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Behavior of dust-air mixtures flame propagation by the ignition location in vertical duct
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a8 1. Size distribution of lycopodium dust

80

by laser diffraction experiment.

. i\ 600m

mm e Shutter
W
Ignition source
: (Case )
IR
£ T\
o o, .
S Ignition source
. 5 (Case I)
150mm
— <«1+—Tempered
glass
g Porous
g -.-P.Pf.t- plate
Movable & [Z=--5 Ai
system £ 4 ol{v
y Oo—C

a2 2. Experimental setup and condition

by the location of ignition source.

(case | and case !l ; respectively
1700mm and 900 mm from the duct

at the bottom)




A do. 37 FEL BA-F7) U
4T HA FIHE W FAsz, B3
TEAAY AAL FA AaT AR
AEtE 21 £3-37] E719 549 o
2} 0.3 - 05 secd] AAAEL Fxu, H3
ZHoEM 2B YHR(case ) E 3H{
(case IDE Yo} 0.3 secs e H3ZE 33}

ARADE FE ofE B2 A9 &
g Hassd 459 559 4% 9
F& golr] AsiAeln o] w, 2z A
goll oiN BABEE APAF 2olA
22 FFA Y £ pagowy

3. 48434 ¢ 2%

31 gdHR AF

Case 19] ZF&3l3tAol 7i7te B35
47 g/m’e) gliM 9] B ST ®
< 2% 39 vEdo Azts g4 5349
T 7i7hE ez Agshas Auge

\¥3
t=0rmhs 231 462 693 924 1155 1386

oo =y 1

a2l 4. A downward propagating flame in a
lycopodium/  air mixture.;C=592g/m*

o
ok
oot
{0

shgolel el o] wajg w7

o2 Agdh
=33ms 66 99 132 165 | 231
13 3. A downward propagating flame in a

lycopodium/  air mixture ;C=47g/m*

561 660

t=66 ms 165 264 363 462
38 5. A downward propagating flame in a
lycopodium/ air mixture.;C=122g/m°, Case I

AR ek, oz AgdE A AR
3t v AAY TFEEH o= d4BY
Mrste 2 8Ee stgane Ber 4
W vy sdgE gE 240
o AAsE 4 stdo] P e 3
HE He of=2A, His A sd4de
4 2 Ansty Ty 7L ¥
2]

o

uj

M b b

98




3% 4% Case 18] Z248 717h 1
FE(C=592 g/m)d oix e Y e
EHEE 59 ANTRA(=231 ms, 1/1500
sec)2 2 Yeld RHold, 9 43 ¢
A sEHe e Fato dAGEA AP
A9, t=693 msFEH 3P olFL FA3
7HEEHE RS 4 5 ok

ol¢} g4 A JtE A Ho] 4T
FAREYA A ztde] FH3 F AUt
e d4o #EHUY 53] daF9
AEF = g we FHPel EA3L U
€ o] #FHI 910, A g% TFY
IL7t27 HAFQA A2 AFHE o
%, 933tn ttn Alsdd. o] wEd
3tgo] T3 wiFoE 2 4ol &4
A Hx, 2 A AFE b 923
s3] 2A S dyt EEEHJATG D F
&9, ¥ 5% Case 19 38y EFE
(C=122 g/m)2ZWal gloIx 39 A9
BEES FY AA =99 ms, 1/1000 sec)
o2 Yetd Ao}, g FF g
SlAHE S g3l dASERE o) F3t
2wk t=462 ms¥E g9 olFL2 "
7H4E 3 itk t=363 msHEHE A
3te sddzEg &9 stdo Yeivx
Utk Case 19 EdE A4 Ngsd
2R AR Ao wmatd,
FARE A% S Bola gt
3.2

182 shdstel AN sHddn

b Mo
o

Case I ¥ Case 18] 484825y, 3
WA gt glojAlel Alzte] @WE FHAH
olF R A& xee #AAE #AH 2
¥ 63 79| YErT

a9 69 % 592 g/m’el oM<l 3

44

AHE oF t=500 msol A FE &S A2
&, oj¢t &7 FHIIAUESERE 9 t=
600 ms¥ -8 FH3 FU3le A& &
Atk o] Fxe] glojA o Hosd Az
EE 9 24 m/sE, 4T Nuslde R
FH9 stdAdAge A9(052 m/s)g Hl

)

shed o 5uje) 2719 AL ¢ & ok
20 y r v 3.0
1.8} o @
N 125 &
L6}
E g
& M 20 &
B 12} 8
on [3)
;g 10} _ . dis 2
2L o8l g
[ L=
5 06l 1.0 g
04 H0.5 E
02¢ )
2

0. 2 L NN L 0.0
0 400 600 800 1000 1200 1400

Time after discharge [ms]

a8 6. Variation of flame leading edge and
a downward laminar flame velocity in
5929/m3 lycopodium—-air mixtures.;Case |

=3
-
IS

<
o0
—r
—
~N

— o
E E
Py o {10 >
B 06 3 los 8
2 [ N N ) 8 T2
(=3
< 04 /O 06 5
§ /O/O Jo.4 'g’
02 /O g
402

e
jo,
oo Aoy
99 198 297 396 495 594 693 792
Time after discharge [ms]

j%l 7. Variation of flame leading edge and
a downward laminar flame velocity in
1229/m3 lycopodium—-air mixtures.;Case I



oMY EIEY el oA,
FEASFE APARE S 349 F719)
£ dozA, w8 AT IREFeol
olii, ol 9@ £ge A 4%
T &g3telg Algdgoh

% 7L Case 19 FE 122 g/m’l 3]
A9 3tdHe olF 2 st aS e B
AE Yebd Aog =462 msoliA 9@
91 u A& 7t& @A g aSEst AF

S Y9 HgxE Rolx it} o] e
&lmi}‘a@ﬁ}—’s&t— °F 1.0 m/sE, 949
AusgtezRel e SgdAan®e 39055
m/s)9t vl L3t o 2u) 9 271011:}.

a9 8 25ume] EAd §& ol43ty
249 g2z = Proust%ﬂ o3 4
uc bz ad, 4eate ERaes 2
Ao Ao FAzgees o 1250C7 4o
A, A ALF T9 ILH &S
50 [weight %A= F3t Q7] d@F,
g4A dEdEE 228 47 9349 (TG
gat, 7 AAE 1Y 9o Yehlh

_ 120 r - T T T T
=
g 100 \. ] Heating rate ; 5 °C/min J ]
2
e 80 1
& L}
£ L]
2 oo .
8  §
5 40+ ..
] ..
& 20f .
2 “aneee
S 0
o 1 1 1 1 1 i 1
0 100 200 300 400 500 600 700

Temperature [°C]

22| 8. Comparison of experimental values
of maximum flame temperature in
lycopodium=-air mixtures using with 25um
thermocouple.

45

2000 —
5}
% 1750 1 Present exp.
5 1500
%*
a. 1250 F
RN
E
£ 1000}
g
= 750 by Proust
= L
_:Ef 500 F QO Present exp.
5 250t A by Proust
= %

0 1 i 1 1 1 1 1 1 3
0 20 40 60 80 100 120 140 160 180 200
Dust concentration [g/m 3]

a3 9. Thermal decomposition of
Lycopodium in air (Lycopidium;5.73mg)

of 350C AFoA & 7t=3tst
¢ £ Aok TGOl 93 AR}
AE L] AHe9 td2des AL
aFdCeEs, EA3A SAHAMY H
Jge=s B G "ag FET
exdla A,

-
il
fu

Iy
Hor

wciestvieg @ 25ume] AA
o g3tel, ATFRS HY FHAL
ol AnsHe Al oA Ak
I T R AN x2de me
7899 ARATE

oM g = of
lo N oo ae R
N

EA3E o]
Asg 4.

D 233 F3g sloA, FasgAo] 7t
g EAFEY Bge sy R g
g9 7H&ol UEA] g

2) Y Fx=9 3L UolA, A
ot stz o3 &=}
v, AFEYFE 1 H&E Frheo



3)

FE 122 g/m® 2 592 g/m’dl oA
sk ate] 9% SPAAY S A
Aol vlsl A9 oF 28] 2 5uj9) gro
Ao F

stdol TR 49dg 2 1 wiFdE
29 4] 2o S8} 22 &
X7t EAsty 1 A3 9Fe nrta
7t SR d2dY FFHE T,
Lol 93 EdBFFo Y HFRE=
o 4F& £dx AsdH.

46

mEIES

1.Smoot L.D.Horton M.D., “Propagation of
laminar pulverized coal-air mixtures

" Prog. Energy Combustion
Science,vol.3(1977).
2 Krazinski,J.L., Buckius,R.O,, and

Krierr,H., “Coal dust flames :
and development of a model for flame

a review

propagation” ,Prog. in Energy and
Comb. Sci., vol.3(1979).

3.Wolanski, P., Sacha, W. and Zalesinski,M.,
“Effect of dust
detonation parameters in grain dust-air
mixtures” Proceedings of the 4th Int.
Colloquim on Dust Explosion(1990).

4.Proust, Ch,Veyssiere, B., “Experimental
determination of the maximum flame

concentration on

temperature nad of the laminar burning
velocities for some combustible dust-air
mixtures” Proceedings of the 5th Int.
Colloquim on Dust Explosion(1993).
5Krause, U.,Kasch T. “Investigations on
burning velocities of dust-air mixtures
in laminar flows” ,Transport
Phenomena in Combustion(1996).
6EFE NS EWRERE =EED,/NIE
B BERFHLAZRI BT 5 KKEE
BT 2 HEHOHR” FTHRI0OE HARKK
BEREERE(1998).
7.G.0.Thomas,G.Oakley and J.B.renton, “

Influence of the morphology of
lycopodium dust on its minimum
ignition energy” ,Combustion and

Flame, 85(1991).



