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QUESTION 1                       [15] 

Sketch a phase diagram for water in terms of pressure and temperature: 

 Indicate all possible phases on the diagram;       [6] 

 Define a supercritical fluid;         [4] 

 Define the triple point and indicate where it is located on the diagram; and  [3] 

 Indicate the value of the critical temperature (𝑇𝑐𝑟in K) and critical pressure (𝑃𝑐𝑟 in 

kPa) on the diagram.          [2] 

QUESTION 2                       [28] 

 Define and illustrate the Kelvin-Plank statement of the second law of thermodynamics  

  [4]           

 Define and illustrate the Clausius statement of the second law of thermodynamics [4] 

 Explain in full what the Clausius inequality means for reversible and irreversible cycles  

             [6] 

 Define a reversible process                                                                                                    [2] 

 Name four factors which render a process irreversible                                                    [4] 

 Give the four processes which together constitute the Carnot cycle               [4] 

 Give the two propositions that relate to the efficiency of a Carnot cycle                     [4] 

QUESTION 3                       [16] 

A piston cylinder arrangement with a linear spring similar to Fig. 1 contains R-134a at 15°C,     

x = 0.6 and a volume of 0.02 m3. It is heated to 60°C at which point the specific volume is 

0.03002 m3/kg. Find the final pressure, the work and the heat transfer in the process. 



 

Figure 1 

QUESTION 4          [10] 

A flow of water at 2000 kPa, 20°C is mixed with a flow of 2 kg/s water at 2000 kPa, 180°C. 
What should the flowrate of the first flow be to produce an exit state of 200 kPa and 100°C if 
the system is insulated?  

 

Figure 2 

QUESTION 5                       [12] 

A 200 litre tank initially contains water at 100 𝑘𝑃𝑎 and a quality of 1%. Heat is transferred to 

the water, raising its pressure and temperature. At a pressure of 2 𝑀𝑃𝑎 a safety valve opens 

and saturated vapour at 2 𝑀𝑃𝑎 flows out. The process continues, maintaining 2 𝑀𝑃𝑎 inside 

until the quality in the tank is 90%, then stops. 

 Determine the total mass of water that flowed out of the tank    [6] 

 Find the total heat transfer during this process      [6] 

 

Figure 3 

 

 



 

 

 

QUESTION 6          [20] 

A simple steam power plant, as shown in Figure 4, operating in a Rankine-cycle has saturated 

vapour at 3MPa leaving the boiler. The turbine exhausts to the condenser, operating at 10kPa. 

Find the specific work and heat transfer in each of the ideal components and the cycle 

efficiency 

 

Figure 4 

  



Formulas 

Control volumes and units 

 

 

Pure substance behaviour 

 

Energy transfers 

 

 



Energy equation 

 

 

 

 

 

 



 

Second law 

 

 

 

 

 

 



 



 



 

 

 

 



 

 

 

 

 

 

 



 

 

 

 



 

 



 



 



 

 



 



 

 

 

 

 

 

 



 



 

 

 

 

 

 



 

 



 

 



 



 



 



 



 



 

 

 



 



 



 



 



 

 

 


