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Table! Reaction mechanism and rate constants

(k=AT*%bexp (-E/RT), Ref.
REACTIONSCONSIDERED A b E
1.H2+02=H+HO2 7.40E+05 2.4 53502.0 e
2.0H+H2=H20+H 2.14E+08 1.5 3449.0 a
3.H+02=0H+0 1.00E+14 0.0 14850.0 a
4,0+H2=0OH+H 5.00E+04 2.7 6290.0 a
5.0H+HQ2=H20+02 2.89E+13 0.0 -197.0 b
6.H+HO2=0H+0OH 1.69E+14 0.0 874.0 b
7.H+HO2=H20+0 3.01E+13 0.0 1721.0 b
8.0+HO2=02+0H 3.25E+13 0.0 0.0 b
9.HO2+HO2=H202+02 1.20E+14 0.0 12000.0 ¢
10.HO2+HO2=H202+02 1.30E+11 0.0 -1630.0 c
11.0H+OH=0+H20 4,33E+03 2.7 -2485.0 -a
12.H202+H=HO2+H?2 1.69E+12 0.0 3756.0 b
13.H202+H=H20+0OH 1.02E+13 0.0 3577.0 b
14.H202+OH=H20+HO? 1.70E+18 0.0 29407.0 b
15.H202+OH=H20+HO?2 2,00E+12 0.0 427.0 b
16.H202+0=HO2+0OH 6.62E+11 0.0 3974.0 b
17.H+02+M=HO2+M (M=N2) 3.90E+20 1.7 0.0 This work
18.H+02+02=H02+02 3.30E+156 0.0 0.0 This work
19.H+02+AR=HO2+AR 5.00E+16 0.4 0.0 This work
20.H+02+H20=HO2+H20 2.50E+17 0.4 0.0 This work
21, H+02+C02=H02+CO2 1.50E+16 0.0 0.0 This work
22. H+H+M=H2+M 1.00E+18 -1.0 0.0 d
23.H+H+H2=H2+H2 9.20E+16 -0.6 0.0 d
24, H+H+H20=H2+H20 6.00E+19 -1.3 0.0 d
25 H+OH+M=H20+M 1.60E+22 -2.0 0.0 d
H20 Enhancedby 5.000E+00
26, H+O+M=0H+M 6.20E+16 -0.6 0.0 d
H20 Enhancedby 5.000E+00
27.0+0+M=02+M 1.89E+13 0.0 -1788.0 d
28.H202 (+M) =OH+OH (+M) 3.00E+14 0.0 45500.0 b
Lowpressurelimit: 0.18E+17 0.0 42924.0 b
References

a: J.V.Mihcael, Prog.Energy Combust.Sci., 18 327 (1992)

b: D.L.Baulch et al. J.Phys.Chem. Ref. data 21, 411 (1992)
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d: J.A.Miller, C.T. Bowman, Prog. Energy Combust. Sci., 15, 287 (1989)
e: J.V.Micheal 28th Comb. Symp. (2000) pp.1471-1478
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Fig. 1 Time profiles of pressure and UV emission at 308
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Fig. 2 Temperature dependence of ignition delay times
at Ps=5 atm. Open circles and broken curve: H./
0./Ar=6/3/91, Closed circles and solid curve: H./OJ/
H.O/Ar= 6£3/5/86. Curves are the results of kinetic
simulation with the reaction mechanism of Table
1.
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Fig. 4 Rate constants of the reaction of
H+O:+M=H02+M.
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Fig. 5 Comparison of the rate constants for the
reaction of H+QO,+H,0=HO,+H.0.
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Table2 Laminorburingvelocity (cm/s) of H./O/N,=2/1/Amixture

T=300K 500K 700K 900K 1100K
PO=latm 219.2 516.5 982.9 1848, 3954.
2 209.9 513.4 1004.0 1832, - 3403
5 167.3 151.8 942.6 1728, 3010.
10 119.7 349.4 803.9 1548, 2720,
20 . 69.7 221.6 575.5 1247, 2285,
50 30.1 87.8 226.3 576.9 1495.
100 8.8 59.9 133.6 285.5 657.0
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Table3 Laminorburingvelocity (cm/s) of H2/02/N2=1.2/1/4mixture

T=300K 500K 700K 900K 17100K

Po=1atm 61.02 253.2 650.9 1441, 3898

2 43.21 201.6 581.8 1296, 3397.

5 20.83 102.6 396.0 1046. 2399.

10 9.37 48.5 212.0 741.5 1884,

20 - 21.5 90.6 365.4 1244,

50 - 1.1 37.6 123.77 -

100 - 8.79 26.6 76.8 -

500
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Fig. 7 Effect of CO. addition on the second explo-
sion limit of stoichiometric H./air mixture.
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The third body effect and the second explosion limit of hydrogen

Yoshiro Nagumo®, Catherina Dewi Wijaya®,
Chihiro Fushimi®, and Mitsuo Koshi’

Ignition delay times of H./O, mixtures diluted in Ar have been measured behind reflected shock waves
with the addition of O., N, H:O and CO: near the second explosion limit. Simulations of hydrogen
combustion have been performed using a detailed chemical kinetic model, which is composed of 28

elementary reactions. Sensitivity coefficients of each elementary reaction for the ignition delay were
calculated. The rate of the reaction of H+0:+M=HO.+M is most sensitive to the ignition delay time near
the second explosion limit. The effect of additives could attribute to the third body effect in the H+O+M
reaction. The rate constants for this reaction with various third bodies could be determined by fitting
simulation results to the experimental ignition delay times. It is found that the third body efficiencies

for HO and CO. are much larger than others. These third body effects are extremely important to

control ignition and explosion characteristics of hydrogen combustion.
(*Department of Chemical System Engineering, University of Tokyo 7-3-1 Bunkyo-ku,

Hongo, Tokyo 113-8656, JAPAN)
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