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Oscillatory Instability of Low Strain Rate Edge Flame
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Abstract

Systematic experiments in CH,/Air counterflow diffusion flames diluted with He have been undertaken to study the
oscillatory instability in which lateral flame size was less than burner nozzle diameter and thus lateral heat loss could be
remarkable at low global strain rate. The oscillatory instability arises for Lewis numbers greater than unity and occurs
near extinction condition. The oscillation is the direct outcome from the advancing and retreating edge flame. The
dynamic behaviors of extinction in this configuration can be classified into three modes; growing, harmonic and
decaying oscillation mode near extinction. As the global strain rate decreases, the amplitude of the oscillation becomes
larger. This is caused by the increase of lateral heat oss which can be confirmed by the reduction of lateral flame size.
Oscillatory edge flame instabilities at low global strain rate are shown to be closely associated with not only Lewis

number but also heat loss (radiation and lateral heat loss).
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Fig. 1 Photo and schematic diagram of the counterflow
flame configuration
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flow system
5o dax=

o EAshE AAHo=z Hud

B ity 2 A7ME Pak Fo 7€ 4T
A#sg 7|He= ygd ez JddHe
aae 2 ol g AF WL Ase
A7 23e 2FAGD o)g T #g/FY)
FF 4 Hgo]l 98 5 Le > 1 o] HES
AES viek Sl FHA7AA 3G 28 AT
daked 2 ol BE AEE I A%
ATE FYeH
2. HE ¥x 2 YH
2.1 HEEA
HERFEL vy =goze A&

| 2
9 3 P25 ATE F Avke Sl By
5}711 AT o] gt Fig. 2 oA gk
< S6mm ©]t} oﬂﬁsﬂr Am}zﬂq 5
a]x, 20mm O] =
Z734 FAE 959 AH “*EO!]—‘& L s3AA
BZrath Wy 2EY YR d#H ml4 &
age AAstd x5 7N LY HF &=
= ﬂEi Stk AEE CH ol AFS 3 4alo)
AHEEt R 2sARE 3718 AMEsGlHh He &
S50 A8 ol =
87 nke} go] oy

>
Rl
2
o,

% (Curtain flow)2. 2 A}-8-3}
kil é,\—EE 03m/s 2 A HE HHlolA nAsS
AdYdA Y de, 44 2 T



A E oz e JF EbAA 345

= ‘%‘-%%zﬂWl(MFC)E AAH MFC Y ¥
F 2 Ao] F93 piCc d 93] ds % AFshA]
9o fHL A ="sA

el &

A AT A ZEAA7} BAE 1k
7 EtE ©]83}0] Framing rate 60Hz, ME] £%
1/60sec, 1024frame ©.2 A AIZF 5|1 £ 5% ch

g4 Fol ANFEE z2AgA JAHoRE=
g IF FFE BEslE daigol 9o
SiC-fiber 9] ¥FEE ZA3 A, SiC-fiber = 3¢
9] EHEo MA35I9 3L Digital Media Camera &
©]-8-8}% Framing rate 30Hz, M E| 4% 1/4000sec ©.
B AANT 290 2AEYG

B9 23 298 A4 49 A4 dRe)
FAS AU AR FES BLAYD 54
A 4705 58 FUA Y 25 B

W= 65 oA 305 Q).
AA 5E AlAdge Ao vhgy grp o

1+Vr\/;,7

where Vr=—-
A7IM L2 F =& Atolg) Aol v p =
‘é}%%%%v’tE&} BEE Ve, 8}732} a 9

f= A3Ae 98 e
#H Park 5o 9
olAl st 2t HAF d&
3 Wb wake] d &4l
That #rel o QlohtD wheta
D 23 AT QoM 34
2& aAT A4 ayEA
871 98 1 A4 OppdifmE=E AL
a4 dolHE #A5so A4y ww
At g 2oz ‘i— Oppdif A=E
&, 3o
G qEA ZdE A %l ‘%*8 Oppdif
AE dolls ArbetAl ¥, s W mge
GRI-v3.0 A4l wkg 7], datdhs BAAE
Chemkin, & A4 X & Tranfit & AMS-5% 0},

71E9) AFENA 238 @A RIoA 3E 2
°l 91?‘5 el vehdtin s R
AL 4E4, A

1

%‘4
2
o
ug
>
o

o
=

o rf

e o 1
S 0 o

fo T

N 2
2 Rfrfr oo g

2
Lok g™
oY oo

o o

2 e

o

&2 T
rlo o

ofp o
Tf %
EL

o P

- o

GE o}{‘l

2

o] = Lewis Number,

080 ~—#— 1 D-Computation
| -& - Vi=3, Experiment, d=56mm

o
9
&
i
*

Oscillation ~ Stable

Critical He Mole Fraction at Extinction

=)
m
i3

T =7
10 20

Global Strain rate(s ')

1

Fig. 3 Measured and computed critical nitrogen mole
fraction in the fuel stream for extinction
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