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Table 1 Chemical reaction mechanism of methane/oxygen
ID reaction chemistry equations A, [

1 CH,+OH=CH,+H,0 4.13E+13 6460
2 CH,+0,=CH,+HO, 1.04E+13 56940
3 CH,+M=CH,+H+M 3.00E+16 85800
4 CH,+OH=CH,+H,0 7.00E+12 0

5 CH,+0,=CH,0+OH 6.38E+11 13500
6 CH,+M=CH,+H+M 2.24E+15 82700
7 CH,0+HO,=HCO+H,0, 6.42E+12 18010
8 CH,0+0,=HCO+HO, 7.07E+16 46720
9 CH,+0,=HCO+OH 8.06E+12 1500
10 HCO+0,=CO+HO, 3.70E+13 3110
11 HCO+M=H+CO+M 1.05E+14 13000
12 CO+OH=H+CO, 9.72E+11 2630
13 CO+0,=C0O,+0 2.53E+13 47800
14 H,O,(+M)=OH+OH(+M)  2.21E+15 50230
15 H,+HO,=H,0,+H 3.01E+13 26080
16 H,+OH=H+H,0 4.38E+13 6990
17 H,+0,=HO,+H 1.76E+14 57820
18 H,+O=H+OH 6.83E+13 10380
19 H,*M=H+H+M 3.33E+14 102070
20 HO,+H=0H+OH 7.08E+13 1500
21 O,+H=0+0OH 1.04E+14 15600
22 O,+H(+M)=HO,(+M) 1.14E+14 0
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Fig.1 Tunnel model in different axis and measuring point layout
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Fig.9 Peak overpressure cloud maps at different monitoring points in a methane vapor cloud combustion
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damage effect o
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Table 3 Injury hierarchy of thermal radiation intensity for human

thermal intensity / kW -m™ damage effect

degree of injury

37.5 1% death within 10 s; 100% death within 1 min fatal
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Fig.14 Decay curves of methane combustion thermal radia-
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Table 4

intensity on human

Injury scope of overpressure and thermal radiation

degree  volume explosion thermal combined ef-
of injury fraction overpressure radiation fect
9.5% 0-17.84 m 0-20.58 m 0-20.58 m
fatal 6.5% 0-12.14 m 0-16.46 m 0-16.46 m
5.0% / 0-13.5Tm 0-13.5Tm

9.5% 17.84-160 m  20.58-23.87 m 20.58-160 m
12.14-45.36 m 16.46-19.32 m 16.46-45.36 m
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9.5% / 29.42-43.58 m /
sight 6.5% / 24.39-40.06 m /
5.0% / 20.63-37.8 m /
9.5% / 43.58-160m /
safe 6.5% / 40.06-160m /
5.0% / 37.8-160m /
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Research on Combustion Characteristics and Injury Effects of Methane Vapor Clouds in Tunnels

GU Lin-lin', XU Yong-hang', ZHU Huang-hao', WANG Zhen’
(1. School of Safety Science and Engineering , Nanjing University of Science and Technology » Nanjing 210094 ; 2. School of Mechanical Engineering , Nanjing
210094)

Abstract: In order to explore the propagation patterns and characteristics of methane vapor cloud combustion waves in tunnels,
the CE/SE (space-time conservation element and solution element) method in LS-DYNA software was employed to establish a
pre-mixed explosion model of methane and air in the tunnel, which was validated through experimental data. In this paper, typi-
cal combustion waveforms of methane vapor cloud with a concentration 9.5% in different test positions were demonstrated by
numerical simulation. The propagation and evolution law of overpressure and temperature was analyzed. The injury effects of
overpressure and thermal radiation on human in tunnel were investigated. It was revealed that the combustion pressure wave
along the tunnel can be divided into four stages: free expansion, reflection dissipation, wall acceleration, and Mach propaga-
tion. The pressure variation presented three characteristics: wall impact rise, reflective decay, and stable propagation. The pres-
sure wave presented a sort of periodical reflection propagation mode radially, while the intensity was declining according to the
consumption of methane. The temperature field evolved symmetrically from the ignition point to the tunnel entrance and the
peak temperature decayed rapidly along the path. The temperature field radiated from the ignition point to the bottom of the tun-
nel, leading to a gradual convergence of in a certain section and decreased slowly over time. For the injury effects caused by a
combination of combustion overpressure and thermal radiation, the fatal distance was 13.51m, the severe injury distance was
13.51~23.5Tm, the moderate injury distance was 23.51-160 m while the concentration of methane vapor cloud was 5%. For the
methane vapor cloud with a concentration 6.5%, those distances were 16.46 m, 16.46~45.36 m and 45.36~160 m respectively.
As for a concentration 9.5%, the fetal distance was 20.58m and the severe injury distance was 20.58~160m.
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Based on the three-dimensional CE/SE method and chemical reaction model, a methane-air premixed vapor cloud explosion

model in a tunnel was established, and the accuracy of the model was validated through experimental data. The propagation

characteristics of the combustion explosion wave in both axial and radial d

pattern of the temperature field following the exothermic combustion

irections of the tunnel were revealed. The evolution

reaction was investigated. Finally, the effects of

overpressure and thermal radiation from the combustion on the lethality to human inside the tunnel were studied under three

different concentration scenarios.
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