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Design of Gas Turbine Fuel Gas Transmission Pipe Under the Condition of

Natural Gas Mixed with Hydrogen Gas
ZHU Junhui*
( China Energy Engineering Group Guangdong Electric Power Design Institute Co., Ltd., Guangzhou 510663, Guangdong, China )

Abstract: [Introduction] With the development of "3060" double carbon target, the usage of the PV and wind power for hydrogen gas
production is becoming a hot and cutting-edge direction. The combustion of natural gas mixed with hydrogen gas in gas turbine of
hydrogen gas industry will become the final step to convert hydrogen into electric power. The gas turbine unit have pressure regulation
station, front module and connection pipe. The front module have requirements on the flow rate, pressure, temperature and particle
content. And the pressure regulation station will provide the required mixed gas to front module. The connection pipe will have a length
of 1 000 m which depended on the different arrangement. The character of pressure drop and temperature drop of connection pipe will
have direct impact on the interface parameter of pressure regulation station. So it is necessary to study the character of pressure drop and
temperature drop of connection pipe. And it will provide a practicable solution for the future gas turbine fired with natural gas mixed with
hydrogen gas. [Method] The fuel demand was given for the H class gas turbine fired with mixture of natural gas and hydrogen gas after
the simulation calculation with GT Pro software. The recommended material selection and velocity selection were presented based on
required temperature and pressure drop by H class gas turbine front module and the physical character of mixed gas. The pipe pressure

drop and temperature drop due to pressure drop were also calculated. [Result] The pipe material selection, diameter selection, pipe
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pressure drop and temperature drop due to pressure drop of pipe are presented. [Conclusion] For present time, the pipe design between

natural gas pressure regulation station and gas turbine front module shall evaluate the material, outer diameter, wall thickness, velocity,

pipe resistance, etc., each by each under the condition with hydrogen gas mixture. Thus the gas turbine can use natural gas at present

phase and can be shifted to combustion with mixed hydrogen gas smoothly.
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Tab. 1 Fuel gas related character

%H ke A5 0% HEE30%E K
TRALHAE/ (MT kg ™) 50.047  120.067 53.625
o E/(MT kg ) 55533 141.894 59.946
I/ (kgm”) 0.6558  0.08242 0.483 8
B/ (kg Nm™) 0.6918  0.086 94 0.528 1
MRAABHE/MIm™) 328208 9.8959 25.9450
AR ABIME/(MI M) 364185 11.6949 29.003 0

e PR IME R B 25 CCIHRL B EETE25 °C, 1.013 barfy SRS
L FRIBIRZSIE0 °C, 1.013 barBySAIRAS

MFE 1 AT LAE H, SR 2 F e 2.399
fo W EEIBE 30% K% &, IR A RO E
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) 3.317 fi5 . HH BEB AR 30% K% &, A IRK
PR BUAIG A HAE Ee H BE I AT 20.95%, S HOBE 1)
79.05%.
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B, PEREARIE T 00 . &2 T 001 1SO T, AR VR % X
ISO T4k, FHX HESE0Un . K% J) 1.013 bar,
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Tab. 2 Air composition
4H Hf
N,/mol% 77.292
0,/mol% 20.738
CO,/mol% 0.030
H,0/mol% 1.009
A,/mol% 0.931
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BRI TCAMA B FARTERR AR B b . R SGI0K
TEFSHnR 3 i

®3 RKBEIHRSH

Tab. 3 Steam-water cycle parameters

%H K

TR F FEVUE S/ MPa(g) 17.015
R AR/ C 603

£ 787 F1/MPa(g) 4.12
rh U 2RI/ C 612

IR F 7874 F1/MPa(g) 0.51
R 2R EE/C 250
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BORIRF T 1.36%, i HEaIR A% 37.7 g/kWh(E i J7)
M 11.64%, W] LIE H, B3 B FEal SR FUR
BERY 3.41 4%, BEBE AT FE IR A AU A B T BE 0
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Tab.4 Gas turbine combined cycle technical data

%H Fke A5 70%HHE+30%E <

KRB/t h ) 81.51 3498 76.33

H MW 680.204 715.970 684.198

il 1MW 670.709  690.354 672.919

BT HEIRE/ C 15981 1607.5 1599.2
SRHLHEIRIR I/ C 6348  632.4 634.5
BORI% 60.94 6230 61.09
HRUR % 60.03  61.37 60.17
AR (g (kW) T 3238 0 286.1

ke SFE/Nm-(kWh) '] 01732 0.561 9 02113

S FE[kg (kWh)']  0.1198  0.048 9 0.1116

IRRMABUR R/ (m™ 0 ) 124291 424411 157771
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Tab.5 Maximum velocity of hydrogen gas within pipe

B IIMPa BRENE R AR (ms ) AEERE R (ms )

>3.0 10 ToRE
0.1~3.0 15 25
<0.1 F SRR IR A TokE

TECRAGBETHRLE ) (iF R B LA ) 9 12.1.2
BURT RS TE N G S PR AN B TAE A
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Tab. 6 Hydrogen gas corrosion velocity

%H BH
AR AL TAEIE J1/MPa(a) 5.0
ARBEE/K 288
AR S8 R 1.030 305
AR TS T A ik 3 R /(m-s™) 60.4
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Tab. 7 Pipe diameter selection under different fuel gas supply

portion
%H Hke &R 70%H5E+30%%E R 30%E <
SRBMAT 1/
(Nmh ) 124 286 424 565 — 47333
IRA SRR &
(Nmh) - - 157 769 —
BHERITESI/MPa@) >3.0  >3.0 >3.0 >3.0
(ESERZ N WA A W N
FiRHHE/ (ms ) 15 20 20 20
F/MEENA/mMm 789 1263 770 422

TE: BRI SR TAR IR TR

MFE 7 0] LA, iR A SR £ 800 mm
BEHL, 75 58 Al KRR, i T ARFR R >
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Tab. 8 Calculation of pipe pressure drop

%H e
SR (P=101.325 kPa, T=293 K) (¥ ft/(m*-d ") 3034915
WREENIERIE 0.85
U N B d/mm 800
SRR EGRH ¥ Z 1.030 305
SRR EET/K 288
U ERK ) L/m 1000
SARRIMIXT A/ (kg-m™) 0.5350
I R /kPa 7.034
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Tab. 9 Re under different fuel gas supply portion

%H Hht  AX 70%H5i+30%4/< 30%%E/<
A/ (ms ) 15 20 20 20
EIEMNE/m 0.789  1.263 0.770 0.422
ZEEREE(um®s™)  79.00  502.62 100.65 502.62
AREE/(m kg 717 57.02 9.71 57.02
PADRsIpAL )l
11.023 8.814 10.360 3 8.814
[uPa(s)]
Re 151899 51729 158 970 17 906

HE: (D AFIE TARIR J1#24.7 MPa(e) 1515 (2)TRA I 3 R L 1Y
SY AT IR AT

JE B MR Reo Y Re<2 320 W, W44 522 23 i it 315
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Tab. 10 Pipe fraction resistance
%H Fhe SR 70%HE+30%E R 30%8<
EIH N /m 08 1.3 0.8 0.45
IR/ (mes ™) 15 20 20 20
I KE/m 1000 1000 1000 1000

HASBEEIE 1 /kPa 3.034 0417 3.980 1.205

MFZ 10 AT LLE H, MR E NAE, 1000 m 5

MIEAE T, TRA AR 145 EE#52RH U /& 3.980 kPa, H
Yot B0 BT PE 8 BH S 2 3.034 kPa, S TAEE Ty
4.7 MPa(g) H L, 5 0.06% F1 0.08% .
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Tab. 11 Wall thickness of pipe
4%H Fhe A 70%HHE30%45  30%4 S

Wt J)/MPa 7 7 7 7
HIHAME/mm 800 1300 800 450
I 20 316L 316L 316L
BAREGRE/MPa 137 177 177 177
TR REL 072 0.72 0.72 0.72
FRUE ZBL 10 1.0 1.0 1.0
RS /mm 2839 35.70 21.97 12.36
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R 55 T 20 S, DRk, AR ) TR ) AAS S NS 4%
PETF, BT ERE R 20 SR L 3161 R

6 %
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PESEINAL o A7 15 A R R i R 1

2) B AR 2l A A TE BT, DR S ) Sk AR
A HLAT B — 25 41t 1000 m, AT E sl E
AR, AR NG M T, 256 % TR S A
LR ER, HEFER 316 L,
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