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7. Full-scale experiment on dust explosion venting*

by Masaaki YASHIMA**

Abstract: The technical recommendation for explosion venting of revised edition, NIIS-TR-NO.38 (2005), was
published referring to NFPA68 (2002) mainly in June, 2005 in NIIS. A full-scale experiment was planed with the
purpose of verification of vent area and flame length for dust explosions based on the technical recommendation.
In addition, it was planed to obtain a useful knowledge on the protective measure to the circumference. In the
experiment, 4 vessels (0.2, 1, 6, and 20 m?) and wood powder (particle size; 8.8 « m) were used. In the
measurement, the following were examined: internal pressure of the vessel, propagation velocity of the flame in
the vessel, velocity of dust cloud ejecting from the vent opening, flame length, sound level. Results are as
follows.

(1)Although the experiment using the vessels of 6 m* and 20 m? were carried out, the experiments using the
vessels which exceeded 1m? was for the first time in Japan. In the experiment on 6 m?® vessel, the experiment
was perfectly controlled.

(2)It was found that the length of the flame which ejecting from the vent opening was shorter than that in the
technical recommendation.

(3)The calculation formula of vented area on dust explosion in the technical recommendation is seemed to be
appropriate. However, in the workplace, maximum explosion pressure (P, ) and explosion index(Ks; )on
handling powder are carefully evaluated, and the technical recommendation should be used.
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Table1 Experimental condition
FEREMH
Vessel Explosibility Vent Number
Vessel |Shape, |Dust Maximum | Explosion | Vent Reduced | Ventareain | Vent area of | Location | of trials
volume, |Length/ |concen- |rate of index for | opening |pressure, | calculation, | installed | and number
[m3] Diameter,| tration,C | pressurerise | dust pressure, | Pred,0 Avo[m2] | vent cover, | of
L/D (g/m3) | measuredin | explosion, | Pstat in A[m2] | vent cover
20L measured in | [kPa] calculation
spherical | 20L spherical [kPa]
closed closed
vessel, |vessel,
PmaxkPa] | Kst[X100
kPa * m/s]
0.2 | Cube, 250 820 90 10 10| 0014 | 0.026 |Horizontal 3
1 surface, 1
1 | Cube, 250 820 9 10 10 |  0.081 0.3 | Horizontal 1
1 surface, 1
g |OVlinder, 250 820 9 10 25| 0.136 0.2 | Vertical 2
1.58 surface, 1
20 |Cylinder, | 130" 820 <) 10 20 | 1542 1,62 |Horizontal 1
and
2.57 (at (at vertical
— 3 = 3
C=250g/m?) | C=250g/m3) surfaces,2

*In the 20m> vessel experiment, there was a trouble in which the powder did not dispersed from the dust reservoir, and the
concentration of the dust cloud was small. By the measurement of remained dust after the experiment, the concentration of the

dust cloud was 130g/m?>.
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Photo 8 2 liter dust reservoir
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Photo 9 Aspect of explosion venting in 1m3
vessel(still photographed)
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Photo 10 Sequence of explosion venting in 1m?3
vessel ( photographed by camcorder )
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Opened vent cover (after explosion)
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(a) Before (b)After

IRFER] RER
Photo 13  Aspect of explosion venting in
Photo 12 Vent cover of 200mm diameter for 0.2 m® vessel 6 m3 vessel ( still photographed at
0.2 m*BZEAHD200mmEDN > K H/IN— observation point 2).
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Photo 14 Sequence of explosion venting in 6 m® vessel ( photographed by camcorder) (picture is every 33
ms from left to right.)
MABHICH I EREE (EHH5AICIBmMsZ &)

(a) Before . 7 (b)'Af.ter
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Photo 15 Vent cover of 400 mm X500 mm for 6 m3 vessel.
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Photo 16 Aspect of explosion venting in
20 m® vessel (still photographed
at observation point 2).
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Photo 17 Sequence of explosion venting in 20 m3 vessel ( photographed by camcorder)
(picture is every 33 ms from left to right.)
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Fig.4 Pressure variation in vessels.
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Table 2 Characteristic time for pressure curves
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Fig.5 Movement of dust cloud ejecting from vent
opening.
(Note : Experiment on 0.2 m3 vessel in the
figure and experiment on figure 4 are different.)
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Fig.6 Movement of dust cloud ejecting from vent opening
in 6 m3 vessel.
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Fig.7 Detection of flame by optical sensors installed

at 3 places in 6 m® vessel.
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Fig.8 Movement of dust cloud and flame in 6 m? vessel.
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