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Abstract : The damage caused by an accidental gas explosion, for example the maximal blast pressure, is strongly influenced
by the flame propagation velocity during the explosion. The flame propagation during an explosion is significantly affected
by flame instability, and it is known that the flame propagation velocity has certain scale dependency. This study investigates
scale effects of diffusive-thermal and hydrodynamic instability by numerically solving the Sivashinsky equation. The
following four conditions are considered: a purely diffusive-thermally unstable flame, a purely hydrodynamically unstable
flame, a flame that is diffusive-thermally stable but hydrodynamically unstable, and a flame that is unstable both diffusive-
thermally and hydrodynamically. It is found that diffusive-thermal instability mainly influences the flame wrinkle structure
of a specific wavelength, while hydrodynamic instability influences the largest structure. Thus, hydrodynamic instability
shows scale dependency. The fractal dimensions of the flames, which can be used to estimate the flame propagation velocity
during an explosion, are computed by two different methods: a Fourier analysis and a method based on the scale dependency
of flame propagation velocity. The both methods yield consistent results, and it is found that the fractal dimension mainly
depends on the thermal expansion ratio; its dependency on the Lewis number is rather weak.
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Table 1 The calculation conditions.

case 3
I 0.5 0
II 0 0.5
111 -0.5 0.5
v 0.5 0.5
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Flame shapes for the computational domain size of 512; (a) case I, (b) case II, (c) case III, and (d) case IV.

BRI 4 ABRE O E 2 R o8l b s R cw
5. %7z, lec i& case I, 2 FH, IAEL - BUVNICIZEE
TN EIARE R KEDIGRE R L T b, K%
TR, ¢ =3000-3200 IZE VT Ar =50 DEETRL 7.
CDEMITEB T, case 1, 1T ITH S NI 30-40 DL
LA ER SN, FHEMEEY A X DWRE D AR
IZENTWS, 51T, 1d 1Z case IV, O F 0, JAHL -
BMWARREIC TR E N S ARLE I KR DIBIRE R L
TWw3, KRR, =3000-3040 (ICEWT Ar =10 DfH
L7z, case IV DKFEIE, case Il DKEIZIR & I1ZIZFH
BRiz, REDWEDHEN & FHREBERY 4 XOfli i)y
FoTwa, o DBIZRERD 6, B - B RLIE R
WBREE DRI ET 2 DIk LT, iR JI2ARR et
EFHRAE Y A AOWRICGHE T 5, 2% 0, BEIEZAr—
AR B 2 B Z 65, Fi, B - BUNICLE 7
KINFNA T =V DELIDEIE L2 < W,

3.2. Fourier f##f

HIffi OB R % X D ERBNITHET T 5720, FAkRE
RIS L T Fourier T 217> 72 (X 2). 2 Dl |£7
(F 1% Fourier i&57), MElIIE £ 2R L, V3w d o4l



SIS & D, RRL - BAE & WA AN LR D 2 o — VAR

10°
10
210"
G 10°
107 :
102+ E

10°
10
210"
G 10°
10
1072

175

10°
10 F
210!
& 10°
107
1072

10°
10% +
10" b
ao10° -
10!
1072

Slope = -2.9

NG
k(-]

102

Fig.2 Fourier transform of function F for the computational domain size of 512; (a) case I, (b) case 11, (c) case III, and (d) case IV.
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Fig.4 Flame shape for the computational domain size of 108 in case III.
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