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QUESTION 1                       [10] 

Schematically illustrate a simple vapour-compression refrigeration cycle and discuss each 

process in the cycle referring to the state/phase of the refrigerant. 

QUESTION 2                       [15] 

Describe the following:          [5] 

 A quasi-equilibrium process 

 A pure substance 

 State 

 A phase 

 The first law of thermodynamics 

A saturation curve is defined as the curve enclosing the 2-phase region on a T-v diagram 

           [10] 

 Draw the T-v diagram illustrating the saturation curve 

 Identify the location of the critical point on the diagram 

 Identify each region on the diagram 

 Illustrate a constant pressure process curve  

QUESTION 3                       [19] 

Give a general energy balance for a system at a uniform state undergoing a transient process 

proceeding from time 1 to time 2.       [2] 

A 1-m3 tank contains ammonia at 150 kPa, 25°C. The tank is attached to a line flowing 

ammonia at 1200 kPa, 60°C. The valve is opened and mass flows in until the tank is half full of 

liquid (by volume) at 25°C. 

 Evaluate the continuity and energy equations for this process.   [4] 

 Calculate the heat transferred from the tank during this process.               [13] 



QUESTION 4                       [18] 

Describe and illustrate Kelvin-Planck and Clausius statements of the Second Law.      [4] 

Assume a cyclic heat engine exchanges 6 kW with a 250°C reservoir and QL is exchanged 

with ambient at 30°C. If the heat engine has:  

(a) QL = 0 kW, W. = 6 kW  

(b) QL = 6 kW, W. = 0 kW  

What can you say about the processes in the two cases (a) and (b)?    [2] 

Determine the power output and the low temperature heat rejection rate for a 
Carnot cycle heat engine that receives 6 kW at 250°C and rejects heat at 30°C. 

   [6] 

 

An R-410a heat pump cycle shown in the figure below has an R-410a flow rate of 0.05 kg/s 

with 5 kW into the compressor. Calculate the coefficient of performance of the R-410a 

heat pump cycle. 

The following data are given:                    [6] 

State  1 2 3 4 5 6 

P [kPa] 3100 3050 3000 420 400 390 

T [°C] 120 110 45  -10 -5 

h [kJ/kg]  377 367 134  280 284 

 

 

Figure 1 

 

 



QUESTION 4                       [38] 

Steam enters the turbine of a power plant at 5 MPa and 400°C, and exhausts to the 

condenser at 10 kPa as shown in Figure 4. The turbine produces a power output of 20 000 

kW with an isentropic efficiency of 85%. 

 

Figure 2 

 

 Illustrate the cycle on a T-s diagram, indicating relevant values at each point on the 

diagram.        [5]   

 What is the mass flow rate of steam around the cycle?                     [14] 

 Determine the rate of heat rejection in the condenser                      [5] 

 Find the thermal efficiency of the power plant                                    [10] 

 How does the thermal efficiency compare with a Carnot cycle? [4]  

   



Formulas 

Control volumes and units 

 

 

Pure substance behaviour 

 

Energy transfers 

 

 



Energy equation 

 

 

 

 

 

 



 

Second law 

 

 

 

 

 

 



 



 



 

 

 

 



 

 

 

 

 

 

 



 

 

 

 



 

 



 



 



 

 



 



 

 

 

 

 

 

 



 



 

 

 

 

 

 



 

 



 

 



 



 



 



 



 



 



 



 

 



 



 



 



 



 



 



 



 



 



 

 

 

 

 


