W44 % 3 wmOE 5 W & Vol. 44, No. 3
2024 4 3 EXPLOSION AND SHOCK WAVES Mar., 2024

DOI: 10.11883/bzycj-2023-0123

T T HEK B e R R SR IE
RS-RMBmEIERAE

BRI AL BV BERE, R Bt K B
(1. INARBHE R #2450 TR, LR F5% 266590;
2. WRBHE KT 1L 9 E TR 0 A I E R S R B M, IR F 5% 266590;
3. N REEIERA ST oy, T EE s Tolk & JRIF s e, dhat 100713;
4. bt B T RFBERF SRR ERKHE SRS, st 100081)

TEE: IR T T HE AR T R RS N A R R RS- P AR R A A, RS- O R R RO R T BRI
R F7 25 07, S AN TR K IR 28R 1 R AR /43 IR B ) A AR - 0 T - FE o AR AT T B AL . B AT AE R KR =R
AN 0.7 B, B KR R B N, SR 2 T B K A 8 O, RRHER S IR, K (0 S B R R, T B0 (R R R
B, 8 Ve A S LR I 4, L ﬁfﬁ?&ﬁaﬁﬁ@%ﬂ&&%%bm%;éwkva&?%nﬁﬂovﬁﬁ,MEEELWE@%
T W2 52 B, 7K B 35 77 AR IR i 3 B AN KR G 5 HE T RIS A A TR, BT T KO I B A RE A B, A A9 R R AU
PKURMEE R R R K ER 3R A5 R, B3 A I XS8R P, ) — B 20K T 47 A 0 T R RN AR X3 3 R B AN TR,
%%f@ﬂ‘]ﬁ?ﬁi@i%ﬁﬁ*ﬁ%BIXWE‘J%?E%‘I@%EE%?&%DKﬂ%’ﬁ,ZEEET%MKE‘J%M‘J;’E‘E?JJ,Siﬁﬁi‘ﬁ@ﬁﬁ"]ﬁiﬁ’ﬁ%ﬁ?ﬁ
FETE N R X, ﬁTlgriz TE P KR TS BRA, TR AR, KRR R AN A KA T 32 KR BRI T B I XU

KR WATHE KA RARSRIE: BERE KB K

FESES: 0389 EfRFERARE: 13035 XEAFRERE: A

The law of gas explosion and gas-liquid coupling
in urban underground drainage pipelines

ZHOU Gang'?, KONG Yang'?, CUI Yangyang®, QIAN Xinming*, FU Liye*, ZHANG Qi'**
(1. College of Safety and Environmental Engineering, Shandong University of Science and Technology,
Qingdao 266590, Shandong, China;
2. State Key Laboratory of Mining Disaster Prevention and Control Co-Founded by Shandong Province
and the Ministry of Science and Technology, Shandong University of Science
and Technology, Qingdao 266590, Shandong, China;
3. China Center for Safety Research, Ministry of Emergency Management of the People’s Republic of China
and China Coal Strategic Research Center, Beijing 100713, China;
4. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: There are frequent gas explosion accidents in urban rain and sewage drainage pipes, which pose a serious threat to

people’s lives and property safety. To study the propagation characteristics of gas explosion and the law of gas-liquid two-
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phase coupling in urban underground drainage pipes, based on the gas-liquid two-phase flow theory and computational fluid
dynamics method, a numerical simulation study of the explosion-acceleration-decay process of gas/air mixture under different
water depth ratio was conducted. The results show that when the water depth ratio is less than 0.7, as the water depth ratio
increases, the long-diameter ratio of the gas phase space increases, the fuel combustion intensifies, and the flame acceleration
phenomenon gradually becomes significant, which leads to a gradual increase in peak overpressure, a gradual reduction in peak
overpressure time, and a more significant effect of peak overpressure along the axial direction. When the water depth ratio
reaches 0.7, the propagation of the flame in the pipeline is blocked, and the fluctuation caused by the water shock and the fine
water column quickly occupy a small gas phase space, blocking the continuous propagation of the flame, which makes the
explosion overpressure appear only near the ignition source. Under different water depth ratios, in the same zone of the
pipeline and at the same moment, the height of the water being rolled up and the velocity field of the gas phase region is
different, and the cryogenic liquid is rolled up to cool and block the high-temperature flame in the adjacent zone. Then, due to
the macroscopic flow of the gas, the cryogenic gas adjacent to the liquid surface flows to the high-temperature region in the
pipeline, resulting in a decrease in the flame temperature in the pipeline. The shock of water and the flying of fine water
columns greatly reduce the risk of explosion overpressure. The research results provide a scientific basis for the explosion
protection of urban gas lifelines.

Keywords: urban drainage pipeline; natural gas explosion; explosion overpressure; flame extinction
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Fig. 1 Physical models for gas explosion and propagation in water-bearing pipelines under different water depth ratios
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Fig. 4 Schematic diagram of the experimental platform for gas explosion and propagation in a water-bearing pipeline
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