºC and 110ºC respectively. The thermal contact resistance between the two wall 

interface is 0.0035ºC/W per unit area of wall. If the thermal conductivity of silica and 

magnesite brick are 1.7W/mºC and 5.8 W/mºC.  

Calculate 

i) Rate of heat loss per unit area of the wall. 

ii) Temperature drop at the wall interface. 

 

6 

  OR 

 

 

2. a) Define critical thickness of Insulation and derive the expression for critical thickness of 

insulation for cylinder. 

 

6 

 b) A steam to liquid heat exchanger surface of 3200 cm2 face area is constructed of 0.7cm 

nickel with a 0.2cm plating of copper on the steam sides. The resistivity of a water scale 

deposit on the steam side is 0.0017 m2k/W and the steam and liquid surface conductance 

5465 W/m2k and 580 W/m2k respectively. The heated steam is at 111ºC and the heated 

liquid is at 75ºC.  

Calculate : 

i) Overall steam to liquid heat transfer co-efficient. 

ii) Temperature drop across the scale deposit. 

iii) Temperature at the copper-nickel interface. 

Take K(copper) = 384 W/m k 

 K (nickel) = 58 W/m k. 

 

7 

3. a) What is fin? Derive an expression for temperature distribution and heat transfer rate from 

the fin for finite long fin with convective heat losses from it's free end. 

 

 

 

6 
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 b) A stainless steel rod 20mm diameter is carrying an electrical current of 100 amp The thermal 

and electrical conductivity are 20 W/mk and 
4 11.25 10 m  . What is the temperature at 

the centre of the rod if its surface temperature should not exceeded 400ºC. 
 

7 

  OR 
 

 

4. a) What is Heisler charts? Explain the significance of Biot and Fourier number. 

 

3 

 b) A thermometer pocket, 2.2cm is diameter 0.5mm thick is made of steel (k = 27 W/m k) and 

it is used to measure the temperature stream flowing through a pipe. Calculate the minimum 

length of pocket so that the error is less than 0.5% of the applied temperature difference. 

Take steam at 250ºC and 
2h 98W / m k . 

 

5 

 c)  A 66 kV transmission line carrying a current of 900 ampere is 18mm in diameter. The 

electric resistance of the copper conductor is 0.076 ohm/km and the thermal conductivity 

of copper is 380 W/mk. The surrounding temperature is 35ºC. The combined convection 

and radiation coefficient for heat transfer from the wire surface to the surrounding is  

14 W/m2k. Calculate:-  

i) The surface temperature of the transmission line. 

ii) The maximum temperature in the line. 

 

5 

5. a) Show by dimensional analysis that data for forced convection may be corelated by an 

equation of the form : Nu = f (Re, Pr) 

Where, Nusselt Number 
hL

Nu
k

  

Reynolds Number 
VL

Re and





 

Prandtl Number 
Cp

Pr
k


 . 

All the above symbols have their usual meaning. 

 

7 

 b) Air at a pressure of 6 kN/m2 and a temperature of 300ºC flows with a velocity of 10m/s over 

a flat plate 0.6m long. Estimate the cooling rate per unit width of the plate needed to 

maintain it at a surface temperature of 30ºC. 
 

7 

  OR 
 

 

6.  Air (Ta = 30ºC) flowing over the flat square plate 300mm x 300mm is size, at a velocity 

of 4m/s. The plate surface is maintained at a temperature of 56ºC.  

Calculate : 

i) Boundary layer thickness at 300mm from leading edge. 

ii) Local and average heat transfer coefficient. 

iii) Local and average coefficient of friction. 

iv) Total heat transported from the plate. 

v) Total drag force on the plate. 

 

14 

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

5 

 b) A fine wire of 0.3mm diameter is maintained at a constant temperature of 65ºC by an electric 

current. The wire is exposed to air at 1 bar and 20ºC. Calculate the electric power necessary 

to maintain the wire. The length of wire is 1m. 

 

8 

  OR 
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8. a) Refrigerant R-12 is used to condensed the steam at rate of 10,000 kg/hr at 35ºC and R-12 is 

at 25ºC. The condenser uses a square array of 25x25 tubes of 12mm OD, Calculate the 

length of the tube bundle. 

 

9 

 b) Explain the difference between the mechanism of film wise and dropwise condensation 

with neat sketch. 

 

4 

9. a) Calculate the following for an individual furnace in the form of a black body and emitting 

radiation at 2400ºC 

i) Maximum emissive power. 

ii) Total emissive power. 

 

7 

 b) Explain the following. 

i) Stefan's Boltzmann law. 

ii) Kirchoff's Law of Radiation. 

iii) Lambert cosine law. 

iv) Wien's Displacement Law. 

 

6 

  OR 

 

 

10. a) The net radiation from the surface of two parallel plates maintained at 1 2T and T  is to be 

reduced by 99%. Calculate the number of screens to be placed between the two surfaces to 

achieve this reduction is heat exchange assuming the emissivity of screens as 0.05 and that 

of surfaces as 0.8. 

 

6 

 b) An encloser measure 1.5m x 1.7m with height of 2m. The wall and ceiling are maintained 

at 250ºC and floor at 130ºC. The walls and ceiling having an emissivity of 0.82 and floor 

0.7. Determine net radiation to the floor. 

 

7 

11.  A shell and tube heat exchanger is used as an ammonia condenser with ammonia vapour 

entering the shell at 50ºC as saturated vapour. Water enters the single pass tube arrangement 

at 20ºC and total heat transfer required is 200kW. The overall heat transfer co-efficient is 

estimated to be 1100W/m2k. Determine area to achieve a heat exchanger effectiveness to 

60% with an exit temperature of 40ºC. What % reduction in heat transfer would result if 

water flow is reduced in half while keeping heat exchanger and overall heat coefficient 'U' 

same? Given – Effectiveness = 1 – exp [-NTU]. 

 

OR 

 

14 

12. a) Explain the following. 

i) Effectiveness of heat exchanger. 

ii) LMTD. 

 

4 

 b) Oil at 120ºC [Cp = 3.6 kJ/kg k] flows at a rate of 30000kg/h and enters in to a parallel flow 

heat exchanger cooling water [Cp = 4.2 kJ/kg k] enters the heat exchanger at 10ºC at the 

rate of 50,000 kg/h. The heat transfer area is 10m2 and overall heat transfer coefficient is 

1000 W/m2k. Calculate : 

i) Outlet temperature of oil and water. 

ii) Maximum possible outlet temperature of water. 

 

10 

  ***********  
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