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Optimization and Analysis of Thermal Model of GE 9FA Gas Turbine
Considering Humidity Variables

ZHANG Jihong, HE Shi, LI Guowei, CHEN Huaguan
(Zhejiang Zheneng Zhenhai Natuarl Gas Power Generation Co. , Ltd. , Ningbo, China, Post Code; 315208)

Abstract; In order to investigate the influence of air humidity on gas turbine, this paper established two
kinds of thermal models for GE PG9351FA heavy-duty gas turbine unit to analyze and optimize the design
of thermal parameters of the gas turbine, and analyzed the influence of humidity change on the perform-
ance of the unit by correcting the fitting formula for the thermal calculation after adding the model of the
compressor under variable working conditions. The results show that when only considering the humidity
change, its increase will reduce the unit power generation from the initial 256 959 kW to 254 674 kW,
with a decrease of nearly 1% ; the unit efficiency decreases from 37. 10% to 36.77% ; the turbine ex-
haust temperature rises from 881.00 K to 882.74 K, with a slower change; the proportion of cooling air
volume in the turbine is nearly 20% , in which the cooling air volume in the first stage stator blade rea-
ches more than 50% of the total cooling air volume; the specific heat ratios of air, fuel and ISO model
gas are 1.388 5, 1.251 6 and 1.304 9, respectively, and the specific heat ratios of gas at all stages of
the turbine are 1. 289 9, 1. 308 5 and 1. 322 4, respectively. The calculation errors of the two models are
within the acceptable engineering error range.
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Tab. 1 Fitting coefficients of air in the unit under
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ES 4 ¥ 222 ~1 000 K T 1000 ~2 000 K
B, -33.09 5319 5.097 240 2 x 10?

B, 7.289 442 6 4.853 364 0

B, —1.441 3452 x1073 2.840 178 0 x 10 3
B, 2.368 379 8 x10°° -1.233493 6 x10°°
B, —1.065 564 3 x10 ~° 3.125739 4 x 10710
By 1.301 4159 x10°13 —-3.423 486 4 x 101
By -40.34 962 7 -28.31407 5

2.2 AHE|SHITE

FE AT 375 -2 G R kA 70 0 22 TR <
IR HIZ S5, SCHER[ 17 ] H§38 T PG935S1FA #!
IR E 2 SRR B — R RS
MUHER S0 3B P oD fLIR A, ARSCRLshnt 55—
PG R R OIS E CR,

TR SR HEBIR)G LR BEIL, BIRE
SRS AT B ECPA OC R RN

p et T b s

G + 2 G,

Xrfron  —BIRIGEG T, k) kg; G, — B IR FTIA
A, kg/ssh,, —BIRFER G, k) kg h,,—12




85

SRARE: A5 RIRE AR T GE A H) 9FA BURSAR LI AL Ak S o3-#r .29 -

Wz S k) kg 6, — 1R H = S  kg/s o
2.3 EBRASEITE

Wit GE AR SEUE BV SBR[ 17 11
BT, 1T LASRAS PGO3STFA RIS A HL Y43 44 Ty
SR R 2 PR . AR SCUAE FHFROREE AL )%
SHLHBCE B S, KRS HAE I AIC A
SR i AR IS TR AL

F2 PGI3SIFA HBMSRHEMSE
Tab.2 PG9351FA gas turbine known parameters

Z B o
ML T/ MW 255.6
LR % 36.9
FESMLEFS i kg s ™! 623.7
JESHUE L 15.4
#RbesE I R/K 1703
st it 0 AR/K 1591
BRI/ K 882

FESALIAER R (19) TR, 2 G IR A A 355 -
MR =X (20) T, i T BN K T R 45 U
AT Z A, 1SO 455 20355 5 I ik T LA B BRSOt 2 11
HLOHLA R R (21) TR

Wiy = Goy(hyy —hy) = X G (hy = hy,)

(19)
Arp.w,, —ESHLEBRFED), kW G, — S HL B
U, kg/s; b, —ERHLE 0 QAR KE HE,
kJ/kg.

W, = (Gpo + G (hyyy = b)) (20)
K. W, —iE R IK I, kW 6, —I i 1,
ke/s;G,,  —E VP H 2 e, ke/s5 hyy,—i5
N PR AS kI kg s by, —35 7 H TR SRR
kJ/kg

W = (W, = W) nume (21)
2, W, — R R AL & H 5 m, — LB, B
99% ;m,— KPR HL97. 5% .

2.4 RESHIGE
HRAE SCHR[ 4 ] A BRI S Al AR R A X

il

L] St A as SR LG TR R RS ROR, TR
TR R B 0 ZH, IR TR 24
WE K3 P,
*3 BRGESH
Tab. 3 Model setup parameters

% N HofH
FEAWUR G A 5 S E = S LBl % 85
FEAUHL 9 Pt i B I e L il % 10
FEAUL 13 Gl i i B Ji s S L il % 5
JESHUE IR R B % 99
IRBEE IR R R % 98.01
IRPEE R/ % 99
SRRHESA L 17
BV — RN L 3
BVER UK 2.463
BVHE P GHE R R HE R/ % 35.8
1SO 35 V- HER T4 2k 2L 0.201
R Ve HE T 270/ % 86.65
BB % 99
RAHBE, % 97.5

3 ERESH

AR EE LT 3 A5 (1) g
SEIUE REBEIERTE X TR, (2)
Xif H g5 - 14 G B HKASE R 355 1SO RS 4 i
ZH, (3) IMAESHUAE THURERY 438 e AL
M2 SR AR XML ALz 1 TR RE R R
3.1 ESHSEHOZSEEZN

T HAB IE 2 S A REHT S XL S50
Wi, B E 3 FhARAE. (1) 8 L2 SAHXHREE N 60% 5
(2) 7 SCHBERISHOR B AR RO, PR 1
ZHIAHRIREE N 05 (3) B8 254 2 AR AL bR
F BV IR EF 2R (86.59% ) LA K55 —
R RIS EmGE R IE(52.8% ),
HAILLH s T FOHE SR B 5 8 1 — 3, o2 SR %A
3, 343 P PRI B SR



- 30 - e fE

B o TR

2024 4

R4 3MEGTEEGHSHICS

Tab.4 Summary of model output parameters under three conditions

Z A1 A2 %13
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Tab.5 Summary of model key output parameters

Z K B OH
RSB

P LK /KT kg ™! 289.338
SRR, % 87.756
R /K 665.90
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1SO iREE/K 1520.88
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