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Flame Propagation Characteristics of Flowing Dust-Air Mixtures in a Tube

by Toei MATSUDA

Abstract ; Dust explosion and fire hazards should be taken into consideration in the design and
operation of industrial pneumatic conveying systems accociated with combustible dusts.

This paper describes flame propagation characteristics of flowing dust-air mixtures in a 4.
2-cm diameter, 13-m length tube of a suction-type pneumatic conveying system.

In the small horizontal tube system, flame velocities were measured as a function of dust
concentration at several conveying air velocities. The dusts studied most extensively are cork
dust and ABS-resin powder. The flame velocities were obtained from the output signals for
photodiodes and they merely represent the rate of leading flame front in propagation, for which
correction was not made at various air velocities. The ignition source situated in the middle of
the test tube length was given by a spark, whose energy was relatively small and at a level from
2 to 3 J, depending on a flow condition.

Apparently there are two types of flames, namely downward and upward propagation.
Figures 2 and 3 show flame velocity versus distance curves at various dust concentrations and air
velocities. Most of the downward expanding flames reach to peak of flame velocity upon ignition.
Then, at low air velocities and higher dust concentrations above~90.2 kg/m?, the flame velocities
are diminished to a velocity such that the flame front almost stopped, meanwhile at the lower
concentrations the flame velocities decrease gradually although the tube length appears to be
short to observe full deceleration of flame velocity in the downstream. At higher conveying air
velocities, the flame velocities certainly decrease with some variation after the peaks, but within
a range of relatively thin dust concentrations, they are re-accelerated towards the dust collector.
In the upstream propagation, flame velocities increase relatively slowly at first and then rather
rapidly, towards an open end of the tube.

The maximum values of the peak downstream flame velocities are given at the dust
concentrations from approximately 0.12 to 0.16 kg/m?® for the ABS-powder, and from about 0.
15 to 0.20 kg/m? for the cork dust with increasing air velocities from 15 to 30 m/s, respectively.
These concentrations are lower than the optimum dust concentration which minimized the
minimum ignition energy at various conveying air velocities. The upstream flame propagation is
only possible within a narrow range of dust concentrations, around that maximizes the downward
peak flame velocity. v,

These dust flame propagation behavior would be partly similar to that for gaseous mixtures
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in a tube. However, the dust flame propagation in this observation is seemingly characterized by
a rapid decrease in flame velocity after initial flame acceleration. Although this could be
explained by a flow resistance at the tube wall due to high viscosity of the flame, the additional
data of dynamic increase in dust concentration before the flame front seem to give another
probable reason. Because of the dependence of flame velocity -on dust concentration, the
increasing concentration in front of the flame will cause a more rapid burning if the dust
concentration is much lower than the actual stoichiometric concentration; this in turn will
increase the dust concentration, and so on. Thus, the maximum peak values of flame velocities
may have been recorded at a concentration on the lower side of the spark ignitable limits. If the
dust density in flows is increased even more, the concentration ahead of the flame will be increased
more than the stoichiometric composition, possibly near to or over the upper limit, resulting in the
collapse of the flame into smouldering particles or in quenching.

Furthermore, turbulent mixing immediately ahead of the flame seems to be responsible for
the variation in flame speeds. The rate of combustion can be considerably enhanced in the flow
with a high level of turbulence. Too much intense of turbulence, on the contrary, may cause
decrease in burning velocity. Such a dual role of turbulence was tentatively and qualitatively cited

to explain the phenomena on the flame propagation in the small tube.

In conclusion, it is unlikely that the flame will accelerate into detonation with weak spark

ignition in comparatively small tubes of pneumatic transportation systems for common organic

dusts.

Keywords ; Dust explosion, Pneumatic transportation, Flame velocity, Flame propagation, Cork

dust, ABS-resin powder.
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Fig. 1 Shematic flame propagation trace and the

corresponding flame front velocity along
the 1Y/,” dia. tube for ABS-resin. Air
velocity ; 20m/s, dust conc.; 0.22 kg/
ms.
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Fig. 2 Variation of flame front velocity along tube length at various dust concentrations and the initial
air velocities of 15, 20, 25 and 30 m/s, top to bottom, for cork dust.
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Variation of flame front velocity along tube length at various dust concentrations and the initial
air velocities of 15, 20, 25 and 30 m/s, top to bottom, for ABS-resin dust.
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Fig.4 Peak downward flame front velocities as a dust concentration for A : cork, B : ABS-resin.
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Fig. 6 Flame front velocity profile for downward
propagation and simultaneous dust probe
traces at arrow-indicated positions along
the tube. Cork : air velocity ; 30 m/s : dust
conc. ; 0.23 kg/m?®
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