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Simulation of Buried Natural Gas Pipeline Leakage and Diffusion Process
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[ Abstract] The occurrence of natural gas leaks in buried gas pipelines is a serious safety event that can have significant economic
and environmental impacts. For large-diameter high-pressure gas transmission pipelines, the computational fluid dynamics ( CFD)
method was used to establish a three-dimensional numerical model that included a 1.4 m diameter pipeline and the surrounding soil, to
study the leakage characteristics of high-pressure gas through a pre-set leak hole in the soil. The CFD model considered the soil as a
porous medium material, used the Redlich-Kwong equation of state to describe the temperature-pressure effects of high-pressure gas,
and combined species transport and turbulence models to study the impact of leak hole diameter and internal pipeline pressure on
leakage rate and temperature distribution. The results show that the leakage rate increases with the increase of hole diameter and
pressure. When the leak hole diameter varies from 10 to 50 mm, the leakage rate increases by 77.78% . Ambient temperature can
cause the soil temperature field distribution to take different forms. When the ambient temperature is low, the temperature-pressure
effect produced by the leakage of high-temperature gas inside the pipeline will be weakened. When the ambient temperature is close to
the temperature of the gas inside the pipeline, a detectable temperature change area is produced in the buried range of 0.7 to 1.2 m
above the leak hole. The research results help to understand the leakage characteristics and temperature change patterns of buried large-
diameter high-pressure gas transmission pipelines, providing a theoretical basis for the layout of pipeline leak monitoring optical cables.
[Keywords]  buried pipeline; high-pressure natural gas; porous medium model; computational fluid dynamics ( CFD) model;

pressure-temperature effect

PR O SR O I U O B PR B TS e AR SRR B R AR R I B R K R A
4 9% 2 B TR i ok U A P g RV, PR VY AARORAONE AL, B R B bl A B T R R

W 7E B H# . 2024-04-15; &iT BHA . 2024-12-17

EE&TB . P EA M KRS A R A LA TG R % 0 (202322120X)

FE—1EH . MBERE(1985—) B, DU, WU EF A, B0, g T REI B 9% 07 1) . 255 308 222 e W 000 R 00 400 358 B R B & RN R AT, E-mail
417114052@ qq. com

TEAEEE . WA (1986—) 53 DU IR DS WA PRW, ST ) AR AS TN 5 AL, E-mail : dongxw139@ 163. com,

5 Fa M 1k . www. stae. com. cn



2025,25(8)

PRI REE | A5 . JHL M R T A% i R i A A T U e v O LR A 3401

BRI AR O 1R AR R RN & A IR L i R AR R
T U S AN R T S T L X BR R AR R
o, o an, ASUE o - AL RS B R 2R
D 7% i O TS = G 3 7 1 1 0 o G A R NS
fife | 3t B M WY 55 0 XA BE IR L Ik, KRR A
A5 T A R A M R R s AT R AR A
W FF R 4 b AR R T U R B O B AT
Sy T U e DU B AR

X S b 4 i T ) B 5 S S I,
RIStk s o7 R U N R T e U e R e
SRS FLBR B SN K S A AR AR U
STV SR HE AT BT IS 96 AF 5 A AE R T
A (e A2 A B 1) R, PRk 3 SR ATL B0 A UL
SRS S M R AR R B IR L R B, 7
BERAU Dy T, % B — R W A O 2L — 2
kY LASE AR | R4 S B AR Oy — A AL R
AR % AR T N AR s i R S T
FEAE T MR M R R Y SRR (S ] e R A R —
A s ™ M AL A2 R0 A TE R ) R SR AR
T o, D0 FE B 0 e A5 2R R, B n A 3 s g A
FLRH & SRR TR e, Ty a5 v
BERA BRI 18 &0 K AR S I8 1Y i B DT 2 R
F/INFLR P o ik e 15 OO0, AR T T AR S = I KR
JE AT L0 UR R M TR LA 4 QB S BN i T
Bl B B, 5 0% S0 S ORI R R 2
( computational fluid dynamics,CFD) A% Fluent W 5%
THEH R ARAE TE IR TRL, K A B ) A U
LR 2 52 e it s 2 R0 9 B0 TR A G B PR R, L
e 7 [ %t 4 B AT R, 3 R T
TR B A KR E MY BB T B A
oot U FL AR S B R ) HTROR R A AR R
Xt 1 AP BE | SCOR A T BRI B 0 5
F AR A O B S T RE S P K R A b A T S TR Y
I 22 3T B AR S HE 2 B S W B T BORE R O g
T BF RN 22 R4 B A TR AR . AR AR R
Birch G HIAIMF5E T = R BB A KRR RS B AE A
B s L EAR A T 12 AT R )R By R
FURIESER . BRI E TAF £ LR T
T4 AR I S CO, 8 18 /N L D 00 30 A B R A AR
BT SRS DX A BRI P 40 e AR SR B I A
FORWEFE T AW AR U 4 38 1 O ook AR b B O 3 e
P B AUL I U 1 R A R R AR TS A R
AU (1) 75 S 78 Ak Ak I RS U AR LB

DL AR 2 ps G R I R o8 A TR R 2+
g, H B & m)fa] P8 E RS R M, R ) 8 B AE
0.03 ~0. 3 MPa X J2& 3l T KR U 18 19 % 0L AR TR

FU L HAT, T SR I ST bR AT M b A e
FAR MRS ILRF 52 5 011 2 4 VO B g T
T FLJE BBl A 45 1) [ 1 4 M 0L RE AR fb, 455 90 45 R 3R
A5 T R FLAR R A M L Bt b v R A b
JEE S, e ABLDL I M A S YA T A B R
71 s LA TR IR FLAR L B - AL BB AR s Y
RIS IETA G U R = s e W 2P| 18 T { AN
T TR R R AR Y I K R A R -
FE 33800 (45 0 AR R B A2 2% A R R AR AL ; Bl
Ja AMATE LR TALR W RS, B R &R
TR BT BRI O A R AR

BUET X VG AR i 22 2R FH G R T A 3 b 4 T 3
o IR FL Y O 2, AR i S PR A A 25 A L HEIR
DO WIE S IR RUR LR IO N - IE A X )]
TR A B BUE B R o A J5 A % A ik U A 0 R
F 5% i K 8RS U B A = 338 v B 9 BOA T R B it
U Jo R BE e A A . SR ANSYS-Fluent X, #
SEAL A E T U L A P B G g (A A
XiF H AR AT AN ) B8 4 1 S B0 KSR AR HURR A, BF
FEARTR ST B HE b oK B AR o R K AR A4 3 it U
5 1 R o A A

1 YEERRSH

1.1 Y38 o) @ik

AR By % DL A S AL A o =0 wh i
FI e DX () - 8 LB 4 O 32 RAR AR U IE Al
WT—EREN RN, & EEhm AN, -
HEWORLRIAT K IR R FLBR SR AL E —
M LA A, Y kA i U = ) it e A R AR R
SRR e N LT G S N R W
IR Y RO B e R R B
R BB R Ol A U D R SR ROAE i
BRI B S B SR AE R ALBR R R s, KRR
SAE A B/ IN AL B TR R 3l AT DL BLIA Ol 2 AR
EE AR /NG I 4 o sl A E B Y 2
Bk, R AEEME S RAIELEDD
it Bl S e AR E R AL B P R B, R LD R
W OHEFRI A A, H RN -8 QAR % B E
JIXFZ LA BN B A2, (B 1 S 3 A I e
1 il 1 8 o R A R T ) B R R R, B
i B R N p U E DR BB R
B WURL , 7E 1 UKL 2 ) Y 25 A2 AL B, R AR
SAEFH PP HEC, KB BEE S A R i R,
A T 1) 2 TG PR A it 119 - 3438
1.2 RAEWESH

KIRA & th Z MR A B IR &9, o K

5 Fa M 1k . www. stae. com. cn



B

B A 5 L #
3402 Science Technology and Engineering

2025,25(8)

i

(a) BT 1
EET lifﬂm\

m
@ A

(b) B I AR R A

1 R AR I 5 L AR B K
Fig. 1 Physical model of the buried natural gas

pipeline and the surrounding soil
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Fig. 10 Simulation results of leakage temperature field under different pipe pressures
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Fig. 15 Simulation results of leakage temperature field under five ambient temperatures( the pipeline pressure is 2 MPa)
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