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ABSTRACT

Experimental study in laminar propane coflow jet flames has been conducted to investigate self-excitations.
For various propane mole fractions and jet velocities, two types of self-excitation were observed: (1) buoyancy-
driven self-excitation (hereafter called BDSE) and (2) Lewis-number-induced self-excitation coupled with (1)
(hereafter called LCB). The mechanism of Lewis-number-induced self-excitation (hereafter called LISE) is
proposed. When the system Damkohler number was lowered, LISE was shown to be launched. The LISE is
closely related to heat loss, such that it can be launched in even helium-diluted methane coflow-jet flame (Lewis
number less than unity). Particularly, The LISE becomes significant as the Damkoéhler number decreases and
heat-loss is excessively large.

Key Words : Buoyancy driven self-excitation, Damkohler number, Heat loss induced self-excitation, Lewis
number, Lewis number induced self-excitation
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Fig. 3. Various flame dimensions of BDSE at Xgo = 0.13,
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7FeHAl =L S]] ofjt FEol
o] FRRFEEE SUE ‘%IJE}
AupE et A A A EW st A &F
A e o] % 3hd2 oA sk 277 4
stof o] ayrt 7:.‘520}71] HEE SRFEshE
€ SaAvtSE G i E o Yol A " o]
28 st vA AFE AusiA "ok v
e Feof ot 9%l HAYES Won[4,5]°f
o} A= Ak

Fig. 37(_2; D=94 mm, /\/1:,0:0.13, U0:7.25 cm/s, Vco:
9.4 cnyso| A 2] G Tof sigsts S FEof
ot A7 AFS A7t whE FdEol |, 2ol &
= EAISHR T oA & & 3ol 3kde] AR
W eSS Lﬂﬁ}% A
oo “41611 lo], &2 1
th. Fig. 4= F4z0lel
o2 1%101]/‘1 Ht&

o 1

M et jg 4>
Y
it

2 2o

30 %9
1

Lo
o2
o

filo

(o]

0

N
i

il
o

A

zo flu 1 0
o Ml

ot
o2

=)
ox
=il
fu

ﬁ m
o
4u
hu
4

xo M
L2

i

3.0

D=9.4mm
Air=100%, VCO:9.4cm/s

X, ,=0.13, U =7.25cm/s

254

204

Flame length, / [cm]

Lift-off height, hfcm]

Fig. 4. Phase diagram of lift-off height versus flame length
at Xro=0.13, Uo =7.25 cm/s, and Vco = 9.4 cmi/s.



Aol Zojet Zo| HadA =HwA Ho] anr) 2t
o}A A El& ACZ Won[4,5]12] Ao} AxF= A

[ 2~
2 o % gk

3.2.2. B2=of 2fst x}7|ZISHt EXHE0 Llst=
20l 2=0ff 2f8t X}p7|ES

Fol& pof ofdt A7 Fel dis) dA7IA Kl

| vk g7l wiZe] Sdes Yt fAYS

o] A2 dart 9t Fig. 5= ¢ I sjdsh=

SFPOR Fo|h pof o7t A|RlEo] Feof ot

et EAE Ase AlZdoll weh F4dzol, §, 4

o] & LAF Aotk Folx So] o3 A7 UE
< ST o m WAEXR] oFal EAE o WA=
ol AlRtell whE Fkzolol tisl |, %9 1At
ofZtUA H= A& & 4 Utk Fig 33} H]alsfi

4

D=9.4mm ?fxsc

'g' Air=100%, V =9.4cm/s L‘el;glh e
= 5] X,=0.1,U =Scm/s widh | 8
= a
&0 -
2 5
= 5
2 /N /N /N =
2 N/ A VA \| &
[CRE S AN \\ // \\ / . =
e g = g
= =

0 T T T T _

1.0 12 14 16 18 20

Time [s]

Fig. 5. Various flame dimensions of LCB at Xro =0.1,
Uo=5cm/s, and Vco =9.4 cm/s.

20

D=9.4mm
Air=100%, Vm=9.4cm/s
X =0.1, U =5em/s

Flame length, /[cm]

0.5+

T
06 1.0 14 1.8 2:2

Lift-off height, h[cm]

Fig. 6. Phase diagram of lift-off height versus flame length
at Xeo=0.1, Uo =5 cm/s, and Vo = 9.4 cm/s.

Fig. 7. Comparison of BDSE (a) with LCB (b). They were
displayed with time step of 0.033 s in a one cycle.
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