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9-67 

 

9-88 An aircraft engine operates as a simple ideal Brayton cycle with air as the working fluid. The pressure ratio and the rate 
of heat input are given. The net power and the thermal efficiency are to be determined. 

Assumptions 1 Steady operating conditions exist. 2 The air-standard assumptions are applicable. 3 Kinetic and potential 
energy changes are negligible. 4 Air is an ideal gas with constant specific heats. 

Properties The properties of air at room temperature are cp  = 1.005 kJ/kg·K  and  k = 1.4  (Table A-2a). 

Analysis  For the isentropic compression process, 
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Applying the first law to the heat addition process, 
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The temperature at the exit of the turbine is 
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Applying the first law to the adiabatic turbine and the compressor produce 
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The net power produced by the engine is then 
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9-99 A Brayton cycle with regeneration produces 115 kW power. The rates of heat addition and rejection are to be 
determined. 

Assumptions 1 The air standard assumptions are applicable. 2 Air is an ideal gas with constant specific heats at room 
temperature. 3 Kinetic and potential energy changes are negligible. 

Properties The properties of air at room temperature are cp = 1.005 kJ/kg.K and k = 1.4 (Table A-2a). 

Analysis According to the isentropic process expressions for an ideal gas, 
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When the first law is applied to the heat exchanger, the result is 

 6523 TTTT � �  

while the regenerator temperature specification gives 

 K 8.545108.5551053  � � TT  

The simultaneous solution of these two results gives 
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Application of the first law to the turbine and compressor gives 
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Applying the first law to the combustion chamber produces 
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9-107 A Brayton cycle with regeneration using air as the working fluid is considered. The air temperature at the turbine exit, 
the net work output, and the thermal efficiency are to be determined. 

Assumptions 1 The air standard assumptions are applicable. 2 Air 
is an ideal gas with variable specific heats. 3 Kinetic and potential 
energy changes are negligible. 

Properties The properties of air are given in Table A-17. 

Analysis (a) The properties of air at various states are 
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9-119 A regenerative gas-turbine cycle with two stages of compression and two stages of expansion is considered. The 
minimum mass flow rate of air needed to develop a specified net power output is to be determined. 

Assumptions 1 The air standard assumptions are applicable. 2 Air is an ideal gas with variable specific heats. 3 Kinetic and 
potential energy changes are negligible. 

Properties The properties of air are given in Table A-17. 

Analysis The mass flow rate will be a minimum when the cycle is ideal.  That is, the turbine and the compressors are 
isentropic, the regenerator has an effectiveness of 100%, and the compression ratios across each compression or expansion 
stage are identical.  In our case it is rp = 9 = 3.  Then the work inputs to each stage of compressor are identical, so are the 
work outputs of each stage of the turbine. 
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9-121 An ideal gas-turbine cycle with two stages of compression and two stages of expansion is considered. The back work 
ratio and the thermal efficiency of the cycle are to be determined for the cases of with and without a regenerator. 

Assumptions 1 The air standard assumptions are applicable. 2 Air is an ideal 
gas with variable specific heats. 3 Kinetic and potential energy changes are 
negligible. 

Properties The properties of air are given in Table A-17. 

Analysis (a) The work inputs to each stage of compressor are identical, so are 
the work outputs of each stage of the turbine since this is an ideal cycle. Then, 
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(b) When a regenerator is used, rbw remains the same.  The thermal efficiency in this case becomes 
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