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Effects of the Flame Curvature on the Burning Velocity of Triple Flame

Yoshitaka NAGAI, Mitsutomo HIROTA and Masahiko MIZOMOTOQO**

*! Department of Mechanical Engineering, Keio University,
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The upstream velocity and concentration fields of Triple Flame formed in a concentration
gradient of a methane-air mixture have been measured on various flame curvatures in order to
investigate the relation between the flame curvature and the burning velocity of Triple Flame. The
flame curvatures are measured from the visible flame images. The unburned velocity and concentra-
tion fields are measured by PIV and Rayleigh scattering method. By combining the initial velocity
and fuel concentration gradient of the mixture, two Triple Flames having the same curvature can be
formed. From the result of the local velocity field and the local fuel concentration gradient ahead of
the flame surface, it can be concluded that the local velocity and fuel concentration fields are similar
when the flame curvature is similar. The burning velocity of Triple Flame has a good correlation
with the flame curvature. It decreases monotonically as the flame curvature increases.

Key Words: Triple Flame, Burning Velocity, Premixed Combustion, Diffusion Combustion, Con-
centration Gradient, Flame Curvature
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Fig.1 Experimental setup for Rayleigh scattering
method of CH,/Air Triple Flame
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Fig.2 Typical image of a flow field ahead of Triple
Flame [Uo=1.4ms™", (C/xr)o=4.7X10"> mm™,
1/Rs=0.51 mm™']
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Fig.3 Velocity profile at upstream of Triple Flame [y~
direction velocity component from upstream to
the leading edge of the flame, Us=1.0ms ™", (C/
2r)e=5.1X10"2mm™, 1/R,=0.81 mm™']
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Fig.4 Luminous intensity profile of Rayleigh scatter-
ing {Us=1.0ms™", (C/x:)=8.2X10"*mm™", 1/
R;=1.11mm™"]
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Fig.5 Profile of the mole fraction at y=—0.5mm [l
=1.0ms !, (C/x1)=6.3X10"mm ™", 1/R,=
0.93 mm™]
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Fig.6 Profile of the fuel concentration gradient from
upstream to the leading edge of the flame [Uo=
1.0ms™, (C/21)=1.1X10""'mm™", 1/R,=1.28
mm™']
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Fig.7 Relation between the initial velocity, fuel con-

centration gradient of the mixture and the flame
curvature
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Fig.8 Velocity profile at upstream of Triple Flame (y-
direction velocity component at the height of the
leading edge of the flame)
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Fig.9 Velocity profile at upstream of Triple Flame (x-
direction velocity component at the height of the
leading edge of the flame)
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Fig. 10 Relation between the local concentration gradi-
ent of the mixture and the flame curvature
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Fig. 11 Relation between the flame curvature and the

local burning velocity of Triple Flame [present

results (0=1.0,1.2,1.4; recent work (11) : Uh
=1.1]
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Fig.12 Comparison present results with recent work
[present results: [o=1.0, 1.2, 1.4; recent
work (11) : Us=1.1]
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