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Abstract: In order to avoid damages caused by the explosion of combustible premixed gas in confined space, it is vital to
make accurate explosion overpressure prediction in anti-explosion design or daily safety management. Based on the
experimental data in literatures, this paper firstly constructd the prediction model of explosion overpressure based on the
smooth and laminar flame propagation theory, and then points out it failed to accurately predict the explosion of large-volume
confined space. Subsequently we analyzed the instability of flame propagation in large-volume confined space and its resulting
frontal wrinkles and turbulent combustion, which greatly increases the surface of the flame front and exhibits self-similar

fractal characteristics during flame propagation. Based on the fractal combustion theory and relevant empirical data, we further
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construct the explosion overpressure prediction model for flammable premixed gas explosion with considering flame wrinkling
and turbulent combustion. At the same time, the experimental results are compared. The results demonstrate that the relative
errors of experimental and theoretical calculation are 10.4% and 11.1% respectively when the volume of confined space is
large, and the peak pressure is estimated by using the explosion overpressure model based on the flame propagation theory of
wrinkling and turbulent. The errors are reduced 72.3% and 50.6% than that of the smooth and laminar flame propagation
theory explosion overpressure model. The theoretical model established in this paper is in good agreement with the
experimental results, and it can meet the needs of structural explosion-resistant design or daily safety management to a certain
extent.

Keywords: laminar flame; turbulent flame; explosion overpressure; predictive model
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Table 1 Experimental conditions

SIH AR A TR b/% R Y/m? IR T/K Wk % 71 Py/MPa S,/(cm's™)
1 CH, 10.0 0.12 298 0.1 37
2 CH, 10.0 3.80 294 0.1 35
3 H, 30.0 0.12 298 0.1 273
4 H, 29.5 6.37 373 0.1 434
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Fig. 1 Overpressure time history curve of CH,/air mixture gas explosion
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Fig.2 Overpressure time history curve of H,/air mixture gas explosion
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Table 2 Peak overpressure of experimental and theoretical calculations
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Fig. 3 Diagram of explosion flame propagation
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Fig. 4 Flame propagation velocity time history curves
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