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Flame Structure of Low Temperature Flames of Premixed Lean Hydrogen Mixtures
Having nearly the Same Laminar Burning Velocity

Jun HASHIMOTO, Hideki KIDO and Masanori FUKUDA

In this study, combustion characteristics and flame structures of low temperature flames of lean
hydrogen mixtures are investigated by chemical kinetics computations. Several mixtures having nearly the
same laminar burning velocities of 15, 25 and 35cm/s are prepared by adding nitrogen to
hydrogen-oxygen mixtures with equivalence ratios ranging from 0.3 to 0.9. Initial pressures are varied

from 1 to 4 atm at the initial temperature of 298K. As a result, it is clarified that low temperature reactions
(R05:H+0,+MEHO,+M, R06:H+HO,=OH+0OH, R04:H,+OH&H,0+H) are dominative in these flames
regardless of the initial pressures, however, there are differences in flame structures and combustion

characteristics depending on the equivalence ratio.
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~ Fig. 2 Calculated and Experimental Results of
Laminar Burning Velocities (H,-Air Mixtures, Po=1atm)

Table 1 Reaction Mechanism

ROt H+O,0OH+O R11 HO,+HO,=H,0,+0,
R02 H,+O®=OH+H R12 H,0,+#M&OH+OH+M
R03 H,0+O<OH+OH R13 H,0,+#OH&H,0+HO,
R04 H,+OH&H,0+H R14 O+HO,<OH+O,
R05 H+O,+M&HO,+M  R15 H+HO,<0+H,0
R06 H+HO,=OH+OH R16 H+O+M&OH+M
R07 H+HO,=H,+0, R17 O+O+M&0O,+M
R08 OH+HO,=H,0+0, RI18 H,0,+H&H,0+OH
R09 H+H+M=H,+M R19 H,0,+H&®HO,+H,
R10 H+OH+M=H,0+M R20 O+OH+M&HO,+M
R21 H,+0,~0OH+OH

NI | -El ectronic Library Service



Tsuyarma National College of Technol ogy

FE IR BEREE & i R 1o IRBREREKRKETFREKEZDOKKMEE  BE - w7 - Bl

Table 2 Properties of Mixtures
) Mole Fraction x,[-] Sio T, o Le Cp
[-] H, 0, Ny | [cm/s] [K] | [mm] | [-] [[J/molK]
HO5-Air | 0.50] 0.174 ] 0.174 ] 0.653 [ 52.53 ] 1644.6 | 0.065| 0.471 | 29.155
Group I [ HO7-Air | 0.70] 0.227 ] 0.162 | 0.610 | 142.80 [ 2020.2 ] 0.027 | 0.535] 29.137
H09-Air | 0.90] 0.274 [ 0.152] 0.573 | 22370 [ 2302.6 | 0.019] 0.593 [ 29.121 |
HO3-15N [ 0.30 [ 0.138 [ 0.230 [ 0.631 | 15.01] 1381.6] 0.209] 0.431 ] 29.177
HO05-15N | 0.50 | 0.137 [ 0.137] 0.727 [ 15.02] 1375.3] 0.207 | 0.430 | 29.159
T HO7-15N ] 0.70 [ 0.136 | 0.097 | 0.767 | 15.03 | 1372.4 | 0.207 | 0.430 | 29.151
HO9-15N 1 0.90 ] 0.135] 0.0751 0.790 ! 15.01 | 1367.7] 0.206 | 0.430 | 29.147
HO3-25N | 0.30 [ 0.150 [ 0.251 [ 0.599 [ 25.01 | 1469.6 ] 0.129 | 0.444 | 29.177
Group Il H05-25N ] 0.50 | 0.149 ] 0.149 ] 0.702] 25.02] 1466.4 ] 0.129] 0.444 | 29.158

HO07-25N | 0.70 ] 0.148] 0.106 | 0.746 | 25.02 ] 1464.4 | 0.128 | 0.444 | 29.150
H09-25N | 0.90 [ 0.147 [ 0.082 ] 0.771 ] 25.02] 1457.3] 0.128 | 0.443 | 29.145
HO3-35N | 0.30 [ 0.161 ] 0.268 [ 0.572 | 35.01] 1543.5] 0.095] 0.455] 29.178
H05-35N | 0.50 [ 0.159 ] 0.159 | 0.682 ] 35.02 | 1540.9 | 0.094 | 0.455 | 29.157
HO7-35N | -0.70 | 0.158 ] 0.113] 0.728 ] 35.03 ] 1538.6 | 0.094 | 0.455 |  29.148
H09-35N | 0.90 [ 0.157 [ 0.087 [ 0.755 | 35.02 [ 1531.271 0.094 | 0.454 [  29.143
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Fig. 3 Mole Fraction (Group I Mixtures, P,=1atm) Fig. 4 Rate of Reaction (Group I Mixtures, Py=1atm)
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Fig. 6 Mole Fraction (Group II Mixtures, P¢=1atm)
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