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Abstract: In order to provide relevant basic data and theoretical guidance for the operation of hybrid hy-
drogen gas turbines in the future, this paper studied the effect of methane mixed with hydrogen on the ef-
ficiency of 9F class gas-steam combined cycle unit. The combined cycle model was established based on
Aspen Plus software. The gas turbine model was based on the PG9351FA gas turbine, and the waste heat
boiler in the steam turbine model adopted a three-pressure reheat structure. The output power and effi-
ciency of gas turbine, steam turbine and combined cycle were analyzed. The results show that with the
increase of mass fraction of H, in the fuel from 0 to 100% , the output power of the gas turbine increases
by 5.02% , and the efficiency increases by 1.3% . The output power of the steam turbine increases by
0.59% , but the steam turbine efficiency decreases by 2. 9% . Meanwhile, the combined cycle output
power increases by 3.43% , and the efficiency increases by 1.2% . Therefore, adding hydrogen into

methane can improve the economy of gas-steam combined cycle unit.
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Tab. 1 Calorific value of fuels

H, Uity 5 % BREHIRA 22 ALK - kg ™!
100 119 958.0
90 112 965.2
80 105 972.4
70 98 979.6
60 91 986.8
50 84 994.0
40 78 001.2
30 71 008.4
20 64 015.6
10 57 022.8
0 50 030.0
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Fig. 1 Diagram of gas turbine air cooling system
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Fig. 3 Diagram of three-pressure reheat waste heat boiler
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Tab. 2 Design parameters of the gas turbine cycle

2H BUA
FESHLGEL 18
FEAMUELL 15.4
JFEAMLA D 2 i i ft kg - s ™! 623.7
FEAHA AR R kg - 7! 108
AWML R/ C 392.6
FEAHUEFRIROR % 89
JESHLFED)/ MW 245.4
IR R IR/ % 5
IRRHT T kg« s 7! 13.54
AT °C 1327
BRI C 621
B VHEN 71/ MPa 0.107
BTV ERE % 89
IR T T DI/ MW 484.24
PRSI i Hh 23/ MW 238.84
IRAEHIEIR R % 35.26

AP A R R IR R SRR A K Z
[B] A A8 e A ERABERSR H] MHeatX A57Y | Hoop 2830
B AL R KR T S8 e b T 4L
HARS 5 3 iR,

x3 BAFHKEHOIRSH
Tab.3 Working medium parameters of heat exchanger

inlet and outlet

PO TR H TR
Btk s
WEE/C JEJ)/MPa WREE/C HJ1/MPa
o AT A 2 489.9 10.89 566.3 10. 60
TR 341.3 2.44 566.2 2.27
o AT A 1 317.6 11.03 489.9 10.89
R EZE R A 310.0 11.03 317.6 11.03
AR 3 297.2 11.13 310.0 11.03
LR URZE 225.4 2.51 307.3 2.44
I 148.9 0.36 306.6 0.32
TR A RS 2 147.2 11.19 297.2 11.13
R AR 213.7 2.55 225.4 2.51
o A B 146.0 4.20 214.0 4.03
A B 1 147.2 11.27 216.3 11.19
fRIEZE R 4% 145.4 0.40 148.9 0.36
TR LS 33.9 1.28 145.4 0.84

TACHLUR R S 28 2% Compr BRI HEFT AR 4L,
R R | e 7 S AR He 37 - 5 R0 43 51 R
0.87,0.91 F10.89, LML RN 0.98, Kl 4 7
RACHLRL R, o H 2895 LPP AR R 5 PP
JoH RS  HPP A B RS HMIX NZEVAIRA 7% ; LPE
RS IR  LPB A IR 28 & 4 ; LPS A IR i #4
28, IPE N R MRS IPB A EZE & 4%, 1PS Myrh
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Fig. 4 Diagram of steam turbine model
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Tab. 4 Design parameters of the steam turbine cycle

e Bt
FERRE/C 566.3
FHZETRIREE/C 566.2
FZEIKIE S/ MPa 10. 60
TRZEIRE J1/ MPa 2.27
YK/ - h ! 340.06
R R/t - h ! 265.59
LRVEEE/ SRR TN VAR 38.43
R/t - h ! 36.05
TR/ - h ! 304. 1
IR AL R % 87
TPERERHLAFI AR % 91
fRHER LSRR % 89
I HER IR/ C 120
VLI 2R/ MW 134.88
ZEIRFEHIE R, % 28.47
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Tab. 5 Design parameters of the gas-steam combined
cycle
BH A
ZRREEHLIEE A i D5/ MW 373.72
AV YUIEIR % 55.18
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Fig. 5 Diagram of gas-steam combined cycle model
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Tab. 6 Comparison of model accuracies

ZH BSOS MR 2ZE/ %
FESMLEE AR kg - 57! 623.7 623.7 0
BV C 1327.0 1327.0 0
BRI/ C 621.0 609. 4 -1.9
IRSECHLUR L DR/ MW 238.8 245.1 2.6
ZRIRBHL (R b 2

134.9 141.8 4.9
/MW
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of CO,
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