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Experimental Study and Numerical Simulation of
Gas Explosion Load Characteristics in Utility Tunnel

YAN Qiu-shi' ,ZHANG Ya-nan' LI Shu-tao® ,SUN Qing-wen’
(1. Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education,
Beijing University of Technology, Beijing 100124, China;
2. Institute of Defense Engineering, AMS,PLA , Beijing 100036, China;
3. China Academy of Building Research,National Center of Quality
Supervision and Test of Building Engineering, Beijing 100013, China)

Abstract; It is urgent to study and solve the problem of gas safety in comprehensive pipe gallery. In order to ex-
plore the gas explosion load characteristics in the utility tunnel,the methane — air mixed gas enclosed explosion ex-
periment was conducted in a small size pipeline of 0. 11 m xX0.11 m X6 m. The propagation rule of explosive waves
with methane concentration between 7.5% and 13.5% at different ignition energies( electrode ignition —2 J;chemi-
cal ignition =5 J) was studied. The results showed that the overpressure peak of gas explosion increased first and
then decreased with the increase of concentration( reaching the peak value at 10.5% ). In addition, with the increase
of ignition energy,the overpressure peak generally increased. SIMTEC numerical analysis software was used to simu-
late the experiment. Meanwhile ,the Large Eddy Simulation and the modified Eddy Dissipation Concept model were a-
dopted , which could well verify the most dangerous case of gas explosion in pipeline( methane-air full combustion ex-
plosion).
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Table 1 (Electric ignition) Overpressure peak(unit:kPa)
T 7.5% 8.5% 9.5% 10.5% 11.5% 12.5% 13.5%
M1 51.0 162.0 229.0 234.0 199.0 167.0 152.0
B2 o SR A S RS T R G S B M2 50.5 139.0 186.0 201.0 186.0 178.0 145.0
Fig. 2 Practical chart of methane-air
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Fig. 3 Experimental phenomena(c¢ stands for concentration)
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Fig. 4 Overpressure time curves(c=7.5% )
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Fig. 5 Overpressure time curves(c =10.5% )
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Fig. 6 Overpressure time curves(c¢=7.5%)
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Table 2 (Chemical ignition) Overpressure peak (unit:kPa)

T 7.5% 8.5% 9.5% 10.5% 11.5% 12.5% 13.5%

mf 1 117 145 287 312 292 245 219
mfs2 112 139 265 319 280 247 214
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Fig. 7 Overpressure time curves(c =10.5% )
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Table 3 Influence of grid size on peak overpressure
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Fig. 9 Overpressure time curves( Comparison of experiments and numerical analysis)
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Table 4 ( Comparison of electrode ignition test and simulation results) Overpressure peak ( unit;kPa)
T 7.5% 8.5% 9.5% 10.5% 11.5% 12.5% 13.5%
SL 51.0 162.0 229.0 233.5 198.8 167.0 152.0
I 270.9 305.1 309.3 312.7 334.0 326.2 323.0
TRE/ % 431 88 35 34 68 95 112
RS (HERNZHERBE R ) BEERE (B kPa)
Table 5 ( Comparison of chemical ignition test and simulation results) Overpressure peak ( unit:kPa)
R 7.5% 8.5% 9.5% 10.5% 11.5% 12.5% 13.5%
SIS 117.0 145.5 286.5 312.0 292.0 244.5 219.0
Fi40 237 311 289 347 341 306 315
=22/ % 103.00 114.00 0.87 11.00 17.00 25.00 44.00
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