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A study on Self-excitations in Laminar Lifted Coflow-jet Flames
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ABSTRACT

A study on laminar coflow jet flames diluted with helium and nitrogen has been
conducted to investigate self-excitations. The stability map was provided with a function
of nozzle exit velocity and fuel mole fractions of propane or methane. The results show
that there exist three types of self-excitations; (1) buoyancy-driven self-excitation
(BDSE), (2) Lewis number induced self-excitation coupled with buoyancy (LCB) and (3)
Lewis number induced self-excitation (LISE).

Key Words : buoyancy driven self-excitation, Lewis number induced self-excitation,
Damkdéhler number, Lewis number.

GFAE aALe dREG FRE =F Kudyumov et all[9-11]& kst o A 3 E3
2390 R ALIER 2FAIJIEY dHER A dEdy e gy F2 E o)) 39
T Ut FF FAASES dRIES 3 A FEY ddE EF-4F8A mdS AAE
dalE Fod dhHow HAsldS B we Fola Fo 93 WFor HAEIH.
st AF7F & Fo k. TR/ FAAE AT oy HEH mIaE AAZ FAHA A
o] gt WFUSS SEATGEES FF o]7] witdd APAHOZ Folx Fo o XF
fregre WE oz xdHM, 2 AHAA & EEvld e A Aok 22 EEate] 9
o2 NS wel hAstE FAst el &4 g AUzl HlE FHe] & ArEe A
s}, st g2 gul s ol 23 9 FAksl e 3 Ang vgos WEs FESATE SHA R
o] Al EAst= A 8 (tribrachial flame) — Fo]2 ol 9Jgt AW 52 AFH o2 s}t
o Fx& 7HAA HWI[1-3], TFFstAdA 2 Fgk A FA A o)Esta ).

YeElbE HE 83442 o A s Wyld s 2 AT AFAAE FY 9% Ar|Hsd F
of ZA3ste] Awo] rhssto]of gt oA &9 ol Fol o3t AV FE FEsE st
o] A7) F (self-excitation)& F-Hol 23 #}7] Gk el AFEI. I Fola =yt E&E
AE[4,5], &8 ZAAAe EA-4 Fate] o3t Hol gEHojetH HyYAT Al & 9
A7 756, @EAd 9 A7|HF[78]e] YE  F AW FEE Foli Fo og A7|xlFd o
U= Bog d#x 9k Wt S vA=A APgHeR stz g

TEF AE FAstdolA Won et all4]$t Fur  vh A3 A543 AF 94mm AHET SF
iet alll6] O Hz) 5o diste] dolst 1 TFF AESHNA As2E&d e =&
TANE ZE3ATE Won et al2 vAFTHE FEHEER g HFs AEE xdsdd A9
oA O Hz) Bl AFo] WAsA %= Ay, sdistded oA HHd o3 x17]
AP S st RA AR T5F AE 4 AT Folx Fof 93t AW FoR FEHE
st A YeElueE A7AEe FHe g8 JE AFo] EAE Yehd dAS T v 9t
o2 A ATE[4,5]. 2 AFoME A =EAAS o)&3ldd, I349Y

AA AR QS 454 U4 2 =22 w5 =

*  RAdga 71 A%}
wk ST AATY B4 AR AN =H
wex WA 7] A g5t
+ A A 2}, jeongpark@pknu.ac.kr
TEL : (051)629-6140 : (051)629-6126



130 Al 493] KOSCO SYMPOSIUM %&3 (20149 % A8k 3])

Evaporator
700
* P ly O Initial
| T 650 ] Vi, =8cm/s, He=10% - Inita
1C Moviag Unic Compressor atio] Le L3t s
i 38t Extinetion by fis
= 550 blow-out[1
cotnpeesso] \é’ 500 ] plowsautli] Blow-outlZ] | 1, pulent flame
=> * .4 Digital Media ia ] v
=T IPIL™" (Condemsr =4 B
)7 - 1 . 400 | R-® Xy -
g Za1! = g I
Ld Jé%%-w Temp & dry | 3 3505 - My
il orng Uk _ £ 15 o
= Evaporator f 30042 = = A e
JT Couspresser g 250 WE o e
pC Constant temprature and humidity room o 200+ a\\"“
3 o~
§ 1501 1 o
Z 100 o0®°
7 4
o
. . . 50 ] attached flame
Figure 1. Schematic experimental setup and flow 1 J%eup.0-0-0-0-0—0°
T T T

system about coflow-jet burner configuration. 025 030 035 040 045 050 055 060 085

Fuel mole fraction, X

T HEE A7) S8 095mme] == AA e ol8 L ure 2. Stabili functi ¢ e exit
o] Age AWt Fig, 1& 2 ol o)A gure 2. ty map as a function of nozzle exi
Aew A@GH ATmoltt AHRFA= G velocity and fuel mole fraction for propane, D = 0.95
AN, w3y ZAEE FAHe gen py M Ve Sms

o olg AANAE, Folx Fo o AN AES v soms, e =20

FREA T P 24 Tewaolg, BEF S £ ——r—

of AF= 4Tl we dds +F s z w0l g:;::;;::;;v;g:; N

w2 F0A g4 waE K5 Q7] Sl £ w]

o= F(Redl WE FEF =F dolE 4A ERRE J

stk ARz 99999% ek Vg Teahg $ =13 owoudlll - _p=

/\]—%6]—9\:}\011] X1/\9]_ a]E_% 7_]_7_;_ 99'999%9,}_ 9 g oo ] stationary lifted flame
99%9] LEE A AgeAt. FAE 4 E s

E PANCY l:ﬂ—z] 7] 8l Hx LEIN B &9 501 ??fm?: § ¥ 88000000 00000 o

50% F%1 ¥ A3 FAAAZAG draee w e
Ast7] A3 GFAE A7 10cm, =] 40cm € Fuel mole fraction, X, ,

9 o}ad gvtels BARY N, SHFel #9

g S 47 8 vAg w4 22", 8 Figure 3. Stability map as a function of nozzle exit
A, frEldEes AAEAT 37 45719 5§ velocity and fuel mole fraction for propane, D = 0.95

4 di71e] 3715 &8l Hi= dl, W79 mm, Veo = 8 em/s
71707 dAgetA @] Wil F2gEFA U
o 371 4F71E dA sk %%%%%‘ Wi oe R se E2Z=F= %ol WS
= 9t} ol Furi et all6le] 72 7o) A
} ARZo] AL AN A Fola Fo
std o] dojo} & ZA3y| 96, FHHERE A7 A Eo] WMAsTE Ao} GAlS
¢t tjAd VCR 7} 2H(SONY HDR-CX560) & 2 9lt}. Regime III 9o AEL 3
Al o]&AA el RSl ZAHEAL, 3} Anoa nmaw 2ee o8 =77 Eo|T).
del A w5 2dE SAAT FFT(Fast  oo] ge A8z Ausd wa o Zo
Fourier Transfom)<]

o},

¥ e 4 4>

e

e O =T O R A e A

A

A= s FAE A fucoh gre FEEY gl F7b 2 wns

e A TR AEY AR R Fue W =12 ewmsi wea] stde mZv= 27}

915 SHHatel A9, o]F Matlab”IWHe T2 o g wol we mEo] 9dars wol 39 A

e EAsA. o FARfELE TR fudn FEw
Fig 2.5 A7 0.95mm, T3} F=F 10% W slde] mv)e Pty EA R g
UEE SAstel B S A AR ) gasel nyp e FEAEGE B9 A%

ERT oA m vl iR At 4,

shAwr e At Al Bd, Folx
ol o3 g wEo] ofg Wgo] FAjE o
_ e 273 s 2 GERA] e gt
40cm/s olate] =g ETEHRES 028 < Xor < AeAo Zolxa o oF 27| AZe ok
0.35 991l A3t 5

o AN Foln Tl g mAEA dotuy] g8, BF INES

[ Folz Fo o3 2735 39
I : Folx o] 93 27| %F o

r 2



A 493] KOSCO SYMPOSIUM &3 (20143 % F7 8t 3]) 131

240 % V., =3cm/s, He =3%
220 Z =
= 200 ] Z blow-out = - .
£ 180 Z =
o % = o
o te0d _ . ‘
Propane : Xz0 = 0.48, Uo = 60cm/s, Voo = 8cm/s, [le 3- 140 € Z = E o o
g il = PR
% 100 | %f & attached flame
5 % o)
o 80 %
Y e0] %
Z %) o
1 % g O Initial lifted velocity
40 %‘ o - Initial blow-outed velocity
Figure 4. Comparison of LISE(a) and LCB(b) 21 7 : L * Osclialion and extinetion
! i 0.48 0.50 052 0.54 056
with the time Step of 0.033s. Fuel mole fraction, X,

Figure 6. Stability map as a function of nozzle exit
velocity and fuel mole fraction for Methane, D = 0.95

T mm, Vco = 3 cm/s
) e}
= 5
= s 4
- Base 3 N V= 3cm/s, He = 4%
s ‘s 20l 7 =
2 =
g 3sf Length = é &
S 30f E Z 2004 7 B
é 25| = i 180 ] Z blow-out =
= 20fF > 7 =4 J
15 | = 160 - %
10 Z 140]8 % ¥ °©
3 18 7 B o
0s [ k-] = % & o
00 g 2 120]¢g Z pe 8 .
0.5 . 1.0 5 100 ] z \\0(\
ime [s] 2 g Z i i o attached flame
N 1 7 *
Z 60 %, * e Mo o
0 % : : - * : o o Initial lifted velocity
. . . : 8 e & Initial blow-outed velocity
Figure 5. Various flame dimensions of LCB at Xro o] ZI * 7o flame e Coaclialion oo st
= 048, Uo = 60cm/s and Ve = 8 047 048 049 050 051 052 053 054 055 056 057

Fuel mole fraction, X,

S7HAR el Ade st Fig 32 . » . ,

A7 095mm, ERI BE2Fo] 20%AES 3 Flgur.e 7. Stability map as.a function of nozzle exit

Hate] Ueld s ors Awolth. 1o A velocity and fuel mole fraction for Methane, D = 0.95
- =4

% 4 glsel, AFANEE FAAL A9 02 MM Veo =3 emis

= T

8 < Xor <0459 F|Fsl= Folx o <ot

AEow Z=2HE 27)|10%Ee] 9l Regime I AAZ dERA T (a). FFE A3 R FRE
of WEINE 10% B} we AnBrgwm s B & A9 L2 el sddels ¥
WS B 5 vk PAEAR, 055 < Xop  BF o2 Bolw vk (b)= Sl u
o Al UE= HEe] ok 2p7] AEo] mrp wre  SHAo= AW uE AL & Folnh E=F
AT ERGO 050 < Xor & FYEYgLs = slo] TiFo HxTE AL, std 5’—7]7]' o5
AT A S 0% A5 A48 SHES & F e ol Aol mo pE
AP A} npRtAR ABF By oa x o FFS WS A we AS & 5 Ak Fig
Zo] EAH A7AE ozlodo] UEh} R eree 5 Foli o o3 Ar|xlEdt FH o3
o % qal}, AANRFe EAY AES Azbe] wek Py
FEfl AFIANES F/AL A #Yq ol B =M Jlojrh A A7 At v
o8 A7 AE Fo]a = o o 27 HE <] AR FEe 9t AU HY st
ogolo] Py ATARE Jwtow AFsA  ° £ AE I D] Foln gl o7
9 B%R Z/AA AP Agardry. 1 2 AT " stdAdwe] AT oy
3 dd A7 Awsh viRskz  QEs g AS E F A0

o o&t FAEo] A A7 AE] JEFIFS < dEdo] At 2geds A5, Fols F
% 99t} Fig 43 LISE © Xro=0.32, Uo=30cm/  7F 18T FHlets Folx o @ o]
s, Vco=8cm/s, He=20%, LCB : Xro=048, Uo=60  AATHE A& nwigoz o5 des o83

cm/s, Veo=8cm/s, He=25%°ll A vehdt ol o AWS ‘
ol 93 A7 AE BHy} Fo] Fo 93 7 Fig 6.3} Fig 7.2 #74 0.95mm, "&3} &=
ol EA B AVNEE Azl g o] ol A 3%4%E AA3tel e shg <bg



132 Al 493] KOSCO SYMPOSIUM %

0.9

D = 0.95mm
Air=80%, V=8 cm/s
X, =032, U =30 cm/s

08 |

07 |

06 |-

05 |

Flame length, / [mm]

04|

03 |-

0.2

. . . L L \ L
78 8.0 8.2 84 8.6 88 9.0 9.2
Lift-off height, /# [mm]

Figure 8. Phase diagram of lift-off height versus
flame length for propane at Xro=0.32, Uo=30cm/s
and Vco=8cm/s, He = 20%

Flame length [mm]

L L L L L
145 15.0 155 16.0 165 17.0
Lift off height, # [mm]
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