9-69

9-94 A simple Brayton cycle with air as the working fluid operates between the specified temperature and pressure limits.
The effects of non-isentropic compressor and turbine on the back-work ratio is to be compared.

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 ¢, = 1.005 kJ/kg-K and k=1.4 (Table A-2a).

Analysis For the compression process,
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For the expansion process,
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The isentropic and actual work of compressor and turbine are
Weomps = Cp (Tos —Ty) = (1.005ki/kg - K)(585.8 - 288)K = 299.3 k/kg

Wegmp = Cp (T, —Ty) = (1005 kJ/kg - K)(618.9— 288)K = 332.6 ki/kg
Wy =Cp (T3 ~Taq) = (LO05 kI/Kg - K)(873 - 429.2)K = 446.0 ki/kg
Wiy =Cp (T3 ~T4) = (LOOS kI/kg - K)(873 - 473.6)K = 401.4 ki/kg

The back work ratio for 90% efficient compressor and isentropic turbine case is

~ Weomp  332.6ki/kg

= = =0.7457
Wryps  446.0ki/kg

Tow

The back work ratio for 90% efficient turbine and isentropic compressor case is

~ Weomps  299.3kJ/kg
Wy  401.4k/kg

Fow 0.7456

The two results are almost identical.
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