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Part A 
a) (i)  

T1 = 273 + 32 = 305 K         (degree centigrade is converted to absolute kelvin) 
P1 = 101325 pa              (standard atmospheric pressure assumed 1 atmosphere, converted to pa)

(The temperature at the end of the isentropic compression can be found using above formula)


(Rearranging for T2 yields above form)

(Although the volumes at beginning and end of compression are unknown, the volume ratio of 8.5:1 is given which fulfils the need for the volumes. The ratio of specific heat capacities at constant pressure and constant temperature γ  is given as 1.4 (for air). Temperature at end of compression T2 is obtained)


(The pressure at the end of compression P2 can be found using the ideal gas relationship above. The volume ratio can again be used, with V2 being 1 and V1 being 8.5.

P2 = 2,027,214.3 pa


(the change in temperature caused by the constant volume heat addition once the engine spark occurs after compression is given by above formula. Cv  of air (taken as 718 J/kg.k) is obtained from property tables for common gasses. Q is provided (1650 kJ/kg). 
ΔT = 2298,05 K 
Since T3 is greater than T2 (heat added) T3 = T2 + ΔT = 717.9 + 2298.05 = 3015.95 K 



P3  can be found similarly to how P2 was found using the ideal gas relationship. Since P3 occurs at the end of the constant volume heat addition, V1 and V2 can be negated. 
P3 = 8516474.4 pa
T4 can be found similarly to how T2 was found, with the exception that the volume ratio is reversed as T4 occurs at the end of the expansion process and so the final volume is 8.5x the initial volume (for the expansion process). Below is the equation written for T4



T4 = 1281.3
P4 can also be found using the ideal gas relationship. P4 = 425664.7 pa





T1 =      305          K                             P1 =    101,325     pa
T2 =    717.9       K                             P2 = 2,027,214.3 pa 
T3 =  3015.95    K                             P3 = 8,516,474.4  pa 
T4 =  1281.3      K                             P4 =    425,664.7  pa









(ii) 
              



The air standard thermal efficiency of the cycle is 0.575x100 = 57.5%. Using the formula with the 4 temperatures yields the same result as that which includes the compression ratio. 

b)

It is possible to determine cut-off ratio from the following formula 








Theoretical cycle efficiency = 0.61056 or 61.06% 




c)

Heat is supplied to the dual combustion cycle in two stages. A constant volume heat addition followed by a constant pressure heat addition. 


  = 0.6226  or 62.26%
Mass is taken as 1 . 


d)
            The work done by a turbine is a function of the temperature difference between inlet and outlet gasses, mass flow rate and specific heat capacity at constant pressure, as below:

{\displaystyle {\dot {m}}}w= ṁ  
{\displaystyle {\dot {m}}}cp (T1 – T2 ) 
Exit gas temperature = 0.65x725 = 471.25 degree C

{\displaystyle {\dot {m}}}w= 3.25 x 980 x 
{\displaystyle {\dot {m}}}9x(725 – 471.25 ) = 808,193.75 W  

The inlet temperature required to achieve an output of 800 kW is as follows:
   
{\displaystyle {\dot {m}}}

{\displaystyle {\dot {m}}}
                       







e)
         Rankine efficiency is given by: 
Where the 3 h values are enthalpies at different points in the Rankine cycle.
          

Specific saturated vapour enthalpy (obtained from steam tables) of turbine supply steam at 44 bar h3 is as follows: 

 = = 2797.5 kj/kg
h3 = 2797.5 kj/kg 
                                  
h1 = 121.39 kj/kg (obtained from steam table at 0.04 bar pressure)

The equation     shows that dryness fraction x must be known in order to find h4 . 

Dryness fraction can be obtained from entropy values because the entropy at S3 will equal S4 . S3  is obtainable from  steam tables since the pressure and saturation of the steam at point 3 is known. Average of entropies of saturated vapour at 40 bar and 50 bar is taken as below:

= 6.0215 kj/kg 
This entropy is the same for the steam exiting the turbine at point 4. It can be used to calculate the dryness fraction x by obtaining the Sf and Sfg from steam pressure tables 


 dryness fraction

Enthalpy values from steam tables for the steam exiting the turbine together with the dryness fraction will yield a result for h4 as below:


h4  = 1812.276   



Now with values for h1 , h3  and h4  the Rankine efficiency can be obtained.
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