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Analysis on influencing factors of gas explosion overpressure peak
in a U-shaped ventilation coal face based on orthogonal test
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Abstract: Numerical simulation was carried out by using the Fluent simulation software and combining it with the situation of
the working face 3906 in a mine to investigate the propagation law of gas explosion in a U-shaped ventilation coal mining face
and to explore the sensitivities of the overpressure attenuation of a gas explosion to different influencing factors. The relative

errors between the numerically-simulated results and experimental ones are less than 15%, which verifies the reliability of the
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mathematical model developed in this paper. Then, the key parameters, namely, grid size, iteration time step, and ignition
temperature are optimized to 0.2 m, 0.05 ms, and 1900 K, respectively. Numerical simulation indicates that the relationship
between the peak of the explosion overpressure and the distance away from the explosion center of the coal face meets an
exponential function relationship. The relationship between the arrival time of the peak explosion overpressure and the distance
away from the explosion center meets a linear function. By designing an orthogonal array, 16 sets of data were obtained
through simulation, and the following analyses were conducted based on this data. The extreme difference values of the three
main control factors were obtained by using extreme difference analysis. The extreme difference value of the temperature is the
greatest, the one of the gas concentration take the second, and the one of the gas accumulation area pressure is the least. The
most significant impact of the temperature on the explosion overpressure attenuation in the numerical simulation, in which the
R-value reaches 5.928. ANOVA analysis was carried out to study the significances of the main control factors affecting the
explosion overpressure attenuation rate. In the three main control factors, the significance of the temperature is the most, the
one of the gas accumulation zone pressure comes second, and the one of the gas concentration is the weakest. And the
temperature shows a significance level of 31.835, while the other two factors are not significant.

Keywords: U-shaped ventilation; coal face; gas explosion; explosion overpressure attenuation rate; orthogonal experiment
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Fig. 1 Physical model of working face 3906 of a mine of Henan Coking Coal Group
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Fig. 2 Layout of monitoring points for validating the mathematical model
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Table 4 Level setting of influencing factors of gas explosion overpressure propagation

K- /K LRI X F1/MPa FUITR /%
1 300 0.2 75
2 350 0.4 9.5
3 400 0.6 115
4 450 0.8 13.5
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Table 5 Orthogonal test scheme of influencing factors of gas explosion overpressure propagation
415 /K FUHFER X J1/MPa LR E % Hivill /K FLHTSR X ) /MPa FUHTHRE/ %
1 350 0.4 13.5 9 400 0.8 13.5
2 350 0.2 9.5 10 300 0.4 11.5
3 450 0.2 13.5 11 450 0.4 9.5
4 400 0.4 7.5 12 450 0.8 11.5
5 400 0.2 11.5 13 350 0.8 7.5
6 300 0.6 13.5 14 400 0.6 9.5
7 300 0.2 7.5 15 450 0.6 7.5
8 300 0.8 9.5 16 350 0.6 11.5
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Fig. 13 Attenuation of gas explosion overpressure peak under different gas concentration levels
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Table 6 Influence of different influencing factors on attenuation rate of gas explosion overpressure

- AN PR - AR 2 PR
PR /% REEK UK S/MPa SRR % EAREE Y% RE/K  HFEXE)/MPa  HEHH%
1 75 400 0.4 87.671 9 115 400 0.2 84.191
2 7.5 300 0.2 81.582 10 11.5 300 0.4 80.533
3 75 350 0.8 82.149 11 115 450 0.8 85.951
4 7.5 450 0.6 85.985 12 11.5 350 0.6 81.035
5 9.5 350 0.2 82.298 13 13.5 350 0.4 81.336
6 9.5 300 0.8 79.163 14 13.5 450 0.2 86.373
7 9.5 450 0.4 86.935 15 13.5 300 0.6 80.255
8 9.5 400 0.6 82.851 16 13.5 400 0.8 83.019

it I TR A R A K AME K K3 K BT B 22 0 A5 2036 7, J o folf P A 22 20 3 0 L
3 A EFEN R ZE, 73 B AS [ J247 DR 2R A0 R A/ N JE T f 2 i AR 7K
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Table 7 Range analysis

I K- FUTHR /% (A) RJE/K(B) FUWBUIRIX FE f1/MPa(C)
1 337.387 321.533 334.444
2 331.247 326.818 336.475

K 3 331.710 337.732 330.126
4 330.983 345.244 330.282
1 84.346 80.383 83.611
2 82.812 81.705 84.119

Kij
3 82.928 84.433 82.532
4 82.746 86.311 82.571

ALK 1 4 2
R, 1.6 5.928 1.587

TE: KAWL K F R T 4 413006 45 5% B0 30 48 1 8 R 58 R 22 A, Ky W% 09 K B9SE39ME, i = 1,2,3,4,7 = 1,2,3; Ri=
max{Ki1,Ki, K3} —min{K;1, Kip, K3}, i=1,2,3,4, R {H g 5— 2 T ARFIKEZ 0 iHe 22, W5 (s /ME, T R E#k, %
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S KR TR Rl 3R B — e R R . DAk 2 S I o 3R A R, 5 v 1 T 2 S S0 g T B e, 4
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Table 8 Test scheme and data analysis

- 7 2R
St — —
FLHTVREE/% /K FUHTRUR X & J1/MPa

Kfj 113829.988 103383.47 111852.789

ng 109724.575 106810.005 113215.426

ng 110031.524 114062.904 108983.176
ng 109549.746 119193.42 109086.2

S; 6.98 85.476 7.424

St 105.249

Se 5.369

342 2 EHA
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Table 9 Variance analysis of the main controlling factors of gas explosion overpressure decay ratio

EXAlSES TR 22 J5 i A S w2 F F, M
LR 6.98 3 2.327 2.6 4.76
L 85.476 3 28.492 31.835 4.76 ok
PR X ) 7.424 3 2.475 2.765 4.76
e 5.369 6 0.895

F: Fo.01(3,6) =9.78, F.05(3,6) =4.76, F0.1(3,6) =3.29; % F > Foo1, W N REM R, J***3KR; % Foor > F > Foos, N B &M
A FRROR 45 Foos > F > Fou, INN S PER, HI*30R; %5 Fou > F, W% 2 00 W41k
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