FIMEREE 2024 4510 H 45 9 4555 5 1], 808-818 I..@ A T K N
Y|

Petroleum Science Bulletin

AEBA YA F B EM R IR Mist r LOLissm s Br

R, EABT, BEM, T, BE, KK

AR (A6 D) 3l i A e R I T E g S0, b T 102249
* @ {E1EH , yongtulang@126.com

Wieks H91: 2023-03-03; &[] H1: 2023-10-09
AT () SORL AR X RIS B 4 SR T AT EEE N R SR M S Es 1T fk, WH 405 . KL01JB20230008 F15¢
PR RO S . BEIRRATIE AT SN 52 a1 T ORISR, WH S5 : 2024hjexrc0051 HE-EFE D)

HE AR5 RKAANBSHINZR2SBBAETARERIEARN THNBET TR ERE ., B,
SERTHBEMENETIRAYHMEFHANAAFEENARFGRENEN, AROERTAALENE, HR
BT -, XTI, AXBEITREAKEERNRAGTRNRA B ERE, Z—FRTARARLELE
T, BAZEEHEBEEN . RE. RERE. KIHEBEUREFNNHEEE ) MERFETSHNELE
e, £, FHNARAHAEECATANES ., KRR E. REREUARRE 47 EFN ML R4
BRFERES ., HERUZELIMAERNS . BEAEREN. BAFYHEBTIANEUEL G H AL AL EA
Ko UELHN XA EH O ESREEREF N, EHNIASREBALZAHAHENXER, WEESA LN
K, BHEEAU—ZHBHERRZWAD; EHEVAERAEEEERNE, ERIRSENEMRIELR, wHES
AR, FHAENELLFATH M, TEXLERFRTX2RA, FEHAEEGRHTOMN. XELE
TARAFFUTHBEAMRARLERNETIANEEY W, HARAERERATHEECREN, TABEZEEN
AAWEBATRAERBELET

Kkl RAKAEHE; BA; BT B4 AREMH

HE RS TES32; U171

Analysis of the influence of hydrogen blending on the operation of
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Abstract The difference in physical parameters between hydrogen and natural gas will lead to changes in the operating
conditions of the pipeline system after hydrogen blending. At present, most related studies only focused on specific boundary
conditions and pipeline network structure. Therefore, the research results among them are not universal or consistent. To address
this issue, this paper proposed a flow simulation model for mixed gas within the pipe network system. This model enables an in-

SRR sk, UK B, 1877, BT, B4 ORIRIA AR N AU RN IS AT UL SR 3T . ARk #id 1 , 2024, 09(05): 808818
ZHANG Bo, LIANG Yongtu, WEI Xuemei, XU Ning, LIAO Qi, QIU Rui. Analysis of the influence of hydrogen blending on the
operation of natural gas pipeline network under different boundary conditions. Petroleum Science Bulletin, 2024, 09(05): 808-818. doi:
10.3969/j.issn.2096-1693.2024.05.062

©2016—2024 AR (JLnt)  TERRS MU BRA R www.cup.edu.cn/sykxtb



AT B RIR A WIS AT T O R 34T 809

depth investigation into the theoretical changes of various operating parameters. Specifically, parameters such as pressure, flow,
heat flow, hydraulic gradient along the pipeline, inlet and outlet pressure of the compressor, and pressure ratio are analysed under
different combinations of boundaries. The boundary conditions of the pipeline are classified into four types: pressure, volume
flow rate, mass flow rate, and heat flow rate at the pipeline nodes. Meanwhile, the boundary conditions of the compressor consist
of three control conditions: pressure, rotational speed, and pressure ratio. The computational results obtained from the Shaanxi
- Beijing Natural Gas Pipeline and the Se-Ning-Lan Natural Gas Pipeline clearly demonstrate that the changes in pipeline oper-
ation conditions after hydrogen doping are closely related to the boundary conditions. In cases where the compressor employs
a fixed outlet pressure or fixed pressure ratio control method, a definite relationship can be observed between the operating
parameters of the pipe network and the hydrogen blending ratio. For instance, as the hydrogen blending ratio increases, the
pipeline pressure decreases following a specific function relationship. However, when the compressor adopts a fixed rotational
speed control method, the variations in the operating parameters of the pipe network become more complex. As an example, with
an increase in the hydrogen blending ratio, the pipeline pressure may increase in certain scenarios while decreasing in others,
thereby necessitating analysis based on specific situations. This article comprehensively summarizes the universal influence of
hydrogen blending on the operating conditions of the natural gas pipe network under diverse boundary conditions. The research
conclusions hold true for any branched pipe network and possess significant value in providing theoretical guidance for the
operation and control of the pipe network system after hydrogen blending. This is of great importance for ensuring the efficient
and stable operation of the pipeline system in the context of hydrogen blending. It allows for a more accurate prediction and

management of the system's performance, taking into account the various factors and boundary conditions that come into play.
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Fig.1 Pressure drop and calorific flow before and after hydrogen doping under different boundaries



AT B RIR A WIS AT T O R 34T

811

AFEEBUE T, FO)MREEG A 1(a) iR, H
EIRfHL: ()X TR BEEE, FO)>1EVEE
BARIEI, i AH ) 9 P00 e T s 1 45 TR R
WK, RAERMATIR T, 24K BRI 2) %4
A B R CRRBE T KT 719%~82%), BALH
WK 2 B EUE I R R R >, HFOPFRT 1,
AL FRB AR, SLIEIIEIL. (3) YRR H
JERB AR, MEER 1 kgm’, BALKT
96% It (£ T4 A EiE ), F(O)<1, BLBTHs A E K
U T I T R R LR SN, 2R 1T
i, —E T, X FBEEEH N B AR
BTy R, ATHE s R R A, B
A E LT R RS ST LU PR ECH -
AP
VT RN ®

G(O) B G E 1(b) s hEH1: () BEEE
LRI TG, a3 A ] %) o O o JUT s 100 A T P Ao
R, Q) IRASIRME R, FiERRESEK,

MAEEE R VAR, BEE B AR, 245
Sk, (HRESRMPVERAL, RiEX HF=0H
(G, HFE R #E R, 75508 e ) ik B 453 1Y
PE I AR L. B AR TR AP=k pO®
BEUREEIERE N AP=kp'Q?, P4 B IR A
Az, WILBEARTGE: kpQ’=kp'0*=k(p(1-0)+p, 0)0°
WB AN PER E: HF=0H,,, 1% 5 #VE i &
HF=0(Hy (1-0)+H,, 0). W1 S5 P E i 2 1
N

HF'_\JplHy(1-0)+H, 0]

0) = _
RO HE HNG\/p(l_H)+pH20 ©

A ERAET, RO RE ML E 1(c) . H
Fnla. (DXF— BB EEE, RO<IUHIEES
SR BE R, R TR] R ey 2 A0S T PG e

I TR B AR, SLIETRETREIK. 3) M RK
AEERE, BEBRRE, WEER 1 kgm’, BE
F KT 96% B (H23f T4 1E), R(O)>1, IH, #
AL FEOHF ERE L g E PO T . ik, —
FESOUT, X TFBEEE YR S SIS E AR
o [P, ATHEH E T E R IERT, BEE 24
(B A2 [l 4B SUHT A U pREROH -
HF'  Prno(Hyo(1-0)+ H,, 0)
HF ~ Hy(po(-0+p,0) )
H(O)W B R 1(d) iR, HERTAL: ()RES
LRI, F A [ ) 0 I A B A R AL I R
WK, Q)IRGSMRME B, PVE R IR
K

RRBFEFUT, BAEZIGNEBZTELRE
W 1R ZREFINESISE N RSN EE.

H(6)=

2 BERE RS B

XTGP IE TS, bR 7208 K
TERAGBLZ AL, b s b — LG 7 At AR LA [ )
P L BRI X B E N . TR HLAE g —
MG I ICl, AEs T Z2 R T s,
WEHHIET . BB OISy, s, ERL., ER
L ERCR, EIRAE, ARSCEPCE N MRS E TR
PR e T 3 Fif A R A T i AL 1 5
FAFH I HTHE B I L S RARHLEIRA 0 o

ARV T R LA R 2 AN & 2 s (1R
AHUREE R AAE R SO P 2 3 ), BRI LA
FEAi el Sk St LR Z MR OC AR . SRR —
PSR AL TR LR R it 2202 TRE v F A — A
D77 i1 A 4 5 T e 0 A 8 el i B
ERIEEAILRA LRSI p, A THEEE TRL R AR
QI A F A P T AL O

Q) BB A ER (— KT 75%), BERER 0" = p,TZ0/ pT, )
2RV PVER B, HROWINT 1, K

x1 BEZEWEESITEAERL(XESHN)

Table 1 Change of pipeline operation after hydrogen mixing (without compressor)

A R Ex= i) R EAPVEI

FE U TH A REARK

FE R FEAIR * Th A

SEE T AAE Th REALR *

SE Ui b FEAIR T s

e *FREFEBA KT 96% 1T,

EistriE SRR BT A (H—RER T, ABEINER 1R,



812 AiMEAE 2024 4E 10 O 9B S
200 f 90
180 F 80 F
F —— 6000 rpm —— 2880 rpm
180 E 7000 rpm 70 F —— 3360 rpm
_ 140 F 8000 rpm - ek 3840 rpm
o b 9000 rpm o 4320 rpm
2120 F =
= £ —— 10000 rpm ¥ 50 f —— 4800mm
X 100 F —— 10500 rpm X —— 5040 rpm
R st B OF
& g § a0 f
b 0 ]
0 :_ \ 20 F
20 £ 10 F
0 E . T S — 0 1 1 1 1
0 5000 10 000 15000 20000 0 5000 10 000 15 000 20 000 25000
5ﬁ§/m3.h—1 ;‘ﬁ%/m3-h'1
(a) Mtk E S ib (b) PH#h £ =ik
8 14
. —— 7850 rpm I —— 5395 rpm
7 F —— 9000 rpm 12 F —— 5810rpm
6 10 350 rpm 6640 rpm
11 900 rpm 10 [ 7470 rpm
e 5fF —— 12358mpm [ —— 8300 rpm
X E 8 F — 8715 rpm
= ¥
K 4r X
Ko —~\\\\\\ A
3 Jm
1F 2r
0 PSR SR RS U S R [ S S S S S S S S S 0 : 1 1
0 2000 4000 6000 8000 10 000 3000 8000 13000
m=/mi-h JRE/m3-h
(c) RIEE=RuhL (d) ERFABESL
B2 ERoyisaEgSEY & E

Fig.2 Compressor characteristic curve of some stations
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Table 2 Change of pipeline operation after hydrogen addition (including compressor)
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K, ARG (O) ARIFE T Aa Db, A 2Hr
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TRE, SEER R AUE RIS, Rk e
—E AR SO RERLIEG R R, R IR,
Ji b B i i A 4 s SRR (L35 2)

3) I A E A

B FE ANy, KRR, R AR
WLk AT 2R g B kol i ) — e s RIS, R4l
HELA) TOUABOR R I, ARG (9) Rl T R4 2
S, AP A B >, AR 3 (10) 73
PRI DA AE , DRI s A BILARD Y 30t 1 ) % s e B
& L AT RESE It AT RERRAR . AR SO 1 FR B <
TR ISR R R e, 4518
—AEOLT, BES FEURARIUE R,

F 3R TR AR L B b P,

£33 BEXNKEDSKHE BN TR (GERITIR)

S 5t | AR W I 177 B e A R Wi Ll VY /A
BFEMES W PEBAZ GRS AR, Hp,
A FE A3 A BE A A 38 AT T i T 2 B R4
PUIFIR DL B AR it — S R L T s il . S,
PR SRS R U RGP R AR
A, TR T ANFEBE T R4 LR H S TR Y
AL, Fh, A ALIE B — RR T 10% .
17% VL 24% B AT, RV AR TARB A
AR IR RS, PT LB B A e, A
— PRI R

T S UL — R0 BR300 AT BRI, H
TR K SN, B DAREE Sk R R R, A
Al RN R AN R AR TR AMIE L 2
Tt WfEB RN 10% . 17% LI 24% 5, FRAAHLAY
HIOTESIN3) FFET 1.4%. 2.9% L4 % 3.8%; {HJ&p
HRLEIEE AR, N7 RS TRBER EFT
1.2% . 1.7% VAR 2.7%.

Table 3 Influence of hydrogen doping on the operating conditions of some long-distance pipelines in China

FEAAHLELH pm REAHLALS TR R IR /%

F AR /%

» L, R/ -
(£257 A i 5K ) /MPa
10* m3/d

1 Besr—2k Mtk 1923 45 8900
2 Bemt —2k  fbk 1457 45 8900
3 Bemr —2k  BHEN 3526 95 4800
4 BEETZ PHMT 2500 9.5 4800

. LT
5 Pl ?é 745 5.29 7900

4

6%  ZYHEZL  Mui o 1850 8 6100
7E TS w4t 1890 42 11900

RY3403 =525 =9.5; —=13.0 —4.2; -7.7; —10.7
RY3403 -1.3; -2.6; -3.8  —0.8; —1.6; —2.4
DY402 —2.4; -48; -7.1  4.1; 6.6;5 8.0

DY402 0.1; —-0.5; -1.3 34; 5.6;7.0

RV050/04  —4.1; =7.5; =104 —2.4; —4.6; —6.4
PCL802 -3.0; =5.5; =75  —-3.0; =5.5; -7.5
RV050/02  -1.5; -2.85 =39  —1.5; —2.8; =39

T * FoR B WO RS S O (500 1, 3 B IR S0 2. 4 h— G R4EHL; BB 5 h— B Rl

3 SR

FIEB A MR RIS, B T3
SR IR L SCIRAE W B R HILAE K oo i sl
HE, B—H5 T ARAAE T, BEXNEER
FIBAT SR . X TC R AL AT I, ST
TARRAEEI AT, B2 8K TR KA

A Z LA HDI R R, 58] TR SR edds . i
L BVE R SF SR ISR A B TR AL
AEE , FBE AT IR LA [R] A0 P A L R R iy
LXB AR, B—HT T ARSI, R4 5
HET, WrJE)y . Uik PUETE . KT3I
2 LAY 3 T 3 AU L SRa 47 S 80 2B L
PARRRt 2k T 2L 0], T 1 TR — b i A
AP AR BRI AR 5. SCEZE T B A2 )R
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