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Table 1 Relative error between simulation and experimental results for peak overpressures

Pmax/ MPa E/%
/m BE
e 4 emX 4 emX 4 em 2 emX2 emX 2 em 4 cmX4 cmX4 cm 2cmX2 ecmX2 cm
0.5 0.196 5 0.213 17 0.202 84 8.05 —3.23
2.5 0.179 2 0.199 47 0.186 35 11.31 —3.99
4.5 0.120 6 0.141 54 0.110 53 17. 36 8.35
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Table 2 Relative error between experimental and numerical results
Duax/ MPa
l/m E/%
SLH Ba

0.5 0.196 5 0.202 84 —3.23

1.0 0.190 2 0.201 68 —6.04

1.5 0.187 7 0.199 99 —6.55

2.0 0.182 1 0.194 83 —6.99

2.5 0.179 2 0.186 35 —3.99

3.0 0.168 1 0.175 77 —4.56

3.5 0.159 6 0.157 41 1. 37

4.0 0.1397 0.132 79 4.95

4.5 0.120 6 0.110 53 8.35
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Fig. 4 Overpressures in different tubes
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Fig. 6 Relationships between flow velocities and overpressures

3 000

500

s
41.88 X 10°
41.86 X 10°
\\ 1
° \ 44.00X 10*
@A NEg L N
% e\ | pooxio
B D N
I — I — 1
0 50 100 150 200 250
r

7 REEFIHEEE R 2 A R

Fig. 7 Fitting curves of slope and intercept

o ;\: R ;
B e
) :
8 150( =20 i N
a=20 cm ; D%
=100 g i 8
120 150 180
pmax/kpa




114 5% 1 5 i B %35 %

CIO T 1 RYAE T8 P I I 2 0 0 8 7 7 K v ok 98 R K e T A8 A () B2 i 2R B A — A )
PRI M2 . A TR A D] A A 2 A TE il G (R 1 A s foad 6 T 90 A I 245 O 30 16 B0 i 2 20
A3 AN IE T MR 2 AN Sz i W R . A s 0 (LG R 7 D0 T B 5 0 e 0 i B

(BB L RIS SE A A TAT 2 1 o X 8 s 0 {0 R 370 o 0 A A W I 2 . o (BSR4 3 L L
WA L @ {EA0/INAE 38 v AR TR 08 /N T ELAE o (BB A, T8 w0 {0 19 R AR 4 2 1 o /N
A R ER R AV A A S DA Y- [ R R 0 T AL 4 T ) b R R . HR Y o =8 em L =15 FI 20 m
RS IR SRS I N M3 WAl N 0 Sl o) DRl ) = R T ia 1] S e Y & [ R A [ RSN
I P L o (AN A o2 i E LU R O 1) R OB

(3 7 X 8 s 0 {0 R 30 o 08 L 119 7 O 2R 0 A7 vP R B S AR /N T 125 I 5 s 06 {0 01 5 AT 1B 25
38 0 1) O R AR B B — 2R MR I SR 2 5 X RAR U 125 I, P Z i) | G RO IR 0 BER
FLIP AW B BRI R ERIKAR R 187.5 1 250 B, I 2 0C R WK AR 2 R L X R (A
JE A A IE LR A

S % Uk -

[1] Fletcher B. The interaction of a shock with a dust deposit[J]. Journal of Physics, D: Applied Physics, 1976,9(2) :
197-202.

[2] Kuznetsov M, Alekseev V, Matsukov I, et al. DDT in a smooth tube filled with a hydrogen-oxygen mixture[]].
Shock Waves, 2005,14(3) :205-215.

[3] TIlbas M, Crayford A P, Yilmaz I, et al. Laminar-burning velocities of hydrogen-air and hydrogen-methane-air mix-

tures: An experimental study[J]. International Journal of Hydrogen Energy, 2006,31(12):1768-1779.

[4] Johansen C T, Ciccarelli G. Visualization of the unburned gas flow field ahead of an accelerating flame in an ob-

structed square channel[J]. Combustion and Flame, 2009,156(2) :405-416.

[5] Ciccarelli G, Johansen C T, Parravani M. The role of shock-flame interactions on flame acceleration in an obstacle

laden channel[ J]. Combustion and Flame, 2010,157(11):2125-2136.

[6] Ciccarelli G, Johansen C T, Parravani M. The role of shock-flame interactions on flame acceleration in an obstacle

laden channel[ J]. Combustion and Flame, 2010,157(11):2125-2136.

[7] Ciccarelli G, Dorofeev S. Flame acceleration and transition to detonation in ducts[J]. Progress in Energy and Com-

bustion Science, 2008,34(4) :499-550.

(8] # B4 kM, B8 M. o I FT M I o S E RS LT ). R 2442, 2009, 34(10) :1354-1358.

Yang Shu-zhao. Jing Guo-xun, Jia Zhi-wei. Injury study on impact current of gas explosion in coal mine[J]. Jour-
nal of China Coal Society, 2009,34(10) :1354-1358.

[9] ZhuC]J, Lin BQ, Hong Y D, et al. Numerical simulations on relationships between gas velocity and overpressure

of gas explosions in ducts[J]. Disaster Advances, 2013,6(S1):217-227.

[10] Lin BQ, Hong Y D, Zhu CJ. et al. Effect of length on the relationships between the gas velocity and peak over-
pressure of gas explosion disasters in closed-end pipes[J]. Disaster Advances, 2013,6(S2) :176-184.

[11] Jiang BY, Lin BQ, Shi SL, et al. A numerical simulation of the influence initial temperature has on the propaga-
tion characteristics of, and safe distance from, a gas explosion[ J]. International Journal of Mining Science and
Technology, 2012,22(3):307-310.

[12] Maremonti M, Russo G, Salzano E, et al. Numerical simulation of gas explosions in linked vessels[J]. Journal of
Loss Prevention in the Process Industries, 1999,12(3) :189-194.

[13] Pang L, Zhang Q, Wang T, et al. Influence of laneway support spacing on methane/air explosion shock wave[]].
Safety Science, 2012,50(1) :83-89.

[14] Janovsky B, Selesovsky P, Horkel J, et al. Vented confined explosions in Stramberk experimental mine and Auto-

ReaGas simulation[ J]. Journal of Loss Prevention in the Process Industries, 2006,19(2) :280-287.



£ ] MRS A5« FUIT AR A T 7 5 R T 9 285 U T 36 A R AU B G &R 115

[15] Bray K N C. Studies of the turbulent burning velocity[J]. Proceedings of the Royal Society of London. Series A
Mathematical and Physical Sciences, 1990,431(1882):315-335.

[16] Merex W P M, Van den Berg A C, Hayhurst C J, et al. Developments in vapour cloud explosion blast modeling
[J]. Journal of Hazardous Materials, 2000,71(1):301-319.

[17] Bakke ] R. Numerical simulation of gas explosions in two-dimensional geometries[ J]. Christian Michelsen Institu-
te, 1986:865403-865408.

[18] AutoReaGas user manual version 3. 1[Z]. England: Century Dynamics and TNO, 2002.

[19] Zipf R K, Sapko M J, Brune J F. Explosion pressure design criteria for new seals in US coal mines[S]. 2007.

[20] LeaCJ, Ledin H S. A review of the state-of-the-art in gas explosion modellingl M]. Health and Safety Laborato-
ry, 2002.

[21] Salzano E, Marra F S, Russo G, et al. Numerical simulation of turbulent gas flames in tubes[J]. Journal of Haz-
ardous Materials, 2002,95(3):233-247.

[22] RB— JAIr#CEFIHIMIL LAt bR A, 2011 :414-432,

[23] Baker W E, Cox P A, Kulesz] J, et al. Explosion hazards and evaluation[ M. Access Online via Elsevier, 1983.

Quantitative relationship between flow speed and overpressure
of gas explosion in the open-end square tube
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Abstract: The main objective of this study is to establish the quantitative relationship between over-
pressure and flow speed in the open-end square tube by the numerical simulation. It is found that the
numbers of the peak value of overpressure and flow speed at the same measured point are different.
The peak overpressure always appears earlier than peak flow speed in time scale. In mast cases, larger
side lenth of square tube corresponds to smaller peak overpressure, and the peak flow speed goes
down slowly along the propagation direction. The peak overpressure decreases with the increasing of
the distance far from ignition end. However, the peak flow speed increases with the stream wise dis-
tance. When normalized distance is less than 125, the peak overpressure and peak flow speed always
presents an inverse relationship. Otherwise, the relationship is piecewise-linear. The results may pro-
vide reference for the study on evaluating the dust lifting ability behind shock wave in the limited
spaces.

Key words: mechanics of explosion; flow speed; overpressure; gas explosion
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