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An Experimental Study on Lifted Flames in a Triple-Port Burner
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Abstract : In case of diffusion combustion, a well-known “lifted flame” is formed. So far, we have focused on a combustion
field in a triple-port burner. In the triple-port burner, since there are two boundaries of fuel and air, two flames are formed.
Dependent on the flow condition, four flame configurations are observed, which are, (i) attached flames, (ii) inner lifted/outer
attached flames, (iii) inner attached/outer lifted flames, (iv) twin lifted flames. Then, it is possible to study the interaction

between two flames, which could give us useful information on turbulent flames. By changing flow conditions, we have
investigated the transition between the attached flame and the lifted flame both by experimentally and numerically. In this
study, by PIV/OH-PLIF simultaneous measurements, we examined the flow field and liftoff height of stationary and non-
stationary flames. Results show that, as the liftoff height is larger, the minimum axial velocity around a base of the lifted

flame increases. Also, the hysteresis characteristics of the inner and outer lifted flames are confirmed.
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Photos of flames in a triple-port burner [16]; Uzr = 0.6 m/s,
(a) U1a=0.4 m/s, U3pa=0.2 m/s (b) U1a=0.6 m/s, U3a=0.4 m/s
(¢) U1a=0.6 m/s, U3a=0.7 m/s (d) U1a=0.8 m/s, U3a=0.7 m/s.
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Fig.2 Schematic of the triple-port burner.
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Fig.3 Experimental setup in simultaneous PIV/OH-PLIF.
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—— PIVimage area —
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Interrogation window :
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Spacial resolution :
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Fig.4 Image area in PIV/OH-PLIF system.
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Fig.5 Phase diagram by changing Usa at U2r=0.6 m/s.

IA,OB
1.2 A : Attached flame N A : U, increase
FN B : Blow off .
1OE¥" | L:Lified flame | M
g R | 1,0y,
< 06 ;i 1,0,
P 0.4E
0.2
0
0.3 0.4 0.5 0.6 0.7 0.8

Uja [m/s]

Fig.6 Phase diagram by changing Ui at U2r=0.6 m/s.
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Fig.7 OH images of flames in the triple-port burner;
(a) U1a=0.4 m/s, U3a=0.4 m/s (b) Uia=0.7 m/s, U3a=0.4 m/s
(c) U1a=0.4 m/s, U3a=0.8 m/s (d) U1a=0.8 m/s, U3a=0.7 m/s.
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Fig.8 (a) Velocity field and (b) OH image of inner lifted/outer attached
flames; U1a=0.7 m/s, U3a=0.4 m/s.
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Fig.9 Radial distribution of V. and OH fluorescence signal at
zr=20.3 mm; U14=0.7 m/s, U3a=0.4 m/s.
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Fig.10 Axial distribution of V, and OH fluorescence signal at
rr= 3.6 mm; Uja=0.7 m/s, U3a=0.4 m/s.
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Fig.11 (a) Velocity field and (b) OH image of inner attached/outer lifted
flames; U1a=0.4 m/s, U3a=0.8 m/s.
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Fig.12 Radial distribution of V, and OH fluorescence signal at
z¢=23.2 mm; Uja=0.4 m/s, U3p=0.8 m/s.
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Fig.13 Axial distribution of V, and OH fluorescence signal at
rf= 9.3 mm; U;a=0.4 m/s, U3p=0.8 m/s.
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Fig.14 Time variation of liftoff height and minimum axial velocity for
inner lifted/outer attached flames; Uja = 0.7 m/s, U3a = 0.4 m/s.
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Fig.15 Time variation of liftoff height and minimum axial velocity for
inner attached/outer lifted flames; Uja = 0.4 m/s, Uza = 0.8 m/s.
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Fig.16 Liftoff height and minimum axial velocity; Uia = 0.7 m/s,
Usza = 0.4 m/s and Uja = 0.4 m/s, Uza = 0.8 m/s.
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Fig.17 Average of liftoff height and minimum axial velocity for
Usa =0.4 ~ 1.0 m/s; (a) Uja = 0.4 m/s and (b) Uja = 0.7 m/s.
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Fig.19 Time variation of liftoff height and minimum axial velocity by
increasing Usa from 0.5 m/s to 0.8 m/s; Uja=0.6 m/s,t=3~8s
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Ik 28 K 0 il En L D R MIE IR & o,

4 WHEE B30 KR SHINFEE L3 ) KRICER T
L IFEAERRDOFNISG L7 & DD @S IO TGS
L7ce2a, WHIKRE X OIMIKRDIFEE L3 D
IHREFVIZE, W AEEOMEIZRE (L3,

T EA KR DI KIRBERIE &

S, M—DIFE LD KR EDE NP 2 DDKEDT
BOADZALDOFAZEMEY 2 2L —>a itk it
TV PETH S,
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