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Dust Explosion and Fire Hazards in a Wood-Dust Collecting
System

by Toei MATSUDA® and Michio NAITO*

In many woodworking shops, dust collecting systems have been installed for the purposes of environ-
mental aspects, use of wood dusts as a fuel in the furnace and so on. The hazards of wood-dust explosions
and fires in the systems, however, have\t{ot always been appreciated, partly due to the recognition of the
wood dust as by-products or wastes among wood workers. If flow velocities in the duct are kept as high
as practical, then the time of exposure of dust particles to an ignition source is minimal, and the possibility
of ignition is minimal. On the other hand, the hazard of flame propagation and acceleration in the coal
mine galleries under initial static conditions have been reported in many publications, but the effect of
air currents on the dust explosibility is not well clear in the ventillating duct system. Wood-dust explosion
propensity in pipeline was then examined in relation to the installation of protective measures in the
collecting, or pneumatic transport systems.

A full scale pneumatic transporting system was employed with steel piping of 3 in. and 4 in. diameters
(Fig.6-1 ). The ignition sources for the dust flow were an explosion flame of acetylene-air mixture, near-
stoichiometric composition, or a continuous induction spark. A unit bag filter with explosion vent was
used as a receiving hopper in order to see whether safe explosion venting could be achieved in the case
of the flame ejecting from the high speed flowing pipe.

The result for an effect of conveying air velocity on explosibility limits of a wood-dust/air mixture
is compared with that of a coal-dust/air mixture, and Essenhigh et al® (Fig.6-3). At an air speed of 15
m/s, the range of explosible concentrations agreed closely with the result of Essenhigh et al in spite of
different conditions (2 ” pipe ) and a different type of dust (coal-dust ), but the flame was not éxtinguished
at the higher conveying velocity of up to 40 m/s with the gas ignition source. From those comparison,
flame extinction by velocity and concentration is estimated to be affected by the power strength of the
igniting source : with a small source of ignition such as a spark, the critical air velocity, above which
flame was no longer propagated at any dust concentration, could be given for the dusts used, but if a
.severe ignition source is present, then a wider range of explosibility limit would be obtained at conveying
velocities higher than the critical one. The lower explosibility limit seemes to be scarcely affected by
increasing the air velocities.
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The extinction mechanism has not been well understood, but the higher mixing of cold unburned dust
flow into the flame zone is expected to prevent the ignition and subsequent flame propagation with
increasing turbulence. Above the critical air velocity, the dust flame formed in contact with the severe
ignition source, would not have enough time to be extinguished by the higher conveying velocity and
insufficient mixing of cold dust flow.

Average flame speed were measured along the pipeline with photo-transistors (Figs. 6-4and 6-5). It was
generally found that the flame was propagated initially in a more or less rapid acceleration and then
gradually decelerated to a velocity such that the flame was conveyed by the dust flow into the filter unit.
We may suspect that the decreasing flame speed could be attributed to the condenced dust concentrations
ahead of the flame zone, in the turbulence flow.

The maximum pressure for venfed explosions in the filter unit was as low as the static bursting pressure
of the vent cover, 0.08kg/crr. The capacity of the bag filter was 1.3m?, and the vent ratio ( area of vent/
volume of vessel ) was 0.56°%, and relatively large compared to the value recommended for a bag filter
by Bartknecht.® A fireball of 3.5m maximum diameter was formed outside the dust filter unit on the
explosion venting. All the combustible materials should be removed from the danger space relevant to
the openning of explosion vents. A continuously burning flame was maintained at the mouth of the inlet
pipe of the filter unit, unless the dust flow was cut off immediately after the explosion.

A glowing cigarette-butt and grinding frictional sparks were introduced into the dust flow pipe as the
practical igniting sources. The cigarette-butt, which came to pieces in the flow, caused smouldering fires
in the filter unit, but the frictional sparks were mostly coold in the pipe.

In general, wood-dust collecting system are operated under high flow speed and relatively low dust
concentrations, and then it is concluded that they have the hazards of wood-dust explosions and fires,
which could propagate instantaneously throughout the system by the presence of high flowing air, even
in small duct systems.
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screw feeder
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rotary valve
feeder nozzle
igniter
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. bag filter

8. dispersing plate

9. filter fabric

10. explosion vent
11. dust receiving container
12. reverse air cleaning unit
13. ventilating blower

Fig. 6-1 Experimental arrangement
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Fig. 6-5 Variation of flame speed ratio in test
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Smouldering spots in the dust
receiving container, formed with a
glowing cigarett-butt.
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Photo 6-6 Producing the grinding frictional
sparks as an ignition source.
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