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ABSTRACT

The Saffman-Taylor instability mechanisms in Jlaminar premixed flames In a
Hele-Shaw cell are investigated using two-dimensional numerical simulations with
Poiseuille assumption for the viscous effect. The baseline calculations considering the
Darrieus-Landau and diffusive-thermal instability modes show the results consistent
with the classical linear instability theory. With the Saffman-Taylor instability
mechanism, the overall effect is to enhance the destahilizing mechanism by providing an
increased viscous force in the product gas. The linear instability behavior is found to
qualitatively similar to the Darrieus-Landau mechanism. However, the results in the
nonlinear range demonstrate that there may exist distinct characteristic time scales
associated with Darrieus-Landau and Saffman-Taylor mechanisms, such that the latter
effect sustains longer in time, contributing to a higher overall flame speed.

Key Words @ combustion instability, premixed flame

k7 spddie] et w agel F7h&
F HEe WE A L 3337l
k 3 33 (wavenumber) TaunTw 34 B{viscous stress)
Pe Peclet number 8, i R=Nr |
22 glol &
S ER e i e - A AIZE (= b,./5,)
Sy H#3d EH S (Overall flame speed) , 23 A3 )] 2
H A4 A%
1. M 2 e EHade wRadoRe HolmAel gl
oA Faddde]l Hi die EHozM dF
22 gegsgde 246 g oz A o stgo] #8 A9 BHEA A A =
9}14%:_% %~ %0}'73)\3—%— L}E}-LHU% 1,}-?§}_0§0 —‘—51 Darrieus—Landau (D_L) %?l’zé*g U} '—,L]'
222 Mot} o ;‘H WAH x ot diffusive-thermal (D-T) £ 4 [2] & WiAH

saerlged VA g gFeEItdd olaf FAsA Aok 0]93r te]
swbaek@sorak‘kaxst.ac.kx ol & Hele-Shaw cell (g 2/ HF A}
Dept. of Mech. Eng.University of Michigan, USA olg] F& BA ulHolA oEFEAel Ay

Combustion instabilities of the Premixed flame in Micro-Channel

"‘0}-1&)&44 q]g_zjo‘ Eb%}"‘ m_o ‘ﬁ%"l}-%ﬂ‘

WA geje] osBHgol Gehdths o



210 #1263 KOSCO SYMPOSIUM ¥=¥-%

0.006 0.1
4
/40.09
0.005 /
i
0.08
. / 2
S = / ’ x
g 0004y / , 007 £
g 3
roo 4
1006 @
§ 0003~ | . £
g 1 . 00s &
[ 4 [}
k-] [ 7’
g 0002+ P 0.04 §
= s’
© P =, b
g 0.001 _ 003 &
. J
z - Joo2 <
0 -7 1
- Jo.01
..... o
0.001 100 200 300 0

Normalized time, t°

Fig. 1: Time evolution of the growth rate and
amplitude of the flame wrinkle for the linear
range of the flame instability: A\* = 5,

F/A=10""
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Fig. 2: The linear growth rate versus the wave
number of the initial disturbance:
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Fig. 3: Nonlinear behavior of the growth rate,

amplitude of the flame wrinkles, and the
overall flame speed: A*=5 (\""=16.04)
F/x =107
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3.2 Saffman-Taylor instability
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Fig. 4. Growth rate versus the wave number
for various sizes of the Hele—Shaw cell
thickness.

321 MEgEY

Fig. 4 o= ueke] F71&3 uddsete 34
Z %2 713 E}ﬁ Hele-Shaw cell thickness®] ¥
ghol whe} Z A }91‘3} S-
o] slgFte
o} ol F

71 0lE nHEsA RS
whe}, o] Hele-Shaw cell Well A2l &4 2 }o
w2 dyeEe WalAges HdYd & . o
2¢3tgo] Hele-Shaw cell ¥ & #ds] Y
7R, 99% FTHE QEe] BAEGHA 9

&0 Z7lEHA o e 2ng Usle A4y
B doo] HAAS £ oA ©o ol g
e 2 AAASFY Z7le AAE A9
AHHAE FvieA gz dE8g AL o
2l % dAdE-e g FAs A L3
of sfdow FYHE WEEY olv g AnEE
Agg sAEG & st ojujg Fto] gl
& A4l 2B YRoR FHE UL
Z7HA7E 988 st Zolth ojE€A Fvhd
FHF2 D-L BUEAY ASAg ap@tA R

g EHALS M= FAFHAE 1A LA
gk Aol GG sleh el HAEHES

w/h ol WA 22 Fig. 4 914 Hele-Shaw cell
thlcknessﬂ g FF Fggo] dE o B
L}E}‘«}“ AL A /FE F A 2

E} & F sl

14}
-t
e
500
TR
o
o L
g |
1]
2 |
12
&
g A =4,57,11
> @ =123, 16.04, 22.46, 35.29
O 11 )
0 10 6 )

Normalized time, t

Fig. 5:Time evolution of the overall flame
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Fig. 6:Time evolution of the growth rate for

cases with and without the Saffman-—Taylor

effect: A' =7,(\""=22.46) ,F/x =107
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