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Numerical simulation of leakage and diffusion in buried

hydrogen-blended natural gas pipeline
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Abstract: In order to reduce the safety problems caused by leakage of hydrogen-blended natural gas
during the distribution, based on fluid mechanics and porous media theory, a three-dimensional numerical
model of leakage and diffusion of urban buried hydrogen-blended natural gas pipeline was established by
Fluent software. The effects of hydrogen blending ratio, leakage aperture, pipeline pressure, pipeline
buried depth and soil type on the leakage of hydrogen-blended natural gas and the vertical diffusion
distance of the lower explosion limit of methane and hydrogen were analyzed. The results show that the
larger the proportion of hydrogen blending, the smaller the leakage of hydrogen-blended natural gas, and
the longer the time it takes for the methane explosion lower limit contour to diffuse to the surface, while the

opposite is true for hydrogen. Secondly, the leakage amount is about twice as much as 5 mm when the
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leakage aperture is 10 mm. The leakage amount is about twice as much as 10 mm when the leakage

aperture is 20 mm. The larger the leakage aperture, the shorter the time required for the lower explosion

limit of methane and hydrogen to reach the surface. Thirdly, the greater the pipeline pressure, the greater

the leakage of hydrogen-blended natural gas and the faster the diffusion speed, and the higher the risk

coefficient. Besides, when the buried depth of the pipeline is 1. 1m, the leakage is largest, followed by

1.4 m and 0. 8 m. The shallower the buried depth, the shorter the time required for the lower explosion

limit of methane and hydrogen to reach the surface. Finally, the soil type has an important influence on the

leakage and diffusion of hydrogen-blended natural gas. When the soil type is silty sand, the leakage and

diffusion rate of hydrogen-blended natural gas are the largest, followed by loam and finally clay.

Keywords: hydrogen-blended natural gas;

leakage amount; diffusion distance
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Tab.1 Leakage and diffusion simulation of buried

hydrogen-blended natural gas pipeline

22 (5] BEW | sl | HiEE %ﬁiﬁ@ ii%
Bl/% | #/mm | J1/MPa | /m i
1 0 10 0.4 1.4 A
2 10 10 0.4 1.4 B+
3 20 10 0.4 1.4 %t
4 10 5 0.4 1.4 A
5 10 20 0.4 1.4 e+
6 10 10 0.2 1.4 %t
7 10 10 0.3 1.4 L
8 10 10 0.4 0.8 b
9 10 10 0.4 1.1 e+
10 10 10 0.4 1.4 | BEREb+
11 10 10 0.4 1.4 Bt

®2 TESEMBENRY

Tab.2 Soil parameters and resistance coefficients

+ 1 SEYER | FLBR | BT | MR
25 HAL/mm R ZH/m™ 25/ m™!
i BRb 4 0. 50 0.25 | 2.16x10"° | 3.36x10°
i+ 0.01 0.30 | 2.72x10"° | 9.07x10°
B+ 0.05 0.43 | 2.45x10" | 5.02x10°

13
S TR SRR TR 5 R e
FET SRR TR LR g
FIRU BRSO B,
PRV MR 0 SR AR R A, 1 TS
AEIE UL TR B B 361 T, 6 5 % 1 1 L
LEN E N N C L S e PN
ey 17210
1.4 DBRHSHREHE
1) BIEKAE, TR A TR O AT , 4R

AR AR 2 s A, Rt B A R IR IR TR S5
i 0,

2) HFFM, BARRAEE ML A5
4R pressure-inlet , 45 18 BE 7] 11 A 25140 wall | [ Hi
%ﬂﬁ%ﬁ‘]ﬁ%iﬁéﬂlﬁ%#&ﬁj@ symmetry , Hh
R B4R pressure-outlet
1.5 RMETE

FIHT Fluent B FEAT SR AU B, SR AT BRAK
RO SR i F2 1) J7 B, JF 28 4 2 T I ) oK i 4% 19
SIMPLE S35 FIFRE k-e Gt PR, Sl 4170 FIRE
R I XU =X i 3l BE F i Sl BEFE BICR R H]
— B g 2 IR A R AR R A i e T
FrEERUTTA,

1.6 M&XI 5 R T K ML IE

K FHAR S R A ] BB 3% i e £L A7
KSR AN o SR e MR 3 T AR R, HL
IR EAE BRI R IR T A A TEOCPE 5
E, TR PRI I — & (2,3, 1. 8) £ gl
KU TR TR A ] A% B Y R e o 6 0 8 B
I A fE R Ze ] 2 s, f B 2 RT3 A
K FH e 0 o o 0 BB I 1) 7 722 Al 35— 2
MR A S 837 102 A1 1 231 226 B, HI A i i 4y
KRR 1] 1 22 A0 R B AR S S B A R R 25
1. 5% , VIR S0 837 102 Bk AT UG IE S A 00
THRLIR ARSI

030

025 —°—462656

- = 837102
% 0.20 - 1231226
R

o] 0.15F

&

= 010

0 500 1000 1500 2000 2500 3000 3500 4000
B ) /s

B2 M4EICKERIE

Fig.2 Grid independence verification

2 ttiET BEERMERE ST

FLE R VERZ FR M 5. 0% ~ 15. 0% , &S 1 KEL FR
H4.0% ~75. 6% , 53 ) DL e S E R PR B B
J7 ) 4 H0A B R i e oA SR A R T L R PR
R,



hoE e B o o

Science

: 66 - China  Safety

343
20244F

Journal

2.1 Bl

Bl 3 B A B SR AR A I A 1 s
Kl 4 B ERRIAEARFIB S LG TR A
J7 a1 HOHE B B s ] (9 AR AR O, DAIET 3 FIET 4 W]
DIF 38 A L B3 2 B8 r it s 11 7% Jo 6 U o, i
WIAB S LU S, i I A% B PR s/ - 76 AH [R] 4t e
BF (] P, 000 R L [ ) ) 2 B 42 & LR 49 1Y
K w B AR R, e B, ES
PHGH B RS (FL I 5 ) (R340, i B R, Uk
1SR =R AR | W a4 e & N [ e S b
R, YBAHIH 0,10% 1 20% i, e 4~
PR A (E 2R B 1 S b 2 0 75 B ] B S E T BREHE
R M TR B R, L A [R] 22 B 2 B
AL B BG I 4R, v BEE B A L s, 51
K M RO AT B TR HLE S

9.6x10" 1
| |
9.2x10" |
%
=
g 88x107 |
Iz
=
84x10% |
8-O><10-4 1 1 1
0 10 20
BE A%

B3 B fIxtittiREr R0 (R E 3 600 s)
Fig.3 Effect of hydrogen blending ratio on leakage rate
(leakage time 3 600 s)

2.2 timELE

K5 At £L A2 % 428 S R SR A e 2 1 52 )
Bl 6 B A KIRAEA R LA TR IE T FR%E E
J7 ) 47 HCHE B B B () R AR A AL, 1AL 5 FNIET 6 T
AR LA 10 mm B kTR 5 29 R it L 5 mm
At Y 2 A3 R FLAR 20 mm B AOSIHIR R 240
MR FL 10 mm B A 2 4%, Ui FLAE X2
AR M A B e LA it
K, TEARTR A I RN, B R KRR RIEE R H Ty
i) 9 HI A S B i e LA A B i R Y ik
FLAEN 5 mm B, S BGH B A AN AR 1T R e
R R I, S A e R SRR AR T FRAE(E
S A b T R ] i i O LA B 3 KT e
fE R Z G, d B it U FL AR X M 1B R SRR
TE R S AR R, R, B S B BB A KRR R

o
1

Mz

()
T

—-—¢=0
—v—0=10%

—— p=20%

JRAE T WL E7 4 O S m
g%

OO 1 1 1 1 1 J
0 100 200 300 400 500 600
I 18] /s
(a) FfE

1.6
=)
= %
= I
% 1 2 L
8B ——0=10%
E —e—9=20%
=08
mf
ﬂ
= 04+
}.L
&
% O 0 1 1 1 ]

0 1 000 2000 3000 4000
it 8] /s
(b) &<

4 AEBSLGITRETREEFEY #EERE
Fig. 4 Vertical diffusion distance of lower
explosion limit under different hydrogen

blending ratios

EE AT RE AR Y T AR A TR AL

24107
2.0x10°
1.6x10° |

1.2x10%

IR/ (kgs?)

8.0x10*

4.0x10"

0 5 10 15 20 25
WHRFL4E /mm
B 5 StRFLEX I RE R (it iEEE 3 600 s)
Fig.5 Effect of leakage hole diameter on leakage
rate (leakage time 3 600 s)

2.3 BEEAS
(ESENEWIDOE? =N /S iiiin £/ i GOb- ALl o
B AR 7 B Ak I B S Ak
SRASK=SEVIWIPIE. £ DN/ awiin/ ki) A T
FB AR ARG TE R ) TR LE T BRI E 7 )
PO B B A ] P AR AR L, PR B 7 FIEL 8 R



55 3 1) P B E RS MR AR AT $ 67 -
Lor =YL
J - i)
£ % o
e 2 12+ p02MPa
;\% 1.2+ o —v— p=0.3 MPa
g B |[—p=04MP
iy ﬁo&
8038
o 2
2 = 04}
=04+ —=—d=5mm
i &
Ry —v—d=10 mm B 00 ‘ . .
00 ., ., e 0 300 600 900
Y0 200 400 600 800 1000 1200 I fel/s
) /s (a) F%e
(a) Hikt 1%
=
161 = ik
E iz &
b —=—d=5mm & 126
= 12l —v—d=10 mm ﬁ
ﬁ : —+—d=20 mm = —=—p=02MPa
T R0.8F —v—p=03 MPa
208 i —e— p=0.4 MPa
w 3
2 =04+
B4 e
i £
& ¥, : : : ‘
o : : : ‘ 0 1000 2000 3000 4000
"0 1000 2000 3000 4000 I 1A /s
G (b &R
(b) &S

6 AEMRAETRIETREEFEY #EEE
Fig. 6 Vertical diffusion distance of lower
explosion limit under different leakage

hole diameters
B2 AR AR I T R B 17 1] B O R S B
EIE RGN G . AERT 1200 s 9,3 RHEIE
F 37 SRR O B AR — 2, B I )R, &
B O, R HOH R e ek i PR e s )
rEBuE A SRS STENA ARt ORE D) NI NS B ARC D o R
AR T BT 2R 47 2 Ml 2 JIr s I 1) A 1 T )

AR T s

8.4x10™ ¢
7.7x10™ -
7.0x10™ -

6.3x10"

MR E/(kg-s™)

5.6x10* ¢

4.9x10"

42x10"

0?2 073 O.‘4
EHEETI/ MPa

7 EEEAXMRER M (R E 3 600 s)

Fig.7 Effect of pipeline pressure on leakage rate

(leakage time 3 600 s)

EIEILRX B AR R M T 1A — € &

8 AREEEHNTRETREEAEY #EEE
Fig.8 Vertical diffusion distance of lower
explosion limit under different pipeline

pressures

M, T 570 A RS T AR S R A R 2 R R A
IR, BN 9 AT A TEIRR R 0. 8 m B ik & A
AN T TEIRGR Sy 1.1 m B Wik S 0 K, D0 W] 8 1
TR 1.1 m GRS R BEHIR N 0.8 Rl 1.4 m
R, HEL 10 AR FEAH R (4 3 IR, e g™
AR T 20U, G AR T PRAF(E 2 21k 3
JIra I T A, BRI AR T FRAF(E A RS
MR T 5 INF 11 il A T R A G A A DA 3 Y
SN IE A S TR A B T2 SRR e
[LULY A e

8.840x10™ -
8.835x10™
8.830x10™+ -

8.825x10™

MR E/(kgs)

8.820x10™*}-

8.815x10™

0j8 I.IO 112 Ij4
EHEHER /m
9 EEIEBRXMRER R (HRAE 3 600 s)
Fig. 9 Effect of pipeline buried depth on leakage
rate (leakage time 3 600 s)



hoE e B o o

343

- 68 - China  Safety Science Journal 20244
£ 1.6 = 1.6
g —— 0.8 m R {i@ g
12— LIm#E 55 L
E —e— 1.4 mHHR E”
= T b+
R Eos B
=041 =
t= 04 0.4
= w
00 : : ‘ : ; #
"0 100 200 300 400 500 0.0 !
E;“‘Eﬂ}/;eﬁ 0 1 000 H%f?%)(/) 3000 4 000
(a) H 8] /s
1.6 (a) H b
g ’ 1 6 =
o —=— 0.8 mH#H¥E E ) H%
% 12F —— L1 miE ' - —— R
iy —— 1.4 mHE ol —— F+t
= #® —— it
iz 08 E
gﬁ 208
= i
X 041 Jox
= =
£ [ 04r
E- : : . ' =
0 1 000 2000 3000 4 000 %
B 1] /s 00 ;
(b) &K 0 1 000 E%IOS)O 3 000 4 000
NS
E10 AEFEERTEETREEARY BEES (b) &S

Fig. 10 Vertical diffusion distance of lower explosion

limit under different buried depths of pipeline

2.5 LA
MAHERR R R+ B L M 1 h
s ¥tk U L A DR #4301 A 2. 066107 (1. 162x107°
8. 830x10 *kg/s, Ui B - HESS RN 45 A K AR At
T AR, 2L iR R ) R 8L
FIELEBH 1 R A T2 3 T 4 S 2 ks
HARFLBRRIE TSR B R MR 7 R v R
J1, 8 H ORI B E R SAERE by i 2
FRBH BRI, B S R AR A i I LB = B
RAE  BREE 3B A R AR A0 Mtk Tl L™ A= R 1
YER N i) it e fL il it . 22, By b+
XHBE KSR B 17N, TR 38 & KR KA M b
- ik R SR, LA (] s ) P S R
IR, K 11 B A RRIAEANN AT 5%
JET BR % By ) 4 AR g B S ] A AR A O, Fe A
11 AJ RN e e R TR]AH [3] 15 00 T, 8 SRR SAE
ARt e s lld = W M RV QD) S S N e S b
WD A X B AR S B/, BRI E
FEVE T FRAE B 1 M 3R i B ) 72 4 b+ rh f
J L, HUCHIE L e AR BB S KRS

E11 ARTEXBTRETREESFEY HEES
Fig. 11 Vertical diffusion distance of lower explosion

limit under different soil types

8 70 o b LV A5 O DN N R B NP P I i = |
A HE IR B B, el O A 1 A L 2, DALl
LB ARIRMIG T BOE L , wilD fE R X

3 & it

1) BERRAN M R I LA
SERG I, B2 S G b, A I AR
SIS TR X it Y A R |, S T A o b
i R, IR RO L

2) FUBERIE SRR HE T PR A [ 28 5 2k 36 By
it I [ Bt Tt s FLAS A8 T8 g RSN i o), Bt 3
TR A, T Bk IR R
it I 1] BE 5 S EE 491 A% 3 D i 38 o, i <=0 = U AR
S o HVGERIEU YRR KE T BRAF(E LD 2 e p i
[IFER D+ f s, OO S+ e Jm MR+

3) BZ AR AT g B S OO U I B
H o dedn a5 TARRALESIKEE . T —2 a1 R il
BERIR B I O R I U AR AU 45
REAHRNE,



55 3 1 RN W B SRR U TE M O AT 5T - 69 -
& £ X o

(1] Z5EE =82 ERKL)]. BEARHA, 2019(7) . 40-43.

(2] &%, s, 55, F SEARKNBETFTMHHARGALI]. BISFHEIR, 2021, 33(2) :50-56.

XU Dong, LIU Yan, LI Zhiyong, et al. A cost-efficiency review of hydrogen energy exploitation[ J]. Petroleum and New
Energy, 2021, 33(2) .50-56.

(3] ©18, SIE, M2, T BERRSEEREMFTERMGEI]. wIHERE, 2021, 40(10) ;5 499-5 505.
SHANG Juan, LU Yanghui, ZHENG Jinyang, et al. Research status-in-situ and key challenges in pipeline transportation
of hydrogen-natural gas mixtures[ J]. Chemical Industry and Engineering Progress, 2021, 40(10) ;5 499-5 505.

(4] ZHUR, A, oK, &5 BEARRSEEREANERELI]. KRS T, 2021, 41(4) . 137-152.

LI Jingfa, SU Yue, ZHANG Heng, et al. Research progresses on pipeline transportation of hydrogen-blended natural
gas[ J]. Natural Gas Industry, 2021, 41(4) .137-152.

(5] E=EL. RRSEBURESEHRLD]. Tl STOBKIKE, 2019.

REN Zeqian. Research on leakage hazard of natural gas pipeline[ DJ. Fushun: Liaoning Petrochemical University, 2019.

(6] P, AZE, TRE, F BEARTBEEWERATRARELI]. BSEE, 2021, 40(4) :361-370.

XIE Ping, WU Yi, LI Changjun, et al. Research progress on pipeline transportation technology of hydrogen-mixed natural
gas[ J]. Oil & Gas Storage and Transportation, 2021, 40(4) .361-370.

(7] WILKENING H, BARALDI D. CFD modelling of accidental hydrogen release from pipelines[ J]. International Journal of
Hydrogen Energy, 2007, 32(13).2206-2 215.

(8] LOWESMITH B J, HANKINSON G, SPATARU C, et al. Gas build-up in a domestic property following releases of
methane/hydrogen mixtures[ J]. International Journal of Hydrogen Energy, 2009, 34(14) .5 932-5 939.

[9] MARANGON A, CARCASSI M. Hydrogen-methane mixtures: dispersion and stratification studies[ J]. International
Journal of Hydrogen Energy, 2014, 39(11) .6 160-6 168.

[10] SUBANI N, AMIN N, AGAIE B G. Hydrogen-natural gas mixture leak detection using reduced order modelling[ J].
Applied and Computational Mathematics, 2015, 4(3) .135-144.

(1] Bk, @R, B8, F BEaERRSEEEERBHERT BMERAR]. BSS5E8IR, 2021, 33(5):
75-82.

JIA Wenlong, WEN Chuanxian, YANG Ming, et al. Study on leakage and diffusion of hydrogen mixed natural gas in the
valve chamber[ J]. Petroleum and New Energy, 2021, 33(5) .75-82.

[12] SU Yue, LI Jingfa, YU Bo, et al. Numerical investigation on the leakage and diffusion characteristics of hydrogen-
blended natural gas in a domestic kitchen[ J]. Renewable Energy, 2022, 189.899-916.

(13] 5%, ER, T35, F BERRSEBURY 8 RENRKMEOZELI]. BSMEis, 2022, 41(8):
916-923.

SUN Qi, LI Feng, WANG Yiwei, et al. Leakage and diffusion of hydrogen-mixed natural gas pipeline and layout plan of
detectors[ J]. Oil & Gas Storage and Transportation, 2022, 41(8):916-923.

[14] B, BN, 516, F GMERBERSEEMWRS LEY BURMARI]. BSS5RT, 2020, 40(11):
28-34.

CHANG Huan, TAN Yufei, WANG Xuemei, et al. Simulation study on leakage diffusion of urban directly buried gas
pipeline along soil[ J]. Gas & Heat, 2020, 40(11) :28-34.

[15] AR, B3R, tABE, & KOoBRMARMURYT BIRREDANKHARI]. PEZERZZR, 2019,
29(9) .43-50.

HE Leping, TANG Shuang, HU Qijun, et al. Study on natural gas leakage and diffusion in utility tunnels and
optimization of monitoring methods[ J]. China Safety Science Journal, 2019, 29(9) .43-50.

[16] ZHIS, ZH3. ANSYS 13. 0 RIPDITRARMASLEIM]. IR FUR Tk, 2012; 8-12.

(17] EEMB, #E5%, 1Y, & EMRSESURT BUdRMERN)]. PEZERZFFIR, 2018, 28(2) :45-50.
WANG Xiangyang, DU Meiping, WANG Tong, et al. Numerical simulation of leakage of gas from buried pipeline and its
diffusion process[ J]. China Safety Science Journal, 2018, 28(2) :45-50.

(18] RN RARSBELROVEERMARID]. &R ZRIBT K, 2019.

XU Dan. Numerical simulation of natural gas pipeline leakage [ D]. Huainan: Anhui University of Science and
Technology, 2019.

(19] RBE. BRSEEEIEPovRy BUEMID]. 778 WRERAZ, 2018,

ZHOU Miao. Diffusion simulation of buried gas pipeline in soil[DJ. Jinan: Shandong Jianzhu University, 2018.

[20] LI Minghao, CHEN Shuangging, JIANG Weidong, et al. Numerical simulation analysis of the hydrogen-blended natural
gas leakage and ventilation processes in a domestic house[ J]. ACS Omega, 2023, 8(38) .34 610-34 628.

[21] BXKBE, £, I8, 5 EWESSRARTEDBEEN LR SEEEDARLI]. PELZEZETRNZEA,
2016, 12(6) :105-109.

JIANG Yongqging, REN Zhe, SUN Chao, et al. Numerical simulation research on diffusion of natural gas leaking from
buried pipeline in layered filling soil( J]. Journal of Safety Science and Technology, 2016, 12(6) :105-109.
EEEN: ZEFE  (1980—) , 20, L5, HR A WL, #od, EENFRAI B BE T S5 R e 2

RS M AYSY . E-mail; shanbipeng@ swpu. edu. cn,





