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Experimental Studies of Laminar Flame Propagation

in Dust Suspensions (1)

—— Polyethylene Dust-Air Flame —

by Toei Matsuda

Considerable data of characteristics of dust explosion hazards have been accumulated and a large
amount of information is now available on the subjects. However, a fuller understanding of the flame
propagation process in dust suspensions is still insufficient and needed for predicting more accurately
the explosion behavior in the dust handling industrial plant. '

The propagation of laminar dust flame is studied experimentally, using polyethylene powder as a
fuel in the first place. Measurements of lower limits of flammability, flame speeds and gaseous
products after combustion are made -initially, and appearance of the flame is observed in order to
examine the nature of dust flame propagation. Then, a Mach-Zehnder interferometer and schlieren
techniques are applied to the propagating flame with employment of high-speed cine photography. |

A vertical tube of cylindrical glass about 2-m long and 75mm in diameter was used for observation
of upward propagating flames. For the steady flame propagation, the top of the tube was closed,
leaving the end opened just before ignition.

The relationship between the lower flammability limit, (L mg/l) and the mean dust falling velocity
- at the limit, (V cm/s) was obtained as (V—114).(L—5.7)=—1008. The flame speed was measured
as function of dust concentrations and particle sizes, and appeared to relate to the ratio of the
experimental to the calculated carbon dioxide contents in the combustion products. The limiting flame
speeds at the lower limits seemed to remain essentially constant for the particles greater than about
125um, but with decreasing paticle sizes decreased to the value of premixed gaseous flames.

Observation of the flames at near-limit showed a change of flame appearance with dust particle sizes.

In case the mean particle diameter was at least below 90 #m, the flame propagated discontinuosly
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with burning individual or groups of particles of a faint blue color at the front, usually following
with burning groups of particles, yellow -shinning. At the diameter around 125 um, the flame was
like a coherent yellow flame which contained burning individual or groups of particles, scatteringly
in itself. The flame appeared to be composed of the dark, but also coherent flame head and the yellow
trails of flame separate from the front, above the diameter around 180 #m. These flame appearances
also transferred to the longer flames with increasing dust concentrations above the lower limit of
flammability. 4 )

The optical records indicated that any change of falling dust particles was undetected ahead of the
flame, and that the pyrolysis of particles could occur in the preheating zone for a blue flame ap-
pearance, and in the flame itself for large part of particle sizes. The particles mostly kept falling
into the flame at their speed unchanged, and in case the particle sizes were not so large, a small
number of particles was seen to reverse their direction upwards in the flame.

On these observation and experimental results, the flame propagation mechanism was considered
qualitatively as follows.

When the particle size is small below 90 #m and the dust concentration is near the lower limit,
the heating will be enough for some particles to melt and oxidative-pyrolyse in the preheating zone of
the approaching flame from the bottom, as the velocity of falling dust is comparatively slow. However,
the pyrolysis occurs almost completely near, or at the particle surface, owing to the small size par-
ticle, and ther localized pre-mixture of pyrolysate and air may be formed. Then, the appearance of blue
sparks is observed with ignition at the flame front. The flame propagation is likely to be supported
with buoyancy of the hot exausted gas. With raise of the particle diameter and dust concentration,
the pyrolysis takes place more rapidly in the flame, and the process will be seen of the upward diffu-
sion of the pyrolysate into the preheating zone, rich of fresh air, accordingly the whole bright diffu-
sion flame being observed. Moreover, as the particle sizes, or the dust concentrations are increased
more than the above case, the pyrolysis of the particles becomes not to be sufficient in the flame
head, due to less heating, but soon to be fast in the flame inside, thereby the bright trails of burning
particl‘es.being obtained. For this kind of flames, the more thicker flame front, or flame head could be
given if the heat flux from the lowerside diffusional flame is attained with higher dust concentration.
In conclusion, the mechanism is affected by the rate of pyrolysis of the particles and the dust sedi-

mentation velocity.



B C A B0t % B K KT OEBRAFFE(T)

1. F

- TR C AR E feld ] S o KnEE S+
TEEDSLISB LSS, ThbOoSHEF2REE
ERSBCmET 588y — BB CABRELFAT
WHD, ThBOBESEHE A DRET, EERTEWL
THEBRFEREPKRE LR EWNES Y &RTH
i, ThEToELSOREREFANRTEBY T, XL
MBERTnDB, DD, thbDRETHEEMNE
LRt bl Fie ddoic o T R, %4
DEENEBLRTELY, Lhdk, PFEOFEI,
RUAREST% b OnEENCE L, ThisorR
R CACETA BRI EE TRV EELDR
b0 Lnd, EEOBGITEEOHEE LuRECH
S TTENETR Y Fbh b X5 B CADER
PERRBHLEAERRL, Thi: IRBEENE
BREIZZELLIBLKRD, DB TRER AT IS K
$ o BREOFHHRHILBT A HE S F it BHRTY)
EinoTETW3EY,

HLT, EPRCABRREL ZOKKDORZIIENY
OEERMB Z LY, ZOBDOBBECETELTFTS
ETHBETE ECOEETHE 50 ThETHTA
BROBREESPKEOBICRIFTET R ER, R
R DV ELNE IR TR, thd b ElEnR
BIfRIC B B KR ETEHCES BV R, Bk
WERED T L B e bis\ g EATnv i
% ODEEOTREN CADHFT, TOMREENRHETE
LCHATE R 2BORIGHESE, B IORBORK
CAZRET B KEEEOWHERLREN I abh T
Whe Lnd, BLADEREEFIIZEALRRE
B NEEEBECHEIS R TERY, ZhboF—2&
P RBEREREBEANBFATESNE DLW ER
HLTHLWEETY, ToEENERoRnD—
DUE, KR ED XD CEE L TRZIIED - TT b
LWIIERBTAHDTIREREELDRD, £2T
Z DEOHIEITIERIC S BT b BB B,

BEH CATEBTHKEEEDESZL, BLAD
BEPZICDE LB CARESLFES &R LD
SHER L > THEINLIEMR R T2 ATHB LR
BRBDT, FREFRBDRIZELYE I TESLR
O BT RC R — KR B K KMRET S
BAYBRETHCENEE L, 85, BLARHES

— R R EERRCOEN DD B AKKEERES 1D
Zd, AhOWBENREE OB NERCS
LRYURTH Do Eh, BERCAPREBIT S KEE
iz, 1EOEBER CANTH» boBENFALD
ISRABDEBIELTTLDEWSRIEE AEBRTE
BDT, KKEEOHETFEER (Visualization) L
TEERHATERIERWTH A5, B, ZDX>57
KEBIUBUCARNTOBE ZTED DL, HE
BISGEER CARNTFOEE DIWEE, Tibb

CHRBRGECRETREEZHFOBCATHE L

HEELL, Landb o TRBEEECKT S KEE
EHREBELBEVWTHH S L Bbhb,

DL EBHERESHT, SROBTADOFND
REMITTAF 9 7 THAIRY =F VVHLALE
Wilio BLAE LT LO2EENREEcIDD
DDOMRBEER B LS OF - 2 BELBELhTW
50T, ThEFIATEHFED BB, —7F Butlin?
X, GERFOBEAK - TRY =5+ Vv BLADE
ERREDNTEIHDEER T Tnb, ThiIT
DWTRAXFTHF AT 5, Lnl, HEMECE
BT RETRERERY =5 VY OEIE Kk LEDE
Biic K1k, THRIEFAXNDRThitve £2T, K&K
EEDOBRECER o TRRBIXOUEREE 2N
B, BERSRCETSKEECRETREBE
FREL, RABCKEOBPEEDLEHTC2TET
FRB L Lo -

fb5, WEALDOLMEE UTRREOR T & B0
WFERTHER, HxORNTOBEIBEHTTE
52&, BFFOKERECEETIRTELRTC
EMTEBTL, MEBBDETHD, LrL, TOX
5 e BEREHITHENRFELLTEDL S b D
BELTCWBENT ORI LN TRV, 22T, &
CTRRIVERELMIEENEBEL LTy V2V
F—TEHEB  CAKKCHG LAY 2 E K L
T, AEBEBIVY 2 ) —VVEEBR L - TAERE
OBHEREAT S 2 L 2RENTCRA R

CDXSE, APTEEPTRY)=FUrvHLADK

RIEEOUME LR LN T ), BEEREHTORE

XK I DIRBEE M DWW T 4 DRIE 21T, Hiw
THENFERC X - TAEMER LOKELZDLOD
BRI RBERIT R - BREDWTENR, Zhbo
BRIESWTAEARITBBC OWTEE L,



2. RREELIUHRH

2.1 BERESIVHEREE

TEHRTEMAAEBT R C—CREDEER L
AERTRT B, BEREYRESERL LTED
LELLEARCH CARSEI RS L5 Fkg A
oo Fig | EREE OBR YR T, RETORNR
75mm, EX 5mm OFBRNFECLEY 2m 0 |
DTHB, % O—HTEX 1Scm & BE LRI E
OO TEEHEL B LNTE B, OEMHO
ROVEBRCIIER 4dcm OISR E LR H L TR
oo BIEO®, OURBRAREEONEREOEES
RARD Dbz d DT, EECITBEEITOT I
TR % BRI Lico BES ITTE BET H—ic
BCAREAHR IS ILERSH DM, KEBR T
Jones 5%, BIUAEELVDOHER L D EY B %
D&MW R R —EBERER T, £POWI 2 H0E

EERLWRPTEAIER

RIIS-TN-77-6

BEETE AP BT L AR 2 HA L
o BB 2cm R)@O—HHXEE LRI A 7Y
vI7ERY G, TOMOBEESAEL T, €E—X—@
BOEEBOE FHRE LBLY 20HEE X h —
EDMTER Y52 %, &0, REBLAD
EARTFRIVE—BREVLORFERTS, o
i, 70~100 2y ¥ . ORFHCOWTIE, 60 X »
2 D&ME AV, AL, thTRTohEENE
bRIEWHARIVERECH LAY SHIEHNE
RHBHEL, FERAEFVHEEOSE~, LRT
FEBROCELZIRI, B LTBLRBB LAER,.
RS TE, BHnb12.5cm ONEBREE L-EE
(A7 v VAR, 3.8cmd) ORBEBSAIE Gt
YbFZ VA, 15kV) RHRBIETEAKE R,
BREEE D EEIE, AT 4 FPIROWERE Li-i@r ikl
FIRD ZER IS TFETHETES IS5 Lie A
74 FHRIZF 12X 12cm KECARBERTIE X €5 X
5WitoTBe —F, THRITH 25%X30x40cm o
RFEOED L TR LCRE Lo CORFEO—FHD

“16mm high speed mirror beam  splitter
camera M1 [ I E} | pinhole
] B E— -
: - e —— ] :@:——*— collimating He-Ne
]ens BZ i MZ lens laser
)
4 Lo
L@
& e
o) | |

Fig. 1 Experimental apparatus and Mach-Zehnder interferometer system-Schematic
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imental Studies of Laminar Flame Propagation in Dust Sospenaions (I)
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The propagation of laminar flame of polyethylens dust in air has been studied
experimentally, Measurements of lower lmit of fAammability, flame speed and
gaseous products after combustion have been made, and a Mach-Zehnder inter-
ferometer and Schlieren technigues were then applied to the propagating fJame
coupled with cine photography. The propagating process is discussed in considera-
tion of particle zizes,

(19 figz, 18 refs.)



