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Explosion Characteristics of Flammable Gas-Dust Mixtures
—Explosion of Hydrogen-Cornstarch-Air Mixture—*

by Toshihiro HAYASHI**, Toei MATSUDA** and Hidenori MATSUT**

Abstract: There have been many reports on explosion characteristics of either flammable gas,

vapour or dust. However, explosion hazard of lammable gas mixed with flammable dust, or hy-
brid mixture, has not been well understood yet. With the advancement of techniques in pulver-
izing solid materials and with the increase of powder handling processes, the hazard assessment
and the establishment of preventive method for explosions of these hybrid mixture will be more
important from the viewpoint of industrial loss prevention. ,

This report describes,as the first step to the study of hybrid mixture explosion, the effect of
cornstarch powder content on such explosion characteristics of hydrogen-air mixture as maximum
attainable pressure and pressure rise rate. Explosion tests were carried out in a 23-liter cylindrical
vessel, in which a required mixture of hydrogen-air was filled; cornstarch was blown up from the
bottom of the vessel so as to produce a dust cloud, by means of a pressurized gaseous mixture
with the same composition as in the vessel. Cornstarch-air and hydrogen-air mixtures were also
ignited at the center of the vessel by a red hot wire, and the results were compared to those of
hybrid mixtures. ‘

The maximum explosion pressure of cornstarch-air mixture was found comparable to that of
stoichiometric hydrogen-air mixture. Cornstarch dust dispersed into rich hydrogen-air mixture
gave decreased explosion pressures as the increase of dispersed mass of dust. For the stoichio-
metric hydrogen-air mixture, dispersion of dust gave slightly higher explosion pressures probably
because of a partial contribution of thermal decomposition of dust. On the other hand, explo-
sion pressure always increased when any amount of dust was dispersed into lean hydrogen-air
mixture. Effect of dust dispersion on the maximum rate of pressure rise showed a similar trend
to that on explosion pressure. In this case, however, no hydrogen-cornstarch-air mixture gave a
higher pressure rise rate than that of stoichometric hydrogen-air mixture. From a viewpoint of
explosion safety in industries, one of the most hazardous situation was found in the mixture of
smaller amount of hydrogen and cornstarch, which gave relatively higher increasing both in ex-
plosion pressure and pressure rise rate. Calculation trial for explosion pressure of hybrid mixture
showed the importance of reasonable model of combustion and efficiency of dust combustion.
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Fig. 2 Effect of ignition timing on explosion process of
cornstarch-air mixture.
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Fig. 4 Explosion pressure of cornstarch-air mixture.
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Fig. 9 Maximum rate of pressure rise for explosions of
hybrid mixture.
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