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Oscillatory Instabilities of Edge Flames in Solid Rocket Combustion
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ABSTRACT

Systematic experiments in CHg/Air counterflow diffusion flames diluted with He have been
undertaken to study the oscillatory instability in which 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 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 loss 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

714 Le ¥ =& Alole Agolm, Vb pE
u&%%%&za} Y=E vehlel, $37 ash

ﬁ}o.g-q %—a 7403 Ay 253 7t gA€

7t gtE ©]83t9 Framing rate 60Hz, A
F;] %5 1/60sec, 1024frameo E A A7 o5
T BN £F 124 Oppdif[e] =& A}
%s} ¢ A4 dolHE YSshel P )
Enl

71E9] ?"i'?“é"ﬂ*i 23 @A B2 o A L
AFe og Bobgael vehdtim x84
o2 BHAIL ol Lewis Number, A "<&
4, A4 d&do] Fo3 F¥de T d8A

QUTH[1-3] olA P LSS PO B 438

A F2A4 deivds 89 159 53 AT
3 FAS &4 3tgeh.

3. AE 23} 9 =9

= [~y -

o

o W& 4A 2F
=X AezH, 43
2 239 238 ¥4 TA} 1D Oppdif code
s3] FAHog dojd 23 VA A
Bl E Tk Fig. 20 Yehd Hpsh o] 2
227y ol FHILsedA YA He &
o Huighe g AAgo] 9Tl Yehd
9s'olstel A FhisE FFEAGEN
A3t 9stol N Y AFE . F 3
d 43 Yoz AAdEY. vy, dEdA &

Figure 2 A 3t A&
&9 23 §AE

r-ﬁm

!

<

N ofode & ol IO i
Tt 1%

— 276 —



080 —a— 1D-Computation
W ® Vr=3. Experiment. d=56mm

o
&
L
[
[]

-e-m
—a—
ae--

P
. L
!
®;

o
S
3

Oscillation ~ Stable

Critical He Mole Fraction at Extinction
°

o
»
&

T
10 20 £

Global Strain rata(s”)

T
@
no

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

AR 3 a3 YA IF Eree HAde 3
Q AFgol 20514 Yepdoh s Aol
205’0184 AEH FAHY ARt IA A
°o]% UehlE Ze ParkTe AN AHP
vel Zo] Bal g&d oloolw FrlHoz &
dez d&d A ) 7lse Aoz #vd
Thi4] 2y, B Qg F7hsheisos’st
W FANAT g Fole @A FolE
£ g % 5 A G, A4 49 24
StParkE e 7|1E A7EFH HInEREH F¢ A
ol 20s7E FHLEZ FYREE Aol
2ede AT £ AT ANSA BRAAD
stdel w7 woze g WE @Al A
s Aggel 438 @A B2eA YEhdohi]
Aol Baste 2UL HA 3y AFgol 13

stolatal N sted &3t @A B2olATh
Figure 3-(a) & ZtZte] AA 3t AZ&9| 3
kL

-

23 ZHdA Azte] WHEle WE 3
W A9} 23 He AFS vehdd 3
o] aVIE A49EY AA 3dg Ao =o}
F2 3 do] AAe AE ¥ F AT £
@ &9 Wge A7)9 Wash AA sE A
o] 28tde wa o ez ehdo
Z, AA g AFL6~7s"NME A5 JE9
W7t Au¥o= 33 066Hz~01HzS) =7
AR, B99 28 ATS Aol Frheh
238U A g9 A4 9~10s" A E A
£ AE9 Wasl AR 21 Frle B
S BEHA FAY 0.66HzAH BH B

o M g R oM of

Fig. 3 (a) Temporal variation of radial flame position
at various conditons and (b) Temporal
variation of radial flame position at various
conditions just prior to flam extinction.
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