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Abstract

Driven by the national goals of “carbon peaking and carbon neutrality,” the transportation of hy-
drogen-enriched natural gas through existing pipelines has become an important approach for low-
carbon energy transition. Current research mainly focuses on the safety, technical feasibility, and
equipment adaptability of hydrogen blending, while the impact on gas metering has received lim-
ited attention. In this study, conventional natural gas and associated gas are selected as research
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objects. Using HYSYS simulation, the effects of different hydrogen blending ratios on pipeline tem-
perature and pressure are analyzed. Based on relevant standards, the variations in metering-re-
lated physical properties—such as relative density, Wobbe index, higher heating value, compressi-
bility factor, sound velocity, and viscosity—are calculated. The results indicate that hydrogen blend-
ing significantly alters the physical properties of natural gas, and the existing product and flowme-
ter standards impose constraints on allowable hydrogen concentration.
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Table 1. Mole fractions of gas components for the two gas types
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Figure 1. Temperature variation curve of hydrogen-enriched natural gas
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Figure 2. Temperature variation of hydrogen-enriched natural gas under different operating conditions. (a) same temperature,
different pressures; (b) same pressures, different temperature
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Figure 3. Relative density variation curve of hydrogen-enriched natural gas

3. BERRSEXNEE LT

RIATRECGRIRAITC . RGBS Bt SR SP R B e i RSB AR, T2 M T RABA. WA
AR N TSI BRSIRIGET 1) B30T (B B TR RE T80 1) 4 ) AN 5 #VE AR DG, 3k SRS s
PECZ BRI G o IRTATRELE & T IXRA R ER, IRIFEEUR BT IS, TEAH [FIBR RS B 4 o= 2R 1 #k
Bugg AR TOUBAHL, BT

FR R AR )R B SR IR VAR B0 R B R R I A B R R B SR KA fe B R v, Rt
RIATREUEAA T . B 4 1115, BEARRINIRIATEEGEE B A LI AW RS, PR SU8  FRAS
MR EA 3, #ALE 16% /i,

TR R A PVETAL T P AR AVE. Bk, BElSmiERE R RER, WE S Fix,
bEEBALL R, AR S B FEG
2.3. RARSBEX ESEFMAERNZME

FE4i R 2 AR LA E R LA BB H 025, RN RS EZE . HEF
K7 EGE R EESHENE. RELE TR IE S KYE GB/T17747.2-2011 A5, R H A #E
1) AGA8-92DC Ji 2. RAR S F I S AGA10 5175 ; GB/T30491.1-2014 J %5 [5] K 1S020765-
1:2005 TR 7. FREULHIE, BRI ES AGA10 SHELL AGAS-92DC J 2 N it

DOI: 10.12677/me.2025.136150 1353 i AR


https://doi.org/10.12677/me.2025.136150

BLAit, PRI AT A SR R — B

1S020765-2:2015 VS H 5% H GERG-2008 5 HE[11][12]. ¢ 2 &M A5 7 FE 1 B 46 8 1

TR ITEGENIEE . H7 2 15 GERG-2008 RS FETHE I EN FBERARINIAFRERE.. K EBEA
WIZIE RN . GERG-2008 IRE T FEFT RVFHI IR KB AN 40%, HT ik, fEXBEE KRB LS
K5 FE AT A B A TE N 0%~40% .

w6 MK 7 praws, BAJE, DRSNS T IEAER R N8 TR A SRR G| 5 SR 4R

R T DI JCBRRI 4 T SRR 00 LA LR, KIRRT T 753

5.0x10* —s— LR
—o— RS
4.8x10* |-
~
£
= 4
2 4.6x10° |
&
RVjirg
Jz
= 4.4x10* |
42x10* |-
4_0)(104 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100

BA (%)

Figure 4. Wobbe index variation curve of hydrogen-enriched natural gas
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Figure 5. Higher heating value variation curve of hydrogen-enriched natural gas
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Table 2. Scope of application for compressibility factor calculation methods
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Figure 6. Variation in compressibility factor of hydrogen-enriched natural gas
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Figure 7. Variation in speed of sound of hydrogen-enriched natural gas
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Figure 8. Variation in viscosity of hydrogen-enriched natural gas

8. BERRSHMEL (L

3. RARSBEMTERZNEN

RIR[ B A E & AL M, ANFEZEE TR &SRB A BT AR,
3.1. FLBRE

LR BB R B vk T Hoo BV BOE A IR A, AN X AR R AR, AN A S
IKEL & X 0] IR AR TAZ IE . [EB A HBI<I0%TERI, FLBRI R TR AT Hh 4 FF M e i i e, Af
28 GB/T21446 i3 B FIE R BA KRR T HNSH AT
3.2. BERRET

SEBNTRE T BB AL TAESR.. BRI HR. FE¥rmtE. FE SRS et
AR BAT . BERRSELT TG P4 RSB AR E A AR I G N B2, X250
R E TR R R . ST AR R, iTEEBREE MK, HERRENEZ/DRERE D AT
N 135 B AT 35 3 B R A £ I 42 1 SER IR IGAE . AL AEBALFI<10%), KZHHHERE T fedER:
U R RE

DOI: 10.12677/me.2025.136150 1356 i AR


https://doi.org/10.12677/me.2025.136150

33. JRERE

IREETE TN R A O, I EVERE S BB AR IR, AT H R, A
EBI<10%7EE Y, TmtitE it Redery e iTHEERE, (AREFEBEEIREm, HERZET IR,

34. HERFRERE

Aok HEL B JS B R X e A SR 2 AR BN BURR, SR N 2 O AR 1 ARG B Sk
AT AT RERZ R L S A . A IAE—E B ALLBITE I, W1<10%, JEE S ARAERAME, FEHELR
A EFCE A ORI R YRR . T AR SRERBRAERBKN, BAERRUATERR
A FEAA, AXREIZBINMIECR, & EARE O T RN G R IE, Fril— AR
TBARRTNIE.

4. g

1) £ 15°C, 1.3 MPa %M T, RASBEXEHNRBRIGHESIMESHMEHEE. 545
ARRAMU, BELL 40% K8 i AR AT . IRIAFEEL SR HRE S5 R 51%. 10%
B a2% A7 ; IEAEIN T Il IBBIRFE ) BTt 4% 5%F1 665%. (R4 2 4P RE s 13 2 ARIIE AT 3
T, BN AFESSHOT LR RN LRSS MW, SHEMERRIBEKRE, RIFBAKR
SR AT IR R E e

2) BT RIS IR AR UEE FH R SIRE RS, S BERRIHERITEA —ERfl. B8R
SRR BT bR R E 38 R ARSI X B A 0.55~0.80, X R AR B AL LA 10% GO PRI
3%) o i 108 I 0T 1 S B0 VI LG AR v AR 750 T A B AR B AR R S I R, DR T = A
PE, FEAE SRR B — 2D e AR O T VERRUE .

HEE&mE
R R 2024 SR 70 AE G E R B -YKICX2420125,
SE ik

=

[1] i, 2R, KB, & RERRTEEMEE AT ARI]. A1, 2021, 40(4): 361-370.

[2] B30, WY, ZEER, & ERTFASEEAMREN B ERRIER R[], WAMEE, 2023, 42(2): 161-
168+205.

[3] EEFE. RASHBENTEMHESEIEm T Ala e 518, 2024, 14(7): 91-96.
[4]  XIBL RR, X3 RR[BEFITIZIN A RGRIS I HT[I]. Aih TREE B, 2024, 50(1): 50-53.
51 B, BEEEE, XIS BERT RIS = R S HE R R [T, BHEROR S TR, 2024, 24(1): 223-229.

HEH, PEH, Bk BERKRSKHE BT SORNEEEREI]. S RASRM T, 2023, 52(6): 44-52+59.

gkardk, XBiE, IMEE, & RSB EEARTFRIED]. S5 558, 2022, 44(4): 755-766.

TROE, T, LS. BN RRS IR HES E0E MR, A S KRS T, 2023, 52(3): 103-

106+117.

[10] A= ZHEBREEAEEESIREGSAENEHREF D). AlE KRS, 2021, 50(1): 58-65.

1] FHEZz, KR, 500,55, GERG-2008 RS 77 FEX5 i & B R AR SR W E M BURIED]. TR, 2022, 50(10):
36-40+78.

[12] EHEZ, K&, | #T GERG-2008 5N CH4-H2 BEMEHH 7 5H R[], KRS T

(C1 251k T), 2022, 47(2): 89-94.

]
]
]
6] ZFEAE, A, Kag, & d5/BERAEENRESRIED]. WSA44IZ, 2024, 43(1): 21-31.
]
]
]

DOI: 10.12677/me.2025.136150 1357 i AR


https://doi.org/10.12677/me.2025.136150

	掺氢天然气管道内气体物性变化规律研究
	摘  要
	关键词
	Study on the Variation Law of Gas Physical Properties in Hydrogen-Blended Natural Gas Pipelines
	Abstract
	Keywords
	1. 引言
	2. 天然气中掺氢对计量物性参数的影响分析
	2.1. 天然气掺氢对温度、压力的影响
	2.2. 天然气掺氢对相对密度、沃泊指数和高位发热量的影响
	2.3. 天然气掺氢对压缩因子和声速的影响
	2.4. 天然气掺氢对粘度的影响

	3. 天然气掺氢对计量设备的影响
	3.1. 孔板流量计
	3.2. 超声波流量计
	3.3. 涡轮流量计
	3.4. 科里奥利质量流量计

	4. 结论
	基金项目
	参考文献

