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Fig.1 Diagram of natural gas pipeline model
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Table 1 Parameters of simulated working conditions
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K (m-s™") Pa mm (°) m K (W-m™'-K™")
293 1 3323 838 50 0 2 300 254.91
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Fig.4 Nephogram of temperature field for natural gas

combustion at the leak opening
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Table 2 Comparison and analysis of numerical simulation results
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Fig.5 Nephogram of velocity field for natural gas
combustion at the leak opening
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Fig.7 Nephogram of the maximum equivalent stress in the pipeline at different parallel spacings
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Table 3 Maximum equivalent stress for different parallel spacing

HH/mm E i J1/MPa FFATIRIFE/m G IEREJE/mm B KEERN F]/ MPa e MR 50
813 8 1 28.6 610 J ik
813 8 2 28.6 517 St
813 8 4 28.6 478 Jat iR
813 8 6 28.6 432 A R
813 8 8 28.6 364 A AR

F4 AEEHRENNERXELLAN
Table 4 Maximum equivalent force for different pipeline pressures
BE/mm G5 E S/ MPa JEATHIEE/m EIEEEE/mm B K FRL S/ MPa Jat IR 15 75
813 4 2 28.6 283 E NG
813 6 28.6 357 A T ik
813 8 2 28.6 448 A e i
813 10 2 28.6 515 Jit i
813 12 2 28.6 597 Jai fik

2319



Vol.26 No.6 -

© 5 ;B % &K

226 55 6 1

A FBOINEL 55 52 B v BE W&, Bk 1 A B A 25 E
Bl 9 RS A 2

TRYE F TS5 5 1 4 ~ 12 MPa FOFEH . #
L M B AT A1 AR T R = A SE BRI T, R
B AT B A0 1 1 i e 7 7 e P 3 1 1)
R 5 A I F N ) 23 JCRR 3 R 3 5 MR
i o Jee A 3 IR ) o i, PR 20 A G B8 e 0 LY
fii .

HRYEF I T WA X, 25 G5 8L A TR
1B B KB 9.96 MPa, 4414 1H
ik R 1R T 9. 96 MPa B, W5 5k G5 | e 45 38 iy
JIRAL
3.3 EEEE

R T WRGRAE TE RE JEE X TS K S e
TS T RE AR B AR & A IR B RE R R 15 mm
20 mm 25 mm 30 mm F1 35 mm , X} 45 18 BE JE 1) 50
AT AR SR WK 5,

SEILR A TE BEJEEAE 15 mm B FHE 35
mm SRR B AR RSN T B N R AR
RGP , N ) e KAE N 616 MPa, fie/ME K 375
MPa, PR fb 8 J DR A T, 50 J58 10 45 1 B RE 8 4
BT A IR S 2 oA E R, AT B0/ NS 3800 T . Y
FIEREJE R 30 mm B EEC 2 KA T R IRRAL,

WRYEZE S 175 B PLE 15 2R KGR 15
A BRI PR B IR N

y = 88 00242 (10)
Kby N E N EREFRN T, MPa;x 8 45 18 BE
J& ,mm,

BRI P R (R ) 7 0. 993, R AR g 1%
fif R 99. 3% WA 5 A LR R . B RiR
7 (RMSE) 5 7.3 MPa, P45 %1275 (MAE) K 6. 2
MPa, fx K 5% 25 H BLAE & B BEJE « = 30 mm 4L, N
+12 MPa, HAEGE SR 2EITE £10 MPa LIPY,
AR A J33 Bl P T KSR RIS
HTEEBEE 15 ~35 mm LR,

R IR T 0 0 23 3K it vl 1 1 17 FH A
N 12k 453 MPa, 45 G 624 0T 85 248 18 T ik
PR /NBE Ry 27. 48 mm, Y4 REEJE/NT 27. 48
mm IS K TR R4S T 1 ) R AL
34 & &

FERAE AL AS i, 43 0B AR 400
mm 500 mm 600 mm 800 mm A1 1 000 mm, ¥} % 4%
B2 EA TR . ARIEALIAS 2R R 2 T Y
RERN T, WK 6,

AR R, A R AE 400 mm L FHE] 1000
mm SRR SR AE T B KSR AN T Bl 2 38 K 1 T
I KAE R 604 MPa, fiz/IME K 291 MPa, X FhAR{E 1)
JRNTET  BEE SR D B3R A5 T8 FRESZ AL A
LMY, W TE T AR S R R X U 4 T 1Y
SRR, 5 O 1 R i 0 A BE TR 7R 5 45

x5 AREEEENERAEYEN
Table 5 Maximum equivalent force for different pipeline wall thicknesses
4/ mm EHIET)/MPa JFATEIBE/m A EREE/mm R RAFRUN J1/ MPa Ja A 1
813 8 2 15 616 Jati e
813 8 20 545 J I
813 8 2 25 471 Jit A
813 8 2 30 438 R J ik
813 8 2 35 375 E NG
*6 ARBERMNEXEHEN
Table 6 Maximum equivalent force for different pipe diameters
Efe/mm  EEES/MPa JRTIEIE/m EAREIEREE/mm KA S/ MPa Je A L
400 8 2 28.6 291 ENEe
500 8 2 28.6 372 A S ik
600 8 2 28.6 411 A Bk
800 8 2 28.6 519 Ji IR
1 000 8 2 28.6 604 Ja iR
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Table 7 Stress sensitivity coefficients for each
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Fig.8 Relationship between stress sensitivity coefficient

and change rates of influencing factors
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Investigation of the thermal mechanism and safety threshold for parallel
pipeline failures due to natural gas jet fires

CHEN Ligiong', RAO Hongwei', LI Yang®, ZHANG Kai', JIA Haoyu'

(1 School of Petroleum and Natural Gas Engineering, Southwest Petroleum University, Chengdu 610500, China;
2 0il & Gas Dispatch and Control Center, Pipe China, Beijing 100013, China)

Abstract: To examine the impact and potential damage caused by natural gas pipeline leakage and subsequent combustion on adjacent
parallel pipelines, a comprehensive numerical model was developed that integrates combustion flow dynamics with structural response.
This model is based on small-hole leakage theory and incorporates multiple physical field couplings, including fluid flow, heat transfer,
combustion chemistry, and thermo-mechanical deformation of metallic materials. Simulations were conducted using ANSYS Fluent,
allowing for precise handling of transient reactive flows, high-temperature radiation effects, and fluid-structure interactions. Special
emphasis was placed on accurately capturing the dynamic evolution of the leakage jet, flame propagation, and the resulting thermal and
mechanical loads exerted on nearby pipelines. The computational framework systematically varied four key parameters—parallel
spacing, pipe wall thickness, pipe diameter, and internal pressure—to analyze their influence on pipeline integrity. For each condition,
the maximum equivalent stress and yield safety margin of the affected pipeline were calculated. Additionally, sensitivity analyses were
performed to evaluate the relative importance of each parameter. This methodological approach facilitates a quantitative assessment of
how geometric and operational factors collectively affect the survivability of parallel pipeline systems under accidental scenarios. The
results indicate clear threshold values for safe operation. Specifically, the minimum safe spacing between adjacent pipelines is 4. 62 m,
the required wall thickness is at least 27. 48 mm, the pipe diameter should not exceed 648.5 mm, and the internal pressure must be
maintained below 9. 96 MPa. The sensitivity ranking reveals that pipeline spacing is the most critical factor, followed by wall thickness,
pipe diameter, and internal pressure. Increasing parallel spacing is the most effective strategy for mitigating thermal and mechanical
interference, while enhancing wall thickness significantly bolsters structural resilience. In comparison, reducing pipe diameter and
internal pressure provides additional safety benefits, though their effectiveness is relatively lower. These findings offer practical design
guidelines for ensuring safe pipeline layouts and implementing risk control measures in complex natural gas transportation networks.

Key words: safety engineering; parallel pipelines; leakage combustion; equivalent stress; sensitivity analysis
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