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Linear Stability Analysis of Cellular Counterflow
Diffusion Flames with Radiation Heat Loss

Su Ryong Lee

ABSTRACT

Linear stability analysis of radiating counterflow diffusion flames is numerically conducted to examine the
instability characteristics of cellular patterns. Lewis number is assumed to be 0.5 to consider diffusional-
thermal instability. Near kinetic limit extinction regime, growth rates of disturbances always have real eigen-
values and neutral stability condition of planar disturbances perfectly falls into quasi-steady extinction. Cellular
instability of disturbance with transverse direction occurs just before steady extinction. However, near radia-
tive limit extinction regime, the eigenvalues are complex and pulsating instability of planar disturbances
appears prior to steady extinction. Cellular instability occurs before the onset of planar pulsating instability,
which means the extension of flammability.
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: Cellular instability(A 5. &2 4]), Diffusion flame(&4}3}49), Diffusional-thermal instabi-
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Alphabets

: equivalence ratio

: strain rate

: Damkohler number

: total enthalpy

: Planck mean absorption constant
: wave number

. Lewis number

. heat release rate

: nondimensional heat release rate
. temperature

: activation temperature

: nondimensional time

: velocity

: spatial coordinate

: mass fraction

: mixture fraction

NTHED
Greeks
e : nondimensional temperature
0 . temperature disturbance
K : radiation intensity
o : growth rate
Superscript
* : dimensional quantity
Subscripts
c . cellular instability
ex : steady state extinction condition
F . fuel
fi : final
inst : onset of instability
k . kinetic induced
o : oxidizer
R : radiation induced
o : oxidizer side
—oo : fuel side

1.M2
SEEREREELEE B DR

* Aeatst| &St 7| A E A gt
A A A}, srlee@seoultech.ac.kr

Bt & uf Mmool ¢k Al(cellular instability)o]
Ueld s & Sivashinski[1]o] Q]3] o]2z oz



A eAe W

o

s
1
!
o2
E
ook
Elil

et

EEERLREEEE 43

1O o

ok

FEE F @ LA ek Joulindt Clavin[2] I
Ao EAT A4S she] BorgL B HE ol
shofo] P 4 gl Jelo] Fobi AL ol 27
o2 ®olFgrh

SHist oA S 9 dEAE Zpolof o7t A
ko] o %0&@"5‘01] B/ At 2ol AEHE
ATk Chen F{3]2 slotHHE ©]-§3lof o] 71+ &
F/3]| A 9] %E—;: HIIA| 7| H A Ao 3t &
& Bael Atk Lewis 27F 1Hoh 2h& of 4
AR FeEEE =old 4 At ol 3}
Hoj7F ol Uehhs Aokl Bty dol vEt
e Ae #Eskoh Kim 5412 9k g4kst
HE RUR sto] dTHA FTANEo gt E/d 3o
Y] MRS o]-gste] AFAAA S okl
AP Zol Lewis F7F 1R 2% of ARy &
¢Hg/do] UehaE HojF

Aokl 3hod Ho]—;@lk]o] el =
o} Zrh el mlar wgko] Zhei x| ¥
oF oFgt St 7F 2A5HA Ht S ol
S99 AR Lewis 4o S wHA Hrt. 7
ol A= BHEES A7t WolA F&0]
t}. Lewis =7} 1 ®Et} 2to E218kAo] 327
of ARG o BHES Sito] M AXRM AL
3Fo] Zysfxict Lt ofgt sttt REEES &
R7F HoJA] Al REZ-E9 FEo] WolA|H o]of wa}
oFgl Bk-3-A 9 0 &2 wh-gE o A ZrobxfA A
ko] ofsizit) gHtst o= S A7t 3t
FEW 299 WA o Wy §14o >
$17] whiol shelo) BARE o EgBhele) Aok 2
22 WeE e 9 v wel 7ok e
2 Amepel webg Aol trehdu,
0]31?51- 2R3 ShAL BolR AL 5o o
&9 A(intrinsic instability)o] gttt 1 H 3
QAN S U FEROE ALEL T
of éAloleo] Bt Al W MU YT &
o) ST s ey ol o5 S
o}, SHArERd o] A BAteAlo] WESE
= W B9l nA= %‘%toﬂ 2l
7} XJ?%*E]%‘E}. Lewis5=7} 1Y 7§ ALY
C2L agAH oy 1R FH Y WHE
o] Yepdthi A A UTH5-7] 131‘%
Sholl A Amekol Eeg el gt
of gt At AL it

Nanduri S[8] o|x}¢¥ t&HF
,q Baledaa o] 2T o Alwmeko)

AL sPetALt. SEEEY
= Zﬂ?{Mﬂ ojgt 2G| M BAp
Aoor AR 134 AL

rlo

s o
= oo g L

o}i rBL‘
Moo o o 2 odle

2 Ty R

£ 2

4

>

fl © %

o
=

bk
$0 @z Jo o Jo

4
N

_1

M=
.

> rlo o
R M

b &2 oZ:
off Mo ox
o 2 ox B

o
9

LA
oxﬂﬂ
LLFO

nJR
r¥>

P

o
>,
Lo
o2

—1>
Mr B
o
%
2 o H 2 2

¢

2

r ok
—

L o4
™ 22 olo

_ﬁ
B

[
o

—-r

B~
of [
N
A

i
J_
e
r*
oX
ox
o
e
2
<
r_
O
rh

L oe Folw 24wy,

AR E Aok %xlo]‘— HIEO]: = tjofal 2ot

=
E[9]S Touji HUE o] &3}
o wet Shikske o] E<t
Fotsch 2E AT} e
o deAl B BAdEL Oﬂ Sittd o A7) 3
el SR gel e F9ch
o:]:rLoﬂ/\—]‘— A orA A OH/\-]_Q_ B3l EAtd
= T Sketg o ARk =2kl
AT BAb Do) EAY AP
B A% o] Damkéhler =7} & wjQ} 2}
Flol Al vhebdeh, Amope] ey
29 ZAAA YERY] wiizel 7 7]
oJ o ool A A ofo] EolA] A o] EA
b T ok o] Lrehhs oA A

e
il

fr st e ro
ox ﬂlIO
o,
lo

oz
ox
il

IN

ox ”

oz

Su) -{n
O
o

4

o p,

y

-
o

o o

o 1o x rlo mo & & P>
it

to i HU o =
o

)
QL
32
)

=<
2.1. x|uHH+xw 2 AAZA
Aol M dashel Qe AHgHT 9 of
i}% R 4593 wdz festy o, Fig
off EABHALE REHE (.0 :
ofs, oj7]o|A] o' dv, /ds’ = ol fE5He) W

@ E(strain rate)o| ¥, *= FAABE A b2 AA

OXIDIZER

Reaction Sheet

Fig. 1. Schematic diagram of the two dimensional co-
unterflow diffusion flame.



44

o
N

of

Z} ¥ #F(dimensional quantity) UEFHTH F 71 #
WALRE EEEE B4l VE [0 9 BAHAL
2/a" 2 B3t ate] theT} o] Aojw it

-

Aul

*

a * ok % (I*t*
(z,y,2) = 5 e CAR TS t=—- 6]

o]7]o A o= HAEHikL(thermal diffusivity)o] T} &
T EALE 7 =Q(Y,. /L), & BX95} 519
W, A B AR wEE ohgI go] RAYs

T-—T T-—T
@: * = *
T, a7,
. . (@]
Y, Yy
YOZ * F *
Yoo vYpe
= A

o710l @ & AtsHA|e) A A, ¢,

4 it
Sl
i
2
10
ot
u)
ne
L
0%
ot
o

OF 24| (stoichiometry)©] T}.
4L Tsl 317 Slete] olel 7R A1 E =
dotict. AE E ASHA 9] Lewis $=5°] 5¢

w =p B YpY,exp[—1T,/(1+q6)] 3)

7)ol A B = HIEQlA(frequency factor)o|™, T,
= 29 BYEeTolt.

AL S A Slstel, AR B
o & gFthoptically thin)il 7}33}T}5,8]. o
ARG BALELe et 2o,

T

3
o
_(ID_]

=48 K 17~ 1}

0
N

~
1

ank mean absorption AF<=o|th UurA o2 K,
st 9 2o uet Weke E4 Aotk 17
AHA A K, o] Wzl A G =

g 9 52 A B4

T ARz otk whEba] g AolA A

oo T

oL
1o
mr
ox, fll
o
=
FTF

> o of

o o lo fob I

o3

FATE 915t stAWA K, & AF(constant) &
T3 AASHIL QITHS] B AFAE K, B AR
FlaL, HALG AT jBkE flsto] ofg] i A
kel istol Bty 545 ALtsklTh
Hitetg o] 25 Atk A, Fetuhe F
T3k A kel E3E & (mixture fractionZQ} ZAlEr

1(total enthalpy) He} -2 A A gF<=(coupling func-
tion)E =<5l Hejshy 242 ohg3t o] oy
2Tk
Y,— Y, +1 Yo+ Y
ZE F ] , _ a 0] (5)
A,+1 2
2k ieE 9 A A S A e AEe
o] =EE Fxsld "oH10]. HEFF 5 lA
stalE 2 ouA YRS ke 2
2o oy DaY, Yyexp| i ] 6
o Y YoTmYotreplmar gl ©)
DZ
L = V7= )
DH . ,
E*V2H+/<;Da[(1+q9)4fl]= (®)
DY, DY,
(1—L)[ o + o

o7]ol| A B u|E D/ Dt 9} Laplacian A4t7] vie
247 et 2

2 2

P , 9% @

oy, = 9
yay oy’ 97 ©

9
ot

SIS

E3%t D= collision Damkéhler $=0]H[11], x+= &
Adeals peiE BA9 42 et go 247t

74 2= e

Da=2BvYy,,, [a* (10)
SKT

K= d—— (11)
p QBv

K= o Rlo] dgh BArdaa] oy %] <]

B2 FASHE 219 Motk dubH o7 319i|

Aol Al K&, ko] oF O(10)0]H, Erst4=4 0] AubA Q)

FEL o] gate] kB AFEIE oF 0(10™) ~ 010"



EAL S e ARk kR ket o A3 b A B4 45
A7 =oHs). dary condition)& Z+r=t}. o] 7|0 A 9= 23} o)
A Ay Ale] AAxRAL e g o= 3t
Y, —1, -0, H—1/2 as y—> oo
o / Yy . 0=y ?Po;'%v (16)
Y,—0, Z—1, H—Ap/2 as y—>—o©
7+ o7t Aed di= 7helixl weto] Ajzte| w
ES Y, 29 He 2R F714 FARAS 2} ©@rZZ7Hmonotonic increase) -2 ZFAshy, &
A=t ﬁ’*‘”‘ °”** HERE A FEEEA o g mare] Azt whet ABEA Bk A
Ap= Ve o /W Yoo )0, Vi AR5 AR apa spgjo] g Aol Y WE 1ES SHES &
AgFE&oltt of MZ oo Aeg T2 Bas g A RiEe
Zholl qitt. Alg=Fgo] gFa=olH HAAde] o] Thedof
2.2. Meordd siM Al 71s%l ado] Albe] whet Skt RE FH¢o] &
o] 4 gh(perturbation)S HAAE} Q] B 7 PgsHA = aL, AapREo] S0l agto] AlZke]
slo] st o] ot A AL ATt AelA o] Hr,  TE HastER bl QHgsA "ok
EHg 9 Ague] i ik so) e
22w S fote] ohgat Zo] Mkt 2.3. & X[sll A W
QA9 QA sele) slE ol gstel
Y, (y.t) = Yoly) + et oly)explot+ikz) 202 22 {3 AR S o]-83to] XuliRkg 4] (6)
3§ AR otk WA ARHIHAES
— Newton's methodS ©]-83 2FEHF A Al S ] Al
) = Zy) +evzly)explottike) 19 e SRl 16 ot 2eleb]
_ At AAE Fw5] F AU y=+52 FUL, F
H(y.t) = H(y) + ey (y)exp(ot +ikz) HA0Z 2 500709 AR Uit} Amoro] B
ergAdo]l Uehg 4= QLS Lewis 4= 052 F91L,
oI barts BART 4 o 1Y Yo LS00 0 283 A= 12 Fck
A B 22 DH7H A, o 7HeliRl wEke] § AFeHdd ml A (14 (155 244 /-3 2
29 Z7}-8(growth rate) 2 A4 ZHS VA, k= s O]B‘O]'OE] A3} SR AL, Sl Al et A
1% 4>(wave number)E e A 7FS Zh=t) Al B9 & o] §ote] AL stk AF &
AL (132 A A (6)2 (8)oll thdshar Asyat 4 A ‘jm“o oheh 2 AP ARl L3k &
Z=(leading order)2} sx}<=of whe} A 2)shA A E A|(eigenvalue problem) & efj7} HTH12].
of ekl peiEl FEol Y REAS 9L 4
Atk Z+ AMSHA|, SRS 9 T 9] wetef tjst Cr=0Dw (17)
of M ulEHAEe
o710 Ce D= A W49 A4 3P H(real
Poo by matrigolc}. A% WY Ci= o ALo] oh 7] i
dy +2Lydi*]“/’0 o YitipYy of LR{ZHE ok Ao] 1hestA] gtk WA vl
(14) A 3JH el CZE Hessenberg FE = HES o 2w
qThY, Y, T, 3§ H I} upper triangular PHFZ H L= QR LTS
=t XD(— ) 7o & ol gl ol Ale] Bas TS okl
(1+¢6) 1+¢O
t}. Z 2732 Numerical Recipes[13]0] 3% ¢
2@ . = A& olg3haict.
F—FQ Uy Fy—2(1—1L) o
(15) . 80U AE
4q0nDul1+¢8)" =o[v—(1-L),) Lewis %7} 0.5% ), BAZE xgtol ojsto] D,
H

o, y =1+ coof| A E2}7 A % 7 (homegeneous boun-

of w2 stele] L= Ul Bg Aol A AR =
£ Fig. 209 (b)°ll 27F A|shelek. BHakehgol A

1



0.5 . . , . . S Ak olgt

o2
O o
o
i)
SL
o, K
)
fu
kA
>
ol
32
ul

i
S
IN]
_ﬁ !
-

- &
=2
i
B~
o
3

(@

il e & =107
| 73K as 2
o] o3 oA & aoﬂ ulel ] u e
o D7k F71skE At 7heteh. ateps
D7 FA F7kskE BA &M 0] F7hste] 27}
Gt Ak D7 AAZ Kk AXA HE B
Aol R AR o ol stgol EAfatx) 23t
3 &gHeh o] A9 29 FEHE AR
[ apspurgo] oFs)A|i WHeAIRE 2t el Bt I
TR — Eo] olsf sgdo] WAYsHy] el Bt el
oI5t Aol 3t @2 FEAFALh
AL o] g 2PN WA FolA Fig.
TR 2009 AR FEFE B oS T L Uk« -
1019 ) D7k &) wtet AR wEFol 4
F71shaL, AR rEFol dAGRTG AW o of

0af | ol oot agmar o

S

- 2

o (8)°ﬂ ] iﬂ}‘”‘

03[

mz
ot
o

rUR
rb-
>
o g
olN

01 [

(b)

Aot E7) v FAastal o] wjFof &shak
o] eF3| A A HHe ARre FE&Fo] LA
7bshA ot wheba SArgedef ot A9 «
=7k EPE} FAL Fert SVl w2
QgFS wholA] AW Damkdhler 427} ZFAT-S o
AT WO S-S = XﬂﬁPOH o3t AHLS FAF
e Ho} §-55% —7}7} IS4 0] Aghe]| H

?..

Fig. 2. (a) Flame temperature and (b) fuel leakage as a

function of Damkéhler number for different val- FEFS

ues of «. S W3l= 710 %4}\
st 9] Aok éZiZj(margmal stability condition)
= HhEo] stAx Aot gt Q7] wE &} 2 A A st S 5= = T
HA oA BFEHA] E3 AR EAGS T o} 571 oo gigt 241 #ﬁ](dlspersmn relation) 2
spAtuRAL W 2 ujjfof ¥hgo] FAET wet e & 4= otk Fig. 39 «=0¢ wf §8F&&% At
Ao °ﬂ O3t AHIANA EATAE EASHAT BE

2

A o] Foll sl F7HE o= A4 42 Zh=th Dam-

7vstd gkegE kohler =7 & A9 BE T ol diste] o <02
=1 A7 EE7} 09 24 3o A oFA St Bl o, Damkohler =7}

] Ao| glch Wlwo] D7b 7 DalDawy=1.023 =2 7Hashd k= 1.5 o] A]
FEA

s

ssbul Sopg Aol i) G5 Ako] HobAA  o>08l Qejo] Efstol kol BT AR
LS EEO] WhSa 4 Qlis Al7ko] RES] wiie] ok oledt But BAAEA] gl A9e] An
st el rasta Ao REabol W wobdl %] BebgA Au10,12)2F AX| ek Damkshler 5
 RoF D} QAL Aol Shefol | ol /) el gslol thA AT Lelzdel ol
EASHA £33 2GH o] o] £FL BREE  B4F BT BER o 1 A4 Ak A
Xzhol Hie) A A0 R BOH) GEAE tao] 3 A AREANAE THE £-08 B el

SHig-o] Alghe WobA] WYY wiZoll, o] 5 ¥hg- nar disturbance) 23} &<HY OMI thl o ol &t



A AEAG e Aoy R SAkstd ) AF oA EA 47
4 T T T 20 ! T T T T T
[ L=05 Da_ =1.328X10° | (@) L=05
k=0 ” | 15¢ —1n-13 ]
- x=10 Da/Da_ =0.85
ar Da/Da, =1 1 » ‘

onset of celltar instability

Fig. 3. Dispersion relation for the growth rate on the
wave number near the kinetic limit extinction
with L=0.5and = 0.

4 T T T
Da =1.360X10°
ex.k

Fig. 4. Dispersion relation for the growth rate and the
wave number near the kinetic limit extinction
with L = 0.5 and «= 10",

4 AAAE stdE 2T = A "ok
Eadedo] e 49 x=10"Y o vgA
gholl oJet 2 ATA A Tgo] WE TTHE o2
BAA S Fig 40] Uehylch Bardgalo] gl
< mef MRITHAR S7HE o= ASiE 7T
Damkdhler 271 2 AL o= BE atE S0 o<

0017] wizoll shdo] HFE T Da/Daesy = 1.0237F

Z] Damkohler 4>7} Zashd %S0 2 3} o] 2oF
A A= g5 k= 1.57 25, 2GRN A
= 3ol Bl A= e P o] FefjEct vt
SEHE AT AATH A BALEEA ] 2T

it 111
P 1.590 X10 "]

Fig. 5. Dispersion relation for the growth rate and the
wave number near the radiative limit extinction
with L=0.5and «=0.

ule) shelRergAlel SHE HAAs
-8 =AY oy 7k EA, &
o] A= Damkohlero] v, uHg<=, d
A=) el AR SN Ael sttt
2}A] 7]A} ¢l 4~(gas-phase combustion)©]| 4] Ht
Agkel gk A4 ;H"qoﬂfﬁ% EAL ‘éﬁ%"*
o A a7t gl& Zolth

234 Damkohler7| uj-$- & wjj <l
o3t A o] FAEIHA EHLO
Oﬂ:!-;q_,] O]—X—]A—] E/HJJ— I;]—E 742:2)]:—%
5o EArgEA ] o 2P IA oA k=107
oot 7S E4RAE YER AT
= A3 Ag o BT i 7}
gpol wheh Hapgt Aeghs 2t

JFI
>
12
>
B2

=
o
N
= b
-

o O
r

s
s

¢

o
o =

Il
it
fodr b 2 &

N

[¢}

|

.

nzi o r.E
= Q o



N

ol

Fo 45RE e dHe A

CEN =
W 27he o7 A4S 7P7<l“5 ko] Ajzko]
ot g 5 :

(R (5) <0)sh= % é‘é‘
5(a)oll A Damkohler7} 2E Afole BE g
dstel S7HE ool g Fe Bade] Adgel &
Folnr I BE o] mete] tisto] 3
ot o] )Tt Damkohler 427} £7}8}%] Da/Daer =
00797} =¥ ahE4 k =~ 404 Aghs 72k 27t
& o7l 0RT} 2 g};— Z¥7] A2 JE}, Damkohler 4=
7818 Z7behe Bareede] Z7ks7) ujel 5
ol Qs B atEo] Fool s Al
2oko] 314 EorA o] Yebdth. E3] Da/Dae. g =
00830]H b5 k=004 F7hH&o] AR 0 B
ot AR FHmEtE BorA st "ok Lewis =7}
1Y wj&f o] o] Aufof A[7] SFHell B ko] 7t
A FALAEA O ot g2 Aol 3FF ol W
5 Belg o] tehith BAaedel g A9
Ao A B weto] gt B 542 Lewis o=
7F 0.5 wje} Lewis =7k 19 w7} A= FARRE 2o
2 Hol HAlgEale] g il 2o )
ol SHES 1744 2RO Lovis 9] 432
S1alo]| )5t AlmoFo] EolA Ao
Fig. S(a)oll Al Hi= nfef o] P4 k =
4 SO Aol k=02l FHHo] tf
EE} HA vepdth & 29T A A oY

[e]
L %—’F% Zb= agho] e ZheiAE 7 =<t

(o]
o X
o
'3
£
e
[0}

of rﬁ

0, ok )

Aol k=4 IAQ nwo] FEslo] ARk
=g Aol sl He} o] et A= Naduri et

al.o] A3}e} t}2 ). Naduris= B A4S st 23}
o watol| o3k Ho}quqo] Aok HolgA W
2 AT AF
34 AR4 Ao A Lowis 28] ] 9
3h Ao EQHg/dol Bt B metol &3t E¢H
4 Eo WA yehge o 4 Al

Fig. 5(b)ol| 4] E 50| DamkéhlerE ©-2 F7}A]7|
A A Rero] b dol Yehhe wehe] apga o
o] oA\ Brmee] ASE A 2 Prgt
< zt=t} Damkohler 4~5 Da/Dae.r=0.927+4] &7}
N7 E7HEe) Badgho] AlkAl T BE gelo]
A AeE A "ok A 39 adxd
Da/Dacyg = 191 A+= FHIZA F7HEo] 7P =2
T o >7002 Wjo A e Zkm, meke] T
10 o]Fd ARoles o<00|2g Fupprt & ek
o thaliAl= stdo] SH Tk Wil Whg-& e A5t
2T A o A= Fig. 404 H= vpel o] HH w
ghof] thsto] HAAE g2 HolA o=022 FHA

o)

r
]

>

2 T T T
L=05 .
1.8 i
L ]
o |
Daex,k
~~ [ ] 9
wo 16 | Dainst,c -
- 4
X
T 14} .
*
1ol Damst‘c for k=0 ]
Da for k=0 1
1 1 1 |
10" 10™ 10" 10
K

Fig. 6. Damkohler numbers for the steady extinction
and the onset of cellular instability as a function

of k.
10"
s L=05
1012 L . ]
Daex,R
. Dainstp
[ ] n ' ]
Da 10" L Dainst,c 3
10" E
109 1 1 1
107 10™ 107 1072

K
Fig. 7. Damkohler numbers for the steady extinction
and the onsets of planar pulsation and cellular
instability as a function of «.

o

b=zl ek. ey AA| st B
o] Ao Amoko] BolA o] A7 1 o]TH
A2 MAE 4L sfof shee] A5S o 4 ok

Fig. 60 Bhg-& Aol o3t &g A A &
Ao w2 AAAFE] 42 Damkohler 4> Dae @}
Xé]EOO]ZQ,] %0}—7{4 A O] ]X]—E]'E‘ Damkéhler ')]: Damstc
£ =AEHTE A BArEEAe] gle Afol W
3t Z+7}o] Damkéhler -5 YEPHT EAMY =7 5
hetolm AAAbE 29 R BHgAol AgEE
Damkohler 5=2] ¥H3l7F A 9] Qict a8y EALG =
7F w9 AN FJAAEL ot fHol § o4

ZAsEA e ol B/ E 4~ Damkdhler 47}



BAF S W Aoy R SAISHY o)AMY A oA 49
Z7kske olo] wet Dajw E F7HEICH UWHAOR @ 379 F7hgo] s uet Bagh 9 A4
SSAE Ade] % 2GTANNE BAGATY g Rtk BaSghe Batdade] o 9
dapol 2x ¢b7) wjie] Mmope] Bolgae] do  LFERH, Mgk Lewis ol oJ3k FaFS ek
U= Damkohler 0= A9 At HH ) t}. Damkohler =7} AFZAS 2 Z715ho]| whel Al

Rhde] BARE R o3t AHITAH AN = B
C}. Fig. 70 SAbdEAol o 2ATA oA HAL
A& w2 g3/ 429 Damkohler 5 Dae’d
Aagke] ok &¢hg/gol Al#E = Damkohler 5
Dainsp 3 AR GFO] =P /0] Al2}E] = Damkohler
+ Dapses EABIAT. HAF A&40] 4299 T8
T A7) WiZoll EApd ] wheh A E 4
Azxdol - AA Metsh= A o] 247 &
ety AJo] A= Damkohler 4= w9 =7 W3}
stk ®= HAPTEC H5ted Dac > Ddinsy >
Datjnsi,©] 9T}

]

o

SR 214
st Betg4 B4
Abo] Qighibnt 2 ) Amorol
o] YEFUYHE 2 Lewis 5 0.52 F11 3f4
74A) ok Bl oishe] Axel %
s e A4teliL, o] & o|gslo] nliiLet
Fol whE Z7hgo] W BAHE
FEARAS 2AbShe] Ao
AA 5 ole] 7H Bebg A

ox X
.

K
E
=

PAke

ot

“

off
5B 1y
£
o >
=

i)

ot

oX
o
e
o,
ol
o
rr

R

&

filo
N
>
_?ﬂ

b
>

f
filo

e
rr
ot
-,

o ne
il

Mr £

©

= o] ), Damkohler 27} & &= &
AtdEalo] AA H2ZT7F WobA Al o] Yo
fag=y

ikt o A A EeFe] B9 AdS
dojdtt. BHS-& & Agho] &gt AT A A= &
TEE F7t sl £AE7] fEol EAFEEAY
Rt Aol A7l TAGle] T B B4
o] thZ I} Lol A9 H|zetgrt. el 71 n
2ugko] BE abgapo] tisto] wek 2719 FE
o] g4 Apghe 2=tk A 4 Holl B4
gt abg oA A RekS g/d0] A&
Damkohler =7} A9 =%

+

SGZA A

pARSS
=

mFe] g el Al WA yEphdth. Damkshler
F7F H% S7behd rnghe] wlgEehy Aol u
Ehdth BAF d&Ao] A gzl vl
FE&ol mf 27] o] Anef S P
g ¢l A& E = Damkohler == HAR
Eof wef =A gt

2 Ao A A s Aol ALtE ARl
b0l AtEE 271N &5 v E A
TRsto] AmeFe] St dol ofgA FAE=
off tiste] A4+ oAlFgoltt. o2iet HlAY side
o] Damkohler s=of whet oj® IA& AH 2]
dol Y= Zholl diste] wpepd 4 9l

of AT AL LTyt mu &)
AUow asdsyt,
koo

[1] Sivashinsky, G. I, “Diffusional-Thermal Instability
in Cellular Flames”, Combustion Science and Te-
chnology, Vol. 15, 1977, pp. 137-146.

Joulin, G., Clavin, P., “Linear Stability Analysis
of Non-adiabatic Flames: Diffusional-Thermal Mo-
del”, Combustion and Flame, Vol. 35, 1979, pp.
139-153.

Chen, R., Mitchell, G. B. and Ronney, P.D., “Di-

ffusive-Thermal Instability and Flame Extinction

(2]

(3]

in Non-Premixed Combustion”, Proceedings of
the Combustion Institute, Vol. 24, 1992, pp. 213-
221.

Kim, J. S., Williams, F. A., and Ronney, P. D.,
“Diffusional-Thermal Instability in Diffusion Fla-
mes”, Journal of Fluid mechanics, Vol. 327, 1996,
pp. 273-301.

Sohn, C. H., Kim J. S., Chung, S. H. and Maruta,
K., “Nonlinear Evolution of Diffusion Flame Os-

[4]

(5]

cillations Triggered by Radiative Heat Loss”,
Combustion and Flame, Vol. 123, 2000, pp. 95~
106.

Miklavcic, M., Moore, A. B., and Wichman 1. S.,
“Oscillations and Island Evolution in Radiating
Diffusion Flames”, Combust. Theory Model., Vol.
9, 2005, pp.403~416.



50

o]

7

(7]

(8]

(91

Lee, S. R., “Instability Analysis of Counterflow
Diffusion Flames with Radiation Heat Loss”, Trans.
of the KSME(B), Vol. 36, No. 8, 2012, pp.857~
864.

Nanduria, J. R., Sung, C. J., and T'en, J. S., “St-
ructure and Dynamic Response of Radiative Di-
ffusion Flames”, Combustion Theory and Modeling,
Vol. 9, 2005, pp.515-548.

Han, B., Ibarreta, A. 1., Sung, C. J., Tien, J. S.,
“Experimental Low-Stretch Gaseous Diffusion Fla-
mes in Buoyancy-Induced Flow Fields”, Proceed-
ings of the Combustion Institute, Vol. 30, 2005,
pp.527 535

[10]

[11]

[12]

[13]

Kim, J. S., and Lee, S. R., “Diffusional-Thermal
Instability in Strained Diffusion Flames with Une-
qual Lewis Numbers”, Combust. Theory Model.,
Vol. 3, 1999, pp. 123~146.

Law, C. K., Combustion Physics, Cambridge Uni-
versity Press, New York, 2006.

Metzener P. and Matalon M., “Diffusive -thermal
instabilities of diffusion flames: onset of cells and
oscillations”, Combustion Theory and Modeling,
Vol. 10, 2006, pp.701-725.

Press, W. H., Teukolsky, S. A., Vetterling, W. T. and
Flannery, B. P., 1992, Numerical Recipes, Cam-
bridge University Press, New York, pp.476~486.

o o

EX44d:2013.04.22
AREE A 1 2013. 06. 08



