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Abstract —Severe dust explosions occurred frequently in food processing industries and explosion damage increase
by flame propagation in pipes or plants. However there are few fire explosion data available due to various powder char-
acteristics. We investigated the characteristics of ignition and explosion on sugar, cornstarch and flour dust with high fre-
quency accidents and high social demand. The measurements showed the median diameter of 27.56, 14.76, 138.5 um
and ignition temperature has been investigated using by thermo-gravimetric analysis (TGA) and differential scanning
calorimeter (DSC). The maximum explosion pressure (P,,) and dust explosion index (K,,) of sugar, cornstarch and flour
are 7.6, 7.6, 6.1 bar and 153, 133, 61 [m-bar/s], respectively. The flame propagation time in duct was calculated in order
to evaluate the damage increase due to flame propagation during dust explosion. The explosion hazard increase due to
flame propagation was higher in the order of sugar, flour and cornstarch dust.
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Fig. 1. Median diameter and particle size distribution of samples.



Table 1. Median diameter size of samples

Median diameter,

Samples d10 [um] d50 [um] d90 [um] D, [pum]
Sugar 4.65 27.56 85.37 27.56
Constarch 9.43 14.76 22.95 14.76
Flour 26.67 138.5 765.5 138.5
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Fig. 10. Development of sugar dust flame in spherical vessel.
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Table 3. Maximum flame propagation velocity in food dust explosion

Samples MedianBSize Dust Conce}ntration Max. Flame velocity
[¢/m’] [g/m’] [(V)l> [m/s]
Sugar 27.56 2500 21.0
Constarch 14.76 2000 8.5
Flour 138.5 2250 10.3

Table 4. Prediction of flame propagation time in duct length of 30 m

Dust Concentration Max. Flame velocity Flame propagation

Samples [g/m’] (V) [m/s]  time[T,], [s]
Sugar 2500 21.0 14

Constarch 2000 8.5 3.5
Flour 2250 10.3 2.9
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P, : explosion pressure [bar]
P, : maximum explosion pressure [bar]
(dP/dt),, : rate of pressure rise [bar/s]
(dP/dt),,,, : maximum rate of pressure rise [bar/s]
Ky : dust explosion index [bar-m/s]
\Z : flame velocity [m]
Vo : maximum flame velocity [m]
T, : flame propagation time [s]
de : length of transfer pipe or duct [m]
t. : combustion time of dust particles [s]
t, : flame arrival time to vessel wall [s]
r : radius of spherical explosion vessel [m]
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