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Instructions:  

 Attempt all questions from Section-A (each carrying 4 marks), Section-B (each carrying 10 marks) and Section-

C (carrying 20 marks). 

Assume suitable data wherever necessary. The notations used here have the usual meanings. 

SECTION-A  

S. No.  Marks CO 

1. What is the concept of critical thickness of insulation? 4 M CO2 

2. Define and give the significance of Nusselt and Prandtl number 4 M CO2 

3. Explain the difference between boiling and evaporation? 4 M CO3 

4. Distinguish between a black body and gray body? 4 M CO1 

5. Discuss the advantage of NTU method over the LMTD method? 4 M CO4 

SECTION-B 

6.  A thick-walled tube of stainless steel [18% Cr, 8% Ni, k = 19 W/m·◦C] with 2-cm 

inner diameter (ID) and 4-cm outer diameter (OD) is covered with a 3-cm layer of 

asbestos insulation [k = 0.2 W/m·◦C]. If the inside wall temperature of the pipe is 

maintained at 600 ◦C, calculate the heat loss per meter of length. Also, calculate the 

tube–insulation interface temperature. 

10 

 
CO2 

7. Water is boiled at atmospheric pressure on a polished copper surface of 50 cm dia, 

which is electrically heated. Calculate the surface heat flux and the rate of evaporation, 

if the surface is maintained at 120 0C. The properties of water at 100oC are: hfg = 2257 

kJ/kg, ρl = 957.9 kg/m3, ρv = 0.5977 kg/m3, Cpl = 4.211 kJ/kg-K, µl = 282 × 10-3 kg/m.s, 

Prl=1.75. The value of vapour liquid surface tension σ = 58.9 × 10-3 N/m and Csf = 

0.013 and n=1.  

For Nucleate boiling: 

𝑞𝑛𝑢𝑐𝑙𝑒𝑎𝑡𝑒̇ = µ𝑙  ℎ𝑓𝑔 [
g(𝜌𝑙 − 𝜌𝑣)

𝜎
]
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[
𝐶𝑝(𝑇𝑠−𝑇𝑠𝑎𝑡)

𝐶𝑠𝑓 ℎ𝑓𝑔 𝑃𝑟𝑙
𝑛 ]
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10 CO3 



8. Water at 75 oC flows through a 0.01 m diameter tube with a velocity of 1.5m/s. If the 

tube wall temperature is 25 oC, make calculations for the heat transfer coefficient. Use 

the correlation, Nu = 0.023 Re 0.2 Pr– 0.667. The thermo-physical properties of water are: 

Thermal conductivity is 0.647 W/(m.K); Viscosity is 1.977 kg/h.m; Density is 1000 

kg/m3; Specific heat 4.187 kJ/(kg.K). 

10  CO2 

9. How are the heat exchangers classified? Sketch the temp variations in (i) parallel flow 

heat exchanger (ii) counter-flow heat exchangers (iii) Boiler (iv) Condenser  10 CO4 

SECTION-C 

10 In a counter flow double pipe heat exchanger, water is heated from 35 oC to 75 oC by 

oil with a specific heat of 1.55kJ/kg-K and mass flow rate of 0.9kg/s. The oil is cooled 

from 220 oC to 150 oC. If overall heat transfer coefficient is 400 W/m2.K. Calculate 

the rate of heat transfer, mass flow rate of water and surface area of heat exchanger.  

20 CO4 

11. The wall of cold storage consists of three layers – an outer layer of ordinary brick, 25 

cm thick, a middle layer of cork, 10 cm thick, and an inner layer of cement, 6 cm thick. 

The thermal conductivities of the materials are- brick: 0.7, cork: 0.043, and cement: 

0.72 W/m. oC. The temperature of the outer surface of the wall is 30 oC, and that of 

the inner is -15 oC. Calculate  

(a) the steady state rate of heat gain per unit area of the wall 

(b) the temperatures at the interfaces of the composite wall 

the percentages of the total heat transfer resistance offered by the individual layers. 

What additional thickness of cork should be provided to make the rate of heat transfer 

30% less than the present value? 

20 CO2 

 




