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Influence of Detailed Chemical Reaction Model on Hydrogen-Air Detonation
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In the numerical simulation on detonation, it isimportant to choose an adequate chemical reaction model. Because computer performance
has improved recently, detailed chemical reaction models are used generally now and are suggested by several researchers. In this paper, the
cell size and detailed wave structures of hydrogen-air detonation for three detailed chemical reaction models (Stanford, Nagoya and modified
Jachimowski models) were studied numerically by using one- and two-dimensional Euler equations. Reaction model influenced significantly
detonation cell size. The largest the cell size among three chemical reaction models was simulated using a Stanford model, which includes
pressure dependence reaction. Hence it is revealed that the chemical reaction model that contains pressure dependence such as Stanford

mode is better to simulate detonation.
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Tab.1 Nagoya H,/Air combustion mechanism

Rate coefficient

Number Reaction A n E
1 H+0,=0+0H 2.46 x 10 0.00 15470
2 O+H,=H+OH 1.50 x 107 2.00 7547
3 OH+H,=H+H,0 6.30 x 10° 2.00 2961
4 O+H,0=0H + OH 3.98x 10° 1.32 16751
5 H,+M=H+H+M 2.90x10® -1.00 104330
6 O0O+0+M=0,+M 6.17x 10" -0.50 0
7 O+H+M=0OH+M 4.20 x 10 0.00 - 2780
8 H+OH+M=H,0+M 2.25x10% -200 0
9 H+0O,+M=HO,+M 6.41x10® -1.00 0

10 HO,+H=H,+0, 6.63 x 10%® 0.00 2126
11 HO,+H =0H + OH 1.69 x 10* 0.00 874
12 HO,+0=0H+0, 6.30 x 10%® 0.00 693
13 HO,+OH=H,0+0, 1.45x 10 -1.00 0
14 HO, + HO, =0, + H,0, 2.00 x 10% 0.00 0
15 H,0,+M =0H+OH +M 3.19 x 10Y 0.00 47100
16 H,0, +H =H,0+ OH 2.20 x 10% 0.00 11727
17 H,0,+H=H, +HO, 4.82 x 10% 0.00 7948
18 H,0,+ 0 =0H + HO, 9.54 x 10° 2.00 3970
19 H,0, + OH = H,0 + HO, 7.00 x 10%? 0.00 1430

Note: species=H, O, OH, H,, O,, HO,, H,0,, H,O0 and N,

2All reactions are reversible.
bUnitsarein ca, mol, cm® and s.

¢Collision efficienciesfor M : H,O = 16.0, H, = 2.5, all others=1.0
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Fig.1 Detonation velocity for each three chemical reaction
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Fig.2 Pressure profiles behind detonation wave front
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Fig.3 Temperature profiles behind detonation wave front
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Fig.4 Mass fraction behind detonation wave front for each
three chemical reaction models (top: Stanford model, middle:
Nagoya model, bottom: Modified Jachimowski model)
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Fig.5 The cellular pattern detonation in maximum pressure history obtained from numerical simulation of 1mm
channel width (a: Stanford model, b: Nagoya model, c: Modified Jachimowski model)
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Fig.6 The cellular pattern detonation in maximum pressure history obtained from numerical simulation of 2mm
channel width (a: Stanford model, b: Nagoya model, c: Modified Jachimowski model)
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