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Abstract: To ensure safe production in coal mines and effectively mitigate casualties as well as economic losses
caused by coal dustsexplesions, the overpressure propagation laws following explosions of coal dust with
varying concentrations im\a pipeline were investigated. Based on the positive feedback mechanism between the
shock wave and the'flame wave during coal dust explosions in a horizontal pipeline—realized specifically
through heating and ¢ompression effects, a rigorous dimensional analysis method was employed. This method
allowed a comprehensive consideration of a series of dynamic and static factors affecting the overpressure
propagation of coal dust explosions, including energy of the explosive coal dust mixture, accumulated volume

of the explosive coal dust mixture, pipeline cross-sectional area, hydraulic diameter, distance from the meas-
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uring point to the explosion source, initial air pressure before explosion, air density, coal dust concentration,




flame propagation velocity at the measuring point, coal dust particle size, and pipeline friction coefficient. By
incorporating experimental data, a dynamic-static coupling mathematical model was established to describe
the unidirectional propagation of overpressure from coal dust explosions in a semi-closed straight pipeline. The
model was subsequently validated and subjected to further comprehensive comparisons. The
results clearly indicate that the energy of the explosive mixture, the distance between the measuring point and
the explosion source, coal dust concentration, flame propagation velocity, and coal dust particle size constitute
the main factors influencing the overpressure propagation of coal dust explosions. A strong positive correlation
exists between coal dust explosion overpressure and flame propagation velocity. In practical hazard
assessments of coal dust explosions, particular attention should be paid to factors that promote flame
acceleration, such as turbulence and obstacles. The established dynamic-static coupling model demonstrates
high reliability. Compared with existing overpressure prediction methods, this model<0ffets\lower operational
thresholds and the capability to resolve the dynamic overpressure propagation’ process, thereby
presenting overall comprehensive advantages.

Keywords: Coal dust explosion; Shock wave overpressure; Flame propagation velocity;“Positive feedback mechanism;

Dimensional analysis
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Table 1 Propagation velocity of each measuring point of coal dust explosion flame

Wil 5 for I\LOI N/9.2 N/9.3 I\LO4 I\LOS N/9.6 N/9.7 I\LOS I\LO9
# R/d, KIGHPE  RIEEE KRR KIEEEE Rl KRR KB O KRR
(m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
11 191 140 170 247 234 308 228 316 264
23 231 186 208 340 404 422 290 341 358
43 236 229 230 374 435 438 324 373 387
59 241 301 264 362 420 398 364 390 404
86 268 312 268 347 409 391 362 366 402
112 305 334 287 335 386 387 353 357 361
123 307 351 336 333 336 377 328 352 307
134 305 342 328 331 316 368 320 347 304
145 323 326 310 364 316 341 303
156 320 322 307 360 335
167 321 356
R2BREBIEENSHEKRED
Table 2 Maximum pressure of each measuring point of coahdust explosion flame
. N NO.1 NO.2 NO.3 NO.4 NO.5 NO.6 NO.7 NO.8 NO.9
WAllE e mE o mE o mE mE CRE BE Bk BE
B (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
11 0.3812 0.7341 0.3156 0.7627 0:6887 1.0483 0.5112 0.7552 0.7085
23 0.6482 0.7607 0.5236 1.3104 0.8855 1.4577 0.5891 0.8111 0.9604
43 0.8273 0.7147 0.5536 1.7387 1.5242 1.9263 0.9287 1.2554 0.9932
59 0.7609 0.8413 0.6546 1.5712 1.2647 1.5338 1.2819 1.4827 1.1616
86 0.9267 1.2177 0.9253 1.0417 1.4415 1.4413 0.9125 1.1423 0.9871
112 1.0597 1.1034 0.8572 1.2809 1.0117 1.3018 0.7735 1.0116 0.6192
123 1.4357 1.3483 1.1307 1.2493 1.0565 1.2043 0.7618 0.9293 0.5834
134 0.8571 1.1429 0.9714 1.3091 1.0324 1.0326 0.8081 0.8572 0.5202
145 0.7496 1.0293 0.9528 1.2555 0.8556 1.1623 0.6484 0.8863 0.5479
156 0.8092 0.9465 0:9647 1.1012 0.8743 1.0567 0.7208 0.8216 0.5837
167 0.5832 0.7974 0.9205 1.0137 0.7438 1.0593 0.6664 0.7972 0.5477
RAEE 1. 3K 2, RGP AL H SRS A X B M 2R aliEdE, 03k 3 Por:
R 3 BRELREBERBELAKXEF SRR
Table 3 Basic'data for regression analysis of coal dust explosion overpressure propagation formula
y X3 X4 Xs X6 X7 Xg
-0.321482 /6034284, '1.083816  -2.185090 1.041393  -0.425969 2222716  -4.126403 -2.045757
-0.190979 5073278  2.044821 -2.825761 1.361728  -0.425969 2318752  -4.446739 -2.045757
-0.155834  4.258056  2.860043  -3.369242 1.633468  -0.425969  2.364870  -4.718479  -2.045757
-0.123609  3.845906  3.272194  -3.644009 1.770852  -0.425969  2.429219  -4.855863 -2.045757
0.009961 3.354966  3.763133  -3.971302 1.934498  -0.425969 2451280 -5.019509 -2.045757
0.002943 3.010808  4.107292  -4.200741 2.049218  -0.425969  2.489494  -5.134229 -2.045757
0.115577 2.888746  4.229353  -4.282115  2.089905  -0.425969  2.520261 -5.174916 -2.045757
-0.004146  2.777147 4340952  -4.356515  2.127105  -0.425969 2511883  -5.212116 -2.045757
-0.040672  2.674358  4.443742  -4.425041 2.161368  -0.425969  2.509203  -5.246379  -2.045757
-0.042488  2.579088  4.539011 -4.488554  2.193125  -0.425969  2.505150  -5.278135  -2.045757
-0.079251 6.159222  1.083816  -2.185090 1.041393  -0.301030  2.419956  -4.126403 -2.045757
0.085612 5.198217  2.044821 -2.825761 1.361728  -0.301030  2.589581  -4.446739  -2.045757
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Table 5 Theoretical and experimental data

s A S L : A LS oSN i

fE WE WE W S5 B f?ﬁ WE WE W S i f&ﬁ
(m) (g/m3) (g/m3) (g/md) BI1E R 2% (g/m3) (g/m3) (g/m3) BI1E W%

500 500 500 625 625 625

1.17 0.154 0.165 07180 0.1663 0.1331 -19.97 0.219 0.235 0.204 0.2193 0.1500 -31.62
2.16 0.179 0.163 0.192 0.1780 0.2154 21.00 0.262 0.242 0.232 0.2453 0.2018 -17.76
4.77 0.234 0.224 0.197 0.2183 0.2776 27.15 0.328 0.370 0.305 0.3343 0.2436 -27.15
6.30 0.255 0.238 0.223 0.2387 0.3302 38.37 0.454 0.449 0.460 0.4543 0.3437 -24.35
8.64 0.337 0.328 0.350 0.3383 03651 7.91 0.393 0.403 0.408 0.4013 0.2556 -36.32
11.25 0.302 0.297 0.291 0.2967 0.3528 18.91 0.321 0.378 0.357 0.3520 0.2129 -39.51
13.95 0.235 0.275 0.258 0.2560 0.2840 10.96 0.335 0.321 0.361 0.3390 0.1372 -59.52
15.75 0.213 0.224 0.253 0.2300 0.1947 -15.35 0.291 0.341 0.358 0.3300 0.0995 -69.86

WMERCR KWK 3 s



. 0.454 N

P
[ g 0.151 @

0.10 L L L L L L L L 0.05 L -

—®-Experinental Value ) —®-Experivental Value
®-Theoretical Value ®-Theoretical Value

L L L
4 6 8 10 12 14 16 2 4 6 8 10 12 14

Measuring Point Location/m Measuring Point Location/m

(a) Coal dust concentration: 500 g/m? (b)\Coal dust’concentration: 625 g/m?
Bl 3 A RO E
Fig.3 Fit in effect,drawing

MR AT CUE Bl S BN, SRAYENEEE 2 I e I — RN R A E A
XTI X RNER AR TE R R, AR 2R, BRI POER R, R K Bk
FEMESS, AT RN SIS, PO, RS R - B AR R RS — . A
FUPIT IR T PR AR A AR A T A SRS R TR A IR B SR 500 /m>® bt I I 2R Joe b o s 1) ) 0 SRAR T
625g/m?, TR RES MR N IR AR RN SIS AR NS (s AR EA IS A
Ko XL RAEEIKE T AT RN, SFECELIE M E, AR T AR, KagE S RRFENL
RN, AEURR R S PR T 25 R A

TESEARIRE R 500g/m® O RVl i, 5 2 AN S B RS BB A /N TS0l , AR A
R AE IR T SLIAE . 1L, SR Z AR 507 B 8.64m AN EU R/ ME 7.91%, 1EM AL E
6.30m AbEUR KAE 38.37% s 37 WA (1.17m~6.30m) FAS(E 5 9208 AR 2 8-19.97%
~38.37%, L7 A (864mA TS, 57m) BRIRAE 5 SIS AE I AR 52 22 9-15.35%~7.91%, RIS G2
WBE 500g/m3 T35 T 3237 M0 i 68 e () T A8 SR s Falm 3 o, AW R ZE s sl . RS ARIRIE
625g/m3 LTI FE 8 WSS E BN T SE96 M, Z 100 R, MXHRZEEN SALE 2.16m EUE B
{H-17.76%, A 15.75m ACEUS B K1H-69.86% . IT37 A5 (1.17m~6.30m) HiS{H 5520 EH 1)
FHXT R 22 N-17 76%2-31.62%, 37l A (8.64m~15.57m) FABH 5 LI E 5 AH AR 2 5-36.32%~-
69.86%, HPBEE AN A (8.64m~15.57m) FE B I AIAR 57 22 OB G X, AR T3l s, A
R R IR T 625 g/m3 00 T 3 3750 xR (1) 00 255 2R o 4

BERE, BAMEERRZEROR, HEEEH %, BEERRESSREY SR, SN AER
BT AR e, TE@SIAES, BYERA MR R IE VB SV 5E & RN RE &, (HTE L RSt it i f2
o T AR IR RN SIS S A R, B Re R 2 DARAVRR S T SN B B AR, S ECSEBR T e
IR s DU R A 3R Sl P TR T R S R, AR B AL FE A, R A5 ) K P S A AT AN DU
PRES R T30 B, X 520 s SE bR FEAR LA i 22, SECRZE I SEHEN, 25 Re ol st
SRU B R 0 (V0 VR 5 20 B B 0 N P A, AT 158 22 i 3 PRI o

10




B’IE 5 &
Explosion and Shock Waves

3 HRBIRAXTEE

AT, FEXTEANRNEE gt AT W TS, 22 SR FH /N AL T S0 Bl B AU 55 D7 VAR B 2504
AR G812 TR AR TN A 3k R 25 AN s (P8 3R AT 000 o 7E DA 2735 A 0 1 T 3 e e e
AT, (U E TIREIRG YRR .. EEMAT . K EARFHSL T E R ALK, X
ALY [ AR o A 220 B ) 2 TR AL I, X s ) N v B AR T 0 s A T okt TG R R
MENASERRSHE, ANEH TR sz /e T R B RIeaes), 76 A BT 3EAE 1, ARSCEAL
ETE AR IE R T S F A HE G AL I O L 3R 18 BE X — B S8 A4 A TR A R R R o ik
FEARA . FER AT IR DR . TR AR A DR F 0 R A R AR A, T8 KR TR
JE A s Bt ) ) AN 2 A4 BRI B AR A 78, @ PERURS A FE AR A I T, I A R O AL 35 B
TE, 013 6 FTn:

& 6 BIEFN ARG AL

Table 6 Comprehensive Comparison of Overpressure Prediction Methods

BERN: @ AN 120 2 ) A R e
BEBRD (k. L B EIRERE S B A — R0, 1T DB v (R RT 2R 1L
Fluent) WHERE MRS RROFRR RO, LSRN WR, B TR e
i3 FE S A 3 ) 2 A 2
Pl T
R BEh. B ERNVUEESIE Mok AN DU R TR A T
W BE, DERET RN R R iR, (R
i3 W Em T <SRRI, 2 TS A, TR
ol SRR N
ENRERIERE  NARE  ETRA, [ TR e, E R e
MR B RS BT R BTG O
ARSI E, /2 BT, RNk
A AT B Fot i A
WAL A ETRRML S8 BT GHEEERELY AR A R, ¥
FAEROANE  BE BEPASNENE,  hRMIARKY R, e, T
14 He T AR 2 WEEPEE, R R
it

(1) ARFEIREA L e K MG I 2 18 (I R B 25 5 I8 s SR, R EN D Ik
SL T 2B K2R T8 P AR R T 1 B ) A S Sh S R AR A . SRR BEIR G
RER . MR ATIRRBE A BEANRIE . KGR L . AR A I AR e s A R 11 3 22
SRz, Shh &S AR SL RS A R IS B, ARl IS K R e 3 1E
FJE,/ AESRA ARy, SR G AN s E A BT AR L DARR AR AT A I XU o

(2) BRI IRAS RARW], TIME 5 SRUE R Z RN, AR I8 A AR 5C 2 B A R e M
1 O Al T I e S S AT O TSR A B 5 B A DU A ST 36 55 T 9000 7 5
FALE, SRR AR R s A R sl A A R 5 A R T i 0 T A 1 O I e i A A, I K
Fare Hd X — SIS S MR A AR . RISl S5 R O A = AL s, TH5
fI . BRAETTHEAR.

(3) AR IR A N T ) T S R Ay, L 52 BR T M RAE AR R (1 f A AR JSORT 24 TS Tl 52 AR
KV VMFAELL R A R 2 AL 5, TR R 2 IR R RS, 35
E. ¢ d WRHSHEBHIMA-Z, BHEREREREIAL, KR EARBES, Kafk
PR LA SE PR TPPAG P AEAEA B3R, Bk, EshZR00(5 B, HOH B E A T3l
SRS SIS M, AR TCARIN B B N, 2R SR FONAR R I T 5 S i) K e
AR LM A, DLIRANZ — R R A%

11



S 3Hk

(1]

(2]

(3]

(4]

(3]
(6]

(7]

(8]

(9]

[10]

(1]

s BT HRERBEIEG TR R R [J]. Lk 584, 1998, (1): 25-29.

WANG K Q. Relationship between coal dust and casualties of serious explosion in coal mines [J]. Industrial Safety and E
nvironmental Protection , 1998, (1): 25-29.

SEM, BB AR IEE R SEIR AT I [T]. MR 24317,2010,35 (04):605-608. DOI:10.13225/j.cnki.jecs.2010.0
4.023.

JING G X, YANG S Z. Experimental study on propagation characteristics of coal dust explosion [J]. Journal of China Co
al Society, 2010, 35(04): 605-608. DOI: 10.13225/j.cnki.jccs.2010.04.023.

ZEPRAN, K, R, 5. ST 201 BROUERNERE B B AMRERS PR AT (0] SRR, 2000, 36(S1): 119-124. DOL: 1
0.13225/j.cnki.jees.2011.s1.031.

LIQZ, ZHAIC, WU H J, et al. Study on explosion characteristics of coal dust basedfon 20E spherical explosion appara
tus [J]. Journal of China Coal Society, 2011, 36(S1): 119-124. DOI: 10.13225/j.cnki.je¢s.2011.s1.031.

T, SER, BT AR T e RR R S Bt 15 35 23 XTI ], e L IR 22 24 (A AR BHERR), 2011,
30(03): 257-261. DOI: 10.16186/j.cnki.1673-9787.2011.03.020.

CHENG L, JING G X, YANG S Z. Study on blast wave propagation law of\goal dust explosion and its injury division [J].
Journal of Henan Polytechnic University (Natural Science), 2011, 30¢03):.257-261. DOI: 10.16186/j.cnki.1673-9787.201
1.03.020.

BRIT. FAIBCET I P 2 AR ik AL B AR AT 53 [D]. KRBT K %% /2024. DOL: 10.27352/d.cnki.gylgu.2024.002256.
S, FMER, BEH, S AE O X BLFEAROT PR A I e (0], #5241, 2021, 46(S1): 312-318. DOL: 10.
13225/j.cnki.jccs.2020.1205.

JING G X, SUN Y, Ban Tao, et al. Experimental study,_onthe effect of obstruction plates in the non-flame zone on gas ex
plosion pressure [J]. Journal of China Coal Society, 2021,46(S1): 312-318. DOI: 10.13225/j.cnki.jccs.2020.1205.

S E iy, BRGAVR, SRS, 55, A A A TE PN TUTE AR BRI KRR BRI RS [J]. ZA 5B E4R, 2020, 20(04): 132
1-1326. DOIL: 10.13637/j.issn.1009-6094.2019.0424.

JING G X, SHAOHY, WU Y Let'al. EXperiment on the flame propagation characteristics of gas and coal dust explosio
n in a semi-confined pipe [J]. Journaldf Safety and Environment, 2020, 20(04): 1321-1326. DOI: 10.13637/j.issn.1009-6
094.2019.0424.

F, AR, BT, R AR PR R BB AT (1], AR 2R (B R 24AR), 2019, 40(01): 79-83+8
9.

WANG B, GOU RY, KAN R Z. Influence of coal dust particle size on gas and coal dust explosion [J]. Journal of North U
niversity of China (Natural Science Edition), 2019, 40(01): 79-83+89.

E. B PATHREZE RN i AR R SN R SR BT I [D]. HhAEREE, 2019.

R R, MRS, T, S5 R KRR TLI- R AR TR S R R R B BB AT 7E [0). % 5B AR, 2025, 2
5(07): 2545-2552. DOI: 10.13637/j.issn.1009-6094.2024.1897.

GAOJL,MEIJL, FANG Y X, et al. Numerical simulation study on the influence of ignition conditions on the explosion
characteristics of gas-coal dust mixtures [J]. Journal of Safety and Environment, 2025, 25(07): 2545-2552. DOI: 10.1363
7/j.issn.1009-6094.2024.1897.

AL IR — L, S R A FRNES M N - AR B rh e AL 38 AR 7 [7]. 0™ H 3k, 2025, 51(10): 104-11
3. DOIL: 10.13272/j.issn.1671-251x.2025090068.

ZHANG X B, WEN Y F, GAO J L. Study on propagation law of gas-coal dust explosion shock wave under different expl
osion conditions [J]. Journal of Mine Automation, 2025, 51(10): 104-113. DOI: 10.13272/j.issn.1671-251x.2025090068.

12



B’IE 5 &
Explosion and Shock Waves

[12]

[13]

[14]

[15]

[16]
[17]

(18]

[19]
[20]

(21]

[22]

[23]
[24]

[25]

[26]

[27]

TR, EEEM, e, AR TR A R R KBRS R I R TR AL [7]. B TIRH K 5574k, 2024, 34(02): 171-
179.

ZHANG Y X, WANG J W, TANG L. Methane/coal dust hybrid explosion and prediction model of maximum explosion
pressure [J]. Journal of Heilongjiang University of Science and Technology, 2024, 34(02): 171-179.

ERARIE, SRATNE, 1R T8, FLITRAE JOEE S i e PEAE R R AU SEIR BT 7T [7]. k%2 4 53R, 2005, (02): 4-6+81.
LITF, ZHANG L C, XU J D. Experimental Study on the Associated Relationship Between Flame Wave and Shock Wav
e in Gas Explosion [J]. Mining Safety & Environmental Protection, 2005, (02): 4-6+81.

ERF. EIE A LAY AR AR KR 1 B AL BT [D]. 7 BARHE K, 2021. DOL: 10.27264/d.cnki.gq
dhc.2021.000460.

G A FL TR E i 5 8 R B 7R A HUE A [7]. SR 546 T, 2024, 47(05): 1027105. DOL: 10.19286/j.cnk
1.cci.2024.05.023.

LIU W G. Numerical Simulation of Coupling Between Shock Wave and Ventilation Péwet in'Mine Gas Explosions [J].
Coal and Chemical Industry, 2024, 47(05): 102-105. DOI: 10.19286/j.cnki.cci.2024.05023,

F OB BR CAE I R E XU TS A 2 i 78 [D]. VAT g 3 TR %%, 2021. DOINLO2A116/d.cnki.gjzge.2021.000299.
4egs . LTI AR e B 2 R R MR R AR 7 [D]. 3L 7 TRERIAR K2, 2021 DOT: 10.27210/d.cnki.glnju.2021.00
0624.

Macek A. Transition from deflagration to detonation in cast explosives_[V].-The Journal of Chemical Physics, 1959, 31(1):
162-167

P BERARNE LR AARSR ) ST 7T 5 BB TSR (D) At AL EE TR %, 1992.

WRER. TR NE RE B 0 A RRAE S b B R (E AT 72 [DYBIEEARE K 2%, 2022. DOI: 10.27738/d.cnki.ghnkd.2022.00
0925.

TR 2. FRREE R W R LR Bl AR SR R M IR DT, KSR T K24, 2022, DOI: 10.27352/d.cnki.gylgu.2022.00
0669.

EN K, AR, BRI, A, RRT I8 U I o R Gf BL 4 B X v o U8 A R R ek B el PO BB (0], b 2 e
FERMEAROR, 2019, 15(02): 99-104.

MENG Y F, DONG M X, ZHAOD'F, etal. Numerical Simulation of the Effect of Obstacles on the Propagation Charact
eristics of Gas Explosion Shock Wayes§ in Large-Scale Ventilation Pipe Networks [J]. Journal of Safety Science and Tech
nology, 2019, 15(02): 99-104«

PRIR. TUITRR N o S IR M 2 R BT [D]. Hh kK%, 2015.

8%, £ 52, 5 E S BI85 18 PR R R 3 IR ORI 2 [J]. SR 44, 1-13. DOL: 10.13225/j.cnki.jecs.2025.
0086.

CHENG L, WANG M, VING G X, et al. Correlation model of overpressure attenuation for gas explosion in pipeline and r
oadway [J] Joumal of China Coal Society, 1-13. DOI: 10.13225/j.cnki.jccs.2025.0086.

FedE, T3, 5eE 0, 28, FUITE MERE R A v o S0 8 8 22 s 2 (1], 134 5 b, 2025, 45(08): 33-42.

CHENG L, WANG M, JING G X, et al. Attenuation models of overpressure and shock airflow velocity for gas explosion
[J]. Explosion and Shock Waves, 2025, 45(08): 33-42.

FRIE, AL, kR T, 46, BT BLI R KE IR A b T i A% R R O BB BT 015 SEIR 0T (0], b 224 530K, 2
007, (02): 1-3+89.

WANG D L, ZHOU X Q, ZHANG Y L, et al. Theoretical Research and Experimental Analysis on the Propagation Laws
of Flame Wave and Shock Wave in Coal Mine Gas Explosions [J]. Mining Safety & Environmental Protection, 2007,
(02): 1-3+89.

BeiR A, SZ PR AR AR SO M R U AT [D). W R B T K22, 2013,

13



[28] #1iH. 52 IR =S A AR IE AL 36 B A% SH A B 42 (D). VAT re £ 1K 2, 2010.

7@

@
&
.

W



