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5. A Computational Verification for Deflagration Blast in Open Space

by Teruhito OTSUKA*

Abstract; When the speed of energy release, such as the flame velocity and expansion speed, is much greater
than the ambient sound speed, such as in a high explosive's detonation or a detonation of unconfined vapor, all
released energy is concentrated on the shock surface. Therefore, the Sachs’ scaling law could well explain the
effects in these cases.

However, it requires an enormous amount of energy to initiate the detonation of an unconfined vapor cloud and
air mixture, and this is unlikely to happen. The greatest difference between a high explosive explosion and
gaseous deflagration, is the burning speed which contributes to the generation of a blast. In the case of a vapor
cloud deflagration, the burning velocity is not fast enough to apply blast theory. The TNT equivalence ratio is
typically used for fixing this difference. There is arbitrariness about the TNT equivalence ratio because of an
uncertainty of the burning velocity. In addition, some reports include all vapor and gas leakages in the blast
estimation. Therefore, they also included the vapor and gas that leaked during the early stage, and were thinned
to be lower than the minimum explosion concentration by diffusion. This makes the TNT equivalence more
unclear.

In this paper, it was simulated that the hydrogen-air mixture deflagration with k-¢ and Eddy-Break-Up as
turbulent and combustion model. The simulation showed that the small differences of the ignition delay give the
large influence to the energy estimation, almost 10 times without considering burning velocity variance which
leads to the low reproducibility of the explosion experiments.
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Fig.1 Experimental Set-up by Saitoh et.al.
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Fig.2 Mesh condition for calculation.
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Fig.3 Calculation of mixture diffusion and flow sequence caused by latex rupture.
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Fig.6 Sachs' scaled overpressure and balst curves estimated by Eq.(1) with (a)E=35.6kJ,Mf=0.125,
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