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Dust Explosions in a Cyclone System
by Toei MATSUDA** and Toshihiro HAvASHI**

Abstract ; Dust explosions in industrial plant can occur in various process units, such as hoppers,
dust coliectors and ducting. Cyclones are the most widely used industrial dust collectors for
separating dust and air from solid-gas streams. Some engineers recognize that dust explosions
might be avoided in a cyclone, which is employed usually for the collection of coarse particles
with spiral flows. Larger vortex in a cyclone, however, will be expected to increase a burning
rate of dust suspensions. To assess the dust explosion hazards, some experiments were carried
out in an industrial scale cyclone system.

The cyclone plant consisted of several units, as shown in Fig. 1, and the explosion pressures
were released through the vents on the quenching box connected to an outlet ducting from the
cyclone. The cyclone vessel, of volume 0.32 m®, was constructed to withstand much higher
explosion pressures than those anticipated, and was situated on a dust settling chamber of volume
0.15m®. The air velocity was measured in the inlet duct to the cyclone, and dust concentration
was given from the amounts of the air flow and the dust supplied. The ignition source was a
small amount of Al and Mg powders mixed with barium nitrate and barium peroxide. ABS-resin
dust and ethylene—vinylacetate—copolymer‘(EVA) were used as fuel, which were of industrial
grade with average diameters of 183 ym and 42 um, respectively (Fig. 3).

The first series of tests were to measure explosion pressures in non-vortex dust suspensions
in the cyclone without driving an exhaust fan. For the static tests, dust was dispersed through

« two perforated tubes by the aid of high pressure air (Fig.2). The maximum value of the
explosion pressures was 145 kPa, obtained with variations of dust quantities up to 300 g (Fig. 8).
Comparison was then made between the pressures in dust explosions and in methane-air
explosions in the cyclone without turbulent flows. For the static gaseous mixtures, a maximum
pressure of 202 kPa was observed in the cyclone when explosions were vented into the duct system
with two venting doors on the quenching box (Fig. 14).

Further tests were carried out while the fan was working. - The flowing dust-air mixtures
were ignited at position X1 in Fig. 1 and the explosion flames were propagated into the cyclone
vessel. Variations of explosion pressures in the cyclone with dust concentration are shown in

- Figs.17 and 18, at air velocities of 5.2, 8.3 and 13.4 m/s. An increase in the air velocity made
slightly higher the explosion pressures for two kinds of dust tested (Fig. 19), yet the maximum
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On the other
hand, the data obtained fr9rn time measurements between ion-gaps showed that the apparent
flame speed in the cyclone remained in some 10 m/s (Fig. 22). The flame detectors showed that
explosion flames were seen both in the inlet and outlet ducts, and fire balls were often formed
outside near the mouth of the dust feeding duct. On these observations, any data have not been
given for the effect of vortex formation on the explosion to be much serious in the cyclone.

A working cyclone causes vortex flow, in which dust is concentrated close to the wall. These
turbulence and concentration gradient show the conflicting effects on dust explosion hazards by
each other. Palmer (Refs.4 and 5) cited only a fraction of the volume of the cyclone being
filled with an explosible dust suspension for a probable explanation of the low pressures in
their closed cyclone plant. For the cyclone in the present work, it seemed that the reduction of
explosion pressures would be explained as the results of effective explosion venting and
compulsive suction of the explosion flame towards the fan. Unless appro_priate vents were

pressures attained were lower than those observed under the non-flow conditions.

provided. with, explosion flame could be markedly intensified by the action of the fan.
Keywords ; Dust Explosion, Explosion Venting, Cyclone Separator
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Fig. 1 Scheme of the experimental cyclone plant.
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Fig.2 Scheme of the dust dispersion system.
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Fig.4 Pressure-time traces with light transmission for EVA dust explosions in the cyclone
system with two vents, by dispersion method (numerical values in each record are the
ignition delay time and the dust charge).

DECEICL D EVAR U ADBRENET
T, ¥ U ANNBERSOBERHAE ¢ KM o gﬁ
KEbETHB, NBEARORFERIEY A 70> E 2001
BEBAOHUAOSEIMAE, $k, TORBIHE £3
MK EORBEERT 5, WHAOERH S K & % 100k
FEORBEE TORMIIEZ, 4 v—TRELLEKEN zz
B e T L —B L7, Z_z:f E 0 S l B
EKENEEEELESEZENEZ, YA 70 EFE z 0 100 200 300

RO U ADSEEIED & S K EDE X TORE (LA
F, [BEEZEIENL] WD) 2E25Llbb, B
JORNBERHS 100~250 ms 2 BTk, EEEKER
DOEHEX Fig. 5 WRT & 5 B KB & ELpIRE
Bichy, FBEOENITEE SN TWS, BXENEF
BE% 50 ms iBE L2 BEiE, B UADIBLHER
EhEnI bt HAENRBT AERELY, REE

Ignition delay time set by timers (ms)

Fig.5 Relation between ignition delay

time set by timers and real igni-

tion delay observed, in dispersion
method. :
BRENRRE (51 v—REHE) &
REEEN

Light transmission (%)



Y4 70 By 58 CABRROBERYE

KEBNIZY uTh B, Fig. 5 DBEBOIMEL 5D S
X212, ZODERTIEH 70 ms AT OB KB/
BECRERDOFERICRD L HOND,

EXENEEZ2ELTHRE, RELIZGCAD—I
BILrHBInNEwdI bIzBEKT B LIERY, %
DEE BLAER) TOBRRKBREMNGELZVIED
DTi L, SEOBKEICHES B EIERSTE S
h, ¥z, BKENEBBRET EhISEE BT
AD—ERZESBELCLES DT, BREHIERI
DIEL BB THB5,M>T, DABHLAEKIHLT,
BRBRENDE LN 2REDE CENRHLEET
BErFHEND, —F, ZOSEGETRSBICHES
TEER CARENSER SN, ELhOoBRERIEX
BNEEOEWIE RS W, BFHEORRE EHIKA
BeBdTsaond, oD ehd, HXE
NS IS W L S TR RBREABEIND &
Zzoni,

KEBERICINE, WThoBLARDWTS, &
CAED 100 g Dk & IZBFHESIRREL 2 B EMIX
H3HDD, ¥UAEELBRENOMICIIERE2HE
REHE P o7 (Fig. 6 28), ‘

Fig.612ix, X D EVABUCAEBKDWT, EEE
KEBREYA 70y BRAOBEESN (BIESP5 O
Bt rt, (8B, ¥4 70 ryFEAOTEOHEIER
P4 B 2BRENIBFBAOZTAEIZEALEFLL,
HORBEORES P2 DBEFHEEND 1.5~2.3 5Th
S5T2 ) Hpbb» s & 5T, EEEKENIH 100 ms

10060, o & EVA dust Dust charge (g)
- . 0100
< g0k a® 150
i @ o a 180
=< o A 210
g 60 | 0 240
3 A m 270
f'f wl ° o © 300
& ° A
@ %
>
& 20} o
0 1 ) { i 1 ]
0 100 200 300

Ignition delay time (ms)

Fig. 6 Effect of ignition delay time on explosion
pressure attained in the cyclone system for
EVA dust, by dispersion method.
FEEOB T BB KENRERE (REEXEN)
LBREHOBR

—129 —

EVA dust

Dust charge (g)
0100

4180
4 210
O 240
< 300

100

50

20

Overpressure (kPa)

101111 !
50 100 200

}
500
Ignition delay time (ms)

Fig. 7 Effect of longer ignition delay time on explo-
. sion pressure attained in the cyclone system,
for EVA dust.
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Fig. 8 Relation between explosion pressure
attained and maximum rate of pressure rise
in the cyclone system for ABS-resin dust,
by dispersion method.
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Fig.9 Relation between explosion pressure
attained and maximum rate of pressure rise
in the cyclone system for EVA dust, by
dispersion method.
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Fig. 11 Typical records of explosion pressure and light transmission for ABS-resin dust in the
closed cyclone vessel, by dispersion method.
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Fig. 13 Characteristics of methane-air explosion in the
closed cyclone vessel.
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Fig. 14 Explosion pressure of methane-
air mixture in the vented cyclone
vessel.
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Fig. 15 Typical records of explosion pressure and light transmission in the cyclone

system with a fan operation.
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Fig. 16 Pressure traces in the cyclone system with or
without the larger vent V1, for ABS-resin dust
explosions.
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Fig. 17 Effect of ABS-resin dust concentration
on exolosion pressure attained in the
cyclone system with a smaller vent V 2.
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Fig.21 Typical trace of flame propagation in the cyclone
system detected by the use of light-sensing diodes
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