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Characteristics of Propagating Tribrachial Flames in Counterflow
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Abstract

Propagation characteristics of tribrachial flames have been investigated experimentally in both two-dimensional and
axisymmetric counterflows. Mixture fraction gradient at stoichiometric location is controlled by varying equivalence
ratios at the two nozzles, one of which maintains rich while the other lean premixture. Tribrachial flames propagating
through these mixtures are investigated.

The propagation speed of tribrachial flames in two-dimensional counterflow decreases with fuel concentration

gradient and has much higher speed than the maximum speed predicted previously in two-dimensional mixing layers.
From an analogy with premixed flame propagation, this excessively large propagation speed can be attributed to the
tribrachial flame propagating with respect to burnt gas. Corresponding maximum speed in the limit of small mixture
fraction gradient is estimated and extrapolated experimental results substantiate this limiting speed. As mixture
fraction gradient approaches zero, a transition in propagation characteristics occurs, such that the propagation speed of
tribrachial flame approaches stoichiometric laminar burning velocity with respect to burnt gas. = Similar behavior has
been obtained for tribrachial flames propagating in axisymmetric counterflow.

1=

Chung'™¥ & 3% AES RAsgdA et
GE AR 599 A £59 o] FFu A4
S B2e §F $599 BAZYEH F4 H99
ol2 Mo o=zt I AE &E,
2 A3, 371 2 da 34, a2n 489

1. M &

AbA 3} 9 (tribrachial flame or triple flame)S &%
AEAA RASFA(ft flame)' |, oY EESF
(mixing layer)"S A A7 S §F5 B

o a8 9&¢

AR 39 o] | (stoichiometric) ¥ A&
el 48 E5 Full(fuel concentration gradient)”}
EAQstes EAA FAE F Aok FHuk G
3l ¥ (lean premixed flame), 5 JEF 3} H(rich
premixed flame) @ &4t 3} (diffusion flame)o 2
FAE A ggde 45 HA(wiple point)ol A Tt
A 2o, o8 3P AFE uat EA3te o]
gy JE G I FAR A 4L ZAA

T AgUEE AT
" {ALFLTATE
e gTiotE 7AGFTEY

Schmidt number(Sc)e] &4 o] @ @A A& ©
Tol Y4

Ruetsch 52 o] 23, AgHo 2 ojxd EFF
o] tidt A1E E3) d= ¥E THE Z¥HE
£8v) Foi(mixture fraction gradientys A 3
A &0 TL F= Y 24F9 4
& BPU o] o Ax ¥ Al AR FE
e olg wHuAMYg FF Y &Z(laminar
burning velocity)ol T 7} (unbumt gas)e} 7147}
2 (bumnt gas)®] ¥l(ratio)?) AFZ¢ FLE K
o, Wgs 228 diste o 1ms ot

Ko. 5 & 27 AEdA Hx #HoJAHE o]&
3o AEY 7 AN HIAF F FAHHE

-422-



AA e Ao dE) d¥8Foz AFIPE
o, "o sty Hd £X7) 096 mis B olE
Ruetsch T o] o)2F o2 QA8 AU 1.09

s ¢ 2 FgE. =3 3d Mg &3

A8 FE Tulg BFR Y 2EFXs A
S %L FE FoW 2298 R
e, A £F5AM e B9 A4 34E

A% SEE 18 ms 7 SRHA=H , ol

Ruetsch o] «de HAogrod ¥4 ¢ ag.
& =RidAe @ Aolg M9Pstm, ¢F
A

Hgd EgeA Adst Hosl gdd =
(stratified) H&&oNM A A9 A £2F
ZAEH] 818t Fig 13 28 olxtg & oA

&7 FEol dha ARt

CH,Air (rich) CHa/Air (rich)

4 g

CH,Air (lean) CHaAir (lean)
(@ (b)

Fig. 1. Schematics of tribrachial flame propagation for
(a) two-dimensional and (b) axisymmetric

counterflows.
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Fig. 2. Shadowgraphs of propagating flames in (a) 2-D
counterflow with open ends and (b) hot burnt gas
is ejected through open end by forming a vortex.
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Fig. 3. Evolution of flame front displacement for ¢, = 2.0
and ¢ = 0.3 in 2-D counterflow with closed end.
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Fig. 4. Direct photographs of propagating tribrachial
flames and stationary triple-layer flames using
ICCD camera.
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Fig. 7. Evolution of flame front displacement
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