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SUMMARY

ÅMethane injector published in Kawashima et al. (2008)  

is evaluated with CRUNCH CFD®

ï Kawashima, H., Kumakawa , A., Onodera, T., Yoshida, S., Azuma, N., Aoki, K., Negishi , H., and Okita, K., ñCombustion and Regenerative 

Cooling Characteristics of LOX/Methane Engine,ò AIAA 2008-4837, 44th AIAA /ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, 

Hartford, CT, 21 -23 July 2008. 

ÅSince experimental data had OH emission images we 

needed a chemistry mechanism that had OH reactions
ï The chemical mechanisms such as QSS methodology from Prof. J.Y . Chen as 

well as other reduced mechanisms in the literature have stiffness issues and 

reactions are not well posed in this pressure range.

ÅSimplified model from Jones and Lindstedt was found 

to be quite robust after working around stiffness 

problems at low hydrogen and methane mass fractions
ï However this set does not have OH and we cannot directly compare with OH 

image



SUMMARY (CONTD.)

Å Completed combusting solution with Jones and Lindstedt

mechanism 

ï Flowfield was initialized with hot nitrogen (3000K) and methane and LOX were 

injected into this. This procedure gives smooth ignition

ï Overall mixing rate appears to match the OH emission image quite well

ï Solution procedure is very robust and good for flame problems where 

detailed ignition is not required

ï Note that tendency for unsteady shedding is already being observed with the 

RANS calculation

ï If we run LES/RANS it will most certainly be unsteady 

Å We will evaluate two other detailed mechanisms to see if they would 

be appropriate for more detailed chemistry with OH

ï Reduced mechanism using QSS methodo logy by Zambon and Chelliah , 

Combustion and Flame. This has 17 species and 13 global reactions.

ï Skeletal mechanism by Correa  is another procedure  we will investigate. This 

has 16 species and 41 reactions

ï Both these mechanisms are going to be expensive relative to Jones and 

Lindstedt because of the large number of species



13-Step Reduced Model ( Zambon and Chelliah )

1    C2H6 = 2 CH3

2    C2H4 +  H = CH2 +  CH3

3    CH4 = CH3 +  H

4    CH3 = CH2 +  H

5    CH2O  +  H2 = CH2 +  H2O

6    CO  +  2 H2 +  O = CH2 +  2 H  +  O2

7    CO2 = CO  +  O  

8    H2O2 = 2 OH

9    HO2 = H  +  O2

10    H2 = 2 H

11    H  +  H2O = H2 +  OH

12    H  +  OH = H2 +  O

13    OH  +  O = H  +  O2

17 chemical species in 13 overall reaction steps:

Validated for ignition, flame propagation and extinction



Skeletal and Reduced Models

ÅDetailed Model by Hai Wang: Qin et al., Proc. Combust. Inst., 2000

Å13-Step Reduced Model by Zambon and Chelliah : Zambon and Chelliah , Combust. and Flame, 2007

ÅSkeletal Model by Correa

Stoichiometric CH 4/Air at 1 atm Stoichiometric CH 4/Air at 57 atm



Global Model

ISAT

Jones, W.P, and Lindstedt , R.P, ñGlobal Reaction Schemes for Hydrocarbon Combustion,ò 

Combustion and Flame, 73, pp. 233 -249 (1988)

H2 + ½ O2 = H2O (1)

CO + H2O = CO2 + H2 (2)

CH4 + H2O Ÿ CO + 3 H2(3)

CH4 + ½ O2Ÿ CO + 2 H2 (4)

Global Step Forward Rate Backward Rate

1

k f [H2] 
1/4 [O2] 

3/2           if [H 2] > Ů

k fŮ
-3/4 [H 2] [O2] 

3/2     if [H 2] < Ů

kb [H2O]

2 k f [CO] [H 2O] kb [CO2] [H 2]

3 k f [CH4] [H 2O]

4
k f [CH 4] 

1/2 [O2] 
5/4       if [CH 4] > Ů

k fŮ
-1/2 [CH 4] [O2] 

5/4 if [CH 4] < Ů

ONLY Jacobian evaluation employs unity reaction order for [H 2] and [CH 4] 



RANS SOLUTION WITH JONES AND 

LINDSTEDT GLOBAL MODEL



METHANE INJECTOR: TEMPERATURE 

Hot nitrogen left

Over from initialization



METHANE INJECTOR: DENSITY 



METHANE INJECTOR: H 2O MASS FRACTION 



METHANE INJECTOR: CO 2 MASS FRACTION 



METHANE INJECTOR: METHANE MASS FRACTION 



METHANE INJECTOR: O 2 MASS FRACTION 



METHANE INJECTOR: CO MASS FRACTION 


