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Abstract: In order to reduce the gpé€at threat of gas explosion to coal mine operators and coal safety mining, the law of explosion
overpressure and impact airflow yeletifyattenuation with the propagation distance of different volumes of gas-air mixed gas in
roadway was deeply studigd. Firstly,'based on dimensional analysis, factors affecting the single-direction propagation attenuation
of gas explosion overpre$stire ifroadway were comprehensively considered, such as mixed gas energy, gas accumulation amount,
measuring point diStapce ang related parameters of roadway, and a dimensionless formula of single-direction propagation
attenuation of gas’exploston overpressure in roadway was obtained. Based on the regression analysis of the experimental data of
gas explosion overpressure in large-size roadway, the mathematical model of unidirectional overpressure propagation attenuation
in roadway was established, and the mathematical model of bidirectional overpressure propagation attenuation in roadway was
established according to the law of energy similarity. According to the analysis process of influencing factors of single-direction
propagation attenuation of gas explosion overpressure in roadway, a dimensionless formula of single-direction propagation
attenuation of impact airflow velocity in roadway was obtained. Through regression analysis of experimental data of gas explosion

impact airflow velocity in large-size roadway, a mathematical model of single-direction propagation attenuation of impact airflow
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velocity in roadway was established. According to the law of energy similarity, the mathematical model of the bidirectional
propagation attenuation of the impact airflow velocity in the roadway was established. Secondly, according to the establishment
process of the mathematical model of the unidirectional and bidirectional propagation attenuation of overpressure and impact
airflow velocity in the roadway, the impact airflow velocity was included as one of the influencing factors in the consideration of
the unidirectional propagation attenuation of gas explosion overpressure in the roadway in addition to the mixed gas energy, gas
accumulation amount, measuring point distance and relevant parameters of the roadway. Based on the energy similarity law, the
overpressure - airflow velocity relation of overpressure propagation attenuation in roadway was established. According to the
establishment process of the overpressure - airflow velocity relation of the single and bidirectional propagation attenuation of gas
explosion overpressure in roadway, the airflow velocity relation of the single and bidirectional propagation attenuation of the
impact airflow velocity in roadway was established. Finally, the attenuation model and the mathematical relationship between
overpressure and impact airflow velocity were verified. The results show that the energy of gas mixtus€,£asaccumulation amount,
the distance of measuring point, the hydraulic diameter and the cross-sectional area of roadway ate'tiie main factors affecting the
attenuation of overpressure and impact airflow velocity. Both overpressure and impact ajrflow velocity ‘are positively correlated
with the amount of mixed gas accumulation. The greater the initial overpressure and“gpach, airflow velocity, the faster the
attenuation. The relative errors between the theoretical value and the test value of theNattentation model and the relative errors
between the theoretical value and the test value of the relation are controlled at abeut10%, afid the overall consistency of the data
is high, which verifies the reliability of the model and the mathematicalrélation, “and can describe the law of gas explosion
propagation more simply and intuitively, and realize the rapid calculation @f\overpressure and impact airflow velocity.

Keywords: gas explosion; impact wave overpressure; impact airflow velocify;/dimensional analysis; attenuation law
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Table 3 The original experiment data of overpressure in gas explosion (KPa)

FE B R/m

PARYm? 30 40 60 80 100 120 140 160
NO.1 171 180 136 167 151 139 128 118
100 NO.2 167 168 163 145 137 131 129 126
NO.3 159 161 163 130 125 138 130 121
NO.1 295 288 286 269 261 258 250 237
200 NO.2 324 311 302 284 270 261 256 249
NO.3 308 285 265 264 255 248 243 242
4 BHBRIESREERBIRIEHE
Table 4 The original experiment data of impact airflow in gas explosion (m/s)
#E S R/m
R 30 40 60 80 100 120 140 160
NO.1 292.6 236.2 203 194.5 174.6 17332 149.1 125
100 NO.2 298 258.1 239.1 198 166.2 154.2 130.1 115.2
NO.3 294.9 287.8 297.6 173.6 164.6 141\5 144.2 134.6
NO.1 491 377.9 270.9 2394 2197 202.5 182.3 174.5
200 NO.2 450.6 361.5 268.8 246.2 222.2 219.7 202.1 179.7
NO.3 427.9 309.6 299.7 257.3 227.5 215 108.8 166

i 1.1 F5H5 100, 200 m3 VR SRR ERe E E A N 385X’ . 7.11x107), KAERE
d, =4x7.2/x , iR (17) KE 3 B BRI IE 5 A RO EEE, WE 5 PR,

%5 BERBAREADIEAMERE

Table 5 The basic data of regression analysis onkoverpressure attenuation model

X, X, X, X, X Y
3.1192 24314 -2.0969 1.0298 -1.7570 2.2330
2.7444 2.8062 -2.3468 1.2796 -1.7570 2.2553
2.2161 3.3345 -2.6990 1.6318 -1.7570 2.1335
1.8413 3.7093 -2.9488 1.8817 -1.5570 2.2227
1.5506 4.0000 -3.1427 2.0755 -1.7570 2.1790
1.3131 4.2375 -3.3010 2.2339 -1.7570 2.1430
1.1122 4.4384 -3.4349 2.3678 -1.7570 2.1072
0.9382 4.6124 -3.5509 2.4838 -1.7570 2.0719
3.1192 24314 -2.0969 1.0298 -1.7570 2.2227
2.2161 3.3345 -2.6990 1.2796 -1.7570 22122
1.8413 3.7093 -2.9488 1.6318 -1.7570 2.1139
1.5506 4.0000 -3.142 1.8817 -1.7570 2.0969
1.3131 4.2375 -3.3010 2.0755 -1.7570 2.1399
1.1122 4.4384 -3.4349 2.2339 -1.7570 2.1139
0.9382 4.6124 -3.5509 2.3678 -1.7450 2.0828
3.4203 2.1303 -2.0969 2.4838 -1.7570 2.4698
3.0454 2.5051 -2.3468 1.0298 -1.7570 2.4595
2.5172 30334 -2.6990 1.2796 -1.7570 2.4564
2.1424 3.4082 -2.9488 1.6318 -1.7570 2.4298
1.8516 36990 -3.1427 1.8817 -1.7550 2.4166
1.6141 3.9365 -3.3010 2.0755 -1.7570 24116
1.4132 4.134 -4.4349 2.2339 -1.7570 2.3979
1.2393 43113 -3.5509 2.3678 -1.7570 2.3747
3.4203 2.1303 -2.0969 2.4838 -1.7570 2.5105

x5 BERBAREADHERMBIE (R
Table 5 The basic data of regression analysis on overpressure attenuation model (continued table)

X, X, X, X, X, y
3.0454 2.5051 -2.3468 1.0298 -1.7570 2.4928
2.5172 3.0334 -2.6690 1.2796 -1.7447 2.4800
2.1424 3.4082 -2.9488 1.6318 -1.7570 2.4533
1.8516 3.6990 -3.1427 1.8817 -1.7570 24314
1.6141 3.9365 -3.3010 2.0755 -1.7570 2.4166
1.4132 4.1374 -3.4349 2.2339 -1.7570 2.4082
1.2393 43113 -3.5509 2.3678 -1.7570 2.3962
3.4203 2.1303 -2.0969 2.4838 -1.7570 2.4886
3.0454 2.5051 -2.3468 1.0298 -1.7570 2.4548
2.5172 3.0334 -2.6990 1.2796 -1.7570 2.4232
2.1424 3.4082 -2.9488 1.6318 -1.7570 24216
1.8516 3.6990 -3.1427 1.8817 -1.7570 2.4065
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1.6141 3.9365 -3.3010 2.0755 -1.7570 2.4065
1.4132 4.1374 -3.4349 2.2339 -1.7570 2.3856
1.2393 43113 -3.5509 2.3678 -1.7570 2.3838

AT regress B S e T U2 RN A 2 A SRt RO 1 22 e R PR IR A 0, IR E S
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Fig.1 Residual diagram analysis of overprgssufe regression model
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Table 6 The theoretical data and experimental data of overpressure in gas explosion (KPa)

#H B R/m

Fm? 10 30 40 60 80 100 120 140 160
NO.1 120 171 180 136 167 151 139 128 118

100 NO.2 160 167 168 163 145 137 131 129 126
NO.3 156 159 161 163 130 125 138 130 121
R IE 145.3 165.7 169.7 154 147.3 137.7 136 129 121.7
ARHEISE 167.2 163.6 155.8 145.4 138.5 133.3 129.3 125.9 123.1
MXRZE (%) 9.8 -1.3 -8.1 5.6 6.0 -3.2 -5.0 2.4 1.2
NO.1 423 295 288 286 269 261 258 250 237
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200 NO.2 450 324 311 302 284 270 261 256 249

NO.3 350 308 285 265 264 255 248 243 242

RIS 407.7 309 294.7 284.3 2723 262 255.7 249.7 2427

ARFEISE 370.6 307.5 292.8 2733 260.3 250.6 242.9 236.6 2313

IR ZE (%) 9.1 0.5 0.6 -3.9 4.4 -4.4 -5.0 53 4.7
190 —=—NO.1 Overpressure test value 00 —=—NO.1 Overpressure test valud

—e— NO.2 Overpressure test value|
—4&—NO.3 Overpressure test value|
—w— Test average

—&— Formula theoretical value
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Fig.2 The comparison of overpressure for the gas explosion theorctical ahd experimental data
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Table 7 The theoretical data and experimental data of impact airflow in gas explosion (m/s)

B R/m 20
PR /m?

30 40 60 80 100 120 140 160

NO.l 330.7 292.6 2362 203 1945 1746 1732 1491 125
100 NO.2 369.1 298 2581 239.1 198 1662 1542 130.1 115.2
NO.3 3546 2949 287.8 297.6 173.6 164.6 141.5 1442 134.6
RG-S IIME 351.5 2952 260.7 246.6 188.7 1685 1563 1413 1249
AR FIBE 371.3 3009 2593 2102 181.1 161.3 1468 1355 1264
AT IRE (%) 5.6 1.9  -05 -148 -40 43 -61  -44d 1.2
NO.I 508 491 377.9 2709 2394 219.7 202.5 1823 ~174.5
200 NO.2 461 450.6 361.5 268.8 2462 2222 219.7/4 2094/5079.7
NO.3 437 4279 309.6 299.7 2573 2275 215 /1088 166
R FME 468.7 456.5 349.7 2798 247.6 223.1 2024\ 1644 173.4
AR FBE 505.8  410.0 3532 2863 2467 219.7_N999-\184.6 172.2

X IRZE (%) 79 -102 10 23  -04 -1.5 N59\ /123 -07
400 - T 550
—=—NO.1 Air flow speed test value —=—NO.1 Air flow speed test value
—e—NO.2 Air flow speed test value 500 - Ry —e—NO.2 Air flow speed test value
350 - —4—NO.3 Air flow speed test value =N —4&—NO.3 Air flow speed test value
—w— Test average 450 - A\ \\ —w— Test average
\; 300 A ¢ Formula theoretical value E 400 ¢ A\ —— Formula theoretical value
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Fig.3 Comparison of theoretical values and experimental data of airflow velocity
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Fig.4, Residual diagram analysis of overpressure-airflow velocity regression mode
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Table 8 The theoreticahdatayand experiment data of overpressure-airflow velocity (KPa)

E B R/m
e 30 40 60 80 100 120 140 160
NO.1 17045 161.65 152.27 146.90 141.80 138.87 134.50 130.23
100 NO.2 170477 163.09 154.78 147.16 141.10 137.27 132.68 129.17
NO.3 170559 164.87 158.21 145.24 140.96 136.01 134.06 131.19
ARG 170.60 163.20 155.09 146.43 141.29 137.38 133.75 130.20
RIS ME 165.7 169.7 154 147.3 137.7 136 129 121.7
X IRE (%) 2.9 3.8 0.7 -0.6 2.6 1.0 3.7 7.0
NO.1 332.66  313.97 29044 27794 26888 26140 25432  249.52
200 NO.2  329.82 31258 29022 27872  269.19 26354 25696  250.25
NO.3 32812 30777 29339 27995  269.82 26297 24153 24828
AREIE 33020  311.44 29135 27887 26930  262.64 25094 24935
R HEE 309 294.7 284.3 272.3 262 255.7 249.7 242.7
M RZE (%) 6.8 5.6 2.4 2.4 2.5 2.5 0.5 2.5
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Fig.5 The comparison of overpressure-airflow velocity for the gas explosion theoretical/and experimental data
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PR Rim 30 40 60 30 100 120 140 160
A& /m3
NO.1 309.17 273.15 206.37 190.96 166.31 148.53 134.48 123.02
100 NO.2 306.98 267.56 217.90 183104 161.52 145.91 134.79 125.47
NO.3 302.49 264.16 217.90 177.14 157.14 148.20 135.11 123.95
ANRHEISE 306.21 268.29 21406 183471 161.66 147.55 134.79 124.15
R FIE 295.2 260.7 246.6, 188.7 168.5 156.3 141.3 124.9
AXTIRZE (%) 37 2.9 132 2.6 4.1 5.6 4.6 0.6
NO.1 409.65 353.85 290:19 247.87 220.49 201.17 184.95 170.62
200 NO.2 421.34 362.10 294,97 251.94 222.74 201.87 186.27 173.17
NO.3 414.99 352.74 283.62 246.48 218.96 198.80 183.38 171.69
NI E 415.33 356.23 289.59 248.76 220.73 200.61 184.87 171.83
e AME 456.5 349.7 279.8 247.6 223.1 2124 164.4 173.4
AXTRE (%) 9.0 1.9 35 0.5 -1.1 5.6 11 0.9
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Fig.6 The comparison of airflow velocity-overpressure for the gas explosion theoretical and experimental data
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