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An Experimental Study on the Ignition of Dusts behind
Reflected Shock Waves
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Abstract

In relation to the dust detonatians which have imposed severe damages on the industry, the
ignitability of various dusts has been investigated on a horizontal shock tube in this study. By
using a newly designed air injector, very well-distributed clouds could be obtained. The proper
reflected shock conditions have been generated by placing a reflector 1. 5cm behind the air injector,
which reflected the incident shock wave. The incident shock waves in tho range of Mach number
2.8~3.3 created the postreflected shock temperature of 1200~ 1600K. Experimentally the ignition
delay was defined as the time interval between the arrival of a reflected shock wave at dusts
and the detection of visible light. Measured ignition delays of dusts investigated were located
lower than lmsec under the above conditions. These values are one-order higher than those in
the incident shock wave condition. In this type of ignition process the following three processes
are considered to play important roles; heating of a particle, generation of volatile gas by
endothermic devolatilization process, and its diffusion from the particle surface and the formation
of stoichiometric mixture with oxidizer.
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1. Firing switch 8. Pressure transducer 15. Helium tank
2. Wave form generator 9. Light detector 16. Oxygen tank
3. Pulse generator 10. Pressure switch 17. Spark generator
4, Indicator 11. Counter 18. Lens
5. High voltage pulse generator 12, Oscilloscope 19, Camera
6. Flange connector 13. Vacuum pump
7. Injector 14. Reflector

Fig. 1 Experimental setup
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Fig. 2 Air injector schematics
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Table 1 Dusts investigated

Substance Particle size range(um)
Coal 53~74
Oats 53~74
Corn starch 53~74
Flour 53~74
Wheat 53~74
Lycopodium Less than 34
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Fig. 3 Magnified pictures of dusts investigated
(a) coal (b) corn starch
(¢) wheat (d) lycopodium

Fig. 4 Interaction of a shock wave with a cloud Fig. 5 Typical oscillogram for lycopodium dust
of 53~74 micron coal (Mach number 3. 19) (Mach number 3. 22)
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Fig. 6 Ignition delay data measured in reflected
shock condition
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Fig. 7 Temperature variation with time inside 53
micron coal particle along the radial dire-
ction under reflected shock condition created
by incident shock wave Mach number 3.5
(Time is increasing upwards)
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