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Abstract: Hydrogen-doped natural‘gas technology has been gradually used in pipeline transportation, but hydrogen-doped
natural gas is prone to leakagésand explosion accidents. The study used a 20L spherical device to investigate the effects of
hydrogen blending ratio ‘and Q, dddition on the explosion pressure and flame propagation characteristics of hydrogen-doped
natural gas, and thexchiemical reaction kinetics method was used to analyse the explosion mechanism. The results showed that
the hydrogen doping Tatio has a promoting effect on the hydrogen-doped natural gas explosion pressure parameters and flame
propagation speed. As the hydrogen doping ratio increases, the maximum explosion pressure gradually increases, the rapid
burn time and sustained burn time are gradually decreasing. The maximum explosion pressure rise rate and flame propagation
speed gradually increase when the hydrogen doping ratio is less than 0.5. When the hydrogen doping ratio is greater than 0.5,
the maximum explosion pressure rise rate and flame propagation speed rise rapidly. The addition of CO, has an inhibitory

effect on the explosion pressure and flame propagation speed of the mixed gas, but the suppression effect on pressure
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parameters with high hydrogen doping ratio is poor. Through reaction kinetic analysis, it can be seen that as the hydrogen
doping ratio increases, the laminar burning velocity and adiabatic flame temperature gradually increase, the concentration of
active free radicals and the rate of product increase significantly, and the mixing of hydrogen changes the reaction path of
methane. When the hydrogen doping ratio is greater than 0.5, reactions R84, R46 and R3 enter the top ten steps of the reaction,
producing H and OH radicals, which promotes the reaction. CO, can reduce the laminar burning velocity, adiabatic flame
temperature, active free radical concentration and rate of production of the mixed gas, but adding CO, does not change the
reaction path of methane.

Keywords: gas explosion; hydrogen doping ratio; explosion suppression; kinetic analysis
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Fig.1 Schematic of exp€rimental device
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Table 1  Volume fraction of hydrogen and methane in mixed gas

X H,/vol.% CHy/ vol.% CO,/ vol.%
0 0 9.50 0/2/4/6/8
0.1 1.02 9.18 0/2/4/6/8
0.3 3.36 8.36 0/2/4/6/8
0.5 7.19 7.19 0/2/4/6/8
0.7 12.67 5.43 0/2/4/6/8
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0.9 21.98 2.44 0/2/4/6/8
1 29.59 0 0/2/4/6/8
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Fig.2 Extraction of characteristic parameters of deflagration
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Fig.3 Effects of hydrogen ratio and CO, on hydrogen/methane explosion{pressure parameters
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Fig.4 Effect of hydrogen doping ratio on hydrogen/methane explosion flame propagation process
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Fig.7 Effects of hydrogen ratio and CO, on laminar burning velocity of hydrogen/methane spherical flame
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Fig.8 Effects of hydrogen ratio and CO, on hydrogen/methane adiabatic flame temperature
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Fig.11 Production rate of H radical in hydrogen/methane explosion
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Fig.12 Sensitivity analysis of laminar burning velocity in hydrogen/methane flame
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