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Performance Analysis of a Steam Injected Gas Turbine Combined Heat
and Power System Considering Turbine Blade Temperature Change
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ABSTRACT

This study simulated the operation of a steam injected gas turbine combined heat and power (CHP) system. A full off-design
analysis was carried out to examine the change in the turbine blade temperature caused by steam injection. The prediction of
turbine blade temperature was performed for the operating modes suggested in the previous study where the limitation of
compressor surge margin reduction was analyzed in the steam injected gas turbine. It was found that both the fully injected
and partially injected operations suggested in the previous study would cause the blade temperature to exceed that of the pure
CHP operation and the under-firing operation would provide too low blade temperature. An optimal operation was proposed
where both the turbine inlet temperature and the injection amount were modulated to keep both the reference turbine blade
temperature and the minimum compressor surge margin. The modulation was intended to maintain a stable compressor operation
and turbine life. It was shown that the optimal operation would provide a larger power output than the under-firing operation

and a higher efficiency than the original partially injected operation.
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Table 1 Operation modes to meet minimum surge margin

Operating Description . §team TIT
mode injection
CHP Normal CHP operation None [Design value
FSTIG Full steam injection in the Full [Design value

combustor

Under—firin Full steam injection in the
(UF) 8l combustor with under-firing| Full Reduced
to meet 109 surge margin

Partial steam injection in
PSTIG |the combustor to meet 10% | Partial [Design value
surge margin
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Fig. 1 Steam injected gas turbine CHP system
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Table 2 Specifications of the simple cycle gas turbine

Component Parameter Reference | Simulation
Temperature (K) 283.2 288.2
Inlet Air | Pressure (kPa) 101.3 101.3
(Input) | Relative humidity (%) NA 60
Pressure loss (%) NA 05
C Pressure ratio 156 156
o?lqr[l)rle;)s O "Number of stage 13 13
P Isentropic efficiency (%) NA 84.9
Tuel (natural gas) flow rate
Combustor | (kg/s) NA 0.3873
(Input) | Lower heating value (kJ/kg) | NA 49303
Pressure loss (%) NA 3
;[I‘grbme inlet Temperature NA 15592
}E}r blllrt1)e Stage efficiency (%) NA 4.7
P Number of stage 3 3
Exhaust temperature (K) 322 822
Exhaust Pressure (kPa) 101.3 101.3
as(Input) Gas mass flow rate (kg/s) | 21.09 21.09
& P Pressure loss (%) NA 05
Others | Gearbox efficiency (%) NA 97.8
(Input) | Generator efficiency (%) NA 97.8
Performance | Power (kW) 6300 6300
(Output) | Thermal efficiency (%) 329 33.1
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