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Numenical Study on the Premixed Flame Instability and Nonlinear

Behavior

Sang Hun Kang, Seung Wook Baek and Hong G. Im

ABSTRACT

To understand fundamental characteristics of combustion in a small scale device, the
effects of the momentum and heat loss on the stability of laminar premixed flames in a
narrow channel are investigated by two-dimensional high-fidelity numerical simulation.
A general finding is that momentum loss promotes the Saffman-Taylor (S~T} instability
which is additive to the Darrieus-Landau (D-L) instabilities, while the heat loss effects
result in an enhancement of the diffusive-thermal (D-T) instability. These effects are
also valid in nonlinear behavior of the premixed flame. The simulations of multiple cell
interactions are also conducted with heat and momentum loss effects.
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Fig. 1 Schematic of the flame propagation through
the Hele-Shaw cell
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Fig. 4 Normalized reaction rate contours in
nonlinear behavior at t' = 4000, without heat
and momentum loss, for Le=1.0,

AT=20, F/A=10"?
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nonlinear behavior at t° = 4000, with heat
loss only, for Le=1.0, AT =20,

Fo/A =1077

20

Fig. 7 Normalized reaction rate contours in
nonlinear behavior at t° = 900, with heat
loss only, for Le=0.7, X =20,

Fy/A =107

& 4 9t Fig. 79 Le=0.70l1 g&4d&
2 Aol HdHe AL Yehdd 2
oAl A& £ 9ol o] AL g A9
TEAY JAd&E Aol7t AXz A E&Ado
- AEEo tao Mol AAMHULSE & F
At

G&AEHE WAL E5F &AAAUNS
23S F59 399 AFE Fig. 89 =A
gttt o) o Le=0.72 Fof Fig. 5 2 79
Axel waste] B4t Fig. 5, 7 2 89
e BF Le=07% z@doz sayAw
I dAxe dAA d2A ek Figo 89
e S-T 2= &aFo] oy darta o
oo HAgANEo| BAADRE FFo] HYHY

20

<

0, n P, T | n
15 20 25 30 35
XI5,
contours in
4000, with
Le=10.7,

Fig. 8 Normalized reaction rate
nonlinear behavior at t° =
momentum loss only, for

AT=20, F/A=10"?

2

| A A wekA gy
= ddH 22 fEo] £iso 4
Zadgen AxHez 149 A
At

CALCE L X

N

oﬂ‘.oﬂ,‘@"‘

o AL fe
o

r2 A o
oX ot - 4z

4.8 2

X
ult
N

A 242Y dar2%] AR JlxAR
o d&d 2 Y &day
Agsrte dEFE Y B

&g wAEx] nfPE $3
539 #4488 F3si40.

EEQ A w¥or $EMH F

2

ol 2 1o uf X ox
b
>
@ to

g4 A97) Lewis g0 ©E Z3dFI1E
W71 &7 & F7HAAEY. oA Eetd D-T
HEzo o3 EUdAE 99 (Le<D)olM= E&
AEFH7 EABAE o AAIAT D-T B
o s AN JY (Le>DolAMe d&idi
#7b BAGE #AaAvE 988 o =2
dE&4de 9A Lewis 8 F/HAIE A¥E
(SR =

AEFgsde Ay E AFGLlME Le =
0.7, 1.09] A$oA D-T B4R 2=r 2%
TE 4 #8840 dsise] E33e sEAFY
BE Hgu} ol d&4d gy olgd D-T
=g oS 434 A 4 BEE o 4347

forr o e P 8o o



A 313 KOSCO SYMPOSIUM #=&3 (20059 % 7))

£ Z%e BAAT £5% &4 DL B9
4 BES FHAA oled 4 $8S AAFHD
43S FRAE B4 2y

il

tn2 3

[1] Clavin P., “Dynamic behavior of premixed
flame fronts in laminar and turbulent
flows,” Prog. Energy Combust. Sci. Vol.11,
1985, pp.1759

[2] Frankel M. L. and Sivashinsky G. I, “The
effect of viscosity on  hydrodynamic
stability of a plane flame front,” Combust.
Sci. Technol. Vol.29, 1982, pp.2077224

[3] Cambray P. and Joulin G., “Length-scales
of wrinkled of weakly-forced, unstable
premixed flames,” Combust. Sci. Technol.
Vol.97, 1994, pp.4057428

(4] Bychkov V. V. and Liberman M. A,
“Dynamics and stability of premixed
flames,” Physics Report Vol. 325, 2000, pp.
1157237

[5] Kennedy C. A. and Carpenter M. H,
“Several new numerical methods for
compressible shear-layer simulations,”

Appl. Numer. Math,, Voll4, 1994, pp.
3977433

[6] Wray A. A, “Minimal storage time
advancement schemes for spectral

methods,” NASA Ames Research Center,
Moffett Field, CA 94035

[71 Kim J. W. and Lee D. ], “Generalized
characteristic  boundary conditions for
computational aeroacoustics,” AIAA Journal,
Vol. 38, No. 11, 2000, pp. 2040-2049

[8] Poinsot T. J. and Lele S. K., “Boundary
conditions for direct simulations of
compressible viscous flows,” J. Comp.
Phys., Vol. 101, 1992, pp. 1047129

[9]1 Bechtold J. K., Cui C. and Matalon M.,

“The role of radiative losses in
self-extinguishing and self-wrinkling
flames,” Proc. Combust. Inst, Vol.30, 2004,
in press

[10] Markstein G. H., “Experimental and
theoretical studies of flame-front stability,”
J. Aerospace Sci, Vol 18, 1951, pp.
1997209

[11] Yuan J, Ju Y. and Law C. K, “A
computational simulation of the dynamics
of cell evolution in flame propagation,”
Proc. of The 3rd Joint Meeting of the US
Sections of Combust. Inst.,, Chicago, 2003,
pp. 1221-1228



