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(b)        4 5 2 1 1.01 750 568.2 406 288 64.44 kJ/kgnet p pw c T T c T T             

2000 / 64.44 31.0 kg/s
net

P
m

w
    

   4 3

64.44
0.304

1.01 750 540)
net net

th
in p

w w

q c T T
    

  
 

 
Availability added in combustor, 

     3
4

34 4 3 40 3
3

4 288 lnp p
T

b h h T s s c T T c
T

 
          

 

  750
1.01 750 540 288 1.01 ln 116.5 kJ/kg

540
        
 

 

34

64.44
0.553

116.5t
ne

a
t

r
w

b
     

[5] 
 



(c) For the recuperator, the mass flows are equal: 
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 Rate of entropy generation in the recuperator, 

   53 26 62 3 5)/ /ln( ) ln(pn pgeS m s s m s s m c T T Tc T       
     

 31.0 1.01 ln(540 ) ln(434.2 568.2) 0.509 kJ/K/ 406 /genS       

This entropy is generated by the heat transfer within the recuperator across a finite temperature 
difference. It occurs across the tubes within the recuperator where there is a temperature gradient from 
the hot to the cold side. There is no irreversible entropy generation within the flow on either side.  

[6] 

(d) Available power transferred to compressor exit flow is 
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Available power lost in the exhaust flow (using conditions in the environment) 
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Note that despite the entropy generation due to heat transfer, a large amount of available power is 
recovered from the turbine exit flow in the recuperator. 

[4] 

(e) The recuperator reduces the available power lost in the exhaust flow. Although there are losses 
within the recuperator (indicated by the entropy generation in part c), the large temperature 
difference between turbine exit and compressor exit enables a large transfer of availabile power 
to the flow entering the combustor (part d), which would otherwise be lost with the exhaust 
flow. In terms of an equivalent Carnot engine, the recuperator increases the mean temperature 
of heat reception (from 3 – 4) and reduces the mean temperature of heat rejection (from 6 – 1).   

A low pressure ratio is required so that the turbine exit temperature T5 is high and the compressor 
exit temperature T2 is relatively low. This means that a large amount of heat (and available power) 
can be transferred between turbine exit and compressor exit.  

 [4] 
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(a) (i) From R-143a table, page 37 of the databook, saturation pressure at 0
1 25T C   is 1.06 bar 

Saturation pressure at 0
3 40T C  is 10.17 bar 

[2] 
(ii) T-s diagram and p-h diagram 
 

 
[4] 

(iii) From table, 1 383.4 kJ/kgh   2 441.2 kJ/kg (20K superheat)h  3 4 256.4 kJ/kgh h   
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[3] 
(iv) Entropy values from the table, 1 1.7458 kJ/kgKs   2 1.7786 kJ/kgKs    

On the saturation line at 0
2 40gT C , 2 419.4 kJ/kggh   and 2 1.7112 kJ/kgKgs   

For isentropic compression, 2 1 1.7458 kJ/kgKss s   

Find enthalpy at exit of isentropic compression, 2sh  
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[4] 
(v) From the table, 3 1.1906 kJ/kgKs   
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Throttle specific entropy increase = 4 3 1.2339 1.1906 0.0433 kJ/kgKs s     



[3] 

 

(b) For an isentropic compressor, 2 2 430.6 kJ/kgsh h   

For isentropic turbine, 34 1.1906 kJ/kgKss s   
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[6] 

(c) COP for Carnot refrigerator 
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This COP is slightly higher than the value in part (b) because in the idealised cycle in part (b) 
some of the heat is rejected at a temperature higher than the condenser saturation temperature 
(in the superheated region at compressor exit). 

[3]  

 

 

 

 

 

 

 



Q3.
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Q4.

Here 'F' is the force on the flow which is in the opposite direction to the force on the object required in the question

CF in terms of the force on the object is
CF = (1 - phi)^2 which is always positive
i.e. the force on the object from the flow is to the right
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