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Abstract

Addressing the issue of unclear leakage and diffusion characteristics of gas pipelines featuring small
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holes (15 mm) and large holes (60 mm) within the gas cabin of comprehensive utility tunnels, this
paper presents the construction of a three-dimensional model for an actual 200-meter fire compart-
ment. By employing structured grid division and establishing effective boundary conditions, numeri-
cal simulation of the actual operating conditions is achieved. Analysis reveals that, in the case of small
hole leaks, due to the minimal flow rate, the area where methane concentration reaches the lower
explosive limit (0.05) after 12 seconds spans only 0.5 meters, indicating a limited diffusion range. Con-
versely, in the case of large hole leaks, due to the presence of high-speed jet flow (259m/s) and emer-
gency ventilation (12 times/h), an explosion hazard zone of 15 meters in length can be formed within
just 11 seconds, covering a broader area. The optimization results of actual gas leak detectors indicate
that, with a horizontal spacing of 15 meters, the most unfavorable alarm time for large hole leaks is
4.25 seconds, which complies with specifications, albeit a denser layout is recommended. The differ-
ence in alarm time between installation at a vertical distance of 0.3 meters from the top and installa-
tion at the top is less than 0.3 seconds, aligning with current standard specifications. The research
findings provide a reliable foundation for the design of gas safety in comprehensive utility tunnels and
establish an optimized basis for the arrangement of gas leak detectors.

Keywords

Computational Fluid Dynamics, Integrated Pipe Gallery, Gas Cabin, Gas Pipeline, Leakage and
Diffusion Simulation

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

2
ZF

ik

op

B JERAE DA T At it 1) B AL i o, BRRR T LD AR UK. MRS RVE L, 1R
YT R A P AR A BEACR [1] RV TEAE SR 58 I N I 2 A e AT T AR ki, — B
EIERE R, JCHRAEAS B RS A, SRR EIR G, SR ER R (2] [3]
XER A RRIR AR A ORI O AT IR ANBIT T, X T ORISR T 22 4 FoA 2 2 X

AR AR S M FLAR RO RN, R AT 70 D9/ N FLIER AR FLIER P AR DL (4] /LR I8 e B T
T ZASER R IR, HHRERBNE, (HRFERTRS, 5 TS NS, R e I XS] (6]
RALMHRINIE R B 8RB TEWAR R A S T, MR AR, REI 18] P BRIV AT TR OV Rl ) A ke
PSR, SERPER 7] (8]0 BT AN FISREL ARG, SRIDURH N (22 4 AU VAt A2 il ki 22 5% 5. 229

THELUAAR I35 (CEDYE N — R KA BUE A TR, RERORE i LI0L S 2 A8 R I SRSl . & BN
AR, OARRRHE Y O RO T A A FBI10)-[12]. JEIE CFD B, W RLRAN TR SR SR A
JERIRAE A IO, 0 A RN 1 57 R I ORI BE A . B EVE SR B B R R e, %
o RS TP A S S PSR M) E 3R R A AR [ 13]-[15]

FRGERIRE B IR ST 8L, R MV B EOR[16]. K UE BN SR E I, RE LIRS
WEH, ERAA I AR17]. HT SR G I8 B A s 2w, — BRI, 5 38U
R, XA RSINREE — A, TSGR AN R DRI e £ 6 0 B P RO TRG J (R IO AR
X ORISR 22 4 G H 3

AHTFUR CED B8R, A3 £5 65 SRR N Y AR/ LR A DR FLI R PR LR 000, S SR RS
POHOER, MR LA MHRE D RGP SE PR R B R . GBI, 4R

DOI: 10.12677/jogt.2025.473051 469 PRI TR


https://doi.org/10.12677/jogt.2025.473051
http://creativecommons.org/licenses/by/4.0/

BB

SRR UG A B OO AR KU, DR 23 B IR U B ) % s AT R B IR IR S A BORSC R . IR H
TRV AN A RIS RS BRI R AR, AR BT BRI KSR S % .

2. fARGE
2.1. CFD &l E

2.1.1 PERIER R PR R 5>

EEXFEN 200 K ARRSARES K oy X NI R, RSAEIE ST N 2 m x 3 m, PERIRAEIE EA
400 mm, MEPUNTCHERE . FETIVE, RECERBEEL, #E a1 =600 mm, a;=1000 mm, b, =500
mm. FJH FLACS %1 CASD BB M B SR B R, 316 K AT R T RS Tmox Tm, 43 B4
TR KA XTGEB P, 25 8 3 FLACS SRR 5% A (BRI, AR gk G A7 B35 K 43 DX — T8, [
P U T 57— M BFs Kk 3 10 o A AR ARG I 2 A T R TR 0.3 m Ak NIER. FLACS BEESH KX I8
REESR, A E A RS R AR T 400 mm x 400 mm. K JE 200 m 7 ALK I . HARR A0 A] 1(a).
BRSNS I 2 5 P RS P 500 WSR3 S0 WY, IR 11 D8] v e 0T I 0 B A =3 3 I # an  1(b)

(a) BRI (b) BAAE A% Sl 7 13

Figure 1. Gas cabin model diagram and grid division example
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Figure 2. Schematic diagram of gas pipeline leakage
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Table 1. Summary of boundary conditions
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Table 3. Grid division results of small hole leakage simulation
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Figure 3. Cloud map of natural gas concentration distribution in the X-Y plane at various times after the occurrence of small
hole leakage
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Figure 4. Cloud map of natural gas concentration distribution in the Y-Z plane at various times after the occurrence of small
hole leakage
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Table 4. Grid division results of large hole leakage simulation
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Figure 5. Cloud map of natural gas concentration distribution in the X-Y plane at various moments after large hole leakage
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Figure 6. Cloud map of natural gas concentration distribution in the Y-Z plane at various moments after large hole leakage
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Figure 7. Time varying curve of natural gas concentration at the combustible gas detector position directly above the leakage
port (small hole leakage)
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Figure 8. Time varying curve of natural gas concentration at the combustible gas detector position 7.5 m downstream of the
leakage port (small hole leakage)
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Figure 9. Time varying curve of natural gas concentration at the combustible gas detector position directly above the leakage
port (large hole leakage)
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Figure 10. Time varying curve of natural gas concentration at the combustible gas detector position 7.5 m downwind from the
leakage port (large hole leakage)
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Figure 11. Gas concentration variation diagram of the detector located directly above the leakage port at the top of the gas
chamber and 0.3 m away from the top
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Figure 12. Gas concentration variation diagram of the detector located 7.5 m downstream of the leakage port at the top of the
gas chamber and 0.3 m away from the top

B 12. RO T 7.5 m BRI T IASACTRARFNEETR 0.3 m AASIKELILE

3. fit5RE
3.1. &g

1) /NLMR(1S mm): R EDGRE 259 m/s), 12 g R IR R IE T IR(5%) 1 X 3512 0.5
K, PHOTCEAR, BERKER. KFLIIR60 mm): &SR (259 m/s) B nFHeE R (12 ¥/h), 11 7
BIWTHE % 15 KA MR IE fa G X (R FE>5%), 2 RS ki, fa R il e

2) ACFIAIE: 15 KB, KFLIMREAFIIREER 7 4.25 72, FFEMVEER, (HEIE G fovrnt
I B DR T EEME .

3) WEEE: HMEEIETT 0.3 m 5002 3% (B (7] 2 7 AR 0.3 7, WAUEBTARAEE T 0.3 m)
(GBI, e R R 2

4) FLACS ¥ ARG S DL T A SAE S PG = A 0 B3l 21 547 N Can St d e « G EE S8, 05K,
AR AT SR AR

3.2. RE

1) ZRFEARESHILIR: BINLPrz R R 2R A EEE LR TR R ), &
TR NI BOREE . W TEAS [ IE KE A (UR TR RO X =) B8 138 )Xot R AR R A 4 ) R

2) PRIESAT GRS R : B AT IN 3 (R BE (A0 10 m)RHHRE R BN IR TR, HilE 2ot S 2 e
T ROAT BERRAE . IR IR BRI AR IR B S, SRR YR BRI 52 15 3 BESC I

3) REFFEHEANLEITETT: BRI SR A R (Ul L B SR DAL R (M), DA
RAERE S o 45 G aiH) 1 AA, BE FURB N o ol 0T R 5 4 P RS B AR

4) BREMMBOAREER: JTAIET CFD By 2RE RS, SE PR 3 HO 42 0F 3h & 0 4l
R, RSN R R A S LS 2 ik

SE3Hk
[1] &5k 2T BP MM R LA S M TR T, H EEH A B 451, 2025, 24(1): 40-42.

[2] HE—% EoCE, kT, . SEAE SR B AL R R IR RHE[)]. AR, 2024, 30(4): 34-
41.

DOI: 10.12677/jogt.2025.473051 481 Al RN


https://doi.org/10.12677/jogt.2025.473051

BB

(6]

(7]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

Bai, Y., Wu, J., Yuan, S., Reniers, G., Yang, M. and Cai, J. (2022) Dynamic Resilience Assessment and Emergency
Strategy Optimization of Natural Gas Compartments in Utility Tunnels. Process Safety and Environmental Protection,
165, 114-125. https://doi.org/10.1016/j.psep.2022.07.008

SRER, BEgig, BT, AL TR ORRRUE B MR B0 - R REUR RGN S TR ] FEIMEOR, 2023,
47(12): 4829-4838.

Liu, C., An, J., Xie, C., Wu, H. and Zhang, Z. (2024) Numerical Simulation-Based Pinhole Leakage Characteristics and
Hazard Boundaries of Buried Natural Gas Risers. Process Safety and Environmental Protection, 184, 462-476.
https://doi.org/10.1016/j.psep.2024.02.011

Zhang, S., Li, J., Wang, X. and Zhang, J. (2025) Study on Horizontal Leakage Diffusion Characteristics of Small and
Medium Aperture in High-Pressure Natural Gas Pipelines with Large Open Spaces. ACS Omega, 10, 10515-10529.
https://doi.org/10.1021/acsomega.4c10797

Garg, K., Singh, S., Rokade, M. and Singh, S. (2023) Experimental and Computational Fluid Dynamic (CFD) Simulation
of Leak Shapes and Sizes for Gas Pipeline. Journal of Loss Prevention in the Process Industries, 84, Article ID: 105112.
https://doi.org/10.1016/j.j1p.2023.105112

Liao, K., Wang, Y., Chen, D., He, G., Huang, Y., Zhang, S., ef al. (2023) Parametric Study on Natural Gas Leakage and
Diffusion in Tunnels. Journal of Pipeline Systems Engineering and Practice, 14, Article ID: 04023003.
https://doi.org/10.1061/jpsea2.pseng-1396

Charani Shandiz, S., Foliente, G., Rismanchi, B., Wachtel, A. and Jeffers, R.F. (2020) Resilience Framework and Metrics

for Energy Master Planning of Communities. Energy, 203, Article ID: 117856.
https://doi.org/10.1016/j.energy.2020.117856

Kong, C., Zhang, D., Cai, R., Li, S. and Zhu, R. (2020) Numerical Simulation and Analysis of Diffusion Process for the
Leakages of a Tunnel LNG Pipeline. Geofluids, 2020, Article ID: 8894047. https://doi.org/10.1155/2020/8894047

W74k, ©E. 2T CFD fdt b 2 [ N &S MR B I & A RO s e AL 7 iR A2 (0], B stk S, 2025,
66(5): 135-139+142.
R, RET. ONG KEHE - RBIEMIRY # CFD (A B [1]. Lk 4 53F4R, 2020, 46(9): 16-19+47.

Wu, L., Qiao, L., Fan, J., Wen, J., Zhang, Y. and Jar, B. (2024) Investigation on Natural Gas Leakage and Diffusion
Characteristics Based on CFD. Gas Science and Engineering, 123, Article ID: 205238.
https://doi.org/10.1016/].jgsce.2024.205238

Zhang, P. and Lan, H. (2020) Effects of Ventilation on Leakage and Diffusion Law of Gas Pipeline in Utility Tunnel.
Tunnelling and Underground Space Technology, 105, Article ID: 103557. https://doi.org/10.1016/j.tust.2020.103557

Wang, X., Tan, Y., Zhang, T., Zhang, J. and Yu, K. (2020) Diffusion Process Simulation and Ventilation Strategy for
Small-Hole Natural Gas Leakage in Utility Tunnels. Tunnelling and Underground Space Technology, 97, Article ID:
103276. https://doi.org/10.1016/j.tust.2019.103276

PR 5. BT N PR R R R S T R SE R T R (D). R s & AR, 2025(10): 208-210.
IR, WRFERERR. /NULGEAE RS N ERIGER A KRR I]. Rl &5 R, 2023, 24(6): 33-36

DOI: 10.12677/jogt.2025.473051 482 Al RN


https://doi.org/10.12677/jogt.2025.473051
https://doi.org/10.1016/j.psep.2022.07.008
https://doi.org/10.1016/j.psep.2024.02.011
https://doi.org/10.1021/acsomega.4c10797
https://doi.org/10.1016/j.jlp.2023.105112
https://doi.org/10.1061/jpsea2.pseng-1396
https://doi.org/10.1016/j.energy.2020.117856
https://doi.org/10.1155/2020/8894047
https://doi.org/10.1016/j.jgsce.2024.205238
https://doi.org/10.1016/j.tust.2020.103557
https://doi.org/10.1016/j.tust.2019.103276

	基于CFD的综合管廊燃气舱燃气管道泄漏扩散模拟研究
	摘  要
	关键词
	Research on CFD Based Simulation of Gas Pipeline Leakage and Diffusion in Comprehensive Pipe Gallery Gas Cabin
	Abstract
	Keywords
	1. 引言
	2. 研究方法
	2.1. CFD模拟设置
	2.1.1 物理模型及网格划分
	2.1.2. 参数设置

	2.2. CFD模拟结果
	2.2.1. 小孔泄漏
	2.2.2. 大孔泄漏

	2.3. 气体探测器位置优化
	2.3.1. 水平间距
	2.3.2. 距顶高度


	3. 结论与展望
	3.1. 结论
	3.2. 展望

	参考文献

