W43 % 1 wmOE 5 W & Vol. 43, No. 1

2023 4F 1 A EXPLOSION AND SHOCK WAVES Jan., 2023

DOI: 10.11883/bzycj-2021-0503

it T RIEE A A RS AR EIER R E R (1)
M E R 7t K e RV

AN, EmE A B AR TR
(1. Bl ZE TR R 23 K b 7 O Dk ¢ ) R B 5 S B 2, VIO R 2100075
2. 73021 FFBA, WYL BT 310012)

THEE: oy R Ge Mo DAl BT b R 5 ML 3 TR AR K B9 9 SR, A FLACS SR (AR H0LA5 21 1 ] B8 1 By 1
faf 88, I 43T T 3% 0 N SR B R RN B 405 ) S B BE R R A TR 2R L A AR R B 2 N R A I rh R
B, R WA {0 5 80 B 3 A T 0 A /N o B BE 25 1 2 i AN R, T T 25 U 1 A 0T A R R IR S R K R
1 K, B R I {1 0 B g A K, {085 I 0 T U /0N L B AN A 5 A VA ) T T R R A, B U (T A P
K5 byt G it ™ HE 0 U E TR SR, e SR R AR AT I O s R 1

SRR T ML R R IR A s IR AR IR P s RERREE RS R KK S5 RV

FESES: 0382 EfRZERAE: 13035 XEKARSAS: A
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analysis and consequence evaluation
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Abstract: Gas explosion accidents occurring in urban shallowly-buried pipe trenches can cause enormous casualties and
property damage through shock waves transmitting from explosion vents, while many influencing factors exist in the process
of gas explosion. In order to evaluate the disaster consequences of combustible gas explosion in an urban shallow-buried pipe
trench systematically, the different conditions were established including different ignition points, different vent sizes, different
gas cloud lengths and different trench cross-sectional areas. The computational fluid dynamics software FLACS was used to
perform numerical simulation. And the explosion load of the combustible gas was obtained in the X, Y, and Z directions.
The characteristics of the explosion overpressure peak distribution were analyzed, and the load generation mechanism was
illustrated by analyzing the explosion process. The overpressure criteria were selected to demarcate the dangerous distances
and the critical distances for damage to buildings and humans were determined. The mild, moderate, severe dangerous
distances for building damage and personal injury were recorded and the influences of different factors on the change

of the dangerous distances were analyzed. The results show that when the ignition position is closer to the middle of the
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pipe trench, the overpressure peak is greater and the dangerous distance is larger. The change of the vent sizes has a little
effect on the fluctuation range of the dangerous distance, but has a great effect on the overpressure peak near the vent. The
longer the gas cloud length, the greater the overpressure peak and the larger the dangerous distance, but the increase decreases
gradually until it remains unchanged. The larger the cross-sectional area of the pipe trench, the greater the overpressure peak
and the larger the dangerous distance. When the cross-sectional area of the pipe trench increases, the gas cloud volume
participating in the combustion reaction in the pipe trench also increases, which intensifies the reaction degree of the gas
explosion. In order to avoid serious disaster consequences, high-rise buildings and dense crowd should be far away from the
explosion vent.

Keywords: urban shallow-buried pipe trench; gas explosion; explosion load; dangerous distance; overpressure peak; gas cloud

length; consequence assessment
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Fig. 1 The numerical model established for a pipe trench
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Table 1 Numerical simulation conditions on combustible gas explosion in a pipe trench

T kB RaKEm i i/m? HROaKm || T SkiE RaKE/m iRm0 K /m
1 (4/8)L 90 1 1.0 7 (4/8)L 60 1 1.0
2 (5/8)L 90 1 1.0 8 (4/8)L 40 1 1.0
3 (6/8)L 90 1 1.0 9 (4/8)L 20 1 1.0
4 (7/8)L 90 1 1.0 10 (4/8)L 10 1 1.0
5 (4/8)L 90 1 0.8 11 (4/8)L 90 2 1.0
6 (4/8)L 90 1 0.6 12 (4/8)L 90 3 1.0

1.2 EZIWEZDH

F LA BT 245 SR T R0, A5 I P PR AR K o o Ik 3 YA 10 %4 3 b i A o R T A AR E B M
FEWEAE Ap, B, HBEIEAH Ap, BEUS . M1 TR Ap, /0, Xt i e ) 5% i 5 BIR, i R 061 Ap, K
e PPk, PR 5 A OB TR IEAE Ap, EABFRE NS, 623 By XL YL Z 5 ) A0 & i IS AE S it
FEXE, FTic IR Ap, 78 1L, 23 Hr o m i 2
121 & XA EMHh

&l 2(a) A1 (b) 43 B R AEAS ] B9 i KA B KB, A X ORI Y T ) b R R UGB 0 A, e 21 (e g 26 3R
SR CURFAET B T LA I, 24 K S T (4/8)L Ab A A R A {1 R S, T Y A K S T (7/8)L Ak IR
JR WA Sre /s FE R PR Y J 1) R e 0 R B 2 X PR e v b 3, (EL e 1 PR X 1) L
S WA S AN X R T Ul A R A

015401-3



543 % AW, 5 Sl R R AT AR 1 SN, (T1) 2 S0 PR 2R 4387 S SR PPA %1
16 10
—=— [gnition point 1 —=— [gnition point 1
—e— Ignition point 2 —e— Ignition point 2
s 127 —4— Ignition point 3 o 8 —4— Ignition point 3
g —v— Ignition point 4 g —v— Ignition point 4
5] o
= 2
S 4r § S
0t .—J
-20 -10 0 10 20
Xm Y/m
(a) X direction (b) Y direction
20 —=— Ignition point 1
—e— Ignition point 2
; 16 —— Ignition point 3
g —v— Ignition point 4
2 12t
%
g
g2 8r
o
>
o
4 -
U . . i :
0 5 10 15 20
Z/m
(¢) Z direction

P12 O[] KAV 4 7 D 53 A

Fig.2 Peak overpressure distribution at different ignition positions

FE Z J5 1) L, R s U o s ) L T I 28 N CIL T 2(e)) o 2 Z<<S m B, T 1 bl e i A
K 2 Z>5m if, T80 2 i R (E R, X2 H T8 [ i sh et 4 0 -0 A R i i 3R R LKL,
MR AL 1 2R L7 B, R AR 55 R D O T B Al S S AR SRR, TS A3 SO A% 1 St
B B2 5 m ik, U AL 8 0 (A R I NS . T T 1, BB AZ 2 R A I S ), R e HE E i
8 1 5 DX, T SR e 3 8 T (A% 45 380 4500 AR, Rtttk A% 11 B 5 B SR AR KBTI 2 SRR T
IS 2 30 22 A, 7 g 11 Dy 0 a5 0 R 0 (S B s e A . BRIILTE Z=5 m 140 A
SRR, T 2 (8 R (R SO A Ol o T T 4 T, AE Z O ) LR R R IR 2 s/, T g Y SR DR
AL T KA I, OB S 5 R B B i BN, R BUKIA AL G B AR 11 A Y RE fE A,
(=R
122 #Ho K )E3k

&1 3 S AN A A it TR RRCT, 00 A8 R (B A A I8 Ol o 78 X 85 ] b, 4% 100 22 () ) s 04
AN, R 10%; MAE X IEJ7 0 b, 24 D=0.8 m B, I &5 68 R 0wk, 768 Y 7m b, 24
D=0.8 m B}, Jiit45 11 4b (1) 48 e 1 (B A 2] 7.8 kPa, 4331 b D=0.6 m Fl D=1.0 m BJ 1K 12.2% F129.3%. iX &
BT XY 7 T F s 0 {32 52 PN TSR KB A 28R/ L R T DA AR 0 A% s FR B8 2 NI R 5P o G
T RS B3 K, ZE MR AR T, — 7 T8 PR B0 e Ao 28 B 2 /N, PR 2 B S At 53— T TR A Ui
4% 7 1) B A 1) b AT, T XY 5 ] AR R IE RO MILAT . T AE I L RIVE R R, XL Y 7 1) e
WS {1 55 3 43 1 R /N 22 1) IR SR R A ARk . T 7E Z 05 1) b, D=0.6 m I A 388 JR s {f 4 K, X S i T8
Z 77 1) 4 s DA {1 2 32 PR SRR e r 2 S ), e T 0 RS AR B8/, XoF g ) PR (4 K, [ g2
F B LR, ) 23 AR AL R 04 7 1)t B O 1) T Z 7 1) A 4%

015401-4



5 43 & BRI, S5 R LT ERER A AR AR E ) A EZRON (TD) - S BRI 3R AT K5 STl F1

16 1 10
' .6m —— D=0.6 m
m —o— D=0.8 m
m —=— D=1.0m
< 12 <
] 2
5] o
2 2
5 5
> >
S Ll S
ob—= ‘. .
-20 0 5 10
X/m Y/m
(a) X direction (b) Y direction
25
m
m
20 + m
<
c
o 15F
2
s
2 10+
o
>
o
5 -
0 5 10 15 20
Z/m
(¢) Z direction

P 3 A Ta] g I T B ) W (L 041

Fig. 3 Peak overpressure distribution under different vent areas
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Fig. 4 Peak overpressure distribution under different gas cloud lengths
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Fig. 5 Peak distribution of gas explosion overpressure in trenches with different cross-sectional areas
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Fig. 6 Sectional view of the damage area of the building caused by the explosion of combustible gas
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Fig. 9 Effects of different factors on the dangerous distance for building damage
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