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Chemical Engineering 522

Combustion Processes

Kinetics 2



H2-O2 System
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Initiation
H2 + M   à H + H + M
H2 + O2 à HO2 + H

Chain Reactions
H + O2    à O + OH
O + H2    à H + OH
H2 + OH à H2O + H
O + H2O à OH + OH

Radicals break down O2, H2, or H2O
Three of these are chain branching
Three create OH, which reacts with H2 à H2O

Chain Termination

H + H    + M à H2   + M
O + O    + M à O2   + M
H + O    + M à OH  + M
H + OH + M à H2O + M

Three-body termination
Two produce reactants
Third creates radical but kills two
Last produces product H2O

First is active at only high temperatures

Also have reactions for HO2 and H2O2



H2-O2 Mechanism (Yetter)

1)  O2 + H <=> OH + O
2)  H2 + O <=> OH + H
3)  OH + H2 <=> H + H2O
4)  2 OH <=> H2O + O
5)  H2 + M <=> 2 H + M 
6)  2 O + M <=> O2 + M 
7)  H + O + M <=> OH + M 
8)  OH + H + M <=> H2O + M 
9)  O2 + H + M <=> HO2 + M 
10) H + HO2 <=> O2 + H2
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11)  H + HO2 <=> 2 OH
12)  O + HO2 <=> OH + O2
13)  OH + HO2 <=> O2 + H2O
14)  2 HO2 <=> O2 + H2O2
15)  H2O2 + M <=> 2 OH + M 
16)  H + H2O2 <=> OH + H2O
17)  H + H2O2 <=> H2 + HO2
18)  O + H2O2 <=> HO2 + OH
19)  OH + H2O2 <=> H2O + HO2

“Full” mechanism: 8 species: H2, O2, H2O, OH, O, H, HO2, H2O2



CO-O2 Mechanism
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CO + O2    à CO2 + O
O    + H2O à OH  + OH
CO + OH   à CO2 + H
H    + O2    à OH  + O

Slow, but initiates
CO is slow without Hydrogen
CO + OH is the fast step
Two of these steps just make OH

CO with H2O

CO with H2

H2   + O  à OH + H
OH + H2 à H2O + H

CO + HO2 à CO2 + OH

Add these to the above

... and this one for good measure!

With H and O in the system, include all the hydrogen mechanism too.



CO versus H2 reaction rates
• CH4 + 2O2 à CO2+2H2O
• CH4 + ½ O2 à CO+2H2

• CO+2H2 +3/2 O2 à CO2+2H2O
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1200 K inlet, adiabatic reaction, CO, 2H2, 1.5O2, 7.52 N2

H2O

H2

CO

CO2

using Modlink



CO reaction speeds
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Moles CO, O2, H2O =
1, 0.5, 0 

Moles CO, O2, H2O =
1, 0.5, 0.01 

T0 = 1500, adiabatic PFR, Compare effect of Hydrogen on CO reaction

Cantera Solution



Global Mechanism Example—DNS 

• DNS is expensive (2 MM 
CPU hrs).

• Run preliminary tests with 
cheap chemistry (one-step) 
instead of the normal 19 
species, 167 reaction 
mechanism
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Fuel

Oxid.

Oxid.



One-Step Mechanisms
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One-Step Mechanism

• Problem: Very Stiff Explicit ODE integration
– Very small timestep sizes required.
– Takes too many steps.
– Why?

• Apply Characteristic Timescale

• As [C2H4] becomes small, t becomes small.
• The small reaction order is the culprit.
• Fix: As [C2H4] becomes small, increase reaction order.



Methane Low Temperature
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Methane High Temperature
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Mix Master (Cantera)
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Complex Fuels
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LLNL Mechanisms
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