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Classification of safety zones for T-shaped roadway fire in deep coal mines
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(1. Xilingol Shandong Gold Group A'erhada Minerals Co., Ltd., Xilingol 026000, China; 2. School of Mechanical and
Automotive Engineering, Qingdao University of Technology, Qingdao 266520, China)

Abstract: The flow and diffusion of high-temperature smoke in mine fires is an important cause of safety
accidents. In response to the unclear relationship between fire hazard zones and time in typical mine roadways, a
safety zone classification method for T-shaped roadway fire in deep coal mines is proposed. A three-dimensional
numerical model is established using Pyrosim software to simulate the high-temperature smoke flow in the T-
shaped roadway during the fire development stage under high temperature and humidity conditions. The variation
law of temperature field and CO, CO; concentration field with time and spatial location in the T-shaped roadway
during the fire development stage are revealed. Based on the simulated data of the height of the human mouth and
nose (i.e. the height of 1.6 meters in the roadway), the relationship between the horizontal length of the roadway

and temperature, CO concentration and CO; concentration is obtained. The airflow mixes high-temperature smoke
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through the roadway and spreads downwards along the top of the roadway. As the distance from the fire source
increases, the temprature gradually decreases, and the longitudinal distribution of CO and CO; concentration
contour lines becomes denser. On this basis, safety zones are classified based on the temperature of the smoke and
the harm degree of CO and CO, concentration to human health. The smoke diffusion area is divided into four
categories: safety zone (hazard level 1), mild hazard zone (hazard level 2), moderate hazard zone (hazard level 3),
and severe hazard zone (hazard level 4). The analysis results show that in the temperature classification results, the
measurement points in roadway | are mainly concentrated in the severe hazard zone. In the toxic gas classification
results, the safety zone range of CO, in roadway [ is larger than that of CO. The risk factors for CO are greater,
mainly concentrated in mild and moderate hazard zones. In roadway I, it is mainly concentrated in mild hazard
zones. The range of hazard level 1 in roadway [ gradually decreases over time, while the range of hazard level 4
gradually increases over time, with the maximum change rate occurring at 40 seconds. The rates of change for

hazard levels 2 and 3 are very small. The regional range changes of the two classification methods in roadway 1l

are similar, with the maximum change rate of hazard levels 2 and 3 occurring at 60 seconds.

Key words: mine fire; roadway fire; T-shaped roadway; high temperature smoke diffusion; classification of

safety zones in roadways
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Table 1 Rock physical parameters of the roadway wall
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Table 2 Thermophysical parameters of diesel fuel
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Fig. 2 Heat release rate curves of fires with different grid sizes
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Fig. 3 Temperature distribution along the vertical section of

roadway at each time point
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Fig. 5 Contour maps of CO and CO; volume fraction at different

time points along the vertical section of roadway Il
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Table 3 The effect of different temperatures on the human body
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F 4 CO XA
Table 4 Effects of CO on human body
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Table 5 Effects of CO, on human body
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Fig. 6 Temperature variation with horizontal length of the roadway
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Table 7 Flue gas high temperature hazard classification results
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Table 6 High temperature hazard classification of mine fire
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Fig. 7 Variation of CO and CO; volume fraction in the roadway
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Table 8 Risk classification results of flue gas toxicity of roadway I
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20 CO, (0.5,2)U(4,5.5)U(13,60) (0,0.5)U(2,4)U(5.5,13) _ _
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Table 9 Risk classification results of flue gas toxicity of roadway Il
mFfAl/s Kk 22 A X Fl/m A8 FE I DX 3 FEl/m r 2 XA R /m GRS X 0 FEl/m
20 CcO (0.5,2)U(4,5.5)U(13,60) (0,0.5)U(2,4)U(5.5,13) — —
40 CO (34.5,60) (0,34.5) — _
60 CO (55.5,60) (0,55.5) — —
80 CO (59.5.60) (0,3)U(10,59.5) (3,100 _
100 CO (59.5.60) (0,2.5)U(15,26.5)U(36.5,59.5) (2.5,15)U(26.5,36.5) —
10 AR EEIEfERER 45
Table 10  Results of flue gas toxicity risk classification
IFAl/s AHiE LA X G il /m R G R DX B T /m o E R XA Rl /m SR DX 0 FEl/m
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Fig. 8 Changes in the range of the hazardous zones with time



2023 5% 12

AEHF: R T BB KR

09 % 4 KR X 5 .« 137 -

1=144.38-2 013.88/[1+(t/0.095)°5*]

100 R=0.98
= TR
80 v e BRI
—a— AR D
v HEEKXR
g 60
i
=
40t
20 F
y=-10.62+2 084.49/[1-+(t/0.243)" 7] .
o L_K=099, . . .
20 40 60 80 100
Il /s
(a) A& T RI/045 5
1201 . TRKH
—o— RSB IX Ik
100 A PRI
80
£
E 6ot
) y=—1.79+107.05/[1+(1/40.57)**]

R=0.99
40

20

20 40 60 80 100
i )/s

(b) FIH 11 &I5345
Ol DX G LB 7] P22 AL
Fig. 9 The law of changes in the total range of the hazard zones

with time
TR AN BAE K A KR R AE 60 s A58 1K
A 7EdRiE [ DA Ekasgt 1, 4 JEHmE LR
AW B R o G LA AT R G DX ) i R A
R[] 22 6] B 5 AR

-2013.88
14438 + ———————
1+(——
3 0.095)
W= 2084.49 e
~10.62+ ———————
t N
1+(0.243)
107.05
Wy =179+ ———— 3)
1+(—)
40.57

A WA IE 1A SE R XIS L g o 8l 1T A0
FE I DX I L5 ¢ gl

4 it

1) I8 o A T A el A 25 T T T )
R e S, B 55 K B B A, ik R 5 I AT
CO. COy PRI BAF ML i) 3 A1 B 2 4

20 A5 A B S o O 2 A KB CRE 9 1D
B H A (R0 44 28 IR ERI 345 R

A T o AT 32w A P R O fE R X 8, CO.
COy BEPERN A3 25 B B T 1 CO, 28 4 IX B9 Rl 45
CO K, COfal N ZERE AR, FRENERE TG
B X 3, 7E A5 1T 32 B4R tp 7R AR I X 5k o

3) FEARTA T H G ARG 1 43 1B B s ) 4 1
BRI, S SE G 4 B0 1 B BT [R) 4 HE A% 34 AR
K, HITE 40 s BRI K, faf 559 2. 3 A8 fhR
AR/ AEARTE 1T rp 2 el 43 07 2 0 IX 0 L A2 Ak AR
), fER 4 2, 3 97E 60 s I AR (LRI, 254 /IR
FA B AR 3 25 3, @ S BLE 0 T ks X
LS EHECR .

4) Z RNy BT AR ST S A L RRAS A Hh 45
i 5 S8 2 3 1B I B ) 1 A8 Ak 6 R, B 4% B[] i X3
£ B Pk i AR AR B, S I RO A X SR
Wr Pt T SR A ik

2 %3k (References):

[1] CHUAN Gangfan, XU Yanli, YAN Mu, et al. Smoke
movement characteristics under stack effect in a mine
laneway fire[J]. Applied Thermal Engineering, 2017,
110: 70-79.

[2] SHI Xueqiang, ZHANG Yutao, CHEN Xiaokun, et al.
Effects of thermal boundary conditions on spontaneous
combustion of coal under temperature-programmed
conditions[J]. Fuel, 2021, 295(15) . DOI: 10.1016/
j-fuel.2021.120591.

[3] LIU Yin, WEN Hu, GUO Jun, et al. Coal spontaneous
combustion and N, suppression in triple goafs: a
numerical simulation and experimental study[J]. Fuel,
2020, 271. DOI: 10.1016/j.fuel.2020.117625.

[4] GUO Jun, WEN Hu, ZHENG Xuezhao, et al. A method
for evaluating the spontaneous combustion of coal by
monitoring various gases[J]. Process Safety and
Environmental Protection, 2019, 126: 223-231.

[5] CHOW WK, GAOY, ZOU JF, et al. Numerical studies
on thermally-induced air flow in sloping tunnels with
experimental scale modelling justifications[J]. Fire
Technology, 2018, 54(4): 867-892.

[6] GUO Jun, LIU Yin, CHENG Xiaojiao, et al. A novel
prediction model for the degree of rescue safety in mine
thermal dynamic disasters based on fuzzy analytical
hierarchy process and extreme learning machine[J].
International Journal of Heat and Technology, 2018,
36(4):1336-1342.

[7] WEN Hu, LIU Yin, GUO Jun, et al. A multi-index-
classified early warning method for spontaneous
combustion of coal under air leakage blocking[J].
International Journal of Oil, Gas and Coal Technology,
2021, 27(2):208-226.


https://doi.org/10.1016/j.applthermaleng.2016.08.120
https://doi.org/10.1016/j.fuel.2021.120591
https://doi.org/10.1016/j.fuel.2021.120591
https://doi.org/10.1016/j.fuel.2020.117625
https://doi.org/10.1016/j.psep.2019.04.014
https://doi.org/10.1016/j.psep.2019.04.014
https://doi.org/10.1007/s10694-018-0713-3
https://doi.org/10.1007/s10694-018-0713-3
https://doi.org/10.18280/ijht.360424
https://doi.org/10.1504/IJOGCT.2021.115547
https://doi.org/10.1504/IJOGCT.2021.115547
https://doi.org/10.1504/IJOGCT.2021.115547

.« 138 « IE B % 49 %
[8] HEET. o 70 A BERT K 9 S AE 1) 52 I 5 A ventilation fire[J]. Safety in Coal Mines, 2019, 50(1):

(10]

(11]

(12]

(13]

(14]

PULIT. 2242, 2020, 51C6): 179-183.

XUE Yanping. Numerical simulation of effect of tunnel
diverging angles on fire smoke flow[J]. Safety in Coal
Mines, 2020, 51(6): 179-183.

ZHAO Shengzhong, LIU Fang, WAGN Jun, et al.
Experimental investigation on fire smoke bifurcation
flow in longitudinal ventilated tunnels[J]. Fire and
Materials, 2020, 44(5). DOI: 10.1002/fam.2828.
HUANG Youbo, LI Yanfeng,

Experimental investigation on maximum gas temperature

LI Junmei, et al
beneath the ceiling in a branched tunnel fire[J].
International Journal of Thermal Sciences, 2019, 145.
DOI: 10.1016/j.ijthermalsci.2019.105997.

FRAEKK. A T BE KB T A7 AL K R BB AU S XA
P FL[D]. KR KRBT K%, 2019.

SUO Zaibin. Numerical simulation and airflow control
of downstream flow fire in working face[D]. Taiyuan:
Taiyuan University of Technology, 2019.

FaEE, fE, BRME, 55, 25K TAET3E K K9 H
EBEUTTE 0], Al 224 5344, 2019, 46(5):7-11, 15.
WANG Jianguo, WU Ruimeng, YIN Xiong, et al.
Numerical simulation of fire in intake airway in fully
mechanized working face[J]. Mining Safety &
Environmental Protection, 2019, 46(5): 7-11, 15.
BAETR, WA, L. B TE K R I IR B RO R
2 A0 B A B B LB 5 (0. R B2 HOR, 2019,
47(5):119-125.

LI Xiangchun, JIANG Ying, LI Meisheng. Study on
numerical simulation of variations of airflow field and
gas concentration during roadway fire[J]. Coal Science
and Technology, 2019, 47(5): 119-125.

R, RUEK, 08, 5. YRR FAT @ R K 9
BB AL [T]. B 22 4%, 2019, 50C1): 192-195, 199.
SUO Zaibin, WU Shiyue, NIU Yu, et al. Numerical

simulation of the influence of slope on upward

[15]

[16]

(17]

18]

[19]

[20]

192-195, 199.

W, T, 5T FDS [ 418 KO B A0
OSBRI D] B0 2242, 2020, 51(2): 183-187.
SHEN Yunge, WANG Deming. Numerical simulation of
smoke disaster caused by mine roadway fire based on
FDS[J]. Safety in Coal Mines, 2020, 51(2): 183-187.
Wrot, SRR, BRI 2, 55, AR T8 K 9 22 4 X )
oy BOE A 0] W B R 5 EOR, 2016, 35(5) ¢
633-636.

CHEN Liang, WU Changfu, CHEN Zuyun, et al.
Numerical simulation study on the regional division of
mine roadways fire safety[J]. Fire Science and
Technology, 2016, 35(5): 633-636.

XUFERE. R H T KK AR BOE R S8 i AT N
BEFLID]. 7 By IWARRHCR S, 2018.

LIU Beibei. The research of heat release rate and
backlayering in the fire under the metal mine[D].
Qingdao: Shandong University of Science and
Technolog, 2018.

TR IR K IR TR ANRRAL, S Sk X s 3 [D].
P45 PH L RHCR S, 2017

ZHANG Ze. Simulation and division of danger areas of
smoke flow of belt fire in coal mine[D]. Xi'an: Xi'an
University of Science and Technology, 2017.

KA. B H A8 T8 I I I B B AU, B 22 4 Xk
53 [D]. 8 PGB TR 2, 2015.

DENG Quanlong. The numerical simulation of the
smoke flow during fire and the safety zone divide in
mine roadways[D]. Ganzhou: Jiangxi University of
Science and Technology, 2015.

WEN Hu, LIU Yin, GUO Jun, et al. Study on numerical
simulation of fire danger area division in mine
roadway[J]. Mathematical Problems in Engineering,
2021. DOI: 10.1155/2021/6646632.


https://doi.org/10.13347/j.cnki.mkaq.2020.06.039
https://doi.org/10.13347/j.cnki.mkaq.2020.06.039
https://doi.org/10.13347/j.cnki.mkaq.2020.06.039
https://doi.org/10.1002/fam.2828
https://doi.org/10.1016/j.ijthermalsci.2019.105997
https://doi.org/10.3969/j.issn.1008-4495.2019.05.002
https://doi.org/10.3969/j.issn.1008-4495.2019.05.002
https://doi.org/10.3969/j.issn.1008-4495.2019.05.002
https://doi.org/10.13199/j.cnki.cst.2019.05.019
https://doi.org/10.13199/j.cnki.cst.2019.05.019
https://doi.org/10.13199/j.cnki.cst.2019.05.019
https://doi.org/10.13347/j.cnki.mkaq.2019.01.047
https://doi.org/10.13347/j.cnki.mkaq.2019.01.047
https://doi.org/10.13347/j.cnki.mkaq.2020.02.001
https://doi.org/10.13347/j.cnki.mkaq.2020.02.001
https://doi.org/10.3969/j.issn.1009-0029.2016.05.013
https://doi.org/10.3969/j.issn.1009-0029.2016.05.013
https://doi.org/10.3969/j.issn.1009-0029.2016.05.013
https://doi.org/10.1155/2021/6646632

	0 引言
	1 数值模拟
	1.1 物理模型与火源
	1.2 网格设置

	2 数值模拟结果与分析
	2.1 温度分布
	2.2 烟气浓度分布

	3 安全区域划分
	3.1 火灾烟气的危害
	3.2 安全区域划分结果
	3.2.1 温度安全区域划分
	3.2.2 烟气毒害安全区域划分

	3.3 危险区域综合分析

	4 结论
	参考文献

