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Influence of Turbulence on Dust Explosion in a Closed Vessel

by T. Matsuda*

Abstract; In recent years there has been a tendency to use new kinds of combustible dusts as
materials in higher advancement of technology, without full investigation of their explosion hazard
properties. Testing of dust explosibility is needed for safety in processing plants of combustible
dusts. Turbulent flow motion is often inherent in a dust-air mixture in closed explosion testing
bombs. The explosion data are imfluenced with turbulence intensity.

Experiments have been carried out to assess the influence of turbulence on the explosion
pressures and maximum rate of pressure rises in a 419-/ closed near-spherical vessel. Dust was
dispersed through two perforated semi-circular tubes with air blast. The tubes were connected
to dust chamber then via a solenoid valve to an 888-[ compressed air reservoir charged to 10
bar. Cornstarch and two other chemical dusts were used as the fuels. Ignition source was a
chemical ignitor whose energy was easimated to be about 5k]. After placing the dust in the
chamber, the outlet tube of the dust chamber was sealed with a 0.05mm Al-foil and then the
vessel was evacuated to the pressure corresponding to the air discharge time. The air discharge
brings the pressure back to the 0-bar(gauge) in the explosion vessel.

The wvariables in forming dust clouds and ignition are the air discharge time for dust
dispersion and the delay time to ignition from closing the discharge valve. The time delay
between discharge and ignition controls the turbulence level at the time of ignition. Figs. 3 and
4 show the optical transmission traces with pressure-time curves, illustrating a relatively good
uniformity after a short dispersion pulse. Fig. 5 shows the variation of the maximum rate of
pressure rise with the time delay between discharge and ignition for comstarch-air mixtures.
The influence of turbulence intensity is found in that the maximum rate of pressure rise
decreases sharply with rapid decay of dispersion turbulence. However, the decay of the explosion
pressure with increasing time delay is much slower for the dust concentrations between 500~600
g/m’ (Fig. 8), indicating good distribution of the dust for the shorter time delay.

To assess the relative hazards of a dust-air mixture, Ks value has been accepted in various
countries. The K value is the maximum rate of pressure rise scaled with test volume. The
standard method to determine Ky values in a 1-m® has been established in ISO-6184”. To have
the same Ks values as those with the ISO, a time delay of T0ms is needed in our vessel with the
ignitor currently used. Further experiments with some other dusts were continued to match the
results for the standard, on search of turbulence level of the mixtures. The present data are
compared in Table 2 with those reported by others, showing a fairly good agreement of the Kg
between them irrespective of their different detailed structures of turbulence.
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These data for the cornstarch dust from the present experiments are also compared with those
of others (Figs. 9 and 10), although the particle properties of the each cornstarch would be greately
different.
Bond et al® in 333- sphere vessel, but the Ky value is the highest for the present data among the

The present data for the explosion pressures show quite good agreement with those of

The comparison suggests that the K« value does reflect
Although
it will be possible to produce reproducible Ky values for a given dust in different methods, it is not

values from different investigators.
turbulence level of the mixture even in transient flow when the dust is in full dispersion.

clear whether the turbulence level in determining the Ks value of the mixture is pertinent to evaluate

the explosion hazard of combustible dusts for industry.
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Table 1 Properties of the dusts.
U A
Mean diameter, 4 m Specific surface
Dust 2
dv dw ds area, cm'/g
1. Cornstarch 26 28 20 4,063
2. BTA
(Tinuvin320™) 16 22 10 7,356
3. PTP
(IrganoxlOlO*) 33 39 12 6,492

* Trade name

dv=volume mean diameter
dw= mass mean diameter

ds = surface-area mean diameter
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Fig. 3 Cornstarch dust dispersion and ignition for

concentration of 300 g/m3 with dispersion time
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Fig. 7 Variation of explosion pressure and maximum
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Fig. 8 Variation of explosion pressure and maximum
rate of pressure rise with time delay to ignition
for dust-air mixtures at concentration of 600
g/m3 and dispersion time of 250 ms.
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Table 2 Comparison of present results with reference

data.
dust reference | APmax(bar) Ksi (bar+n/s) | remarks
cornstarch present 7.8 209
n 9.3 200 V=1di,
d=Tgm
D 8.9 194 V=1ni,
d<10¢m
BTA present 7.7 261
(Tinuvir(;) * 8 7.6 263 V=1nf
9 7.7 292 V=1nf
10) 8.1 263 V=0.02nt
PTP present 7.2 165
(Irganox 9 6.3 144 V=1nf
-1010)
10) 7.7 160 V=0.02nd

V : Explosion vessel volume,
d =particle mean diameter

# Trade name
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