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Abstract: The combustion characteristics and flame propagation mechanisms in dust explosions
have not been elucidated owing to various problems such as complexity of combustion mechanism
of dust explosions and difficulty in combustion experiments in a gravitational field. Furthermore,
the prevention and mitigation of dust explosions in the space environment have not yet been
considered. In order to overcome these issues and to establish fire safety protocols for dust
explosions, microgravity experiments are extremely effective. To investigate the dependence of
flame speed on dust concentration, we developed a high-speed observation system that enabled
detailed observation of flame propagation and dust concentration. The present front-loading
research investigates the dependence of flame propagation mechanism on dust concentration
during dust explosions by conducting microgravity experiments for lunar and planetary
exploration, and planet residence. The aims of this work are the risk assessment of dust explosion
and development of an energy circulation system that utilizes aluminum powder as fuel.
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Fig.1 Experimental apparatus for drop tower
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Fig.2 High-speed observation systems in parabolic
flight and drop tower experiments.
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Fig.3 Time histories of mean particle distance and
mean particle speed.
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Fig.4 Images of instantaneous velocity, dispersed
particles, flame behaviors during dust
explosion in microgravity environment.
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Fig.5 Flame speed as a function of mean particle
distance.
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