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Abstract— A simulation program is developed to predict both the performance and the NOx emission
level of gas turbine system. The compressor and the turbine are assumed to be operated isentropically.
The gas turbine combustor is approximated by incorporating a reactor model with thermal NOx formation
mechanism. The amounts of bleeding flows for turbine blade cooling are determined, and the effects
of bleeding flow and cooling method on turbine efficiency are estimated through the available correlations
in open literature. The validity of the present method is proven by comparing the prediction results
with experimental data. Optimal design criterion of gas turbine system are provided by the parametric
study in which design variables such as steam injection, pressure ratio, turbine inlet temperature, and
turbine blade cooling parameter are varied.
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Fig. 1. The flow diagram of steam injected gas turbine cycle.
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Table 1. Chemical compositions of air and natural gas.

Air Natural gas
N, 0.75 0.05
0, 0.23 -
AR 0.01 -
H,0 0.01 -
CH, - 0.90
C:Hs - 0.50
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Table 2. Coefficients of turbine cooling methods on
turbine efficiency.

Trailing Edge

Method of Cooling Injection(%) Cs
Convection 100 0 0
75 012 0.24
Film/Convection Combination 50 0.15 0.30
25 0.18 0.36
Full Coverage film 0 0.35 0.60
Trans.plra'tlon/ Convection 95 050 1.00
Combination
Transpiration 0 1.00 150
mez= mai,[(TIT/lo“) - 013]
at P.’i == (PR) X Palm
mc3= malr[(TIT/z X 104) - 0007] (8)
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steam generator.
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Table 3. Input conditions for GE’s gas turbine systems. Q000 " 1100 ' 1200 | 1300 | 1400 | 1500 ' 1600
Turbine Inlet Temperoture{K})
MS7001E MS7001F MS7001FA ®)
Turbine Inlet Temp(C) 1148 1260 1288 Fig. 3. Comparisons of the NOx predictions with expe-
Air Flow(Kg/sec) 410 410 417 riments of MS7001F.

(a) NOx production vs steam addition(TIT=1288°C)

ti 13.0 13.0 14.7
Pressure Ratio (b) NOx production vs TIT

Table 4. Performance comparisons between predictions and experiments.

MS7001E MS7001F MS7001FA
Exp. Pred. ERR.(%) Exp. Pred. ERR.(%) Exp. Pred. ERR.(%)

Heat Rate(kcal/kWh)  2528.7 25119 066 26171 24665 575 23948  2389.3 0.23

Workxer(MW) 125 126.4 112 135.7 144.9 6.78 159 152.3 4.21
Efficiency(%) 34.0 342 0.58 329 34.9 6.08 359 36.0 0.28
NOx Production(ppm) 93 1133 21.83 N/A 196.9 N/A N/A 3149 N/A
Exhaust Temp.(C) 533 516 319 593 568 4.21 590 556 5.76
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