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Flame Spread and Its Limitation along a Thermally Thin Combustible Solid in a High-
temperature / Low-oxygen Concentration Opposed-Gas Flow
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Abstract : This paper discusses the flame spread and its limitation along a thermally thin combustible solid (a sheet of
filter paper) in a high-temperature / low-oxygen concentration opposed-gas flow, based on experimental investigations. The
leading flame length along a solid surface for both horizontal flame spread and vertically downward flame spread decreases
with decreasing oxygen concentration. Especially the flame becomes to be round shape in high-temperature/low-oxygen
concentration gas flow, which is similar to the flame shape in microgravity condition. The flame leading edge retreats and
extinction occurs at some oxygen concentration. We defined this oxygen concentration LOC (Low Oxygen Concentration) ,
as the flame spread limitation. The flame spread rate near the LOC is close to that in microgravity with normal air condition.
To clarify the effect of buoyant force on flame spread, the Rayleigh number for spreading flame was examined. The Rayleigh
number decreases with decreasing oxygen concentration, and it is less than the critical Rayleigh number near the LOC. The
relation between the non-dimensional flame spread rate, ¥, and the Damkd&hler number, Da was also examined. The 7 both
of normal gravity and microgravity decreases with decreasing the Da, and reaches to the flame spread limitation at some
Da. This paper suggests that it may be possible to simulate the flame spread under microgravity environment by using high-

temperature / low-oxygen gas flow under normal gravity.
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fiti & U7z Peclet L Pe, T 5. V & Da DRIRIE, X 14 12
WTEENTH S, Pe, |& Damkohler BN & & Ik
AL, &% Damkohler L CTRZIENDIBAR E %22, =B,
KR DEERDIE S D F 13 E IS MEEED H A 12 A7
T5, 7, WEENT, HRAETOKRTHRZIEDD (T,
=18°C) L WE T AHMRAIEDD (T, =21 °C) DFGR% Mg ¢
2k, MEIXIEIFER-EREICH D, RIS RAE &
% Da B (X OREENS TR ) 1ZAKERZIEDS D D J7 H3
PUITNS RfEE 7 5. UNET T OFS R 2 0 3% & i d
% & Pe-Da ¥ EBLIZIZIZFEETH 2 238 Z 553 1 PRAL
E% % Da BUIHT —F IR TN Rl 25, ZOHH
ZET, BMUNESFDOLOC DEAVNI VI &, ZHUT L -

BT 2O ARIEREHR DR ZIEAT ) & Z DR

(83)

299

[x107]
L6 < horizontal Ta=216°C
. X horizontal Ta=17"C!
— 14 O vertical Ta=22°C
E - + uG Ta=24C
< 1.2
o
£ 1
©
k]
5 0.8
206
S
c 04
o
3
o 0.2
0

20

18
Oxygen concentration Xy, [%]

22

Fig.13 Relationship between quenching distance and oxygen
concentration
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Fig.14 Relation between Peclet number and Damkéhler number

Table 1 Data used calculation

Gas phase
Opposed-gas flowrate |U [m/s] 0.2
Ambient pressure P [atm] 1
Overall order of gas n 1
phase reaction
Pre-exponential factor Ag [kg/m3.s-atm] 4.5x10°
Activation energy E, [J/mol] 113x103
Universal gas constant |R [J/mol.K] 8.314

Solid phase
Pyrolysis temperature T, [K] 613
Sample thickness H [mm] 0.25
Thermal diffusivity a, [mm?/s] 0.082
of solid (Paper)
Density of solid (Paper)|p  [kg/m?] 560

T @ ALY FEH SN KRR T, /S eItk 3,
Kz, WHEENTF, B TOKERZIIEY (T, = 216 °C)
D Pey-Da fEMUNENTOZNEWIKT 2 L, Hhiftos
FIXIZIEFRTH D, AR L %% Da oMl b
F%Tdh 2. UL, MRITRAIEAY HEEE Pe, DfEIZiH
WENT, BRXROSTBBNENTOMEL D RE W,
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[6— Da xt LT, EHAH T DRI Z 5230 &
JENEH RO ZN LD bEWHEZRL TV LDIE, H—
IZ Pe, DHICRIRIMIE D, bbb, [EKZHFEIRE
25 BRI £ C LR X 2 ICRE RO ZLEE
EINTOBRNWI EIZH D, FATKED S T ~D BB
BEDENIZ X ) KRIIEITHEDEL, ZHBRIREA~D
BRI L2 EZONS, WTIICLTHR
ZHED PR L % % Da BT 5 L Cld LOCEfsTD
KEWEIZ DT HHL 22 HT 5

4. ¥

L - ISR AT I BT B BV A I D wv» Tk
A7 & NS TRE FARRZIE D & Z ORFAMERIRL %
HET D E LI, Hlk - WBREFEHR T TORAIELD
G250 ZEE L, oM T oM
DNTh5,

() N oBRFREZ WD 2 L, KEELOERE
THOBRAIEDY & &b, BUKMEIZH ) KRE S
WL, KRDPANAZFHOLBIRE RS, )b,
R - B E LI T OB AL D KB DBIRIE, M
INENBT, MR (X = 21 %) FTORRIEIR &
e 72 %,

) A OEFRIRE DR T ICHE Y, BRAIEDY 0 HEE X
NS %D, HHBRBIELT TIRAKRIEBRRIEL S
TP MR T L. AHTIE, IhERFBHEE
(LOC) EWEFR L 722%, 2 DHIFRMIRED N VL IZ £/
S %%, WHEENRETH-> TOKAMEE L BEE
FEEHMT 2 2 & TH/ANENBRE N OB AR ) HE
Do ND.

3) RIS o7 KRR S 2REESICE>THEB L%
Rayleigh #01%, &, WMEBRBRET TE/NhE(ARD,
BRZAEDI D TR 237 DEIMET T 5,

RO (1)~ @) TTOARD S, Sl - B EREE
W3 ZET, BUNENBRET COMMAIEDD % & 5 PR
NG =
4 (10) R TERL 2 WRITRZIEN D HEZE, (9) N TE

#% L 72 Damkohler % Da THEHEL L 725558 (M 14), Mi#H

DOMNZHHBED B D, Da DD & & ITRAZIEDS Y ML

b L, Damkohler B23H 2 ELL NI 7% % LR ZILDS

DIRFLL %5,

HE

KX HET2IcH 72D, ET—5 DN E X O#
W% AT > 72 4R D Kbk, (eE—22 K (B PaJRBREE (hR)),
FHEBRK B o0y () 2o NiciERz LCnkE
W2 BT O TR R J\F TEERY) ICHEE2 £,
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