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Curvature Effects on Flame Structure of Hydrogen/Air Rich Premixed Flame
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Abstract : The effects of flame curvature on the fuel consumption rate has been studied by means of 2-D numerical
calculation with detailed chemical kinetics and accurate transport properties for a rich hydrogen-air mixture. It has been
found that the local fuel consumption rate increases at the low-temperature side of flame portion where the flame develops
curvature. The full use of the numerical data has been made to understand the cause of this increase. It has been found that
the supply rate of H by molecular diffusion to the reaction zone is accelerated, which eventually produces the increase in OH
concentration leading to this increase. The same trend of increase of fuel consumption rate with the flame curvature has been
observed in the detailed 3-D simulation of a hydrogen jet lifted flame, and then the mechanism discussed in this study is one
of the key mechanisms to understand the structures of turbulent premixed flames.
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Fig.2 Extra-ordinary hydrogen consumption rate observed in turbulent
rich premixed flame in the numerically reproduced lifted flame
[5]. Plots are taken from premixed-mode combusting volume of
mixture fraction 0.11-0.13.
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Fig.3 Problem configurations.
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Table I Chemical reaction mechanism [10].

RI1 H+0, = O0O+OH
R2 H,+O0 = H+OH
R3 H,0+0 = OH+OH
R4 H,O+H = H,+OH
RS H,0,+OH = H,0+HO,
R6 H,0+M = H+OH+M
R7 H+0,+M = HO,+M
RS HO,+0 = OH+O0,
R9 HO,+H = OH+ OH
R10 HO,+H = H,+0,

R11 HO,+0OH = H,0+0,
RI2  H,0,+0, = HO,+HO,
R13 H,0,+M = OH+OH+M
R14 H,0,+M = HO,+M
RI5 O+H+M = OH+M
R16 0,+M = 0+0+M
R17 H,+M = H+H+M

LI 1 m/s TH D, EHT 2 EIRAEMOIE 1.5 mm,
BWEIZ 20m/s THY, NS IIKEEIZEE L) KKD>
Tal—va UERICB Y BELDEIE TIRA KK R oRE
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7=,
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a) t=0.8923msec

b) t=1.2493msec
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Fig.4 Time-sequent change of flame shape.
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Fig.5 Increase of fuel consumption rate at lower temperature side with

increase of flame curvature.
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Fig.6  Effects of preferential diffusion. Mixture fraction is plotted as a
function of temperature.
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Fig.7 Axial profiles of the fuel consumption rate, comparison of 1-D

and 2-D flames.
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Fig.9 H> mass fraction as a function of temperature.
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Fig.10 Increase of OH mass fraction with flame curvature at lower
temperature side.
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Fig.11 Increase OH production rate with flame curvature at lower

temperature side.
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Fig.14 H mass fraction as a function of temperature.
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