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Abstract

The explosion risk associated with hydrogen in hydrogen-enriched natural gas limits its application,
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making the development of efficient and clean explosion suppressants of great importance. Based
on the synergistic suppression effect of CFsI and COz on methane explosions, this study constructs a
chemical kinetic model to investigate the inhibition mechanism of these two agents on the explosion
of hydrogen/methane mixtures. The analysis focuses on the laminar burning velocity, its sensitivity,
and the production and consumption pathways of key radical H-. Elementary reactions influencing
explosion suppression were identified, with reactions R1818 and R1788 showing suppression ef-
fects correlated with COz concentration. An optimized mixture of 0.5% CF3l and 15% CO:z was deter-
mined, which effectively inhibits the H radical chain reaction while maintaining cost efficiency. This
research provides theoretical support for the safe utilization of hydrogen-enriched natural gas and
the development of low-consumption, environmentally friendly explosion suppressants.
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Table 1. Volume fraction of each gas under different working conditions

F 1. ENSBFERE IR THERD K

T CO2 CFsl CHy4 H» N> (0]
1 0.5%
2 1.0%

5%
3 1.5%
4 2.0%
5 0.5%
6 1.0%
10%
7 1.5%
8 2.0%
80% 20% 79% 21%
9 0.5%
10 1.0%
15%
11 1.5%
12 2.0%
13 0.5%
14 1.0%
20%
15 1.5%
16 2.0%
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Figure 1. Comparison of the simulated laminar flame speed of H2-air mixture flames with different volume fractions of tri-
fluoroiodomethane and previous experimental data
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Figure 2. Effect of adding different volume fractions of trifluoroiodomethane to carbon dioxide on flame speed
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Figure 3. Sensitivity of laminar flow to trifluoroiodomethane with different volume fractions of carbon dioxide added at dif-

ferent volume fractions
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Figure 4. Peak molar fraction of H- in the reaction of adding different volume fractions of carbon dioxide to 1% volume
fraction of trifluoroiodomethane
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