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An Experimental Study on the Effects of Concentration Gradient and Mean
Velocity on the Liftoff Characteristics of the Triple Flame

Jeong Il Seo, Nam Il Kim, Kwang Chul Oh and Hyun Dong Shin

(&% W), Flame Propagation Velocity(3 &

4, Slot Burner

Abstract

A triple flame in a mixing layer was studied experimentally with concentration gradient and mean velocity
by using a multi-slot burner, which can stabilize the lift-off flame. Flame stabilization condition, lift-off
heights, and some other characteristics were examined for methane and propane flame within a range of very
low concentration gradient. Pitot-tube and LDV(Lasef Doppler Velocimetry) were used for velocity. Mass
spectroscopy and Rayleigh scattering signal were used for concentration gradients. Thermo-couples and SiC
TFP(Thin Filament Pyrometer) were used for temperature. [t was found that minimum values of the lift-off
heights exist at a certain concentration gradient for constant mean velocity and this means that the propagation
velocity has a maximum value. The scales of flame to the burner nozzle and intensity variation of the

diffusion flame were suspected as the cause.
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Fig. 1 Experimental apparatus and coordinates (MC:
mixing chamber, PG: Particle generator, HC:
Honeycomb as a flow straighter)
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Fig. 2 Distribution of the axial velocity of the cold flow
(when ¥ =100cm/s)
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Fig. 3 Mass concentration distribution of the fuel for
the given difference of the equivalence ratio
(a)Methane: with  mass  spectroscopy,
(b)Propane: with Rayleigh scattering method

< EAGAAT( Dy, ~0225em* /s Y)EFE T
A QA FAAL(~ Dl ~5Smm )E ER EF
Mol AA Z(154mm)ol] vl F83) Fxn FY
FEE HAE £29 F105mm)el 12 & A
718 MRz AAAQ e Fuje ¥k &
SHME &% %-TLOIIH LA 2T TR A
93 BEXE xZF &7 o2

o] &2 ZAoM AA xF ETNAY F=F
WS aly] 98] vEre] AS AAsEP RN
7](Mass Spectroscopy: HIDEN HPR20)E A}-§-3}of
AR g T BXE FIonw TI@ AHE
ND-Yag o] (500mJ)¢} I#E CCD(Intensified
CCD: PIMAX 512x512)8 ©|-&% Rayleigh 43t 4l
32 AFPLY FUEIE F3 A7t Fig 3
olty, ¥ A9 2% ol2g|d sgite A
Ao AJFEEF 71&7] e Filq F=TH
2 AMEEY. €% E270AMY FEE FxA
8] FFaE5d =E23E Art HE o 24
e WIE FNAEE 8 Frstdoh
Hadw40] 10% F71e o _‘:: %?OHAH 5
Fole 9 3% FUslen, FE A" F
7b= 20mm E°] Aol cHaH i0.8% olﬂ%OﬂH
Fe7ele ¥dE 2o ogd ¥sEE FH
2 Farn] 2do AYeaHu)d ETFHER

"A AR A "

- AEY - e%d - AY

11O_m\-\—Ruetsch[S]& Chen(6] (a) Methane
g 1057 Teel blow-off region
>£1004
2z
3 . stationary )
% 951v triple flame region N
‘% ./ AN . a L] \i\
uE> 901" / \\\/“\

ko[13]  ~~ flash back region

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
mass fraction gradient, 9Y, [1/mm]

135-\\\ Ruetsch[3] & Chen(6} (b) Propane
1304
7 «. blow-off region
@ ] -
+ 125
S
& 1204 stationary -«
> triple flame region T
g 1159 -
] e,
5 1104 »” Te.
£ ” flash back region -
€ 1053 o g ey
7
1004 .

0.000 0005 0010 0015 0.020 0.025
massfraction gradient, vY, [1/mm]

Fig. 4 Flame stabilization conditions for (a) Methane
and (b) Propane
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Table 1 Properties of methane and propane (Turns'®), Borman
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Mol flammable Stoichi. flammable Adiabatic flame burning vel., Lewis no. (at 1300K)
Weight lean limit, Mass rich limit, temperature s?, cmls Lean rich
g/mol ¢ fraction ¢ K
Methane 16.043 0.53 0.0549 1.58 2250 40 ~0.94 ~1.02
Propane 44.096 0.50 0.0602 2.36 2270 44 ~1.60 ~0.85
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