th¥t7 A 2w E 3 B, A23d A9F, pp. 1185~1191, 1999 1186

i d&Adz Qg
g4 3199 H%E Eotgo] BE AF

&M & dE T
(19994 44 109 %)

Radiation-Induced Oscillatory Instability
in Diffusion Flames

Chae Hoon Sohn and Jong Soo Kim

Key Words: Diffusion Flames (84} #%), Oscillatory Instability (%% &<7), Radiative Heat

Loss (BAl @&4)

Abstract

Radiation-induced oscillatory instability in diffusion flames is numerically investigated with nonlinear
dynamics considered. As the simplest flame model, a diffusion flame established in the stagnant mixing
layer is employed with optically thin gas-phase radiation end unity Lewis numbers for all species.
Attention is focused on the radiation-induced extinction regime, which occurs at large Damkohler
number. Once the steady flame structure is obtained for a prescribed value of the initial Damkhler
number, transient solution of the flame is calculated after a finite amount of the Damkghler-number
perturbation is imposed on the steady flame. Transient evolution of the flame exhibits three types of
flame-evolution behaviors, namely decaying oscillatory solution, diverging solution to extinction and
stable limit-cycle solution. A dynamic extinction boundary is identified for laminar flamelet library.
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Fig. 1 Typical S-shaped curve demonstrating steady
flame structures.
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Fig. 2 Schematic diagram of flame configuration
established in a stagnant mixing layer.

AFH o2 AW T 29 A& Hofsaz
Lia=d

2. X|uf g4l x|

&3 Adg F9 HAW 5 TUL Fig 2]
g RS e AN ERRO 941 %4 8
golt}. ol Sohn BV ATAH AuE =Y
3 FUHH ot B AN NE #A} gad &
Wb S ARG ABAY Left BF 12
Mz AEE Fh0 FEsA A8 7}
B9,

Ha dedg A A4, 744 W3
o Fotd A% BEE @oin ARse] g
3 Fo] EHHE #A} dedE gpe TEw
g,

Gr=—A40"K (T — T3 (1)

714 ¢* & Stefan-Boltzmenn <o]™, Kj

£ Plank ®T ¥4 A4, T'v 2%, 34 e
AtgHAS A vebdd

A (D& A PPl 4Asta, Sohn T
9] AFdMe} FUY FAaed BALE Y3
HFHoz Tgy L AuYFE & F
1t}



WA FEd e S sye] 4 @yl @9 |7 1187

oYy  Yp
ot - axﬁ — DaYF Yo ()
U
SXPATTT el
oY, d'Y,
“at " ad ~Da¥rYo @)
T
e B
exp (=115
2
40 L8 =DaYr Yoexp(- @)
T
ﬁ"ﬁ)*xl)a[(l'i'qﬂ)‘-l]

A7NA Yesh Yot 42 A3 HHAY AP
Bgolth, g FA4sd &%, T, FAUL%
d g4 2%, ge FAUSE UEs v
el 234 A% e ot go] EHE

K, T3

QB ®)

x=4

714 o' WER JEhL, Qv 2=H
A @9 193 d4Ed, B'E FENEY
A}, v Ao dig dag oR:IHuE
ehdch, HAl d&49 ARE 29 @& €Y
ogy =AY ¢ Atk

2xd #4& BHM Datz GRS AHAT
g AFel v & 4 e @HAo
2 xDatte AN gro] #AAA& FE AL
A RAGEAY A 27)1# dEE HE
7t gtk AAA s AR dAED

A @M & F Rxol AP AR
ohugt siepukggtel AJ|E Dgoll wGTE 1
2u} Da7t R@UlE Fotct #eistE Burke
-Schumann =¥, & F¢ ok sirp b
A @gom, Da7t ool wel #AF AEAFY
sz Qs 8¢ Ax=rt gasteiatn d@d
o},

Ay A 2e@d)] dE AARAL &
tia=g

x=—1 YF‘=0. Yo""l. =0 (6)
x= I Y}r:'l. Yo==0. =0 (7)

A Ao AMEH et Aawe] FoR
T, =150, ¢=10, x = 1.0x 10" & A4

Nay B39 2g@L x = 0o oisf HAY =
o] puZ o thAHAMY L=/t F A F
Mg B9 4,0 MFect gty HET
Q] Alzte] & o) BAL g,& ANFOEHN
ety 4 Uk

23 AAL F @A ¢¥5UT. 9A Dadl
wEd Y gdTrEsE 7 E, x27) A4
Ay FERHZRE Dol BAI FIHTAEAA
of7|H& HEHQ 8By FxHE FI HYY
54 AR & 2AC dEse 43k AR
& Z= RungeKutta H9& ol 8% Fauch
AAesel dedE 9= FANYEE FuE
H 9] AAE e JorZ AV|ME
gt

3.6 A =2

3.0 4 oE HE 7=

agoz Y HEe] FH AFE T
Mol A A Bg F=& AFR{Ac) Fig 3
of A4 Al sE JEnIRled vad A8 4
&40 g F¢ sahg s ¥ib @E4dol
de T sevks si@ ¥ Gehifich A
Ag B8 T8 d&EYo] gle T By

08

04

02

0.1

10 10" 10* 10" 10° 0" 10"

Fig. 3 Flame-temperature response curve with
respect to the Damkshler number for x
= 1.0x 10,



1188 eqE-I 23T

He olEH 07 UL Burke-Schumann = §+3f 2l
057 Ag3 YAt FAa FHAHYE §Q
¢ ¢ AULE HA} PEdol EAsE B8
kg HEZRE A @& Ay FEE
Daol W) )8t EAl §&40] part & FGA
9 F9 4249 717U € 5 Aok

Fig. 314 dAHoz HAIE AHA Aesis
golehvh ) BAMGEN ARG RFE msle 8
2N €Y #FM YeE RoFan o ole
T8 A BA ASUE AW HATENE
Uehie c-gee S40g= i 9ol
HHFA 4o F Ae A H(wming point), F &
Aol A= Bl ¢l @Bl @ Da
oA Habwkgzte) Agon fyPHE 29 =
H(Dags = 521x 1059 s3], & shtes &
Al dEdel o oblElE A9ZADay =
6.98x 10')0|t}. Da2RE ¢t parl 7}
s gututg B35t Fo4ets) WEo] Da7t F
AR B9 257 AedA 9o 2y of
L 0|4 pa7t FUMEHA W BAF d&d A
7 VERGEA 3 eEE gasts) Agc)
olf EdlR % sl AGAERC} i) X
A4 e F F9ez FEY &+ Ak 3
U DaRRE &wttd 3o 39 &5 AF
7R 9] AAaE #olw, T § REe Hu
3 2% AARE Day7tA & veEbdoh F o9
A T8 MA AL 94 FHolg Raw,
¥ @FE o] FHoA wE @y oe 5
e FH AANE gyo agict

A7l el AE RfRAT *AL @& e
& Jehls x9 @& wsie AN Fa,
Dayshe WE7 o™ Dage @l A9
dhal st e, Ty AAAE ST A
AHQ ML xgtol ®AQlOl Fig 39 =AW
BT FUdBsich

32 Mol B8 HE

oA T8 AYE HE 27 2oz
o Dald wTHoZ WHAZE F=HQ %4
F27F AMEY. ol¥ ¢ Damkshler ¥,
dREHAA Bgart BA He fF5 Lk
ZAME7) 18 Aotk & dTolAe ¥A A&
A A THAN HYo] BAFE FH Aol
234 FRUT.

HE HE B TE (A FH AvE
Fig. 4o YEhch a4 & F ARl %
4 AFe A b ddz FEE £ U
Fig. 4(a)= o] AFsHoirt A&Fo] A Fa
B Nz FAHE ot e’ B
o s Ve gdT2 Wt MFE Dadk,

0172
De = 3.30 X10 "
0.170 Da =340 x10"

9 0168

0.166

0.20

Da =347X10"
018 | Dw_ =349 X10 "

e, 010}

005

0.00
0.0 0.6 1.0 1.8 20

0.19
Da =3.30 X10 "

DG.-3A4G X10"
0.18

e 017

016

1 " " .
0 50.0 0.6 1.0 1.5 20

t
(©)

Fig. 4 Three types of flame evolution behaviors;
(a) decaying oscillatory solution, (b) diver-
ging solution to extinction, and (c) stable
limit-cycle solution (Da;: initial Da, Day:
perturbed Da).
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