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Extinction of Non-premixed methane Flame

in Twin-Jet Counterflow
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K. Ryu and S. H. Chung

ABSTRACT

A two-dimensional

understanding of the stability of turbulent flames.

“twin-jet counterflow” burner has been designed for the better

This flow system enables one to

systematically investigate various effects on non-premixed flames, including the effects
of curvature, negative strain, and non-premixed flame interactions. The objective of this
study is comparing characteristics of extinction of non-premixed methane flames with
that of non-premixed propane flames investigated previously. The extinction limit of
non-premixed methane and propane flames can be extended compare to that for the
conventional counterflow non-premixed flame because of the existence of petal shaped
flame and have same structure. The hysteresis in transition between the petal shaped
flame and the curved two-wing flames could be observed. We could find differences
between non-premixed methane flame and non-premixe propane flame such as the
position of one wing extinction and the regime of one wing extinction.
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Schematic of twin-jet counterflow
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Fig. 2
mixed flames in twin-jet counterflow burner for
Xeg = 0.75, Xoo = 030 and Vp = 7 cm/s.
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Fig. 4 Extinction limits of non-premixed methane
flame in twin~jet counterflow for Xpp = 0.21.
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Fig. 5 Direct photographs of non-premixed
propane flame in twin-jet counterflow for ¥ = 20
s”', Xoo = 021; (a) regime A, (b) regime B, and
(¢} regime C [3).
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Fig. 6 Direct
methane flame in twin-jet counterflow for k = 20
s Xoo = 0.21; (@) regime A, and (b) regime B.
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Fig. 9  Extinction limits and wing restoration
conditions of non-premixed methane flame in
twin-jet counterflow for Xop = 0.26.

Fig. 9= Xoo = 026 o o wigl CT) g
g Ag e JeEbd 29olr) Fig. 9 9

Al Fig. 3% opantAlg olg CT) wisks 3y
49 (Regime A) ¥} & %o &M slgo] ~¢
% 0393. (Regime B), %% 4t 31do] w5
29 ¥ 99 (Regime C), 28l A 429
%99 (complete extinction) 2% ¥ & 9

£

Fig. 10& Xop = 026 4 W 7+ 4o Ai 3
Ao RY¥E Ve Aotk Xop = 026 2] o]
E Xop = 021 & o B & ¥y g% @4
gldol A3 A¥Ho] vERVE petal-shaped

flame 9 Yo] e}
£ Fig 41 AH VY FE 2
(k> 16 s HolA 99 B7 ngn ~
woldaE o4 Ael oo RBAlol gl

Fig. 10 Direct photographs of non-premixed
methane flame in twin-jet counterflow for x = 20
s, Xoo = 0.26; (a) regime A, (b) regime B. and
{c) regime C.

o B} A9 CAle] ZAAle] Eo] #HA]
Twin-jet HFFAM FEE 71 F 349
49 A petal-shaped flames] &8 <18}
o 71&9 digs Sde A9 4 B T}
53 o] petal-shaped flame® AA&Pgow ol
£d2 £ ok Jo CY o Fojn 2EHUSE
o] petal-shaped flame FefolA 98 $% Xpy
& dE F7MANIIH ol= &7 petal-shaped
flame?] 2YHUY 4 o 289 2,“} 34
of HAHEH, o HdHE ~AHE "wing
restoration” o|&t1 st Fig. 9o &4 vehd
Ak F59 ey v "17“’ A48 7}
Agod, Do v ~EHUEY d5un 474
o 4 Qdoemg Ui it 51“’59] Frs @ 4del
gt it Ho wger Fid S-HERde
A% Da 8 AE8 Dg #2 vy AzsiEa,
29 2 &) 33 ~EHYS BT} AB
2, 48 Da 7} 29 Da Rt} Axy o)A
g o AYPNA H4HE £ UAh o]y =
Eq CT] 3§ 4¥dAME viantA] Az
el o

2 CT) dad #4999 2% 99 BaA
R shite] Al d8E FFSL G slitell A A
BAE THHE H £y gl REe sl W
A AN wd wigk CT) Was 3o 239
4 Bel sty mge zowkis AR litelA
ARE TFSL St slitl A At S
= % 7y ] FEe 9ol WA Axed
28 Fabol oigh gL ol AR = HEH AR
gdorow xhxl 2# & d(buoyancy effect)o}
preferential (secondary) diffusion &2 3 uj
%013}31 oy 7zl olol e xAE Ay %
o Faixje}ior 3 Ao}

& Fig. M”\i o4 olso] dig CT) Wig
—rr §}°3 o] HSAML Flg. 3o el Zag
CT} Cﬁ‘iﬁr ﬂ"éﬁ’] 7499k o] petal-shaped
flamed 97 &d 29 99 Alole] ZAAA
C-shaped &9 gAl7F Reld. petal-shaped
flame e #& YW & 74 gl A
°§°it"34 A 9 5‘5’5-]*- A7 & Holm

2 71Mz EA dé&de) 723 29 A
o Ajzbgich

3.3 Xoo = 0230 A2 CTJ SR

Aot BEM
= | I

i

-
o

LoH

sted o)

Fig. 112 Xgpp = 023 @ o) w5t CT] &3+
B9 9 BEHS WEJr‘“ g ejut,

Fig. 4, Fig. 9, 18]3 Fig. 11& Husizd
A FE Xop b BSR4 @A
4% 5l petal-shaped flame & 9% & Fol==
e ¢ 4 Qv olgd AL Ze CT) oisk



200 #2738 KOSCO SYMPOSIUM ¥ 3

40

35 _Xw,= 0.23(CH‘}
Complete
% 30 FExtinction
= B8
<« 5F
&
g 2F
£
215 F
@ — cOmplete extinction
10 F —#— both wing extinction
—is—one wing extinction
5t g Wing restoration
0 L ) N L 1

l
0.1 0.12 0.13 0.14 0.15 016 047

Fuel mole fraction, Xgy

Fig. 11 Extinction limits and wing restoration
conditions in twin-jet counterflow for Xoo = 0.23.
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