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Part 1.  Complete all questions 
 

1. A vessel contains 2 kmol of hydrogen and 3 kmol of carbon monoxide at a 
temperature of 1600K and pressure of 1 bar.  Calculate the molar enthalpy and 
specific enthalpy of the gas mixture, including enthalpy of formation in the 

answer. 
  

Use data from the tables given below. [7 marks] 
 

 

 
2. Explain the impact that the isentropic efficiency of less than 100% in the 

compressor and turbine of a gas turbine have on the performance compared to 

that of an ideal air cycle gas turbine.  Draw a diagram to explain your answer. 
(Write no more than 150 words) [6 marks] 
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3. A pressure vessel is used to store hydrogen for an automotive vehicle.  Initially 
the pressure is 50 bar and temperature is 20°C.  It is then filled from a reservoir 

at a constant pressure of 350 bar at temperature of 20°C until the final pressure 
in the vessel is 350 bar.  Explain the advantages of precooling the hydrogen 
before it is fed into the vessel.  (Write no more than 150 words)      [7 marks] 

 
 

4. Hot exhaust gases from an industrial furnace are used to generate steam in a heat 
recovery boiler.  The steam is used to generate electricity in a steam turbine 
generator and the exhaust steam is condensed in a heat exchanger to transfer heat 

at 50°C to an industrial process.  The heat recovery system is shown in Figure Q4, 
where the temperature and pressure of the steam and hot exhaust gases are shown. 

 
 The mass flow rate of the hot exhaust gases is (15 + X) kg/s, where X is the last 

digit of your Student ID number  (e.g. if your Student ID ends with the number 5, 

exhaust gas mass flow rate is 20 kg/s).   
 

The mechanical to electrical efficiency of the generator is 90%. 
 

 
 
 

 
 

 
 
 

Environmental  
Temperature  17 °C. 

 
 
 

 
 

 
 
 

     
 

 
 

Figure Q4. 
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The conditions in the steam cycle, enthalpy and entropy at each point in the cycle 

are shown in the table below.  Point 2’ assumes an isentropic expansion of the 
inlet steam to the turbine. 

 

Location Steam 

Condition 

Temperature 

[°C] 

Pressure 

[bar] 

Enthalpy 

[kJ/kg] 

Entropy 

[kJ/kgK] 

1 S/H 

steam 

400 50 3196 6.646 

2’ Wet 

steam 

143.6 4   ?   ? 

2 Wet 

steam 

143.6 4 2718 6.847 

3 Water 143.6 4 605 1.776 

4 Water 143.6 50 605 1.776 

 
(a) Calculate:  

 
 i) The Mass flow rate of steam from the heat recovery boiler. 
 ii) The electricity output from the steam turbine generator. 

 iii) The rate of heat transfer from the heat exchanger to the industrial process. 
 iv) The isentropic efficiency of the steam turbine. 

  [12 marks] 
 
(b) Calculate: 

 
 i) The rate of exergy decrease in the exhaust gases as they pass through 

the heat recovery boiler. 
 ii) The rate of thermal exergy transfer to the industrial process   
 iii) The rate of irreversibility in the heat recovery boiler, steam turbine 

generator and heat exchanger. 
 iv) The rational efficiency of the heat recovery system. 

   [12 marks] 
 
(c) Comment critically on the performance of the heat recovery system and 

explain how its performance could be increased.  (Write no more than 150 
words)  [6 marks] 

 
Additional information: 

 
All pressures are given as absolute pressure. 
Ignore the feed pump work in all calculations.   

 
The environmental temperature is 17°C at which temperature the specific enthalpy 

and specific entropy of water is 71.3 kJ/kg and 0.253 kJ/kgK respectively. 
 
You may use the enthalpy entropy chart provided on Moodle to determine the 

enthalpy and entropy of the steam at Point 2’, or  the extract of the steam tables 
provided or other data source.  State your data source in your answer. 

 
A Formula Sheet is also available on Moodle. 
 

State any assumptions that you make.  
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Part 2: Compete all questions 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 
 
5. To cool two leaf batteries, air is blown between them. The length of the batteries 

in the flow-wise direction is 100 mm, the distance between them is 25 mm and 
the width of them is 50 mm. Assume that the area of this unit is bounded to form 

a duct with a hydraulic diameter 𝐷 = 4𝐴𝑐/𝑃 ( 𝐴𝑐  is cross-sectional area, and 𝑃 is the 

perimeter of the duct formed by this unit).  
 

 The surface of the batteries needs to be kept below 37𝑜C when being charged. In 

this condition, they jointly generate 1 W of heat from both leaf batteries towards 

the inside of the duct. If the air flowing over the batteries is at  17𝑜C and the air 

flows at a speed of 1 m/s, the actual heat loss can be calculated from either. 

𝑁𝑢𝐷 = 0.023 𝑅𝑒𝐷

4
5  𝑃𝑟𝑛 , 𝑛 = 0.4 for heating, 𝑛 = 0.3 for cooling. 0.7 ≤ 𝑃𝑟 ≤ 166, 𝑅𝑒𝐷 ≥  4000, 

 𝑜𝑟 𝑁𝑢𝐷 = 3.39, 𝑅𝑒𝐷 < 4000 

 
 Assuming that the heat of the batteries is just below the critical temperature, 

follow the below procedure to determine which of the above correlations should 
you use, and is the flow speed enough to keep the system cool.  

 

(a) Which correlation is valid for this Reynolds number of flow? [5 marks] 

 

(b) Estimate the heat transfer coefficient in the duct. [3 marks] 

 

(c) By considering only the surfaces of the leaf batteries facing into the duct 

only, estimate the heat loss from the leaf batteries by convection only.  [2 marks] 

 

(d) Explain the meaning of this answer if the system needs to be maintained at 

the critical temperature and determine the final temperature that the system 

might reach with this heat transfer coefficient. [4 marks] 

 

(e) Using diagrams and using technical language in less than 400 words explain 

how the boundary layers near the entrance to the duct can affect the optimal 

heat transfer from the system if the batteries are very long.  [5 marks] 

Figure Q5 

Cross-sectional area of duct 

formed between batteries. 

𝐵 = 25 𝑚𝑚 

𝐿 = 100 𝑚𝑚 

W=50 mm 

𝑈 = 2 𝑚/𝑠 

Leaf 
batteries 
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6. The figure shows two concentric metal pipes. The inner one carries steam at 
250𝑜𝐶, and the outer one is there to protect against high pressure rupturing of the 

inner pipe. Between the pipes is insulation which reduces conduction to almost 

negligible amounts. Assuming that the insulation is transparent to thermal 
radiation at these wavelengths, and using the parameters in the diagram, please 

answer the following questions. 
 

(a) What are the four view factors in this situation assuming the unit length of 

pipe is so long that end effects are negligible? [4 marks] 

 

(b) Draw a labelled resistance network showing the potentials and resistances 

needed to solve this problem.  [7 marks] 

 

(c) Calculate the heat loss per unit metre of this pipe.  [7 marks] 

 
(d) If the insulation became more opaque, what would be the effect on the 

overall heat transfer? [4 marks] 
 

 
 

7. A very long, 1 cm diameter copper rod (𝑘 = 377 𝑊/𝑚𝐾) is exposed to the 

environment at 𝑇𝑎 = 𝑇𝐼𝐷 𝑜𝐶. The base of the rod is maintained at 𝑇𝑏 = 150 𝑜𝐶. The 

heat transfer coefficient between the rod and the surrounding air is ℎ = 11 𝑊/𝑚2𝐾. 

Using fin theory, determine the heat transfer rate from the rod to the surrounding 
air.  [9 marks] 

 
𝑇𝐼𝐷 = 20 + (𝑙𝑎𝑠𝑡 𝑑𝑖𝑔𝑖𝑡 𝑜𝑓 𝑦𝑜𝑢𝑟 𝑠𝑡𝑢𝑑𝑒𝑛𝑡 𝐼𝐷) 

 

e.g. if your student ID is 12345678, then you would use 𝑇𝑎 = 20 + 8 = 28 𝑜𝐶  

 
 
 

 
 

 
 END 

𝑇2 = 30𝑜𝐶 
𝜖2 = 0.3 

𝐷2 = 10 𝑐𝑚 

𝑇1 = 250𝑜𝐶 
𝜖1 = 0.8 

Insulation is transparent 
to radiation 

𝐷1 = 5 𝑐𝑚 

Figure Q6 


