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� Second Explosion Limit
� Chain Branching & Termination

� H+O2 = OH+O
� H+O2+M = HO2+M

� Third Explosion Limit
� Formation & Decomposition of H2O2

� HO2+HO2 =H2O2+O2

� H+H2O2 =HO2+H2
� H2O2+M =2OH+M
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H+HO2=H2+O2, OH+OH, H2O+OH+HO2 H2+O2, OH+OH, H2O+O
Extended 2nd explosion Limit
(2) H+O2=HOH+O
(15)H+O2+M=HO2+M(15)H+O2+M=HO2+M
(5) H+HO2=H2+O2
(6) H+HO2=OH+OH
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Mousavipur et al.(2007)

Muller et al. (1999)

No model includes O+OH+M=HO2+M.
(Burke et al. 2010)

Production of electronically excited species:
H+HO2= O(1D) +H2O

O(1D)+M=O(3P)+MO( D)+M=O( P)+M
M=Ar,He,H2 :slow (spin forbidden)
M=O2,H2O,N2: fast

O(1D)+H2=OH+H

Germann and Miller (1997)

O( D)+H2 OH+H
O(1D)+H2O=OH+OH
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�=0.7,�H2/O2/He
�=2.5,�H2/O2/Ar
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• Recent chemical kinetic mechanisms for H2 combustion tend to have 
more and more stiffness.

• Under the rocket engine conditions (high pressure and no diluents), it g ( g p ),
becomes more stiff. 

Fig. Time variation of temperature (a) and time step (b) required in the Runge-Kutta-Fehlberg (R-K-F) 
methods for the adiabatic constant volume combustion: H /O =2/1 T =1000K P =150 atmmethods, for the adiabatic constant volume combustion: H2/O2=2/1, T0=1000K, P0=150 atm.
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� (8)Thermodynamic
constraints RTnp
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�jW From�detailed�chemical�kinetic�nechanism

Kinetic�constraints:�
Constraint�A1:�H2,�O2,�H2O,�H
Constraint A2: H O H O H OHConstraint�A2:�H2,�O2,�H2O,�H,�OH

Constraint�B1�(3�constraints):
TM (total moles)( )

TM=H2+O2+H+O+OH+HO2+H2O+H2O2
AV (active valence)    AV=H+OH+2O
FO (free oxygen)         FO=H2O+OH+O

Constraint�B2:�TM,�AV,�FO�and�H2O
Constraint�B3:�TM,�AV,�FO�and�{H2O+H2+O2}�
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