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Effect of Inlet Air Cooling on Performance of Gas Turbine Combined Cycle
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Abstract: [ Introduction ] In order to improve the operational flexibility of the gas turbine combined cycle unit, ensure better econom-

ic performance of the unit, and avoid the gas turbine working in the inefficient operation area, this paper analyzes and studies the inlet

air cooling system of the gas turbine. [ Method ] The performance change and its influencing factors and the efficiency sensitivity anal-

ysis of gas turbine combined cycle unit were studied according to the thermal balance simulation results of considering inlet air cooling

or not, based on the GT-Pro/GT-Master software platform. [ Result]The analysis results show that the output and efficiency of the

gas turbine are greatly improved after using the inlet cooling system, and the output of the combined cycle unit is also increased while

the efficiency is slightly reduced. | Conclusion ] Therefore, for the combined cycle unit, if the unit is supposed to generate more pow-

er, the inlet air cooling system should be used; if the total annual output of the unit is fixed and the annual utilization hours are rela-

tively small, the inlet air cooling system should not be used.
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Fig. 1 Inlet air cooling system flow diagram
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Tab. 1 Comparison table of gas turbine performance parameters before and after inlet air cooling

T 2.4 CIHSARH 22.4 TRHZE15 T 31.2 CRHSARH 31.2 TRHZE15 T 38.5 CLHERH 38.5 TRHIZ15 T

KEWE/ C 22.4 22.4 31.2 31.2 38.5 38.5
BRI T, C 19.8 19.8 27.23 27.23 35. 47 35. 47

B ERERE, C — 15 — 15 — 15
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BRHLH 1/ kW : ) ,
FEUE 15 425 FEfE 37 025 e 57 301
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PROLTBRE RS % ) \ \
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,4?\ ,:‘}\;‘h“ =/
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HALH 1/ kW ) ) }
e 367 i —6 554 e —15 333

B S IR FRHLLL 431 433 447 224 397 696 428 167 366 490 408 458

1/ kW e 15 791 Fe i 30 471 FifE 41 968
ST IR/ 6119 6 167 6182 6 394 6 320 6 707
(kI - kWh™) Haf 48 B el 212 S 388

N 58.83 58. 37 58.23 56. 30 56. 96 53.67
& BRR P ) ) \
vl —0. 46 Hofi -1.93 Hofi ~3.29
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AP BR % X ‘ ,
FEUE 0.01 i -0.39 e —-0.76
BEIK IR S/ bar 0. 061 0.061 0.077 0.076 0.104 0. 098
R 32595 % F1/ bar 123.6 123.6 118.3 123.3 114. 1 123.4
R R ERIRE, T 566. 0 566. 0 566. 1 566. 0 566. 1 566. 0
7%
'jr(ti m"“% 335.2 341.8 320. 1 340.3 308.5 340. 6
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PR HIE Y /
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Tab. 2 Comparison table of unit efficiency fluctuation under equal temperature lowering condition

T4 1 2 3 4 5 6 7
KSJE S/ bar 1.008 9 1.008 9 1.008 9 1.008 9 1.008 9 1.008 9 1.008 9
KA WE, C 22,4 22.4 22.4 22,4 22,4 224 22.4
FHXREE/ % 79 79 79 79 79 79 79
HRAHFRZE, C 22.4 20 17.5 15 12.5 10 7.5
WAL 1/ MW 274.530 279. 833 285.318 290. 341 293. 608 296. 895 300. 206
B 1/ MW 156. 144 157.125 157. 611 156. 883 154. 892 153. 048 151.214
BB TEER B J1/ MW 430. 674 436. 959 442,928 447.224 448. 499 449. 943 451. 420
WATEABHEER/ (KT - kWh ™) 6 120 6 128 6 141 6 167 6 210 6 251 6 292
AR B/ % 58. 82 58.75 58. 62 58. 37 57.97 57.59 57.22
AL % 37.49 37.62 37.76 37.90 37.95 38.00 38.05
AP EIFER/ (KT - kWh ') 9 602 9 568 9 534 9 500 9 486 9 473 9 461
R [ HE AR R B/ C 86. 69 87.20 87.75 88. 36 88.91 89. 44 89. 95
BEVR SR E J1/ bar 0.061 0. 062 0.061 0.061 0. 060 0. 060 0. 060
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Tab. 3 Comparison of load and efficiency without inlet air cooling

T4 1 2 3 4 5
KEJES/ bar  1.0089 1.0089 1.0089 1.0089 1.0089
KRR, € 224 224 22.4 22.4 22.4
AHXHRE/ % 79 79 79 79 79
PRHL 17 157/ %o 100 95 90 85 80

AR L
431.433 412.759 395.019 377.174 359.220
H 4/ MW
K ETEHR T
i f% 6 119 6 154 6 188 6 226 6 268
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A RIS TR
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Tab. 4 Comparison of load and efficiency with inlet air cooling

T/ 1 2 3 4 5 6
KEFES/ barl. 0089 1.0089 1.0089 1.0089 1.008 9 1.008 9
KA/ C 22.4 22,4 224 224 224 22,4

MIBE/ % 79 79 79 79 79 79
WL/ % 100 95.8 90.9 86. 2 81.5 76.9
XN

447.224 431.381 412.868 395.030 377.009 359.303
B /MW

BEAHEIR
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(KJ - kWh™!)

N
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TR/ %
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Tab. 5 Comparison of the results of the two programs

ES T 1 2 3 4 5
LA/ % 100 95 90 85 80

—  BHLfAR/% 95.8  90.9  86.2  81.5 76.9
AR

I 431.433 412.759 395.019 377.174 359.220
HF1/MW
O TEIR

- TR R 431.381 412.868 395.030 377.009 359.303
H 11/ MW
SR

— N 58.83 58.50 58.18 57.82 57.43
BRHE %
-

- E’i”ﬁ‘ﬂ 58.10 57.75 57.40 56.99  56.56
BROE/ %
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