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Fig.1 Tunnel model and dimensions Fig.2 Grid division
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(a) Same-side arrangement

(b) Opposite arrangement

(c) Diagonal arrangement
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Fig. 3 Different arrangements of double explosive sources in the tunnel
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Table 1 Boundary condition setting

p/kPa R/m T/K ocu, /% ©0,/% E/] t/ms t,/ms

101.325 0 298 9.5 21.0 0.1 1 400
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Velocity/(m-s™) Velocity/(m-s™") Velocity/(m-s™) Velocity/(m-s™)

12.5 212.6 428.8 363.1

11.2 191.3 385.9 326.8

10.0 170.0 343.0 290.5

8.7 148.8 300.1 254.1

7.5 127.5 257.3 217.8

6.2 106.3 2144 181.5

5.0 85.0 171.5 145.2

3.7 63.8 128.6 108.9

2.5 42.5 85.8 72.6

12 213 429 36.3

0 0 0 0

(a) =10 ms (b) =100 ms (c) =150 ms (d) =200 ms
Velocity/(m-s™) Velocity/(m-s™) Velocity/(m-s™) Velocity/(m-s™)

267.1 4243 389.1 284.0
240.3 381.9 350.2 255.6
213.6 3394 311.2 227.2
186.9 297.0 2723 198.8
160.2 254.6 233.4 170.4
1335 212.1 194.5 142.0
106.8 169.7 155.6 113.6

80.1 127.3 116.7 852

53.4 84.9 77.8 56.8

26.7 42.4 38.9 284

0 0 0 0

(e) =250 ms (f) =300 ms (g) =350 ms (h) =400 ms
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Fig. 6 Shock wave propagation velocity nephogram for dual explosion sources with the same-side arrangement
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Fig. 7 Setting of monitoring points Fig. 8 Pressure-time curves of monitoring points
under the same-side arrangement under the same-side arrangement
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Velocity/(m's™) Velocity/(m-s™") Velocity/(m-s™) Velocity/(m-s™)
12.5 212.5 385.4 491.0
11.2 191.3 346.9 441.9
10.0 170.0 308.3 392.8
8.7 148.8 269.8 343.7
7.5 127.5 231.2 294.6
6.2 106.3 192.7 245.5
5.0 85.0 154.2 196.4
3.7 63.8 115.6 147.3
2.5 42.5 77.1 98.2
1.3 21.3 38.5 49.1
0 0 0 0

(a) =10 ms (b) =100 ms (c) =150 ms (d) =200 ms
Velocity/(m's™) Velocity/(m-s™") Velocity/(m-s™) Velocity/(m-s™")
410.0 637.2 458.4 288.4
369.0 573.5 412.6 259.5
328.0 509.7 366.7 230.7
287.0 446.0 320.9 201.9
246.0 382.3 275.1 173.0
205.0 318.6 229.2 144.2
164.0 254.9 183.4 115.4
123.0 191.2 137.5 86.5
82.0 127.4 91.7 57.7
41.0 63.7 45.8 28.8
0 0 0 0
(e) =250 ms (f) =300 ms (g) =350 ms (h) =400 ms
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Fig. 9 Shock wave propagation velocity nephogram for dual explosion sources with the opposite arrangement
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Fig. 10  Setting of monitoring points Fig. 11 Pressure-time curves of monitoring points
under the opposite arrangement under the opposite arrangement
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Velocity/(m-s™) Velocity/(m-s™") Velocity/(m-s™) Velocity/(m-s™")

12.5 212.6 428.8 363.3

11.2 191.3 385.9 327.0

10.0 170.0 343.0 290.6

8.7 148.8 300.1 254.3

7.5 127.5 257.3 218.0

6.2 106.3 214.4 181.7

5.0 85.0 171.5 145.3

3.7 63.8 128.6 109.0

2.5 42.5 85.8 72.7

1.2 21.3 429 36.3

0 0 0 0

(a) =10 ms (b) =100 ms (c) =150 ms (d) =200 ms
Velocity/(m's™) Velocity/(m-s™) Velocity/(m-s™) Velocity/(m-s™")

266.9 427.7 3923 281.9
240.2 385.0 353.1 253.7
213.5 342.2 313.8 225.5
186.8 299.4 274.6 197.3
160.1 256.6 2354 169.1
133.5 213.9 196.1 140.9
106.8 171.1 156.9 112.8

80.1 128.3 117.7 84.6

534 85.6 78.5 56.4

26.7 42.8 39.2 28.2

0 0 0 0

(e) =250 ms (f) =300 ms (g) =350 ms (h) =400 ms

& 12 BURIEXS f A T T i DAL T = 4

Fig. 12 Shock wave propagation velocity nephogram for dual explosion sources with the diagonal arrangement
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Fig. 13  Setting of monitoring points Fig. 14 Pressure-time curves of monitoring points
under the diagonal arrangement under the diagonal arrangement
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XS T B R, XU 0 [5] P 2 g 7 A 9 sy B R, o A )l R S R, R el DA R TR
1% DA, PR, A R A Y A B DO, B BRI . 15 3 R AL A
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Pressure/MPa Pressure/MPa Pressure/MPa
0.721 0.763 1.533

0.566 _ 0.598 1.217

0.411 0.432 0.901
0.256 0.267 0.585
0.101 0.269
Starting end Centre of contact lane Opposite end
(a) Same-side arrangement
Pressure/MPa Pressure/MPa
0.691 1.172
0.544 0.905
0.396 0.637
0.249 0.369
0.101 0.101
Starting end Bifurcation
Pressure/MPa Pressure/MPa
1.130 1.001
0.873 0.792
e, N 0.616 0.583
\\ 0.359 0.374
® 4 \ . 0.165
Bifurcation sidewall Opposite end
(b) Opposite arrangement
Pressure/MPa Pressure/MPa Pressure/MPa
0.721 0.627 1.534
0.566 0.496 1.217
0.411 0.364 0.901
0.256 0.233 0.585
0.101 0.101 0.269

Starting end Centre of contact lane Opposite end
(c) Diagonal arrangement

B 15 XUBRIEAN R AR B L0043 X3 = (]
Fig. 15 Peak pressure cloud diagram for dual explosion sources with different arrangements
N 15 AT LA Y, SO A R A4 T 0 (B 32 2 o A 7 B P i . R E A vl L & DAL AR b L &
Fgn e Hovh s dah P v T by il AL R A2 BEL L R 5185 A S A I 5 S 1 T T S I 8, 5 R R A
TEOC BREGAR AN ZE 10 rhCo Ak b 30 T XSURRR YR e o B AR I | T 0 28 o I 8, 200 OUA5 8 1] 00 A7 8 F10S # A

025201-9



%38 4 M FAE: HAUESE NSRS [ A 7 S U IR FL TR AL R 52

BT T KRR U v o 5 A EE 5 S DA AL B, A 1o A P U R e BB E A 0 b A A TS BE B R )
AL ool e A R 245 2 N 1) A 58 Py T 5P P 0T 320 B A o ot P 8, X B R A AR RO 1) A B TR
P Li R TS

2 HN T A [RI AR IR A T A5 DX B s R R AR (BT 3 42) o AT UL, g UL A TR o3 A
DB 52 W S 2, SR X A T A 11 A BE A et T g DR T (R RN A TG, T [ A A £
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TOUT B9 2.8~ 3.1 48, MIARX A& TO0T, 2 1 Ao Ak i 1 07 WA 2 O B IR T 00 B 1 2.4 4%
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Table 2 Peak pressure of tunnel under different cases

Position Peak pressure for dual explosion sources/MPa Peak pressure for single
Same-side Opposite Diagonal explosive source/MPa
Starting end 0.82 0.82 0.82
Centre of contact lane 0.80 0.72 0.25
Opposite end 1.66 1.27 1.66 1.54
Bifurcation 1.45 0.42
Bifurcation sidewall 1.31 0.77

35 FRIILATAEEERAXE

FUIR I 77 A 1 DR KBRS A 77 H R N RN 3 1™ B 5, DRI, o B 2% BB K i K X
AT o AN A 00T BB A O TR T PN A R R i XN ] 16 T o

Temperature/K Temperature/K Temperature/K
2 480 2224 2224
1949 g R 1775 1757
1418 1326 1291
887 877 825
357 427 359
(a) Same-side arrangement (b) Opposite arrangement (c) Diagonal arrangement

K16 ANFERUIRA & TOUF M JIE R
Fig. 16 Flame nephogram for dual explosion sources with different arrangements
M 16 1] LAF i, 3 R 00 F KA AR BEAGRE R B4R 8 . DCOIAE T, ZERMFNXS M A & T T
KA IR K ARAL R, 52 AR T T e AL AR XM, KO 2 i 2 68 22 1, A RS A 8 T 00T K RE I
MRS AR AL RE . MR Z AR TE T, 3 PP BLT, K AE 1) AR T8 53 — i I, A % 16 B8 3 W7 il 2 4 =

025201-10



%38 4 M FAE: HAUESE NSRS [ A 7 S U IR FL TR AL R 52

JTual, JiE PRI T KK A2 3 ARG T i 0 oo ol D8 1 5 A T, T R e 90 A 49 2 T i 1 IS S, R I8
T KD AR SE 1] B A% 7%, L L . (EAS R A, ARG T B IR NG 15 1, XU IR KO 5 4% 22 T
TR 5 Gl POAH B D) B9S2 e B 2

4 %5 it

(1) &30 N A TR R A 32 o A A s L 28 100 rpts Be B IR 2% AR PN - TR BURR IR R B TOUF
J T A0 AL B X T S S 11 A2 55 B 24 A v Ak 5 A DURR IR X A B T 00T, e A e Hh B
ot B UCRH B 2 1 R S IR 2 AR 2 11 0 BE s TR U IO A A B AL, T AR H BT g Ak R
AL

(2) TE RN AR & 00T, Hi5 S A8 T8 P A 52 o 11 S S D6 0 52 i, 3 38 98 K, T 7R R 26 A% Pt b 32
BRI 3 B 52 0, R /B R ) s ZE A AT E AL, KBRS O ORI I, 2 7 RO R

SR, IO A 52 B, 1077 3K 26 5 P, DR Ak wb ol 30 4 £ 8 7 1 15 O — B8, KO A5 4 R A5 31

PO TR K5 TRIAE, RS A0 AT BT 00, KA AE IR 2% 4 0o Ak B9 A2 18 52 B

(3) X e BRI T 0 5 SO IR Y 3 b T 00, 4 2R s, i 11 A Y T ) 22 i 5D, T AR SUR IR 4R X
J 77 22 5B, RN A £ A & T 00T B9BRES A ol | A A E A0 R B2 H bl

S22 3

(1] EMGZ, 24, Eh I A% ORI H B30 KR GEAe i FLT P e (9], LPIRERR, 2009, 29(4): 45-47.
WANG P J, L1 J S, MA J M. The application of grid and H shape ventilation systems in gasy mines [J]. Shanxi Coal, 2009,
29(4): 45-47.

[2] H R, X0, H Y BUEXRGAEMLES B (0], TIPSR R, 2009(4): 31, 64.
XIAOPH, LIU CF. Application of H. Y-type ventilation system in Chengshan colliery [J]. Jiangxi Coal Science and Technology,
2009(4): 31, 64.

(3] Thid, BRIGEEE, JRIEES . H A0 XIS PR S AR LU ST (0], P 2Rl 24k, 2021, 31(1): 45-51.
MA H, CHEN X J, JING D J. Simulation study on gas explosion and discharge process in H-type ventilation roadway [J]. China
Safety Science Journal, 2021, 31(1): 45-51.

(4] BRECIR, M5, AR, 45 FLATERIETE 2370 A8 h AL R K AT (1], SR 2741k, 2008, 33(2): 136-139.
LIN B Q, YE Q, ZHAI C, et al. Propagation law and analysis of gas explosion in bifurcated pipeline [J]. Journal of China Coal
Society, 2008, 33(2): 136-139.

(5] MRAASR, 31 5%, BEZE. FUrs Mt R i KOG AR R A K-S LB R BFST [9]. B3, 1999, 24(1): 56-59.
LIN B Q, ZHANG R G, LYU H H. Research on accelerating mechanism and flame transmission in gas explosion [J]. Journal of
China Coal Society, 1999, 24(1): 56-59.

[6] ZHAIC, LIN B Q, YE Q, et al. Influence of geometry shape on gas explosion propagation laws in bend roadways [J]. Procedia
Earth and Planetary Science, 2009, 1(1): 193—198.

[7] YE Q, LIN B Q, JIA Z Z, et al. Propagation law and analysis of gas explosion in bend duct [J]. Procedia Earth and Planetary
Science, 2009, 1(1): 316-321.

[8] ZHU CJ, LIN B Q, LU Z G, et al. Experiments on flame and shock wave propagation in a parallel tunnel in underground coal
mines [C]//Progress in Safety Science and Technology. Beijing: Science Press, 2010: 1204—1208.

[9] BARTKNECHT W. &t B FIB 345t [M]. Ml ik, 3. Jbat: fh2z Tolk i itt, 1985.
BARTKNECHT W. Explosion process and the protective measures [M]. Translated by HE H D. Beijing: Chemical Industry
Press, 1985.

[10] SAVINKO C K. H TS bl [M]. TIEAE, Jedet, 3%, dbat: & Tk R, 1979.

SAVINKO C K. YnapHble BO3ayIIHbIe BOJHBI B ITOJ3eMHBIX BeIpadoTka [M]. Translated by DING Y L, LONG W Q. Beijing:
Metallurgical Industry Press, 1979.

025201-11


https://doi.org/10.3969/j.issn.1672-5050.2009.04.019
https://doi.org/10.3969/j.issn.1672-5050.2009.04.019
https://doi.org/10.16265/j.cnki.issn1003-3033.2021.01.007
https://doi.org/10.16265/j.cnki.issn1003-3033.2021.01.007
https://doi.org/10.16265/j.cnki.issn1003-3033.2021.01.007
https://doi.org/10.3321/j.issn:0253-9993.2008.02.004
https://doi.org/10.3321/j.issn:0253-9993.2008.02.004
https://doi.org/10.3321/j.issn:0253-9993.2008.02.004
https://doi.org/10.3321/j.issn:0253-9993.1999.01.013
https://doi.org/10.3321/j.issn:0253-9993.1999.01.013
https://doi.org/10.3321/j.issn:0253-9993.1999.01.013
https://doi.org/10.1016/j.proeps.2009.09.032
https://doi.org/10.1016/j.proeps.2009.09.032
https://doi.org/10.1016/j.proeps.2009.09.050
https://doi.org/10.1016/j.proeps.2009.09.050

%38 4 M FAE: HAUESE NSRS [ A 7 S U IR FL TR AL R 52

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

BIRE, X, SO, 4. /NS T BLITEE SRR E R SE IR AT ST (], o e Rl 24244], 2007, 17(5): 106-109.
LUO Z M, DENG J, WEN H, et al. Experimental study on flame propagation characteristics of gas explosion in small-scale
duct [J]. China Safety Science Journal, 2007, 17(5): 106-109.

TR, AR, M BT, 071 BT KA R A IR T 7T (7] BEARLHOR, 2004, 32(7): 55-57.

XU JD, XU S L, YANG G Y. Experimental study on mine gas explosion diffusion [J]. Coal Science and Technology, 2004,
32(7): 55-57.

ORI, XUEZAE, S M. POk il B A TP S DL T IR e 1 (0] SRR, 2011, 36(1): 97-100.

JIAZ W, LIU Y W, JING G X. Propagation characteristic about shock wave of gas explosion at laneway corner [J]. Journal of
China Coal Society, 2011, 36(1): 97-100.

YL, MR, RAGAS, S5, FOITHR X vh o 0 76 1 IS 3 vh AR 3 e M R BUE AR 1L 0], SR Be Bl 2 S8R, 2011, 17(3):
250-254.

JIANG B Y, LIN B Q, ZHU C J, et al. Numerical simulation on shock wave propagation characteristics of gas explosion in
parallel roadway [J]. Journal of Combustion Science and Technology, 2011, 17(3): 250-254.

AT, AR, YL AL, 55, BUITARKEAE B P 873 N b IR R AE I BB [T, PR3l S5k, 2012, 31(16): 8-12, 17.
ZHU C J, LIN B Q, JIANG B Y, et al. Numerical simulation on oscillation and shock of gas explosion in a closed end pipe [J].
Journal of Vibration and Shock, 2012, 31(16): 8-12, 17.

fEAL S, KT, 8. 537 N LT A ARG AR S S B ARE L [J]. TR 2441, 2019, 42(6): 69-77.

XIE B J, DU Y J, WANG L. Experimental and numerical simulation of gas propagation law of gas explosion flame in
bifurcation pipeline [J]. Journal of Chongqing University, 2019, 42(6): 69-77.

WRHEZE, VPSR, SRR, 5. JERRBEIX O HR E b B A B 1) 43 2048 TE N AE R LR IR BT T [1]. B2 SRR,
2015, 15(5): 108-111.

GENG J J, XU S M, JING G X, et al. Propagating regularity of the gas explosion shock waves at unidirectional bifurcation of
pipeline in the non-combustion zone [J]. Journal of Safety and Environment, 2015, 15(5): 108-111.

VPSS, S22 T8 Y BUITIRE b e . IO DA B SUMME SR URBIT ST (D). £54E: IR B TR 22, 2015.

XU S M. Study on propagation law of gas explosion shock wave, flame and poisonous gas in complex pipeline [D]. Jiaozuo:
Henan Polytechnic University, 2015.

e R, SR, FSCHE, AF. FUMTER I v B A A DRI TE AR R LR XT LU SR (D). A S M AR, 2021, 21(6):
2494-2499.

GAOJL,WUZL, WANG W Q, et al. Comparative study on the propagation law of gas explosion shock wave in the diagonal
and parallel roadway [J]. Journal of Safety and Environment, 2021, 21(6): 2494-2499.

BHRM, SR % A (8] L ERUEAS UMY [J]. S04 4, 2020, 51(2): 1-4.

LUO Z M, WU G. Numerical simulation of gas explosion in confined space [J]. Safety in Coal Mines, 2020, 51(2): 1-4.

MHRPRE, XSG, miRk. 2 P A4 FUTR M vh b e vh i R 07 I BRI ST AT (1] T E 4 A = RHAHOR, 2015, 11(8):
16-21.

TIAN S Y, LIU J, GAO K. Experimental study on shock wave impulse and pressure rise rate of gas explosion in airtight
pipeline [J]. Journal of Safety Science and Technology, 2015, 11(8): 16-21.

W35, AR, 2 RS 1] PR KEA R R (M. £RN: o M R AR, 2012,

YE Q, LIN B Q. Propagation characteristics of gas explosions in confined spaces [M]. Xuzhou: China University of Mining and
Technology Press, 2012.

FY, FF5, WS, S5, ARSI TE Y FCHTIR R W B BRI (7] h 2R E244R, 2018, 28(3): 79-83.

ZHAO D, QI H, PAN J T, et al. Experimental study on gas explosion shock wave propagation in different types of pipelines [J].
Chinese Safety Science Journal, 2018, 28(3): 79-83.

025201-12


https://doi.org/10.3969/j.issn.1003-3033.2007.05.019
https://doi.org/10.3969/j.issn.1003-3033.2007.05.019
https://doi.org/10.13199/j.cst.2004.07.57.xujd.019
https://doi.org/10.13199/j.cst.2004.07.57.xujd.019
https://doi.org/10.13225/j.cnki.jccs.2011.01.030
https://doi.org/10.13225/j.cnki.jccs.2011.01.030
https://doi.org/10.13225/j.cnki.jccs.2011.01.030
https://doi.org/10.3969/j.issn.1000-3835.2012.16.002
https://doi.org/10.3969/j.issn.1000-3835.2012.16.002
https://doi.org/10.11835/j.issn.1000-582X.2019.06.008
https://doi.org/10.11835/j.issn.1000-582X.2019.06.008
https://doi.org/10.13637/j.issn.1009-6094.2015.05.023
https://doi.org/10.13637/j.issn.1009-6094.2015.05.023
https://doi.org/10.13637/j.issn.1009-6094.2020.1012
https://doi.org/10.13637/j.issn.1009-6094.2020.1012
https://doi.org/10.13347/j.cnki.mkaq.2020.02.002
https://doi.org/10.13347/j.cnki.mkaq.2020.02.002
https://doi.org/10.11731/j.issn.1673-193x.2015.08.003
https://doi.org/10.11731/j.issn.1673-193x.2015.08.003
https://doi.org/10.16265/j.cnki.issn1003-3033.2018.03.014
https://doi.org/10.16265/j.cnki.issn1003-3033.2018.03.014

5 38 45 M FAE: HAUESE NSRS [ A 7 S U IR FL TR AL R 52

Propagation Characteristics of Dual Explosive Sources Gas Explosion
in Different Arrangements in H-Type Tunnel

YE Qing', WANG Weijian'? JIA Zhenzhen', LIU Jialin'

(1. College of Resources, Environment and Safety Engineering, Hunan University of Science and Technology,
Xiangtan 411100, Hunan, China;
2. School of Physics and Engineering Technology, Minzu Normal University of Xingyi, Xingyi 562400, Guizhou, China)

Abstract: In order to investigate the propagation characteristics and thermal shock dynamics of multiple
explosive sources gas explosion in complex roadways, numerical simulations were conducted using the
Fluent software under three types of dual explosive sources arrangements in the H-type tunnel, including the
same side, opposite positions, and diagonal positions. It was found that, after the two explosive sources in the
tunnel were ignited simultaneously, its prodromic shock wave propagated along the unburned area of the
tunnel. When the two shock waves encountered, the pressure superimposed while the impulse canceled out,
and the propagation of flame was blocked by the pressure superposition area, resulting in a slowdown or
reversal of the speed. Compared to the single source explosion, the dual explosive sources led to a higher
pressure in specific areas such as contact lane, center of bifurcation, and sidewalls. Extreme pressure zones
occur at the closed end of the roadway under same-side and diagonal arrangement conditions and at the
center of the bifurcation under the opposite arrangement condition.

Keywords: gas explosion; H-type tunnel; arrangement; shock wave; propagation characteristics
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