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HINTS AND INSTRUCTIONS TO CANDIDATE(S):  

 Purpose of assessment is to determine not only if you can write down an answer, but also 

to assess whether you understand the concepts, principles and expressions involved. Set 

out solutions in a logical and concise manner with justification for the steps followed. 

 ATTEMPT ALL QUESTIONS. Please answer each question to the best of your ability. 

 Write your details (module name and code, ID number, student number etc.) on script(s). 

 Number each question clearly; questions may be answered in any order. 

 Make sure that you read each question carefully before attempting to answer the question. 

 Show all steps (and units) in calculations; this is a ‘closed book’ test.  

 Ensure your responses are legible, clear and include relevant units (where appropriate). 

 Round off all answers tom 3 decimal places 
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Question One                   [Total: 10 Marks] 

Define the following 

a) Isothermal process        [2] 

b) Isochoric process        [2] 

c) Isobaric process        [2] 

d) Adiabatic process        [2] 

e) Intensive property        [2] 

Question Two                  [Total: 14 Marks] 

a) A horizontal piston/cylinder arrangement is placed in a constant-temperature bath. 

The piston slides in the cylinder with negligible friction, and an external force holds it 

in place against an initial pressure of 20 bar. The initial gas volume is 0.03 m
3
. The 

external force on the piston is reduced gradually, and the gas expends isothermally as 

its volume trebles. If the volume of the gas is related to its pressure so that the product 

PV is constant, what is the work done by the gas in moving the external force? Note 

the process is mechanically reversible.      [8] 
b) How much work would be done if the external force were suddenly reduced to half its 

value instead of being gradually reduced and the volume also trebled? [3] 

c) What is the efficiency of the system?      [3] 

 

 

Question Three                  [Total: 26 Marks] 

Determine the molar volume (per kmole) of n-butane at 594.14 K and 35 bar by each of the 

following: 

(a) The Ideal-Gas equation     [2] 

(b) The generalised compressibility-factor correlation  [14] 

(c) The generalized Virial-coefficient correlation  [10] 

Use: Tc= 425.1K; Pc = 37.96 bar and  = 0.2 

Question Four                             [Total: 25 Marks] 

A steam power plant generates 1000 MW of electricity. The Reactor temperature is 450ºC 

and the river has a water temperature of 25ºC.  Calculate 

a) The maximum thermal efficiency of the power plant    [4] 

b) The minimum rate at which heat is discarded    [6] 

c) If the actual heat discarded is 1200 W, calculate the actual thermal efficiency [7] 

d) Calculate the final temperature of the water using the actual efficiency if the river has 

a flow rate of 170 m
3
/s. Given that Cp=4185.5 J/(kg.K), ρ=1000 kg/m

3
. [8] 
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Question 5         [4 marks] 

A binary liquid mixture consists of 60 mol ethylene and 40 mol propylene. At 423K, the 

vapour pressure of ethylene and propylene are 15.2 atm and 9.8 atm, respectively. 

Calculate the total pressure of the system assuming ideal solution assumption.  [4]. 

Question 6        [21 Marks] 

1000 kg of steam enters an adiabatic turbine at 15 MPa and 700°C and leaves at a 

pressure of 1.2 MPa. The process is reversible and at steady state. Determine the 

following:  

a) work output of turbine       [13] 

b) Change in volume of steam       [8] 

_________________________________________________________________________ 

END                  [Total: 100 Marks] 
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USEFUL EQUATIONS AND FORMULAE 
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Virial equation truncated to 2 terms:    
  

  
   

  

  
   truncated to 3 terms:     
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Lee/ Kesler correlation:         ; 

Generalized Pitzer correlation:             
  

  
 (         

     

  
   ;          

     

  
   ) 

IG:       ∫
    

 
  

  
  

  [         
 

 
  

        
 

 
  

        
 

  
(
   

 
)]   

⟨  ⟩ 

 
       ; 

where, 
0T

T
  

⟨  ⟩   [  
 

 
        

 

 
  

          
 

   
 ] 

Clapeyron equation:       
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Fugacity and fugacity coefficient:   (  )(  )
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Modified Raoult’s law:           
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