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A study of explosion dynamics of a CH,/O,/CO, premixed system
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Abstract: In order to explore the flame dynamics of methane under oxygen-rich conditions, a series of explosion experiments
were carried out in a small-scale square transparent pipe with a CH,/O,/CO, premixed system as the research object. Through
the analysis of explosion parameters, the influence of the fluctuation of initial ambient temperature on explosion intensity was
revealed, and the micro-combustion mechanism of premixed system was discussed. The results show that under the ambient
temperature of 273 K, the mixtures with the equivalence ratio ¢ from 0.8 to 1.0, the oxygen relative ratio y<<0.30 and ¢=1.2,
y<0.35 could not be ignited, but other premixed systems could, and tulip and non-tulip flames were produced. According to
the unique evolution characteristics of the tulip flame, the tulip flame can be divided into T-shaped tulip flame and asymmetric
tulip flame. As the magnitude of y increases, the evolution of the maximum normalized flame propagation velocity shifts from

a two rises-and-two drops mode to a one rise-and-one drop mode. The increase in the initial ambient temperature has no effect
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on the evolutions of flame propagation velocity and explosion overpressure, but it reduces the maximum explosion
overpressure and the maximum flame propagation velocity. It is worth noting that when the equivalence ratio is lower, the
initial ambient temperature has stronger influence on the explosion intensity. In addition, compared with the maximum
explosion overpressure, the maximum flame propagation velocity displays a closer relationship with laminar burning velocity.
The chemical kinetics calculations show that the laminar burning velocity is most positively sensitive to the free-radical chain
reaction R38 (namely, H+O,=0O+OH) and is most negatively sensitive to R52 (namely, H+CH, (+M)=CH, (+M)), and is most
sensitive to the rate of production of the free radical OH. When the initial ambient temperature increases to 303 K, the
sensitivity of the laminar burning velocity to R38 (positive) and R52 (negative) are reduced. The increase in the total mole
fraction of the free radicals H, O and OH weakens the thermal diffusion instability, but enhances the hydrodynamic instability.
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Table 2 Decrease percentage of p,,,. and v, affected by ambient temperature from 273 K to 303 K

P P REE ST LE/% Tmax T B E AT/ %
4 ©=0.8 =10 o=12 ©=0.8 @=1.0 @=12
0.30 21.94 31.16 3233 30.76
0.35 43.38 38.82 16.43 29.81 30.95 30.32
0.40 34.06 31.23 4.77 49.54 40.56 8.65
0.45 34.66 22.45 10.05 41.76 17.08 10.03
0.50 26.30 27.94 14.56 14.02 10.07 8.67
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Table 3 Main chain reactions in the premixed system

Jrdviia=s F R avibiacs FoE R
RI1 O+CH,=OH+CH, R9S OH+CH,=CH,+H,0
R38 H+0,=0+OH R99 OH+CO=H+CO,
R43 H+OH+M=H,0+M R119 HO,+CH,=OH+CH,0
R45 H+H,0=H,+OH RI35 CH,+0,=OH+H+CO
RS2 H+CH, (+M)=CH, (+M) R153 CH,(s)+C0O,=CH,0+CO
R53 H+CH,=CH,+H, R166 HCO+H,0=H+CO+H,0
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Fig. 11 Rates of production of the free radical OH at different initial ambient temperatures
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