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Abstract 
Dust explosions involve rapid combustion of fine combustible dust 

particles whose intensity depends on the fineness of dust particles. Dust 

explosions affect the safety aspects of vital industries and sectors of a country 

including agriculture, food processing, coal mining, defense, plastic, wood and 

other materials processing, and pharmaceuticals. In these industries, various 

unit operations like storage, grinding, and transportation and pneumatic 

conveying are susceptible to dust explosion hazards. Of specific interest are 

dust explosion hazards in defense sector, which are encountered mainly 

during processing of propellants and explosives. 

Proper understanding of dust explosion phenomena is necessary for 

design of any preventive or protective system for this hazard. Traditionally, 

dust explosion related safety parameters have been used for these purpose 

which are determined as per international standards by experiments 

conducted on small scale laboratory units such as Siwek 20L apparatus (for 

estimation of minimum explosion concentration, maximum rate of pressure 

rise, etc.) and a limited number of large scale experiments. In addition, 

mitigation techniques are required (for the eventuality that the explosion 

actually occurs), which are as of now based on correlations or 

phenomenological models. The applicability of such correlations or 

phenomenological models is limited to events similar to experimental 

conditions (size, geometry, turbulence level, ignition point, etc.), and 

realistically, only in simple geometries. Dust explosion experiments in actual 
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process plant are rarely performed, due to the prohibitively high cost and risk 

involved. 

The present study is motivated by the possibility of using computational 

fluid dynamics (CFD) as a platform for integrating the particle-scale dust 

combustion phenomena with the "dust" explosion, which is a macroscopic 

event. This should address both the physics as well the geometrical angle to 

the problem. This has been achieved by treating the dust explosion as a two-

scale phenomenon. At particle scale, single dust particle ignition and 

combustion has been modeled rigorously incorporating all transport effects. At 

cloud scale, the "dust cloud" has been treated as a mixture continuum and its 

time and three-dimensional space evolution has been modeled. The aim of 

this research work was to understand the interrelationships between 

parameters characterizing dust explosions, which would provide pointers 

towards methods to prevent and mitigate dust explosions. Together with 

parallel experimental efforts, this can serve as a toolbox for directing safe 

design of equipment as well. 
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