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6. Suppression of Dust Flames Propagating in a Duct*
(Quenching with Water Sprays, Wire Gauze and Isolation by Inert Gas)

by Masaaki YASHIMA™*

Abstract : 1t is necessary to conduct protective measures for ignition prevention in powder handling
processes since ignition may cause dust explosions or fires. Moreover explosion protection and explosion
suppression systems are also required so that the damage may not expand even ignition occurs.
Explosion pressure release (vent for deflagrations), automatic fire extinguishing systems and rapid
valves (mechanical isolation and chemical isolation) have been known as equipment to mitigate the dam-
age of dust explosions. The goal of this study is to develop a new explosion suppression system applied
to dust explosions, which relates to the latter two terms of equipment described above. An experimental
study has been conducted to obtain fundamental knowledge on suppression of dust flames in a duct by
(a) water sprays, (b) wire gauzes and porous plates, and (c) inert gas isolation. Lycopodium was used as
a sample powder to compare with previous studies.

Experiment (a): The experimental apparatus consisted of a vertical duct having 200 x 200 mm in square
cross section and 3 m in height, a fluidized bed and a water spray system. Lycopodium
was mainly used at the concentration of 50 g/m3, which is lower than the stoichiometric
concentration for the dust cloud. An infrared sensor was mounted on the surface of the
duct to detect the propagating flames and made water spray with time delay.

Experiment (b): The experimental apparatus consisted of a vertical duct (pipe) having 60 mm in diameter
and 1.1 m in height, a fluidized bed and a mechanical insert system of quenching elements.
Different sizes of wire gauzes with more than 0.46 mm opening and porous plates were
used as quenching elements. In order to examine quenching behavior of the flame, the
quenching elements were rapidly inserted into the duct from horizontal direction before
arrival of the flame at the element position but after a spark ignition was given.

Experiment (c): The experimental apparatus is similar that of Experiment (b) except for the injection
system of inert gas from the duct wall. Argon (Ar) was used as inert gas.
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Principal results are as follows :

(1D For the lean concentration of the dust cloud, some post flames behind a leading top flame which propa-
gated upward direction were observed. It took longer time to quench these flames successively than those
for a single dust flame or a premixed gaseous flame in the same size of water droplet and spray flux. The
experimental results were compared with our previous study on premixed gaseous flames.

(2)It was found that the isolation effect by inert gas on the flame quenching was small unless a long duct,
since the inert gas flows with the flame propagation in the same direction, even if the injection is started
early after the ignition.

(3)Detecting the propagating flame by infrared light and carrying out water spray on the dust flame was
available to quench the flame in a duct.

(4)The dust concentration was changed among 93~280g/m?. In the case of opening of 0.46 mm for wire
gauze, quenching was found to be achieved by piling up plural pieces, though quenching was not done
with a single wire gauze.

Keywords; Dust explosions, Flame propagation, Explosion suppression, Extinction, Quenching,

Extinction limit, Lycopodium
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Fig. 1 Experimental apparatus for flame quenching

by water spray.
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(b) Inert gas injection

Fig. 2 Experimental apparatuses for quenching
distance by wire gauze and for isolation of
propagating flame by inert gas injection.
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Fig. 3 Relationship between wavelength and

relative intensity of light emission by
premixed gaseous flames and dust flames.
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Table 1 Characteristics of water spray.
KIEEDHE
Pressure | Mean Water flux, Velocity of Velocity of gas
Pi. MPa diameter of | qu, g/cm2s | droplet, V,,, | flow induced
water m/s by water
droplet, u m sprays, Vg,
mis
0.39 88 0.078 14.5 84
0.59 79 0.103 23.2 138
0.68 72 0.113 - -
0.83 97 0.135 26.0 140
Sprays angle. 60 deg., Hole diamster: 3mm,
Nominal flow rate of water at 0.69MPa: 5.0 L/min
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Fig. 4 Water flux of spray in duct.
EEBEADKEZERE

DAL TH I L LARESAIEREIZO
FTA, BMETKERMEEFEOLIICHR D, 20/
Z WA DIET O F IR ALK RO KIEHEFEER0 ORI
fEH L7z Ao THEWE R R D> 7272
W, REBRTHMHAT S LITL 7,

3.3 KEFBRRICH T BARGIEOHETF

(1) KEHELOLE

Photo 1 13, %Ehﬁ%ﬁmgm%%ﬁﬁiﬁﬁ
FMOLEDOKERZE LRV EDOKRRIEIEOMKT
Thb, 12721, Wﬁ@ﬁ%izmnmf PRIBEE
MEEIZ—FH L Tnb, TOH U AZREIIAEMIC
Hbo KFE, EHITMBICEMML T2 ETE
ELTWwWaBZEDRbhb, 2OLEDEIETHEER
1.6 m/sTHbo ZDKRIEIFIZBUT B B0 72 kA X
AT oBBEE 2R, BT LTRIET 5 —RKE

t=100ms
S001

Photo 1 Lycopodium dust flame propagating

through dust cloud without water spray
(50g/m?3).
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Fig. 5 Location of the leading flame with time.
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(a)T;=0.5s, Tp=0.5s

(b)T;=0.6s, Tp=0.6s
Photo 2

LV, HIFEP;=0.83 MPa® &t TKRIEH %17 -
7225, Photo2 (a), (b) ZZNZENT;=0.5, 0.6 s
DEFEEDWHREETH 5D (F5H 1L 33 mstH) o
Photo 2 (a) O¥&HIL, BB IV I TOEST
KK EICTHEAL, P LOKERE (0.1s) THREI
5%, Photo2 (b) DWFHEITIE, —RKKEHNHZ
THZOEBZITH  ZRKEPRIEZ /L T
Bo 72721, BIMEBO L THEL . KM A
BINEEN (0.1s) LARFEBRTHEELKHEENLD
HPHCIIMHEDER TE o, BN ZZ 2T
H R 2 TR T A0S, BMERBTE S (T, — 0),
BB M T v &, T TIC L IcEEE
WMBET DI ENbrolzs TE, KEZEIZL-T
FRINLTHANOLE L DT, BLAEINHRK
HTXDBTHICHELSKET 720, ML T
T 5 KR H IR E W U A ZRETUE
W 5L %r0ThHs, Thbh, BENZ
fRIEF 5 KERICH L TR KEoBM#E, I ERERH
(BE4a<10 ms) TKRMEBAHBLARLTH, KEx
HHL LD LT METKERZEZHHET LTIV
2D, LK UAERETIE, Tp=0.5 skh
FETHNITHEE LT COLXDOKEFIZLLEN
OFHM R AKFERE (97 um) OFEEIX, Table1l ®
q,=0.135 g/lem?s &V, =26 m/s X V), 51.9 g¢/m3& 2 %o
72720, 1m3 ZHNICEDLIBEEEOILEZ RFED 5
&, AT K =T75%10814%x107=54% 72 5,
R TREINES L, PORTEIVNSVHBT
DT ) DK & D DN D Bk T EUEZ V.

Quenching behavior of lycopodium dust flames by water spray (from left to right, 33 ms/frame).

KEZBICL2ARTFHUARKDERES)

&

RO X ) A HNEEICHIMELAEZTTH-
Th, BITLTEIET K% (—RKE) OBFHIC
WMOKIE (ZRKE) TS A5, WEEE R R
PHNEBBEDOKEE THRTETIZZEDOKEDINE
kT 5 D bh ol UK - KEE
BEBRELMTIE, 2F v - ZBROTRERNKE L
DHARTRHUEAKRSE (12720, EBTEIAERL
AEREOHR) DIIIDBHELR T VI ENbro
2%, TRKREENET 2O HE R 2 &<
RET D, ThbLbERKEEZZLSTILLENDH S
Loz,

KIEFEDOBEDKRKDEEIZONWT, A ¥ v — 2K
DOFREKKEOLEITE, KEZFICL->T, HEL
nE SFELRKEZICER L, AWICBREE - L
7o0S, HEBEEOR CAKZOEAEIZIZZENITIER
WMEEAT LW ERbh ol 20X BRI
TFRAEKKOBE L IR LHH, T KEMEE
T AR ORBREER T L KBOMEERIZLY, &
i 2 B oz b LThH, L LAKDWRE
ERMDENEZINNZ B0 THILEEZLNLL, L
ML, EBEfTo TV a0WEWER U AREH#PI T,
WS FE K DS RIRBERS CA DB 2 2B 5 2 &1
Ko THEMMAKEZIZERL, MLIREE - I3 500
REEIIRETE R\,

COEBROKER, IR VAV ERIICH
BThHbHIE, KEBHHIZIPLPRELSRET S LE
BH LN, BLAOREZBRFTIEFRASKEDOK
BHEICLZWEREFMROBIIBENTH S Z LD
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%)‘O f:o
3.4 £, ZIARICKZIER

(1) FEBRAS S

Table2 I B 6N EZEHL2DOTH 5,
TR U AEEEE 93,120,280 g/m3lI AT — 225K
KEOILFRmEE Y REIIL 2D 0T, Theth
DOULELTA M, I, #WRMICH L. hBAK
fgecid, HEETEE2HREHICHYT2D0L
L7

Table2 £ 1), 93 g/m3lZoWTC, HBE 1.22 mm
TR LD, 1.6 mmTIEHEE LGP &
Vbbb, 120 gm3lZo>W T, HEHE 0.46 mm®
&M 1 TR E L7208 EHERLILET
WHRDPERTE 2, 280 gm3IZOPWVWTHLHBETH -
2o BMEBERTHOTHRT %A, KRIZEH
DEZIAHTRESN, ZOBTHIZA UmIELEE
T5%5, EHIRE, EWrEETs I i3hro
oo CORE, SWFLEFICH LIRS E1ERL,
RBEICRE D EN EADPHI SN TWE 2 Ebho

Table 2

43 —

725

EHEF O KEDRITHE X, BHUAZRE LN
REFICEIoTHEZLRY, HIZIF, HHEE 1.22 mmd
EHIZOVWTIHET 5 &, 93 g/m3TIiE 1.9 m/sTH
AHH%, 280 g¢/m3 Tl 12.0 m/siZHiET S, F72,
120 g/m3IZOWTHZ &, HEZETOHRME R
WCE o TKEDRIEEEICENARLENELEZ & H
5, EMOFHEICL B[N LN CAREI~DE
BRRENWZEDPHEING,

Proust 520 (I —ZEMEOFEHRZENICHKE L TE
BafTv, I—VAFZ—=FIZ2o0nT, BHLARED
W& & I RIEREATRA, REIZ—EMITEL,
RAAIIZIE 7T mmE VI RRER, ZOflE, 2
¥y - RBRRTUN Y - BR R EDRAAKERDTF
RAEKEIZOWTHSGNA 1~ 2mm& DiFkEN
bOTHb, FREEIKEOYA, HEE 1 mm
D&EMER DL L, ZOREOZIEEIIETE 25,
REBOK UAKEDOYAIL 0.46 mmOEH 1 BT
3 CAKRKRDEIEZIIETE v,

(2) THJ e

Characteristics of flame quenching with wire gauze and porous plate.

S ESFLRIC K BHRIFE

E‘-:-na::ntmlioanmpigmim uenching plate Mumber  Quenching or
lof dust cloud fvelocity Vopening[mm] of the Propagation
[@/m3] [mmus] plate
93 1.9 [Wire gauze : 1.22 | Quenching |
! 165 1 Propagation I
120 18 Wire gauze ; 046 | Propagation
18 i 122 | Propagation
1.6 ¢ 0db 2 Quenching |
6,7 HLUE L 3 Quenching
7.5 |T'ﬂ-rnug plate: .50 1 Propagation
(at space of 0.5 mm, i
thickness 0.5 mm) :i
| 1
| R0 ‘ 1Z2.0 Wire gauze ; 1.22 1 P‘rn[r:lgul:in:m
f 15.0 : 0.46 2 | Quenching
i 2.4 {Porons plate; 1.00 1 | Propagation
i jat space of 1 mm, '
fhickness 0.5 mm)
!
Wire gauze: opening 046 mm (diameter 0.21 mm), 1.22 mm (0.31 mm),

.63 mm (040 mm)



SR 2 AR X T 2 FIRAFKKITBUT 5 Kb
AIFRATRINS33,

d=a- 6 (1)
ZZT, aldPRAEKROBEBEATLOERTH 5,
I, Mg RAEDOFHBLERLET DL,

d=a 2 8/ (Cpg p ¢SL) (2)
TEENDL, §4bb, diZKEDEE L IRBEHE
POHEETE DI LIZHRBH, Hanb2d) 74
WY — 2258 CAKKORE 122, 350 g¢/m3liZBLT
HRKEDESHRENZFN 155, 16 mm, FRBEHEEIC
DVTIRWTRY 40 cr/s® 2, ERX (1) &
(2) LHBMHZIT) &, ERaDMWEHRH 7R ) /HNE
W2l b, TIRAEFKKETIZa DT 2 1THW
L&A 35,

WA ENRDL L THRNERTE L05, ZhiZ
TREAKEDOY G L FET, HREIZEME %
DIEDBREIZHBT 5 E )19, BT AKEDY
&, BT R CABREORDY (BoBEEOKT)
WX DHERPERTELIZTTHLHP, HOMmEE
AMEREBII—HLTVBE LT TIER VO THRY
LHBRIANTIIEMETD 5,

Palmer36) o7 a8y, #R A R % EW RS A
DFRAEEKINH LM% - 72 H RFEBRTIE,
ES2&FFKEVHOD, e LTHEIETIZK
RKOMMITHEEIIRELMMAFT LI LEEZRL TS,
COERIEHEEOHME & DI VEHOEESLE
W 570% &M% 3MERLE 1 HOEELD LY
REDNFEL D, 10 TIE 3HEEDL RV EW
IREREH TV D, WGE LW RYET 2 DR HEH
5, HEE ¢, y & n3EHE LT, KEOKRITH
BEV=1y/(¢") OEMPX%EEZ, MR O
fREeEZ8 L, EBRERL DR TEL0,

V=21.6/¢"° (3)

TZT, VEpOHMITFENREN, [cm/s] &
[em] THY, 21.6 FEBRWIIKDOLNIZD DT,
0.9 WHWE&MoHMX L EZEOL2HE F %1%
¥BcThrb, o2k bE, V=100 cm/sTix 0.18
cm, 1,000 cm/sTIE 0.014 cm& W) filiz REED 5 2
ERTEDLD, INOHDOHEITARERERICEND D
Thbo AMTOREZIFIHBE I L T0IT/ME
W7z, KEDRIEE & HITHTH O RBRBER 713K
KEMUFANIBEHTE, &WORMZEBRTE %,
PRBERL T 23 % Eal 5 2 gE kI T2 d % 7
¥, B L REER T2 X o TEMEROR T2
KT BHZET, RKEVEEZMET LI 0D D,
L2L, ARTONE, 4 OR T OWREER D
{®, ZFOT LT, ML T BIZH O RRSE
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RAIZAE K §2H 2 DLV ARFHLEADK
ROWLIITREKEDZNEZRL LD, &~
DBALEDN DT D ETFREKFKERL X ) IZHHTT
EHTehbrsd (WEREH). LaL, HRBERRH
BRVRF ORI, BBEL 205 &MOBM %
Wi, &K LITEMEYD S,

3.5 [EBEEERE

(1) FEBRAE R

VX v EMUAERBICT VT VT AR —ER
WIS L 720 B CAREE 120 gm3licBnwTid, ¥
v 7L A OEBBRIGS S 0.12 sBISKIEHRE
WX DAEKL, 1 sHEF 2 L7z, EBROMRE,
COBMLAZREIZBVWT, TAOESREZ 1.6 2
543 L, Thbb o0l RIOOFYEES 35
~ 94 m/sETELEEZDDOD, WTFRHHELE
WZEPRDbh ol 280 gm3lIOWVTHRHETH -
2o HWABE D SHEKEETOD 0.12 sl o H&EIX
0.192~0.516 L& 2 ), AT ERAT 3 2 & R J5E
BEHTHICERTA2DIDERET L E, ThETh
68~182 mmDEZIZ TV I ¥ HATAAL, Kk
L7228l hb, 12720, KEDODEENLT S L,
B DL ) GREEVPEBRTE o221 Th
<, HAEBFORE, KRINELHDHODONMHEN
BRI L TWAE I ENbh ol WADHEGIZL 5
TERAEHMT 55, L LAKREHLAZBOGLRIE
HI2EoT, BHLADOHEZRESI NS, BRERIEE
KT 525, ZOBREPHEETLIBEALD BN
bR, BEPRITICAFET 5 HIE L 8@
LCRERMmIEEHT S TVIT Y HA%EKEO
BVERCHESLTH, BRAPHMSNS )T,
KFEDIEE IR TE B 2T OB Z R TE
HWZ LD bho7z, Fig. 613, TORT XN

Unburned particles and air

Leading flame
Burned region (Second flame)
Inert gas ingection
It .
7\ i
D s : - Flow
it i
Buming zone Inert zone
T

Fig. 6 Schematic illustration of movement of flame
and inert gas.
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WRL72DbDOTH S, FEEH A & EEICESF S 7z
G A DRESKEDIEITHEEL Y HREL &
b, KIS > 7275 10 55 O B 13/
SV, RAEBZBEDTYH, TOFRIMEET S K
Ke & HITH S RBBEHRAG SN, FRA%E
ML RO THmICHEIT5Z L12% 5, MEEL &
I ETHHEBIIBNTIE, LA +ZR+ AN
ADAY—RIBEDHDHDT, KEITKRRER LU A
ENRRZ LT TR ICEEZHRITATREEED D,
EBRPZ) TREITEIETLIINDEEZ SRS,
(2) AIEMER AT X 2 BRFLEE Fi E

B LAZDOENKE, BEEIIOVTIL, —HKWIZ
EBRAPUCH T LRAMBRENROONTED,
HEEWHIZ 9 %55 15 %BICBFEDRH 5 b DOH%
W (B X (3) ¥k N A YBIAOERZR) .
L2rL, HERETIE, MLAZOMERRELD D
BWETEKRKTLLEVIRR LD L, EERBHOMAE
MEDDTHLTNIZT 2l QumATT V%)
ERTATYTLAEER Qlum) IZOoVWTIE, h
ENB5%E 3%ELEVHIHEBHELN TV S,

RRR R S0 BE A & B AT AL S8 KB Ik, @5
FHXRICHENTD 505, BREIFA L TEEIF 6
LA ZENDL L BRADPTHAT DD D% 2
2D BEIH OB IHRHETE RV,

(3) FREEICLBELATEEA A DR

Rl L R ARNIEMEA A 0RIE, FiA o kR
MO CAEZELXRABEREUTICTA7Z2T0RLE
REINDDY, EBIEITRICEF LV ADmIT S
DT, PHRYDORNEWET A ZENT2LEND L,
ANTEE A ZBWINZ3E 3 2 BRBEBFUT —Rmic 7 v o
v, B, “BLRFEDIETHKL 5D TY, KRE
BOTVIYHAAEDD, L LAZBILKEDIZ)
BHELRL TV Lk (2720, &BEHicx)
LT, TEALREIIAE Y, 2RoMHIIEEIL
2,

REFAERP OHWT 5 &, KGN E I2F]
FEL-L XICEF ARG T S L MRUITHETE S
Db Rb, WITHENICHET57-0ICHE
MLILEL L, oI LILEZRIHZ EICT A
CLTHRIGHNMAER TE 5, FREMm DS DK
%0 T RREERI DD A, RRBEH U A ORE)
EMZAMEDHHETEL 20, B LARELY
OWEF X ) BEIENTH 5 W EETED T Vs

4, LD

A TR, RENZERITL2HEAKEDH
K RIEPIHIEE DOFIFEIC BV TR E R RICHE S
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LEBULMAEZHELENT, B LAKEKICKESE

AT o B O RZRE), WEKICHERT (&, £

L) ZET 7206 0N R, X 5ICAEEST R

WEE T 5 2L TRIET B KD ITA PR E I

(bR BEwIR) 2K L2 & OW K8 2 <7,

BoNELRERIUTOEEB)TH S,

(1) FUKEE - KEBEERHESLMETIE, LA
KEDITZ) DB TFRAKKLDDHLELR TV,
RENZZETIHLAKRETIAHEZH LAZE
BETH> TOHRATTH - RAKEOBEHZRICZRK
KBBRTHIEDRHLOT, ThEdHKTS
720I2iE, HERMLEELS, $hbbRKkEES
KT DLULEDND D,

@) mIEKREOWEE (KEHIE) D7z ORI A A
FWEET YA, AEKE, RCEPERBLTD
KEDRIEE & BITH ADE CHINIHENT 5 D
TROVWEE TRITNIIREEN RIS NZI N EA%D
o7z,

B) BIEKREPLOERL, KEFEEZITH L
THULAREZIMETAZENTE, RENZ
EIET A KEEWHET DA, KERB2S
TR (10 msOF —%) TOWFETHL L
D, KEBH2LIEZERL L9 & T HMEIC
KREDEFNGEL T HKEFED D VIR X
WETERIENTH %,

(4) MERZTICLDERTIE, BMUAREEZ 93 ~
280 g/m3 (MMH S @) F TELI TR
MR, EBTHWAHRME 046 mmO 4 1 4T
FHEL WA, BEMEENRS Z & THEE
WTELZ Db o7,

(5) BREMOIZDICHEEZETFEIFATLIETH
B ORI & R R IfFTE ATk
Bbhhrolz,

B, REBIIABTHORTIT- 7208, HTER
MmN 2, TOBRBIEFRIRKD LN TWE
TR L EERI UACK L TRENEBRDZE
EUEDPERTE LD 2T ORRL I ENTE L H
of:o

KL, BoREPIE, W1 &SR0k, %€
BEOWHME, FEORKEZEEALILICLDH
AR RBET ZE) OFM, FENOTEEIZHF
T 5o EHIT, TRBENEAET B HEME DKM,
BB SNHEIE L7256 O KKILRBG L, $EERE,
HHICHBL T2 TR 5. 5
E e HAREIC L o TUE, BRIH 072012 H KK
BEITHIZEDNLEFT LOEADLD 5,
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Fig. 1 Qualitative variation of water flux with size

of water droplet on quenching.
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