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Heat Transfer 
21CGA006 

 
 
Semester 2 2021/22 In-Person Exam paper 
 

 
This examination is to take place in-person at a central University venue under exam conditions. 
The standard length of time for this paper is 2 hours. 
 

You will not be able to leave the exam hall for the first 30 or final 15 minutes of your exam. Your 
invigilator will collect your exam paper when you have finished. 
 

 

Help during the exam 
 

Invigilators are not able to answer queries about the content of your exam paper. Instead, 
please make a note of your query in your answer script to be considered during the marking 

process. 
 

If you feel unwell, please raise your hand so that an invigilator can assist you. 
 

 
 
You may use a calculator for this exam. It must comply with the University’s Calculator Policy 
for In-Person exams, in particular that it must not be able to transmit or receive information (e.g. 
mobile devices and smart watches are not allowed).  
 
 
Attempt THREE questions in total. Each question carries 25 marks. 
 
 
Candidates should show full working for all calculations and derivations. 
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1. (a) An electric heater is turned on to raise the air temperature in a house from 50°F to 70°F. 

(i) If the house is air-tight and thus no air escapes during the heating process, provide 

the problem statement, and then determine the amount of energy transferred to the 

air and the cost of this heat. [7 marks] 

(ii) If instead some air escapes through the cracks as the heated air in the house 

expands at constant pressure, determine the amount of energy transferred to the air 

and the cost of this heat. [4 marks] 

(iii) State any assumption(s) made. [3 marks] 

Relevant Data and Equations 

The floor area of the house is: 2000 ft2 

The average height of the house is: 9 ft 

The elevation of the house is: 5000 ft 

The local atmospheric pressure is: 12.2 psia 

The cost of electricity in that area is: $0.075 per kWh 

1 kWh = 3412 Btu 

Ideal gas constant R = 0.3704 psia ft3 lbm-1 R-1 

𝑚 =
𝑃𝑉

𝑅𝑇
 

∆𝑈 = 𝑚𝐶𝑣∆𝑇 

∆𝐻 = 𝑚𝐶𝑝∆𝑇 

where the symbols have their usual meanings. 

 

 

Continued/… 
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Q1 Continued/… 

Table 1.1 (a) 

 

Table 1.2 (a) 

 
(b) As shown in Figure 1 (b), two sides of a large plane wall are maintained at constant 

temperatures of T1 = 120°C and T2 = 50°C, respectively. 

(i) Provide the problem statement, and then determine the variation of temperature 

within the wall and the value of temperature at x = 0.1 m. [5 marks] 

(ii) Determine the rate of heat conduction through the wall under steady conditions. 

 [2 marks] 

(iii) State any assumption(s) made.  [4 marks] 

Continued/… 



Copyright © Loughborough University. All rights reserved. 4 

Q1 Continued/… 

 
Figure 1 (b) 

Relevant Data and Equations 

Thickness of the plane wall: L= 0.2 m 

Surface area of the plane wall: A = 15 m2 

Thermal conductivity of the plane wall: 1.2 W m-1 K-1 

The differential equation for heat conduction in the wall can be formulated as: 

𝑑2𝑇

𝑑𝑥2
= 0 

Rate of heat conduction based on Fourier’s law: 

𝑄̇ = −𝑘𝐴
𝑑𝑇

𝑑𝑥
 

where the symbols have their usual meanings. 
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2. (a) As shown in Figure 2 (a), a vertical hot surface in air is to be cooled by a heat sink with 

equally spaced fins of rectangular profile. The fins are 0.1 cm thick and 18 cm long in the 

vertical direction and have a height of 2.4 cm from the base. 

(i) Provide the problem statement, and then determine the optimum fin spacing and the 

rate of heat transfer by natural convection from the heat sink. [10 marks] 

(ii) State any assumption(s) made. [6 marks] 

 
Figure 2 (a) 

 
Relevant Data and Equations 

The width of the vertical hot surface: 12 cm 

The height of the vertical hot surface: 18 cm 

The air temperature is: 30°C 

The base temperature is: 80°C 

𝛽 =  
1

𝑇𝑓
 

Ra𝐿 =  
𝘨𝛽(𝑇𝑠 − 𝑇ꝏ)𝐿3

𝜐2
Pr 

𝑆𝑜𝑝𝑡 = 2.714
𝐿

Ra𝐿
0.25 

𝑁𝑢 =
ℎ𝑆𝑜𝑝𝑡

𝑘
= 1.307 

𝑄̇ = ℎ𝐴𝑠(𝑇𝑠 − 𝑇∞) 

where the symbols have their usual meanings. Continued/… 
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Q2 Continued/… 
Table 2 (a) 

 

(b)You are working as a forensic doctor to investigate a person who died in a room; and the 

body temperature is measured to be 25°C when found. The body can be modelled as a 

30 cm diameter and 1.70 m long cylinder. 

(i) Provide the problem statement, and then estimate the time of death of that person. 

 [6 marks] 

(ii) State any assumption(s) made. [3 marks] 

 
 
 
 
 
 
 
 
 
 
 
 

Continued/…  
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Q2 Continued/… 

Relevant Data and Equations 

The room temperature is: 20ºC 

The heat transfer coefficient, h = 8 W m-2 K-1 

𝐿𝑐 =
𝑉

𝐴𝑠
 

Bi =
ℎ𝐿𝑐

𝑘
 

𝑏 =
ℎ

𝜌𝐶𝑝𝐿𝑐
 

𝑇(𝑡) − 𝑇∞

𝑇𝑖 − 𝑇∞
= 𝑒−𝑏𝑡 

where the symbols have their usual meanings. 

Table 2 (b) 
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3. A heat exchanger has been designed to have an overall heat transfer coefficient of 

1750 W m-2 K-1 with three different configurations: (i) double pipe co-current flow, (ii) double 

pipe counter-current flow, and (iii) shell-and-tube with one shell pass and 4-tube passes (oil 

in the shell side). The heat exchanger will be used to heat water from 20°C to 80°C by oil 

entering the exchanger at 150°C. The mass flow rate of oil and water are 6.75 kg s-1
 and 

2.25 kg s-1, respectively. 

(a) State all assumptions made. [3 marks] 

(b) Determine the final temperature of oil leaving the heat exchanger. [2 marks] 

(c) Calculate the log mean temperature difference and sketch the temperature profile for 

each configuration of the heat exchanger. [6 marks] 

(d) Determine the heat transfer surface area required for each configuration of the heat 

exchanger. [6 marks] 

(e) If the double-pipe counter-current heat exchanger is subjected to a fouling resistance of 

1×10-4 m2 K W-1, calculate the new oil flow rate required to guarantee the same heat duty 

(i.e., to heat water from 20°C to 80°C flowing at 2.25 kg s-1). [8 marks] 

Relevant Data and Equations 

Specific heat capacity of water = 4180 J kg-1 K-1 

Specific heat capacity of oil = 2200 J kg-1 K-1 

The log-mean temperature difference for the heat exchanger is given by: 

𝛥𝑇𝑙𝑚 =
𝛥𝑇1 − 𝛥𝑇2

𝑙𝑛(𝛥𝑇1 𝛥𝑇2⁄ )
 

The overall heat transfer coefficient for the dirty heat exchanger is given by: 

1

𝑈𝐷𝑖𝑟𝑡𝑦
=

1

𝑈𝐶𝑙𝑒𝑎𝑛
+  𝑅𝑓 

where the symbols have their usual meanings. 

Continued/… 
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Q3 Continued/… 

 
Figure 3. Correction factor (F) chart for counter-flow, multi-pass heat exchangers. T and t 

represent the shell- and tube-side temperatures, respectively. 

 

 

4. (a) Derive an expression for the net radiation heat transfer between two grey, opaque, 

diffuse concentric spheres of surface emissivities, 𝜀1 and 𝜀1, maintained at uniform 

temperatures, T1 and T2, to show that 

𝑄̇12 =
𝜎𝐴1(𝑇1

4 − 𝑇2
4)

1
𝜀1

+
1 − 𝜀2

𝜀2
(

𝑟1

𝑟2
)

2 

where the symbols have their usual meanings. Draw the thermal resistance network of 

the system.  [8 marks] 

(b) Liquid nitrogen is stored in a thin-walled, spherical container of 0.6 m in diameter, which 

is enclosed within a second thin-walled, spherical container of 1.2 m in diameter. The 

opaque, diffuse, grey container surfaces have emissivities of 𝜀1 = 0.02, 𝜀2 = 0.05, and are 

separated by an evacuated space. The outer surface is at 8°C and the inner surface is at 

-196°C. 

 
Continued/…  
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Q4 Continued/… 

(i) If the latent heat of vaporisation of nitrogen is 1.99 x 105 J kg-1, what is the mass rate 

of nitrogen loss due to evaporation? [4 marks] 

(ii) If a thin radiation shield of 0.8 m diameter with different surface emissivities of 

𝜀3,1 = 0.03 and 𝜀3,2 = 0.06 is inserted midway between the inner and outer surfaces of 

the container, calculate the percentage reduction in the rate of nitrogen loss due to 

the shield. [8 marks] 

(iii) Draw the thermal resistance network of the system. [2 marks] 

(iv) State all assumptions made. [3 marks] 

Relevant Data and Equations 

Stefan-Boltzmann constant, σ = 5.67×10-8 W m-2 K-4 

The surface resistance for a surface i is given by 
1−𝜀𝑖

𝐴𝑖𝜀𝑖
 

The space resistance between surfaces i and j is given by 
1

𝐴𝑖𝐹𝑖𝑗
  

where symbols have their usual meanings. 

END OF PAPER 

Dr A Islam, Dr T Sun 


