Preparations

Qit[l;
Set Di rect ory [Not ebookDi rectory[]1];

Needs [" React i onKi neticsl1l'"]; // Absol uteTi m ng

ReactionKinetics Version 1.0 [06-01-2013] using Mathematica
Version 8.0 for Mcrosoft Wndows (32-bit) (Novenber 7, 2010)
(Version 8., Release 0) |loaded 30 April 2013 at 03:19 GMI+01: 59

GNU General Public License (GPLv3) Terns Apply.

Pl ease report reaction kinetics issues or problens at
nagyal @emat h. bne. hu, dpappei ens. nort hwest ern. edu, or jtot hemath. bne. hu

(0. 4990285, Nul | }

Hydrogen combustion mechanisms

Set Di rect ory [Not ebookDi rectory[] <>"hydrogen"];

Cl ear Al'l [hdat, hdata];
hdat = Fl atten[l nmport ["names_hydr ogen. txt", "Tabl e"]11];
hdata = Stri ngRepl ace[#, ".dat" -»""] &/@hdat

{Ahmed2007, Burke2012, CRECK2012, Dagaut 2003, Davi s2005, GRI 30, Hong2011,
Ker oomes2013, Konnov2008, Li 2007, NU G2010, OConai r e2004, Rasnussen2008,
SanDi ego2011, SaxenaW | |ianms2006, Stari k2009, Sun2007, USC2007, Zsel y2005}

i ndi ces = Range[19];
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Tabl eFor m[hdat a, Tabl eHeadi ngs -» {i ndi ces, None}]

Ahnmed2007

Bur ke2012
CRECK2012
Dagaut 2003
Davi s2005

GRI 30
Hong2011

Ker omnes2013
9 |Konnov2008

10 |Li 2007

11 |NU G2010

12 |OConai r e2004
13 |Rasnussen2008
14 [SanDi ego2011
15 |SaxenaW | | i ans2006
16 |St ari k2009

17 |Sun2007

18 |USC2007

19 [Zsel y2005

oO~NO UL WN R

CearAll [hall q;
hal | = CHEMKI NI nport [#] ["chenki nreactions"] &/@hdat; // Absol ut eTi m ng

{1. 6380937, Null }
Cl ear Al |l [hevery];

hevery = Transpose[{hal |, Del et eAut ocatal ysis /ehal |, hdata}]; //
Absol ut eTi m ng

(0. 4320247, Nul | }
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Tabl eFor m[
React i onsDat a[#, External Species » {"HV'}]1["M', "R', "deficiency"] &/e
hevery[i ndi ces, 21,
Tabl eHeadi ngs » {hevery[i ndices, 31, {"M', "R", "deficiency"}}]

M R defici ency
Ahnmed2007 8 38 6=n-1 -s=29-11-6=12
Bur ke2012 8 38 6=n-1 -s=31-12-6=13
CRECK2012 8 37 5=n-l -s=29-11-6=12
Dagaut 2003 8 42 6=n-1 -s=31-12-6=13
Davi s2005 8 40 6=n-1 -s=31-12-6=13
GRI 30 8 40 6=n-l -s=31-12-6=13
Hong2011 8 40 6=n-1 -s=31-12-6=13
Ker oomes2013 9 42 6=n-1 -s=32-12-7=13
Konnov2008 8 42 6=n-l -s=31-12-6=13
Li 2007 8 38 6=n-1 -s=31-12-6=13
NUl G2010 8 38 6=n-1 -s=31-12-6=13
QConai r e2004 8 38 6=n-1 -s=31-12-6=13
Rasmussen2008 8 40 6=n-1 -s=31-12-6=13
SanDi ego2011 8 42 6=n-l1 -s=31-12-6=13
SaxenaW | | i ans2006 8 42 6=n-l -s=31-12-6=13
St ari k2009 9 52 6=n-1 -s=41-16-7=18
Sun2007 8 40 6=n-1 -s=31-12-6=13
USC2007 8 40 6=n-l1 -s=31-12-6=13
Zsel y2005 8 42 6=n-1 -s=31-12-6=13

Tabl eFor m[
React i onsDat a[#, External Species - "HV']["species"] &/@hevery[i ndi ces, 2],

Tabl eHeadi ngs » {hevery[i ndi ces, 3], {"list", " of ", "species\n"}}]
list of speci es
Ahnmed2007 H H2 H20 CH H22 HC2 (07
Bur ke2012 H H2 H20 CH H2O2 HC2 (07
CRECK2012 H2Q2 (@) HC2 CH H H2 H20
Dagaut 2003 H H2 H20 CH H22 HC2 (07
Davi s2005 H H2 H20 CH H2O2 HC2 (07
GRI 30 H H2 H20 CH H2Q2 HC2 (07
Hong2011 H H2 H20 CH H22 HC2 (07
Ker onmes2013 H H2 H20 H H2O2 HO2 2
Konnov2008 H H2 H20 H H2O2 HO2 (07
Li 2007 H H2 H20 CH H22 HC2 (07
NUl G2010 H H2 H20 CH H2O2 HC2 (07
QOConai r e2004 H H2 H20 H H2O2 HO2 (07
Rasmussen2008 H H2 H20 H H2O2 HO2 2
SanDi ego2011 H H2 H20 CH H2O2 HC2 (07
SaxenaW | | i ans2006 H H2 H20 CH H2Q2 HC2 (07
St ari k2009 H H2 H20 CH H22 HC2 (07
Sun2007 H H2 H20 CH H2O2 HC2 @
USC2007 H H2 H20 CH H2Q2 HC2 (07
Zsel y2005 H H2 H20 CH H22 HC2 (07

0O00O0OO0O0OO0OOOOOOOOOOQOO
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Tabl eFor m[Tabl e [hevery[i, 21 /. x_Equi li bri um- Sequence[], {i, 19}1,
Tabl eHeadi ngs » {hevery[i ndi ces, 3], None}]

Ahrmed2007

Bur ke2012
CRECK2012 H2Q2 + O- HO2 + OH
Dagaut 2003

Davi s2005

GRI 30

Hong2011

Ker omnes2013
Konnov2008

Li 2007

NUI G2010
QOConai r e2004
Rasnmussen2008
SanDi ego2011
SaxenaW | | i ans2006
St ari k2009

Sun2007

USC2007

Zsel y2005

hevery[3, 2] /. x_Equili bri um- Sequence|[]

{H2Q2 + O > HO2 + OH}

Row[ {ShowFHIG aph [#[2], D r ect edEdges - Tr ue,
Vert exLabel ing - Al I, Pl otLabel - #[3], | nageSi ze » 4207, " "
Col umi[Join[{"3rd body species deleted"}, #[[2]]11], " ", Col um [
Join[{"Orig. Mechanism'}, #[[1]1]1]11}] &/@hevery[i ndi ces] // Timni ng

Ahmed2007

—
H+HO2
| e ]

V.

H20+0

:::;::::i:: :::;::j::: .

E———— E————
H202+ 0O HO2+OH H20+ 02
§_<—4 _4—4

{0 350, { H20 H+OH H2+0O

[N
HO2 H+02 O+OH

e mm—
H2+HO2 H+H202 H20 + OH
— —

S———— —_—
H202 + 02 2HO2 H202 + OH H20+HO2

02 20 H2 2H
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3rd body species del eted Oig. Mechani sm

2H=H2 H+ 2 =0+ COH
H20= H+ OH H2 +O=H+COH

H+ HO= H2 + OH H2 + OH=H+H20
H2Q2 =2 OH 20H=H20+0

H+r H2Q2 = H2 + HO2 H+ 2 = HO2

H+r 22 = H20+ CH H+ HO2 = 2 OH

H®2 = H+ Q2 H+ HO2 = H2 + O2
2HRZ =« 22 + 2 H+H®2 =« H2O+ O
H+H®2 = H20+ O H®2 + 0= Q2 + CH
H+HO2 = H2 + C2 H®2 + OH= HRO+ X2 '
H+HO2 = 2 CH 2HRZ =« 22 + 2
H20+ H®2 = H2O2 + CH 20H=H2Q2

20=@ H+ H2Q2 = H2 + HO2
H2+O=H+OH H+H2Q2 = H20+ CH
H20+0=2 CH H22 + O= H®2 + CH
H2®2 + O= HO2 + CH H2Q2 + OH = H20+ HO2
H®2 + O= Q2 + CH 2H=H2

H+ Q2 = O+ OH H+OH=H20

H20+ 2 = HO2 + OH 20=X2
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Burke2012
e
H202 H20+0 H202 + 02 ¢ 2HO2
20H
H202 + OH ¢ H20+HO2
——
02 ¢ 20
H+HO2
—
OH ¢ H+O
H2+ 02 | e
H2 ¢ =~ 2H
.—>_ _—>_
H202+0 ¢ HO2+ OH ¢ H20+ 02
—
> > H2+OH ¢ H+H20
H20 < H+OH ¢ H2+0
—_— —— >
HO2 < H+02 ¢ O+OH
|
02+ 0OH < HO2+0
> —
H2+HO2 < H+H202 ¢ H20+OH
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3rd body species del eted
2H=H2
H20=H+ OH

H+ H20<= H2 + CH
H2O2 =2 OH

H+r 22 = H2 + HO2
H+ 22 = H2O+ CH
H®2 = H+ 2
2HR =« 22 + X2
H+HO2 = H2 + O2
H+HO2 = 2 CH

H2O0+ HO2 = H2Q2 + OH
20=@

H+O=CH

H2 +O=H+OH
H20+ 0= 2 CH

H2®2 + O= HO2 + CH
HR2 +O= Q2 + OH

H+ Q2 = O+ OH
H20+ 2 = HO2 + CH

Oig. Mechani sm
Hr Q2 =0+CH

H2 +O=H+COH

H2 + OH=H+ H20
2CH=H20+0
H=2H

20=2
H+O= OH
H20=H+ OH
2H0=H+H0+™
H+ Q2 = HO2 ,
H+ HO2 = H2 + O2
H+ HO2 = 2 OH

H®2 +O= @2 + OH
H®2 + OH= H20+ 2
2HRZ = H2Q2 + O2
H®2 =2 H
H+H2Q2 = H20+ CH
H+ H2Q2 = H2 + HO2
H 2 + O= H®2 + CH
H2®2 + OH<= H20+ HO2

CRECK2012

H202 H20+0

=

20H

H2+HO2

H+HO2

O+OH H+02

\/

—

H+H202

< H20+OH

—
———

EEE———

H+OH g H2+0

—

H202+0 ——» HO2+OH _¢ H20+ 02

H2+02

H202+ 02 2HO2 H202+O0H H20+HO2

—

02+0H __4

HO2+0

H2+OH

—

H2 > 2H
—

02 —_ 4 20

< H+H20



3rd body species del eted
H®2 +0- H®2 + OH
2H=H2
H20=H+ OH

H+ H20= H2 + OH
H2O2 =2 OH

H+ 22 = H2 + HO2
H+ 22 = H2O+ CH
H®2 = H+ 2
H®2 = O+ OH
2HRZ = 22 + 2
H+HO2 = H2 + O2
H+HO®2 = 2 CH
H20+H®2 =« 22 + CH
20=@

H2 +O=H+OH
H20+ 0= 2 CH

H®2 +0=QQ2 + CH

H+ 2 =0+ CH
H20+ Q2 = HO2 + CH

structural_analysis_of_combustion_models.nb

Oig. Mechani sm
H+ 2 =0+ COH

H2 + O=H+OH

H+ Q2 = HO2
H+22 = H®2 + O2
H®2 + OH= H20+ 2
H+H®2 = 2 CH

H®2 +O= @ + OH
20H=H20+0
H=2H

>2=20

H+OH= H20 ’
H+H®2 = H2 + O2
2HRZ = 22 + 2
20H=H2®2

O+ OH=HX®

H+ H2O= H2 + OH
H+H2Q2 = H20+ CH
H+ H2Q2 = H2 + HO2
H20+ HO2 - H2O2 + OH
H2®2 + OH - H2O+ HO2
H2O2 + O- HO2 + OH

Dagaut2003

H20+0O

H202 + 02 2HO2

// \k H202+ OH H20 +HO2
———
\\ //// o2 5 20
P
OH c H+O

H202

EE——

HO2 + OH H20+02 H2 2

H202+ 0 < < 2H
— —_—
H20 H+OH H2+0O
<< << —_—
H2+ OH ¢ H+H20
— >
HO2 ¢ H+02 ¢ O+OH
—_—
02+ OH < HO2+0O
H2+HO2 ¢ L H+ H202 < 2 H20+ OH
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3rd body species del eted Oig. Mechani sm

2H=H2 2H=H2

H20=H+ OH 20=2

H+ HO= H2 + OH HyrO=CH

H22 = 2 CH H+O2<=2CH

H+r H2Q2 = H2 + HO2 H2 +O=H+OH

H+r 22 = H20+ CH H+r Q2 = 0+ 0OH

H2 = H+ Q2 H+ Q2 = HO2

2HRZ =« 22 + 2 H+OH= H20

H+H®2 = H20+ O H2 + OH= H+ H20
H+HO2 = H2 + O2 H20+ 0= 2 CH
H+HO2 = 2 CH H®R2 + OH= H20+ &2 ’
H20+ H2 = 22 + CH H®2 +O0= Q2 + OH
20=@ H+yrH2 = H2 + O2
HyrO= H H+H®2 = 2 CH

H +O=H+CH H+H®2 = H20+ O
H20+O= 2 CH 2HR = H2Q2 + A2
H2Q2 + O= HO2 + CH 20H=H2®2

HR2 +O=Q2 + OH H2®2 + OH= H20+ HO2
H+2 =0+COH H+ 22 = H2 + HO2
H+O2<=2CH H+ H2Q2 = H20+ CH

H20+ (2 = HO2 + OH H2O2 + O= HO2 + CH
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H202

k

.—>_
H202+0

H20
HO2

H2+HO2 H+H202

I —
H202+ 02

2HO2

02 20

H2 2H

02+0OH HO2+0

-

—
_—

HO2+OH

structural_analysis_of_combustion_models.nb

Davis2005

"

H+HO2

v

H20+0

,—>_
H20+ 02

H2+0O
O+OH

H20+OH
‘_4—_

——

H202 + OH H20+HO2

OH H+O

H2+OH H+H20
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3rd body species del eted
2H=H2
H20=H+ OH

H+ H2O= H2 + OH
H2Q2 =2 OH

H+ 2O2 = H2 + HO2
H+ 22 = HRO+ OH
HR2 = H+ Q2
2HR = 22 + 2
H+ HOQ2 = H20+ O
H+ HO2 = H2 + O2
H+ HO2 = 2 OH
H2O0+ HO2 = H2Q2 + OH
20=@
H+O=H

H2 +O=H+OH
H20+ O=2 CH
H2Q2 + O= HO2 + CH
H®2 +O= Q2 + OH
H+ 2 =0+ CH
H20+ 2 = HO2 + CH

11

Oig. Mechani sm
Hr Q2 =0+CH

H2 +O=H+COH

H2 + OH=H+ H20
2CH=H20+0
2H=H2
2H+H2 = 2 H2
2H+H20=H2 + H20
H+OH= H20
H+O=CH

20=@2

H+ 2 = HO2 ,
H2 + 2 = H+ HO2
20H=H22
H+H®2 =« HO+ O
H+ HO2 = 2 OH

H®2 +O= @ + OH
H®2 + OH= H20+ 2
2HRZ = H2Q2 + O2
H+ H2Q2 = H2 + HO2
H+ H2Q2 = H20+ CH
H22 + O= H®2 + CH
H2Q2 + OH = H20+ HO2
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H202

k

.—>_
H202+0

H20
HO2

H2+HO2 H+H202

I —
H202+ 02

2HO2

02 20

H2 2H

02+0OH HO2+0

-

—
_—

HO2+OH

structural_analysis_of_combustion_models.nb

GRI30

"

H+HO2

v

H20+0

,—>_
H20+ 02

H2+0O
O+OH

H20+OH
‘_4—_

——

H202 + OH H20+HO2

OH H+O

H2+OH H+H20
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3rd body species del eted
2H=H2
H20=H+ OH

H+ H2O= H2 + OH
H2Q2 =2 OH

H+ Q2 = H2 + HO2
H+ 22 = HRO+ OH
H®2 = H+ Q2
2H®R = 22 + 2
H+ HOQ2 = H20+ O
H+ H2 = H2 + O2
H+ HO2 = 2 OH
H2O0+ HO2 = H2Q2 + OH
20=@
H+O=H

H2 +O=H+OH
H20+ O=2 CH
H2Q2 + O= HO2 + CH
HR2 +O= Q2 + OH
H+ 2 =0+ CH
H20+ 2 = HO2 + CH

13

Oig. Mechani sm
20=@

H+yrO= OH

H +O=H+CH

H®2 +O= @ + OH
H2®2 + O= HO®2 + CH
H+ Q2 = HO2
Hyr22 = H®2 + 2
H+ O+ Q2 =« 2O+ HO2
H+N2 + Q2 = HO2 + N2
Hyr Q2 =0+CH
2H=H2
2H+H2 = 2 H2
2H+H20=H2 + H20 ’
H+OH= H20
H+H®2 = H20+ O
H+y+H2 = H2 + O2
H+H®2 = 2 CH

H+ H2Q2 = H2 + HO2
H+ H2Q2 = H2O+ OH
H2 + OH=H+ H20
20H=H22
20H=H20+0

H®2 + OH= H20+ 2
H2®2 + OH= H20+ HO2
2HRZ = 22 + 2
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H202

k

.—>_
H202+0

H20
HO2

H2+HO2 H+H202

————
H202+ 02

2HO2

02 20

H2 2H

02+0OH HO2+0

-

—
_—

HO2+OH

structural_analysis_of_combustion_models.nb

Hong2011

"

H+HO2

v

H20+0

,—>_
H20+ 02

H2+0O
O+OH

H20+OH
‘_4—_

——

H202 + OH H20+HO2

OH H+O

H2+OH H+H20
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3rd body species del eted
2H=H2
H20=H+ OH

H+ H20= H2 + OH
H2O2 =2 OH

H+ 22 = H2 + HO2
H+ 22 = H2O+ CH
H®2 = H+ 2
2HR =« 22 + X2
H+H®2 = H2O+ O
H+ HZ2 = H2 + O2
H+HO®2 = 2 CH
H20+H®2 =« 22 + CH
20=@
H+O= OH

H2 +O=H+COH
H20+ 0= 2 CH
H2®2 + O= HO®2 + CH
H®2 + O= Q2 + CH
H+ Q2 =0+CH
H20+ 2 = HO2 + CH

Oig. Mechani sm
Hr Q2 =0+CH

H+ 2 = HO2

H2 =2 CH

H2Q2 + OH = H20+ HO2
H®2 + OH= H20+ 2
2HR2 = H2Q2 + O2
H20=H+ OH
2H20<«H+H0+OH
20H=H20+0

H +O=H+OH

H2 + OH=H+ H20
H+H®2 = 2 CH ,
H+H®2 = H20+ O
H+HO2 = H2 + O2
H®2 + 0= + OH
H+ H2Q2 = H2 + HO2
H+H2Q2 = H20+ CH
H22 + O= H®2 + CH
H=2H
2H2 = 2H+H2

H +N2=2H+N2
H+Q2<=2H+
20=2
H+O=CH

Keromnes2013

H202 H20+0

\\\\//

20H
H+HO2

H2+02

OH

=

—_—

H+O

—» .y

H20 _ H+OH _ H2+0O

HO2 _ : H+02 _ > 0+OH

H2+HO2 > H+H202 < > H20+OH

H202+0 > HO2+OH < > H20+02

H202+OH ® H20+HO2

mm————
02 < 20

H2+OH —g > H+H20

H2 T > — 2H

OHEX < HV + OH

H202+02 L 2HO2

02+0H ¢ > HO2+0

15
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3rd body species del et ed
2H=H2
H20=H+ OH

H+ H2O= H2 + OH
H2Q2 =2 OH

H+ H2OQ2 = H2 + HO2
H+ 22 = H20+ CH
H®2 = H+ Q2
2H®RZ = 22 + O2
H+HO2 = H2 + O2
H+HO®2 = 2 CH
H20+H®2 =« 22 + CH
20=2
H+O= OH

H+ O= OHEX

H +O=H+OH
H20+O= 2 CH
H2®2 + O= HO2 + CH
H®2 +0=QQ2 + CH
H+ 2 = 0O+ CH
H20+ Q2 = HO2 + CH
OH = OHEX

HV + OH = OHEX

structural_analysis_of_combustion_models.nb

Oig. Mechani sm
H+ 2 =0+ COH

H2 + O=H+OH

H2 + OH= H+ H20
H20+ 0= 2 CH
H<=2H

20=2

H+O= OH

H+OH= H20

H+ Q2 = HO2
H+H®2 = 2 CH

H2 + 2 = H+ HO2
H®2 + 0= Q2 + CH
H®2 + OH= H20+ 2
2HRZ =« 22 + 2 ,
H2 =2 CH

H+ H2Q2 = H2O+ OH
H+ H2Q2 = H2 + HO2
H22 + O= H®2 + CH
H2Q2 + OH = H20+ HO2
H+ O= OHEX

H20+ OHEX = H20+ CH
H2 + OHEX = H2 + CH
N2 + OHEX = N2 + OH
OH+OHEX =2 OH

H+ OHEX = H+ OH
CHEX = CH
OHEX = HV + OH

2 +OHEX = 2 + OH
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Konnov2008
H20+0 H202+ oz 2HO2
// \ H202+ OH H20 +HO2
H202 H +HO2
/—>\
H +0
H2+ 02

> — —
HO2 + OH H20+ 02 H2

H202+ 0 < <

2H

— e
H20 < H+OH < H2+0O
—
H2+OH < H+H20
HO2 ¢ H+02 ¢ O+OH
| ——— |
02+0OH < HO2+0
H2+HO2 ¢ H+H202 ¢ H20+OH

3rd body species del eted
2H=H2
H20=H+ OH

H+ HO= H2 + OH
H2Q2 =2 OH

H+ Q2 = H2 + HO2
H+i 22 = HRO+ OH
H®2 = H+ Q2
2H®R =« 22 + 2
H+HOQ2 = H20+ O
H+ HO2 = H2 + O2
H+ HO2 = 2 CH
H2O0+ HO2 = H2O2 + OH
20=@
H+O=H

H2 +O=H+COH
H20+ O=2 CH
H2Q2 + O= HO2 + CH
H®2 +O= Q2 + OH
H+ 2 =0+ CH
H+Q2<=2O
H20+ 2 = HO2 + CH

Oig. Mechani sm
2H=H2
2H+H2 = 2 H2
2H+N2 = H2 + N2
3H=H+H2
20=@2
H+yrO= OH
H20=H+ OH
2H20=H+H0+ M
H+ Q2 = HO2
20H=H2Q2

H +O0O=H+OH

H+ 2 = 0+ CH

H2 + OH= H+ H20 !
2CH=H20+0

H®2 + O= Q2 + CH
H+ HO2 = 2 OH
H+H®2 = HO+ O
H+ H2 = H2 + O2
H+Q2=2O

H®2 + OH= H20+ 2
2HRZ =« 22 + 2
H+ H2Q2 = H2 + HO2
H+ 22 = H2O+ OH
H2Q2 + O= HO2 + CH
H2Q2 + OH = H20+ HO2



18

structural_analysis_of_combustion_models.nb

Li2007
e
H202 H20+0 H202 + 02 ¢ 2HO2
20H
H202 + OH ¢ H20+HO2
——
02 ¢ 20
H+HO2
—
OH ¢ H+O
H2+ 02 | e
H2 ¢ =~ 2H
.—>_ _—>_
H202+0 ¢ HO2+ OH ¢ H20+ 02
—
> > H2+OH ¢ H+H20
H20 < H+OH ¢ H2+0
—_— —— >
HO2 < H+02 ¢ O+OH
|
02+ 0OH < HO2+0
H2+HO2 H+H202 H20+OH

A Ll S amm—
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3rd body species del eted
2H=H2
H20=H+ OH

H+ H2O0= H2 + OH
H2Q2 =2 OH

H+ H2OQ2 = H2 + HO2
H+ 22 = H20+ CH
H®2 = H+ Q2
2HRZ = 22 + 2

H+ HZ2 = H2 + O2
H+HO2 = 2 CH
H20+HX®R2 =« 22 + CH
20=@

H+O= OH

H2 +O=H+OH
H20+0=2 CH

H2®2 + O= HO2 + CH
H®2 + O= Q2 + CH

H+ Q2 =0+CH
H20+ 2 = HO2 + CH

19

Oig. Mechani sm
H+ 2 =0+ COH

H2 + O=H+OH

H2 + OH= H+ H20
H20+ 0= 2 CH
H<=2H

20=2

H+O= OH

H+OH= H20

H+ Q2 = HO2
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H+ HO2 = H2 + O2
H+ HO2 = 2 OH
H2O0+ HO2 = H2Q2 + OH
20=@
H+O=H

H2 +O=H+OH
H20+ 0= 2 CH
H2Q2 + O= HO2 + CH
H®2 +O= Q2 + OH
H+ 2 =0+ CH
H20+ 2 = HO2 + CH

Oig. Mechani sm
Hr Q2 =0+CH

H2 + O=H+OH

H2 + OH= H+ H20
H20+ 0= 2 CH
2H=H2
H+OH=H20
20=@2
HryrO= OH

O+ OH=HX®2

H+ Q2 = HO2
H+H®2 = 2 CH ’
H+ HZ2 = H2 + O2
H+H®2 = H20+ O
H®R2 + 0= + OH
H®2 + OH = H2O+ Q2
20H=H2®2
2HRZ =« 22 + 2
H+ H2Q2 = H2 + HO2
H+ H2Q2 = H2O+ OH
H2®2 + OH<= H20+ HO2
H22 + O= H®2 + CH

Starik2009
H202 H2+ H202+ OH - H20 + HO2
- . o
20H < H+HO2
\ //// B N
H20+ 0O OH < 2 H+O
H202+ 0 H2+ 03 >
* \s\ /‘y * H202 + 02 < 2HO2
HOZ + OH H2+0H ¢ > H+H20
H2 < L 2H
H20 + 02 >

HO2 < L H+02 ¢ > 0+OH

H20 — > H+OH < . H2+0O

H2+HO2 > H+H202 < > H20+OH

HO2+0 ¢ > 02+0H < - H+03

0+03 _«¢ 202
O3+0H ¢ > HO2+02
03 < > 0+02

202+0H > HO2+03

27



28

3rd body species del eted
2H=H2
H20=H+ OH

H+ H2O0= H2 + OH
H22 = 2 CH

H+ H2OQ2 = H2 + HO2
H+ 22 = H20+ CH
H®2 = H+ Q2
2HRZ =« 22 + 2
H+H®2 = H20+ O
H+HO2 = H2 + O2
H+HO2 = 2 CH
H20+ H®2 = H2O2 + CH
20=@
HyrO= H

H +O=H+CH
H20+O= 2 CH
H2®2 + O= HO2 + CH
H®2 + 0= + CH
22 =20+

H+r Q2 = O+ OH
H20+ 2 = HO2 + CH
H2 + Q2 = +OH
O+X2 =38
H+B8=0 +CH

H +O8 = H®2 + OH
HR2 + B =20 +H

structural_analysis_of_combustion_models.nb

Oig. Mechani sm
H+ H2O= H2 + OH
H+ Q2 = 0O+ OH

H +O=H+CH
>2=20

H<=2H
H20=H+ OH
CH=H+O
H20+0= 2 CH

H+ Q2 = HO2

H2 + 2 = H+ HO2
H20+ O= H+ HO2
H20+ 2 = HO2 + CH
20H=H+H®2 ,
R +O0H=H®2 + 0O
H+ H2Q2 = H2 + HO2
H+ H2Q2 = H2O+ OH
2HRZ =« 22 + 2
H20+ H®2 = H2O2 + CH
H®2 + OH=H2®2 + O
H®2 =2 CH
XB=20+
HrB=Q +OH
O+B=2@
AB+OH=H® + 2
H +O8 = H®2 + OH
HR2 + B =20 +CH



structural_analysis_of_combustion_models.nb

Sun2007

H202 k /A//r/ H2+02

—
20H H+HO2
T
H20+0O
— EE—
H202+0O HO2+ OH H20+ 02
H20 _ > H+OH > H2+0
P —
HO2 ¢ H+02 O+OH

e — —_
H2+HO2 H+H202 H20+OH

_ ——

H202+02 2HO2 H202 + OH H20+HO2
02 = > — 20 OH > H+O
T———————— | T—-————
H2 = > on H2+OH > H+H20

—_—
02+0OH ¢ HO2+0



30

3rd body species del eted
2H=H2
H20=H+ OH

H+ H2O= H2 + OH
H2Q2 =2 OH

H+ H2Q2 = H2 + HO2
H+ 22 = H20+ CH
H®2 = H+ Q2
2HRZ = H2Q2 + 2
H+ H2 = H20+ O
H+HO2 = H2 + O2
H+HO2 = 2 CH
H20+ H®2 = H2O2 + CH
20=@
HyrO= H

H +O=H+CH
H20+O= 2 CH
H2Q2 + O= HO2 + CH
H®2 + 0= + OH
Hr Q2 = 0+H
H20+ 2 = HO2 + CH

structural_analysis_of_combustion_models.nb

Oig. Mechani sm
Hr Q2 =0+CH

H2 +O=H+COH

H2 + OH=H+ H20
2CH=H20+0

H2 + Q2 = H+ HO2
H=2H
2H2 = 2H+H2

H2 + N2 =« 2 H+ N2
H2 + O=2 H+ H20
20=@2
H+yrO= OH

H+ OH= H20 ’
H+ Q2 = HO2
H+H®2 =« HO+ O
H+ HO2 = 2 OH

H®2 +O= @ + OH
H®2 + OH= H20+ 2
2HRZ = H2Q2 + O2
H®2 =2 CH

H+ H2Q2 = H2 + HO2
H+ H2Q2 = H20+ CH
H®2 + O= H®2 + CH
H2®2 + OH<= H20+ HO2



structural_analysis_of_combustion_models.nb

USC2007

H202 k /A//r/ H2+02

—
20H H+HO2
T
H20+0O
— EE—
H202+0O HO2+ OH H20+ 02
H20 _ > H+OH > H2+0
P —
HO2 ¢ H+02 O+OH

e — —_
H2+HO2 H+H202 H20+OH

_ ——

H202+02 2HO2 H202 + OH H20+HO2
02 = > — 20 OH > H+O
T———————— | T—-————
H2 = > on H2+OH > H+H20

—_—
02+0OH ¢ HO2+0



structural_analysis_of_combustion_models.nb

Oig. Mechani sm
3rd body species del eted H+ Q2 =0+

2H=H2 H2 +O=H+COH
H20=H+ OH H2 + OH=H+H20
H+ H2O= H2 + OH 2H=H20+0
H22 = 2 CH 2H=H2

H+r 22 = H2 + HO2 2H+H2 = 2 H2

H+ 22 = HRO+ OH 2H+H20=H2 + H20
H®2 =« H+ Q2 H+ OH= H20

2HR = H2ZQ2 + 2 HyrO=CH

H+H®2 = H20+ O 20=2

H+ H2 = H2 + 2 H+ 2 = HO2 ,
H+HO2 = 2 CH H2 + 2 = H+ HO2
H2O0+ HO2 = H2Q2 + OH 20H=H2®2
20=@ H+H®2 =« HO+ O
HyrO=COH H+ HO2 = 2 OH

H2 +O=H+OH H®2 +O= @ + OH
H20+ 0= 2 CH 2HRZ =« 22 + 2
H2Q2 + O= HO2 + CH H®2 + OH= 20+ X2
H®2 +O= Q2 + OH H+ H2Q2 = H2 + HO2
Hi®2 =0+CH H+ H2Q2 = H20+ CH
H20+ 2 = HO2 + OH H®2 + 0= HX2 + OH

H2Q2 + OH = H20+ HO2

Zsely2005
H20+0 H202 + 02 2HO2
// \\\ H202+ OH HZO +HO2
H202 H +HO2
H+O
H2+02
— —_— S
H202+0 —_g HO2+OH —_g H20 + 02 H2 2H
. 5
H20 H+OH H2+0
< << S————
H2+ OH < H+H20
— —
HO2 c H+02 . O+OH
| —————— |
02+0H __g HO2+0
H2+HO2 > H4H202 > H20+OH

— e Y —e——



structural_analysis_of_combustion_models.nb

3rd body species del eted
2H=H2
H20=H+ OH

H+ H20= H2 + OH
H2O2 =2 OH

H+r 22 = H2 + HO2
H+ 22 = H2O+ CH
H®2 = H+ 2
2HR =« 22 + X2
H+H®2 = H2O+ O
H+ HZ2 = H2 + O2
H+ HO2 = 2 OH
H20+H®R2 =« 22 + CH
20=@
H+O= OH

H2 +O=H+COH
H20+ 0= 2 CH
H2®2 + O= HO®2 + CH
H®2 + O= Q2 + CH
Hi+ Q2 =0+CH

H +O2<=2CH
H20+ 2 = HO2 + CH

Oig. Mechani sm
H +O=H+OH

H2 + OH= H+ H20
H+ 2 = HQ2

Hyr Q2 =0+H

H+ H2Q2 = H2 + HO2
H+ H2Q2 = H20+ CH
H 2 + O= H®2 + CH
H2Q2 + OH = H20 + HO2
2CH=H2™x
2H=H2

2H+H2 =2 H2 }}
HyrO=CH

H+ OH= H20

H+ HO2 = H2 + O2
H+ HO2 = 2 OH
H+H®2 = H20+ O
20=@2

H®2 + 0= + OH
2CH=H20+0

H®2 + OH= 20+ X2
2HRZ = H2Q2 + O2
H+rQ2=2M

33

maxf hj component s = MaxFHIWeakl yConnect edConponent s [hevery[#, 2]] &/@i ndi ces;
maxf hj edges = Fl atten[ (Fi rst /e#) &/@maxf hj conponents, 1];

G aphPl ot [First [#], VertexLabeling - True, Direct edEdges - True,
| mageSi ze -» 350, Pl ot Label - " Max weakly connected conponent of mech " <>
ToStri ng[hevery[Last [#], 3]]1<>"\n"] &/@
Tr anspose [ {mexf hj edges, indi ces}]

Max weakly connected component of mech Ahmed2007

H20+0O

| 7\ |

20H > H+HO2
/ \
H202 / T

P

H2+ 02



34

Max weakly connected component of mech Burke2012

H202 H20+0

20H

H+HO2

H2+02

structural_analysis_of_combustion_models.nb



structural_analysis_of_combustion_models.nb

Max weakly connected component of mech CRECK2012

H202

20H

H+HO2

H2+02

H20+0

35



36

H202

H202

H202

H202

Max weakly connected component of mech Dagaut2003

\/

Max weakly connected component of mech Davis2005

H20+0O

VAR

—_—
20H H+HO2

=

Max weakly connected component of mech GRI30

H20+0O

VAR

—_—
20H H+HO2

//// ~—

Max weakly connected component of mech Hong2011

H20+0O

VAR

—_—
20H H+HO2

o ~—

structural_analysis_of_combustion_models.nb



structural_analysis_of_combustion_models.nb

Max weakly connected component of mech Keromnes2013

H202 H20+0

20H

H+HO2

H2+02

37



38

H202

Max weakly connected component of mech Konnov2008

H20+0

WA

H2+02

structural_analysis_of_combustion_models.nb



structural_analysis_of_combustion_models.nb




40

Max weakly connected component of mech NUIG2010

H202 H20+0

20H

H+HO2

H2+02

structural_analysis_of_combustion_models.nb



structural_analysis_of_combustion_models.nb

Max weakly connected component of mech OConaire2004

H202 H20+0

20H

H+HO2

H2+02

Max weakly connected component of mech Rasmussen2008

H20+0

VAR

—_—
20H H+HO2

//// ~—=

41



42

Max weakly connected component of mech SanDiego2011

H20+0O

AN

H+H02

H202 / \ H2+02

(

Max weakly connected component of mech SaxenaWilliams2006

H20+0O

AN

H+H02

H202 / \ H2+02

(

Max weakly connected component of mech Starik2009

H20+0

AN

H+H02

H202 / \ H2 + 02

(

Max weakly connected component of mech Sun2007

H20+0

AN

H+H02

H202 / \ H2 + 02

I

Max weakly connected component of mech USC2007

H20+0

AN

( H+H02

H202 / \ H2 + 02

structural_analysis_of_combustion_models.nb



structural_analysis_of_combustion_models.nb
Max weakly connected component of mech Zsely2005
H20+0
H202 200 > H+HO2 }
H2+02
Tabl eFor m[
tt = Tabl e[TrueQ[ (hevery[i, 2] /. "HV' - 0) = (hevery[j, 2] /. "HV' -0)1] /.
{True » Styl e["TRUE", Bold]}, {i, 19}, {j, 19}1,
Tabl eHeadi ngs » {hdat a, hdata}]

Ahnmed2007 Bur ke2012 CRECK2012 Dagaut 2003 Davi
Ahrmed2007 TRUE Fal se Fal se Fal se Fal <
Bur ke2012 Fal se TRUE Fal se Fal se Fal <
CRECK2012 Fal se Fal se TRUE Fal se Fal <
Dagaut 2003 Fal se Fal se Fal se TRUE Fal <
Davi s2005 Fal se Fal se Fal se Fal se TRUE
GRI 30 Fal se Fal se Fal se Fal se TRUE
Hong2011 Fal se Fal se Fal se Fal se TRUE
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GRI30 UsCc2007 SaxenaWilliams2006 SanDiego201
@) Q) @) ©)
avisigs K eromnes2013
® O
1 Sun2007
@) Q)
CRECK?2012
\ ussen2008 @)
@)
Li2007 OConaire2004
Q @)
\ s OStarlkZOOQ
(@)
Ahmed2007
@)
Ul G2010
@)
Konnov2008 Dagaut2003 Zsely2005
@) e @)

wc = Connect edConponent s [Adj acencyGr aph[ag]] /.
Thread[Rul e[i ndi ces, hevery[i ndi ces, 3111;



structural_analysis_of_combustion_models.nb

Tabl eFor mfwc, Tabl eHeadi ngs » {Range [8], None}]

1 Ahned2007

2 Bur ke2012 Li 2007 NU G2010 OConai r e2004

3 CRECK2012

4 Dagaut 2003 Konnov2008 Zsel y2005

5 Davi s2005 CRI 30 Hong2011 Rasmissen2008 Sun20C
6 Ker oomes2013

7 SanDi ego2011 SaxenaW | | i ans2006

8 St ari k2009

reducedi ndi ces = Sort [Fi rst /@Connect edConponent s [Adj acencyG aph[ag]]]

{1, 2, 3, 4, 5, 8, 14, 16}

Col unm [
Riffl e[Row/e@ (Joi n[{Styl e[hevery[#, 3], Bold, 141, "\t"}, Vol pertlndexi ng[
hevery[#, 2], {"H2", "OQ2"}, Verbose -» True,
Ext er nal Speci es » {"HV'}]] &/@reducedi ndi ces), "\n\n"], 2]

Reacti on steps I ndi ces
2520
H + 2 - H+ HO2
H -2H
H+r Q2 - O+ OH
H2 +O-> 2 + OH
H +O0-H+OH
20- @
H+HO®2 - 2 CH
H+H®2 - H2 + O2
H+H®2 - H20+ O
2H®RZ - H2Q2 + O2

(@)

H+ 2 - HO2

H®2 - H+ O2
H +HR2 - H+ H2QO2

Speci es || ndi ces 2H- H2

(07 0 H®2 + OH - H2O+ Q2
H2 0 H20+ 2 —» HO2 + CH

(@) 1 O+OH-H+2
Ahnmed2007 HO2 1 2 +0H- H®2 + O
H 1 H®2 +OH- H2Q2 + O
H2 2 2 H®2 +0- H®2 + CH

CH 2 20H- H0+0

H20 2 H20+ 0O - 2 CH

H+OH-H2 + O
H2Q2 + OH - H20 + HO2
H2O0+ HO2 - H2Q2 + OH

20H-> H+ HO2

H20+ O~ H+ HO2
H22 + 2 - 2 HO2
H2O0+ OH - H+ H2Q2
H+ H2Q2 - H2O0+ CH
H+i 22 - H2 + HO2
20H- H2Q2

H2C2 » 2 OH

H2 + OH - H+ H20
H+ H2O > H2 + OH
H+OH- H20
H20 - H+ CH

NNNNNNNNNDNNMNNNNNDNNMNNNNMNNNDNNMNMNNNNNRPRPPRPRPRPRPRPRPRPRPRPRPERPR,OO
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Reacti on steps

| ndi ces

>@2-520
H2 + Q2 - H+ HO2
H -2H
H+® - O+ CH
H2 +0O-> 2 + CH
H+O0O-H+OH
H+ O- OH
20>
H+H®2 - 2 OH
H+ H®2 - H2 + O2
2HO2 - H2Q2 + Q2

H+ Q2 - HO2
H®2 - H+ 2
H2 + HO2 - H+ H2Q2
Speci es || ndi ces 2H- H2
2 0 HO2 + OH - H2O+ Q2
H2 0 O+OH-H+2
O 1 R +0H-HX2 +0O
Bur ke2012 HO2 1 HO2 + OH - H2Q2 + O
H 1 H2®2 + O- HO2 + OH
H2O2 2 2(0H- H20+ 0
H 2 H+OH- H2 + O
H20 3 OH-H+O
H2O2 + OH - H20+ HO2
20H- H+ H®2

H®R2+ 2 - 2 HX2
H+H2O2 - H20+ OH
H+H2O2 - H2 + HO2
2C0H- H2O2
H2C2 - 2 CH
H2 + OH—> H+ H20
H+OH- H20
H20+ 2 - HO2 + OH
H20+ 0O~ 2 CH
H20+ HO2 - H2Q2 + CH
H20+ OH - H+ H2QO2
H+H20- H2 + OH
H2O - H+ CH

(@)

WWWWWWNNDNDNNNDNDNNNNMNNMNNNNNNRPRPRPRPPRPPRPRPRPRPRPRPRPRPRPRERPREROO
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Reacti on steps

structural_analysis_of_combustion_models.nb

| ndi ces

>@2-520
H2 + Q2 - H+ HO2

H -2H
H+® - O+ CH
H2 +0O-> Q2 + CH
H+O0-H+OH

20- @
H+HO®2 - 2 CH
H+ H®2 - H2 + O2
2H®R2 - H2Q2 + Q2

H®2 - O+ CH
H+ 2 - HO2
HO2 - H+ Q2
Speci es |1 ndices M2 +HR > H+H®@
o7 5 2H- H2
D 0 HO2 + OH > H20+ 2
T I
+ = +
CRECK2012 Hé& 1 20H- H20+0
o 5 H+OH- H2 + O
H2O2 + OH - H20+ HO2
H2CO2 2
O 3 20H- H+HC2
H2O2 + 2 - 2 HO2
O+ CH - HO2

H+ H2O2 - H20+ OH
H+ H2Q2 - H2 + HO2
20H- H2Q2
H2C2 - 2 CH
H2 + OH - H+ H20
H+ OH - H20
H2O2 + O- HO2 + OH
H20+ 2 - HO2 + OH
H20+ 0O~ 2 CH
H20+ HO2 - H2O2 + OH
H20+ OH - H+ H2Q2
H+H20 - H2 + OH
H20- H+ OH

(@)

WWWWWWNDNDNDNMNNDNMNNMNDNMNNNNNNNNMNNNPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRREROO
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Dagaut 2003

Reacti on steps

| ndi ces

H +O2 -2 OH
>@2-20
H2 + Q2 - H+ HO2
H -2H
HO2 + OH - H20+ Q2
20H-H2 +O2
O+OH-H+ Q2
H+®2 - O+ H
@2 +0H- H®2 + O
H>2 +O0-> 2 + OH
HO2 + OH - H2Q2 + O

20H- H20+0
H+OH- H2 + O
H +O0O- H+OH
OH-H+O
H+O- OH
Speci es || ndi ces 20-> 2
2 0 20H- H+ HO2
H2 0 H+H®2 —» 2 OH
(0] 1 H+H®2 - H2 + Q2
HCO2 1 H+H®2 - H20+ O
OH 1 2H®2 - H2Q2 + 2
H 1 H+ Q2 - HO2
H2CO2 2 H®2 - H+ Q2
H20 2 H2 + HO2 - H+ H2Q2
2C0H- H2O2
H2 + OH-> H+ H20
H+OH- H20
2H- H2

H20+ 2 - HO2 + OH
H2O2 + O- HO2 + OH
H20+ O - 2 CH
H2O2 + OH - H20+ HO2
H20+ HO2 - H2O2 + OH
H20+ O - H+ HO2
H22 + Q2 - 2 HO2
H20+ OH > H+ H2Q2
H+ H2Q2 - H20+ OH
H+H2O2 - H2 + HO2
H2C2 - 2 CH
H+ H20 - H2 + CH
H20- H+ OH

(@)

NNNNNNNNNNNNNRPRPRRPRPRPRPRPRPREPRPRREPRPRPREPRREPRERRERRLRRLOOO
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Davi s2005

Reacti on steps

structural_analysis_of_combustion_models.nb

| ndi ces

>@2-520
H2 + Q2 - H+ HO2
H -2H
H+® - O+ CH
H2 +0O-> Q2 + CH
H+O0-H+OH
H+ O- OH
20-@
H+H®2 - 2 OH
H+ H®2 - H2 + O2
H+HO2 - H20+ O
2H®R2 - H2Q2 + Q2

H+ Q2 - HO2
HR2 - H+ 2
H2 + HO2 - H+ H2Q2
Speci es | I ndi ces 2H- H2
2 0 HO2 + OH - H20+ Q2
H2 0 H20+ 2 - HO2 + OH
(e} 1 O+OH-H+Q2
HO2 1 R2+OH-HX®2 +0
H 1 HO2 + OH - H2Q2 + O
H2O2 2 H®2 +0O0- HX + OH
OH 2 20H- H20+ 0
H20 2 H0+0- 2 CH
H+OH- H2 + O
OH-H+O

H2O2 + OH - H20+ HO2
H20+ HO2 - H2O2 + OH
20H- H+ H®2
H20+ O- H+ HO2
H®2 + 2 - 2 H2
H20+ OH - H+ H2Q2
H+H2Q2 - H20+ OH
H+ H2O2 - H2 + HO2
2C0H- H2O2
H22 - 2 CH
H2 + OH—> H+ H20
H+ H20 - H2 + CH
H+ OH - H20
H20- H+ OH

(@)

NNNNNNNNNMNDNNNNNNMNNNNNNNNNNMNNMNRPRPRPRPRPRPRPRPRPRPRPRPRPR,REROO
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Speci es

Reacti on steps

| ndi ces

>@2-520
H2 + Q2 - H+ HO2
H -2H
H+® - O+ CH
HO2 +O-> 2 + CH
H+O0O-H+OH
H+ O- OHEX
H+ O- OH
20-@
H+H®2 - 2 OH
H+H®2 - H2 + Q2
2H®2 - H2Q2 + O2
H+ Q2 - HO2
HR2 - H+ 2
H2 + HO2 - H+ H2QO2
2H- H2

I ndi ces OHEX > OH

Ker onnes2013

o

OH - OHEX
HO2 + OH > H20+ Q2
O+OH-H+Q2
2 +0H- H®2 + O
HO2 + OH-> H2OQ2 + O
H®2 +O0- H2 + OH
20H- H20+0
H+OH- H2 + O
OHEX - H+ O
OH-H+O
H2O2 + OH - H20+ HO2
20H- H+ H®2
H2®2 + 2 - 2 HO2
H+ H2O2 - H20+ OH
H+ H2Q2 - H2 + HO2
20H- H2Q2
H2C2 - 2 CH
H2 + OH - H+ H20
H+ OH - H20
H20+ 2 - HO2 + OH
H20+ 0 - 2 CH
H20+ HO2 - H2Q2 + OH
H20+ OH > H+ H2Q2
H+ H20 - H2 + CH
H20- H+ OH

WNNNRFE P PO

(@)

WWWWWWNDNDNDNDNDNDNDNNDNNNNNNNNNNNNNPRPRPRPRPRPRPRPRPRPRPRPRPRPR,REROO
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SanDi ego2011

structural_analysis_of_combustion_models.nb

Reacti on steps

| ndi ces

>@2-520
H2 + Q2 - H+ HO2
H -2H
H+® - O+ CH
HO2 +O-> 2 + CH
H+O0O-H+OH
H+ O- OH
20-@
H+H®2 - 2 OH
H+ H®2 - H2 + O2
H+HO2 - H20+ O
2H®2 - H2Q2 + O2

H®2 - O+ CH
H+ Q2 - HO2
H®2 - H+ 2
H2 + HO2 - H+ H2Q2
Speci es || ndi ces 2H- H2
2 0 HO2 + OH - H20+ Q2
H2 0 H20+ 2 - HO2 + OH
(0] 1 O+OH-H+Q2
HO2 1 R +0H-HX2 +0O
H 1 HO2 + OH - H2Q2 + O
H2O2 2 H®2 + O- H2 + OH
H 2 2(0H- H20+ 0
H20 2 H20+0- 2 CH
H+OH-H2 +O
OH-H+O

H2O2 + OH - H20+ HO2
H20+ HO2 - H2Q2 + OH
2 0H-> H+HO2
H20+ O- H+ HO2
H®2+ 2 - 2 H2
O+ CH - HO2
H20+ OH > H+ H2Q2
H+ H2Q2 - H20+ OH
H+H2O2 - H2 + HO2
20H- H2Q2
H®2 -2 H
H2 + OH - H+ H20
H+H20- H2 + OH
H+OH- H20
H20- H+ OH

(@)

NDNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNRPRPRPRPRPRPRPRPRPRPRPRPRPRREROO
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St ari k2009

Reacti on steps

| ndi ces

22 -0+
>@2-20
H2 + Q2 - H+ HO2
H -2H
HR2 + B -2 + CH
H2 + B - HO2 + OH
H+B - +COH
B -0+
o+2 - 3B
HO2 + 2 - B + OH
H+®2 - O+ H
o+rxB-2
H>2 +O0-> 2 + OH
H +O0O- H+OH
H+ O- OH
20-@
H+HO®2 - 2 CH
H+ H®2 - H2 + O2
H+H®2 - H20+ O
2H®2 - H2Q2 + Q2

. . H+ 2 - HO2
Spe002| es Ind:)ces HOP o Ha
H2 + HO2 - H+ H2O2
H2 0
o 1 2H- H2
o 1 22 +0H- HO2 + 3B
HOR 1 HO2 + OH - H2 + O3
H 1 R+OH-H+ B
o 5 B +OH- H®2 + 2
oH 5 HO2 + OH - H20+ Q2
HO 5 H20+ 2 - HO2 + OH

O+OH-H+ Q2
R2+OH-HX2 +0
HO2 + OH - H2Q2 + O
H2O2 + O- HO2 + OH
20H- H20+0
H20+ 0O~ 2 OH
H+OH- H2 + O
OH-H+O
H2O2 + OH - H20+ HO2
H20+ HO2 - H2O2 + OH
20H- H+ H®X2
H20+ O- H+ HO2
H®2 + 2 - 2 H2
H20+ OH - H+ H2Q2
H+H2O2 - H20+ OH
H+ H2O2 - H2 + HO2
2C0H- H2O2
H2Q2 - 2 CH
H2 + OH—> H+ H20
H+ H20 - H2 + CH
H+ OH - H20
H20- H+ OH

(@)

NDNNNNNNNNNNNNNNNNDNDNDNDNNDNNNNNNNNNNNMNNMNNNNNPRERPRPPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPPEPRPOOO
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ShowVol pert Graph [hevery[12, 2], Pl ot Functi on -» "Layer edG aphPl ot ",
Di rect edEdges -» True, VertexLabel i ng -» True, | nageSi ze » 900,
Pl ot Label - Styl e[" Vol pert graph of " <>hevery[l12, 3], 15, Bol d, Bl ack],
EdgeLabel i ng -» True, Nunbered -» True, | ndexed » {"H2", "O2"},
Mul ti edgeStyl e » True, Pl ot Ranged i ppi ng » True]

Volpert graph of OConaire200«

e [
\
0,1

{23, 1}
\\
=

{24, 0}

{35, 1) {14,1} {25, 1}

{1 {17, 1} = {4,2} {19, 1}

A SN T
, e ==
{H2, 0} @f‘/ ’~‘
= 1

N T (H202,2) —

{9, 2} (16,2} 1,2} {22,2) —
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ShowVol pert Graph [hevery[19, 2], Mil ti edgeStyl e » True,
Di rect edEdges -» True, VertexlLabel i ng - True,
Pl ot Label - Styl e[" Vol pert graph of " <>hevery[19, 3], 15, Bol d, Bl ack],
| mageSi ze -» 600]

Volpert graph of Zsely2005

H202 - 20H

H202+ OH — H20+ HO2 ©2+CH

\

H202

/ H20+0H > H+H202
/% W 1 H202 - H20+ OH
H202+ 02 —» 2HO2 /ZOHHH+H02 HOZ%ZOH/

\_~ H202+0 - w2 nu
H20 - H+OH
120 —2

SHO2 s H2024 02 H20+02 - HO2+ OH
HO2+ OH - H202+0 H2+HO2 - H+H202
HO2 = 1y H202 - H2+ HO2
//\\ H+HO2 > H20+0 - ,
<< WWAIE
~ HO2+OH - H20+ 02 =—— OH 'y A
~ “q

\ A
02+0H - HO2+0 ~ <4//

A LN

HO2+0 - 02+0OH 2> H+02

A\

02

/\

H+02 - HO2

/

H+OH - H20

2+ OH - H+H20

3 H+H20 - H2+OH
20H - H20+0 /
’ H+HO2 -» H2+ 02

VRS A

H2+02 > H+HO2 ~ H2
H2+0 - H+OH ‘

* 0+OH-H+02 oH o
== -
H+02 > O+OH L oH o H2e0
20-02 \\X OH-H+O ||
-~ H+0- OH
H2+02 20H - H2+ 02 H2 - 2H

02-20

Rever si bl eQ/ehevery[reducedi ndi ces, 2]

{True, True, Fal se, True, True, True, True, True}

db = Sort [Det ai | edBal anced [#], Total [Length /e (#1 /. Equal -» List)] <
Tot al [Length /e (#2 /. Equal » List)] &] &/e
hever y[Del et e [r educedi ndi ces, 3], 2]

DetailedBalanced::nocycle :

The FHJ—graph of the given formal mechanism has no cycle, so we are given only the spanning forest condition(s).
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{{kz ks ks =k k3 ke, kgkgkis = ks k7 K1z, Kz K14 K19 = k1 K13 K20, K4 K13 K37 = k3 K14 K3s,
kKig K21 K3o == K17 K22 K29, K2 Kg K14 K15 == K1 K10 K13 K16, K2 Kg Kg K21 == K1 k7 k10 K22,
ko kg kg k23 == k1 k3 K1 K24, Kz kg Kag Koo = K1 K3 ko7 k3o, K3 Kig k3o kaz == kg K13 Kag Kaa,
k1 ks Ko Ko Ka1 == K Ka Ko Kag K3z, k2 Kj kg ko K1z Kaog K59 = ki K3 k7 Ko K14 Kas k3o,
ko kg kg Ko K13 Kag kas == ki kg k7 k1o K14 k3o ks },
{ka kg ks = ki k3 ke, k3 kgkiy = ks k7 K1z, Ko kig K17 = kg K1z kg,
kg K13 K37 = K3 K14 k3g, Kz Kg K14 K15 == K1 K10 K13 K16, K2 kg Kg K19 = K1 K7 k19 K20,
ko kg kg Kop == Ky kg Kig Koz, Ko kg kg K13 Kog ks == Ky k7 kig K14 Koz kg,
k1 kg Ko K13 Ko k37 == Kz k7 k1o K14 Kag k3g, K1 Kg Kig K1z Kog K31 = kg K7 Ko K14 Koz k3,
ko kg ko K1a Koa k33 == k1 k7 k1o K13 Koz k34, Ko Kg Ko K13 kog k35 = K1 K7 K1g K1g Ko K36,
ko kj kg ko K1z Kog k3g == ki k3 k7 k1o k14 kog k3p},
{ka kg ks == ki k3 ke, kakgkis = kg k7 kiz, kg kagkay = ks ka7 Kag,
kg K1z Ka1 = K3 K1g Kg2, Koo K21 Kao = K19 K22 K39, Kig ka1 K3z == K17 K22 Kay,
K2 kg K14 K15 == Kq K10 K13 K16, Ko Kg Kg Ka1 == k1 K7 K19 K22, Kg Kg K13 K3g = K7 K19 K14 K40,
ko Kg kg K23 == k1 k3 K19 K24, Kz kg K3g K31 = K1 K3 Kog K32, K3 Kig K3z k35 == kg K13 K31 Kgs,
k1 ks k1o Ksz Kz = Kk K4 Ko Ka1 Kas, kz Kj kg ko Kz Kog K3; = k1 K3 k7 k1o K14 Kas k3,
ko kg kg Ko Kz ka1 ka7 == ki kg k7 k1o K14 K3z kg },
{ka kg ks = kq k3 ke, k3 kg Kip = ks k7 K1z, Kz kig Kig = kq K13 Kzo,
kg kog ka1 = K3 Ka7 K32, kg ki3 Kag = K3 Kig Kgo, Kig K21 K3z = K17 k22 Kag,
k2 kg k14 K15 == K1 K1 K13 K16, K2 kg kg K21 == K1 k7 K10 K22, K2 K4 Kg Ka3 == k1 k3 k10 K24,
k2 kg k3o ka1 == K1 K3 Kag K32, k3 K14 k32 kas = Kg K13 K31 K3,
k1 ks k1o Kaz Kaz = Ko Ka Ko Ka1 Kas, Kz Kj kg ko Kiz Kog K31 = k1 k3 k7 k1o K1g Kas k3,
ko ka kg ko ki3 kag ka7 = ki k3 k7 k1 k14 k3 Kag},
{ka ka ks == ki k3 ke, kakgkis = kg k7 Kiz, ko Kig K17 = ki K1z Kig, kakis Kag == k3 kia Kao,
K2e K27 Kaz = Kos Kog Ka1, Kz Ko K14 K15 = K1 K1g k13 K16, K2 kg kg K19 == k1 K7 K10 K20,
ko ks ko ko1 == ki kg K1g Ko, Ko Kg Kg K13 kg k35 = kg k7 k1o K1g Koz K36,
k1 kg Ko K13 Kos k39 == Ko k7 k1o K14 Koz k3o, K1 Kg Ko K13 Kog K33 = ka K7 Ko K14 Koz k34,
ko kg ko k1a Koa k35 == k1 k7 k1o K13 Koz k36, Ko Kg Ko K13 Koz k37 = K1 K7 k1o K1g Koa K3g,
ko kj kg ko K1z Kog k31 = ki k3 k7 k1o k14 kog k3,1,
{ka ks ks = ki k3 ke, kzkgkiy = ks k7 ki, ko kig ko1 = kq K1z Koz,
kg K15 Kas = K7 K1 K3g, K4 K13 Kag = K3 K14 Ka2, K20 K23 Kag = K19 K24 Kas,
K14 K15 Kao = K13 K16 K3g, K2 Ko K14 K17 = K1 K10 k13 K1g, K2 kg kg Ka3 == k1 K7 K10 K24,
k2 Kg kg K25 == k1 k3 Kig Kog, kg kg K15 K3y = k7 k1o K16 K32,
ko kg kg K15 kog == k1 K7 K10 K16 K30, K2 Ks kg kg K15 K33 == kg K3 k7 k1o K16 K34,
ko kg ko kig kis Ko7 == k1 K7 k1o K13 kig Kag, Kz Kg Ko Kig Kis ka7 == ki K7 K19 K13 K16 Kag
[k kg ks = ki k3 ke, k3 kg kig = ks k7 K1z, Kz kig Kig = ki K1z Koo, K Kog ka1 == K3 Ko7 Kag,
kg K13 Ka1 = K3 K14 K42, Kig Ko1 Ko = K17 K22 K31, Kz Kg K14 K15 == k1 k1o K13 K36,
ko kg kg ka1 == k1 k7 K1 K22, Kz kg Kg Koz == K1 k3 Kig K24, Kz Ky k3o k3g == k1 k3 Kag K32,
k3 K14 k32 K3s = kg K13 k31 kze, ki1 k3 Kio Kz Kz = ko kg ko k31 kag,
k3 K14 K3z Kag Kag == kg K13 K3y Ka7 Kaa, Kz kG Kg ko K1z Kog k3; = ki k3§ k7 k1o K14 ko5 k3,
ko kg kg kg k13 ka1 kag == K1 K3 k7 K10 K14 k32 kg0,
ka kg Ko ki3 K3y ka7 Kag = kg k7 k1o k%, ks Kag Kso,
ko kg kg Ko Kag Ka7 Ksy = Ky kg k7 k1o Kap Kag ks, ki k3 k7 Ky kig k3, Kag Kas =
ko kj kg ko k1a k31 Ka7 Kag, Kz s Kg Ko K13 Kag Kaz Kaz = kg k3 k7 k1o K1g Kap Kag Kag } |
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Tabl eFor m[db, Tabl eHeadi ngs » {hevery[Del et e [reducedi ndi ces, 3], 3]}]

Ahnmed2007
Bur ke2012
Dagaut 2003
Davi s2005
Ker oomes2013
SanDi ego2011
St ari k2009

ks ks ks = kq k3 kg
ks ks ks = kq ks kg
ks ks ks = kq ks kg
ks ks ks = kq ks kg
ks ks ks = kq ks kg
ks ks ks = kq ks kg
ks ks ks = kq ks kg

k3 kg K11
k3 kg K11
k3 kg K11
k3 kg K11
k3 kg K11
k3 kg K11
k3 kg K11

= k4 k7 k12
= k4 k7 k12
= k4 k7 k12
= k4 k7 k12
= k4 k7 k12
= k4 k7 k12
= k4 k7 k12

k2 K14 K19 = Ky K13 k2o
k2 K14 K17 = K1 K13 kg
Ka k2g k31 = k3 ka7 k32
k2 K14 K19 = Ky K13 k2o
K2 K14 K17 = K1 K13 kg
k2 k14 K21 = K1 ki3 k22
k2 K14 K19 = Ky K13 k2o

57
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Tabl eFor m[Tabl e[

structural_analysis_of_combustion_models.nb

Conpl enent [Reacti onsDat a[hevery[i, 2], External Species -» "HV']["fhjgraph"],
React i onsDat a[hevery[j, 2], External Species -» "HV']1["fhjgraph"1],

{i , reducedi ndi ces}, {j, reducedi ndi ces}],
Tabl eHeadi ngs » {hevery[reducedi ndi ces, 3], hevery[reducedi ndi ces, 3]}]

Ahmed2007

Ahmed2007

Bur ke2012

CRECK2012

Dagaut 2003 e

Davi s2005

Ker onnes2013

SanDi ego2011

N
zQozT
oRor P
\L+¢BO

5
3
y
:
2

Stari k2009

o
o
18

T S

.

Q
.
R 8

92 :

r T

=L T on
g

8
Q
v
.

Bur ke2012

H+H®2 - H20+ O
H20+ O - H+ HO2

H®2 - O+ CH
O+ OH- HO2

H+ H®2 - H20+ O
H20+ O- H+ HC2
H+Q2 20
20H-H2 + 2

H+H®2 - H20+ O
H20+ O - H+ HO2

REPASTR?
B ol
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<
Q

+8+
oF
T
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CRECK2012

H+H®2 - H20+ O
H20+ O- H+ HO2
HO2 + OH-> H2OQ2 + O

H+O- OH
OH->H+O
H®2 + OH - H2Q2 + O

H+ HO2 - H20+ O
H+O- OH
H20+ O- H+ HO2
H2 +QO2 -2 CH
OH-H+O
20H-H2 +O2

H®2 + OH-> H2O2 + O

H+H®2 - H2O+ O
H+O- CH
H20+ O—- H+ HO2
OH-H+O

HO2 + OH-> H2Q2 + O

H+O- CH

H+ O- OHEX
OH-H+O

OH - OHEX
H®2 + OH-> H2O2 + O
OHEX - H+ O
OHEX - CH

H+ HO2 - H20+ O

H+O- OH
H20+ O—- H+ HO2

H20+ O—- H+ HO2
22 - 0+3XB
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i
T ?¢9¢8
N
8. g
Q

o
20

858
?g?

T
85
Q

N
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Tabl eFor m[Tabl e [Lengt heConpl enent [
React i onsDat a[hevery[i, 2], External Species -» "HV']["fhjgraph"],
React i onsDat a[hevery[j, 21, External Species -»"HV']1["fhjgraph"1],
{i , reducedi ndi ces}, {j, reducedi ndi ces}],
Tabl eHeadi ngs -» {hevery[r educedi ndi ces, 3], hevery[reducedi ndi ces, 3]}]

Ahnmed2007 Bur ke2012 CRECK2012 Dagaut 2003 Davi s2005
Ahned2007 0 2 3 0 0
Bur ke2012 2 0 3 0 0
CRECK2012 2 2 0 2 2
Dagaut 2003 4 4 7 0 2
Davi s2005 2 2 5 0 0
Ker oomes2013 6 4 7 4 4
SanDi ego2011 4 4 5 2 2
St ari k2009 14 14 17 12 12

Carbon monoxide combustion mechanisms

Set Di rect ory [Not ebookDi rectory[] <>"CO'];

C ear Al |l [codat, codata];
codat =Fl atten[l nport ["names_CO. txt", "Tabl e"11;
codata = StringRepl ace[#, ".dat" - ""] &/@codat

{Ahmed2007, CRECK2012, Dagaut 2003, Davi s2005, gri 30,
Ker oomes2013, Li 2007, NU &R010, Rasnussen2008, SanDi ego2011,
SaxenaW | | i ams2006, Stari k2009, Sun2007, USC2007, Zsel y2005}

i ndi ces = Range [15];

Tabl eFor m[codat a, Tabl eHeadi ngs - {i ndi ces, None}]

Ahnmed2007
CRECK2012
Dagaut 2003
Davi s2005

gri 30

Ker omnes2013
Li 2007

NUI G2010
Rasnmussen2008
10 |SanDi ego2011
11 |SaxenaW | | i ans2006
12 |Stari k2009

13 |Sun2007

14 |USC2007

15 |Zsel y2005

©CoO~NOOULHE,WN P




60

structural_analysis_of_combustion_models.nb

ClearAll [coal | ];
coal I = CHEMKI NI nport [#] ["chenki nreactions"] &/@codat; // Absol ut eTi m ng

(2.3421339, Nul | }

Cl ear Al |l [coevery];
coevery = Transpose[{coal |, Del et eAut ocat al ysi s /e@ecoal |, codata}]; //
Absol ut eTi m ng

{0. 6750386, Nul I }

Tabl eFor m[
Reacti onsDat a[#, External Species »"HV']1["M', "R', "deficiency"] &/e
coevery[i ndi ces, 21,
Tabl eHeadi ngs » {coevery[i ndi ces, 3], {"M', "R', "deficiency"}}]

M R defi ci ency
Ahnmed2007 12 72 6=n-1 -s=57-23-9=25
CRECK2012 11 60 6=n-1 -s=49-19-8=22
Dagaut 2003 12 68 6=n-l -s=52-21-9=22
Davi s2005 11 60 6=n-l1 -s=47-19-8=20
gri 30 12 74 6=n-l -s=57-23-9=25
Ker onmes2013 12 64 &6=n-1 -s=52-21-9=22
Li 2007 12 78 6=n-l1 -s=61-24-9=-28
NUl G2010 12 78 6=n-1 -s=61-24-9=28
Rasmussen2008 13 88 6=n-1 -s=66-26-10=30
SanDi ego2011 12 74 5=n-1 -s=57-23-9=25
SaxenaW | | i ans2006 11 60 6=n-1 -s=45-18-8=19
St ari k2009 13 88 6=n-l1 -s=70-28-10=32
Sun2007 12 66 6=n-l -s=52-21-9=22
USC2007 12 74 6=n-l -s=57-23-9=25
Zsel y2005 11 62 6=n-1 -s=47-19-8=20
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Tabl eFor m[React i onsDat a[#, External Species » {"HV'}]["species"] &/@
coevery[i ndi ces, 21,

Tabl eHeadi ngs -» {coevery[i ndi ces, 3], {"list", " of ", "species\n"}}]
list of speci es

Ahmed2007 CH20 H HCO CO co2 (0]
CRECK2012 HCO HO2 coe H H H2C2
Dagaut 2003 CH20 CO HCO co2 (0] H
Davi s2005 coz CO 0] H H2 HCO
gri 30 CH20 CO H2 H HCO coe
Ker ommes2013 HCO CcO H2 HO2 (007 H

Li 2007 CH20 CO H2 H HCO co2
NUl G2010 CH20 CO H2 H HCO coz
Rasmussen2008 CH20 CcO H2 H HCO (007
SanDi ego2011 CH20 H HCO co2 CO (0]
SaxenaW | | i ans2006 H H2 CO HCO cx2 (0]

St ari k2009 CH20 H HCO CO co2 (0]
Sun2007 CH20 CO HCO co2 (0] H
UsCc2007 CH20 CO H2 H HCO coz
Zsel y2005 c2 CO 0] H H2 HCO

Tabl eFor m[Tabl e [coevery[i, 2] /. x_Equili brium- Sequence[], {i, 15}1,
Tabl eHeadi ngs » {coevery[i ndi ces, 3], None}]

Ahnmed2007

CRECK2012 HCO+ H®2 - CQ2 + H+ OH H22 + O- HX2 + OH
Dagaut 2003

Davi s2005

gri 30

Ker ommes2013 2HCO- 2 CO+ H2 HCO+H>2 - CO2 + H+ OH
Li 2007

NUl G2010

Rasmussen2008

SanDi ego2011

SaxenaW | | i ans2006

St ari k2009

Sun2007

USC2007

Zsel y2005

coevery[2, 2] /. x_Equi li brium- Sequence[]

{HCO+H®2 - CO2 + H+ OH, H2Q2 + O~ HO2 + OH}

coevery[6, 2] /. x_Equilibri um- Sequence[]

{2 HCO- 2 CO+ H2, HCO+H®2 —» CQ2 + H+ OH}

QOTTQTO00Q0QTOR
S22252322°2528¢2
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Row[ {ShowFHIG aph [#[2], D r ect edEdges - Tr ue,

Vert exLabel ing - Al I, Pl otLabel - #[3], | nageSi ze » 4207, " "
Col umi[Join[{"3rd body species deleted"}, #[[2]11], "

]

", Col um [

Join[{"Orig. Mechanism'}, #[[1]11]1]1}] &/@coevery[i ndi ces] // Tim ng

A very large output was generated. Here is a sample of it:

H202

~

H20+0O

CO+OH ¢ > HCO+0

N

{0_ 637, { CO2+H

HO2 < ? H+O; <

— L oy >

—
20H <

4

2 > 0+OH

Ahmed2007

H2+02 '+OH g > H+H20

/

H+HO2 I

HCO _ ¢ CO+H
H2+HCO > CH20+H
CH20+0H ¢ ® H20+HCO

CH20+HO2 ( H202+HCO

H2 ¢ ~ 2H

H202+ 02 ? 2HO2

CO+0 ¢ ? Cco2

H2+HO2 H+H202 H20+OH
HCO+02 CO+HO2 CO2+OH

H202+0 > HO2+OH < > H20+02

CH20 __¢ H+HCO ¢ CO+H2

H20 _ s H+OH _¢ s H2+0O

CO+H20 HCO+OH CH20+0

H202+0H ® H20+HO2

CH20+02 ® HCO+HO2

IS —
02 ¢ - 20

CO+02 ¢ > coz2+0

2HCO __¢ ® CH20+CO

02+0H ¢ > HO2+0

3rd body species del eted
CH20 = H+ HCO
CH20+ CO= 2 HCO
Cc2 =CO0+0
2H=H2
CH20+H = H2 + HCO
CO+H=HCO

C2 +H=HCO+ O

C2 +H=CO+ OH
CO+H2 = H+ HCO
H2O=H+ CH

CO+ H20 = HCO+ CH
H+ H2O= H2 + CH
H2Q2 = 2 OH

H+ H2Q2 = H2 + HO2
H+ Q2 =« HRO+ OH
H20+ HCO = CH20+ OH

Oig. Mechani sm
Hi+ 2 = 0+ COH
H2+O0O=H+OH

H2 + OH=H+ H20
20H=H20+0

H+ Q2 = HO2
H+HO2 = 2 CH
H+yrH2 =« H2 + Q2
H+H®2 = H20+ O
H®2 +O=2 +H
H®2 + OH= H20+ 2
2HRZ = 22 + O2
2C0H=H2X2

H+i H2Q2 = H2 + HO2
H+ H2Q2 = H20+ CH
H22 + O= HX®2 + CH
H®2 + OH= HR0+ HDO2
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H2Q2 + HCO = CH20+ HO2
HQ2 = H+ 2
2HR = H2Q2 + A2
CO+H®2 = HCO+ 2
CO+H®2 = CO2 + CH
H+ HZ2 = H20+ O
H+y+HO2 = H2 + Q2
H+HO2 = 2 CH
H20+ H®2 = 22 + CH
HCO+ H®2 = CH20+ 2
20=@
CH20+ O= HCO+ CH
C2+0=0C00+x

H2 +O0O=H+OH
H20+0=2 H

H22 + O= HO2 + CH
HCO+ O= CO+ CH
H®2 +O=O2 + (H

Hyr Q2 =0+ H
H20+ Q2 = HO2 + CH

2H=H2

H+OH= H20 ,
20=2
CO+OH=Cx2 +H
CO+H®2 = CO2 + CH
CO+0=C2
CO+R=20C2+0

HCO= CO+H

H+HCO= CO+H2
HCO+O= CO+H
HCO+O=C>2 +H
HCO+ OH= CO+H20
HCO+ 2 = CO+ HD2

2 HCO= CH20+ CO
CH20 = H+ HCO
CH20+H= H2 + HCO
CH20+ O= HCO+ CH
CH20+ OH= H20+ HCO
CH20+ H®2 = H2Q2 + HCO
CH20+ Q2 = HCO+ HO2

CRECK2012

H202 H20+0

Ny

O+0H __¢ H+02

AV
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20H
HO2
H2+HO2 > H+H202 _ > H20+OH
H+HO2
H202+0 —» HO2+OH > H20+02
CO2+H+OH &—— HCO+HO2 > CO+H202
H2+ 02 HCO+0O ¢ > CO2+H _ > CO+OH
H20 — o > H+OH __ > H2+O
CO2+H2 > CO+H20 > HCO+OH
HCO+02 > CO+HO2 _ > CO2+OH HCO o > CO+H
H2 T« > —2H CO+0 _ > ~ CO2 H202+02 o > _ 2HO2

H2+OH H+H20 H+HCO ¢ CO+Hz H202+O0H H20 + HO2

02 —_ 4 20 CO+02 CO2+0 02+0H __ HO2+0

Oria. Mechani sm
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3rd body species del eted
HCO+ HO2 - CO2 + H+ CH
H®2 +0- HXR2 + OH
Cx2 =CO0+0
2H=H2

CO+H= HCO

C2 +H=HCO+ O
Cx2 +H=CO+CH
CO+H2 = H+ HCO
Cx2 +H2 = CO+ H20
H20=H+ OH

CO+ H20 = HCO+ CH
H+ H20=H2 + OH
H22 =2 CH
CO+H2Q2 = HCO+ HO2
H+ H2Q2 = H2 + HO2
Hr 22 = H20+ CH
HR2 = H+ 2
H®2 = O+ OH
2HR = H2Q2 + A2
CO+H®2 = HCO+ 2
CO+H®2 = CO2 + CH
H+HO2 = H2 + O2
H+HO2 = 2 CH
H20+H®R2 « 22 + CH
20=@
C2+0=0C00+x

H2 +O0O=H+OH
H20+0=2 CH

HR2 +O=QQ2 + H

H+ 2 = 0+ OH
H20+ Q2 = HO2 + CH

structural_analysis_of_combustion_models.nb

H+ Q2 = 0+ 0OH

H +O=H+OH

H+ 2 = HO2
H+2®2 = H®2 + Q2
H®2 + OH= H2O+ Q2
H+HO2 = 2 CH

HR2 + 0= + OH
2H=H20+0
H=2H

R2=20
H+OH=H20
H+rH2 = H2 + Q2
2HRZ = H2Q2 + Q2
20H=H2Q2
O+OH=HX

CO+R =202 +0
HCO+ 2 = CO+ HO2 '
CO+0=CX2
CO+OH=C22 +H
CO+H2 = CO2 + OH
CO+H20=C2 + H2
HCO= CO+H
HCO+O=CO>2 +H
H+HCO= CO+ H2
HCO+ OH= CO+ H20
HCO+ HX2 = CO+ H2Q2
HCO+HO2 - CO2 + H+ OH
H+ H20=H2 + OH

H+ H2Q2 = H20+ CH
H+ 22 = H2 + HO2
HO0+HX®R2 - 22 + CH
H2Q2 + OH - H20+ HO2
H2®2 + O0- HX2 + CH

Dagaut2003

H20+0O

—>

H202+0 ‘ HO2+0OH H20+ 02

// \\ CH20+CO ’ 2HCO ’ 2CO+H2

HZOZ 20H __¢ > H+HO2

v

H2+02

CO+0H ¢ HCO+0O

N

CO2+H

HO2 < H+02 O+OH

HCO+02 > CO+HO2 < > CO2+0H

H2+OH ¢ > H+H20
HCO+OH > CO+H20
H+HCO > CO+H2

HCO —o > CO+H

H202+02 ? 2HO2

H2 < s 2H

H202+0OH H20 +HO2

CO2+H+0OH —» HCO+HO2

IS —
02 < 20



structural_analysis_of_combustion_models.nb

H2+HO2 ¢ H+H202 o = H20+OH CO+02 ¢ > Cco2+0
H20 —_ ¢ = H+OH _ =  H2+0 OH \_4_"»‘ H+O

CO+0 s CcOo2 02+0H _¢ > HO2+0

3rd body species del eted Oig. Mechani sm

CH20+ CO= 2 HCO 2H=H2
C2 = CO+0 20=@
2H=H2 H+O=CH
CO+H=HCO H2+Q2 =2CH
C2 +H=HCO+O H +O=H+ O
CR2 +H=CO+CH H+ 2 = 0+ COH
CO+H2 = H+ HCO H+ 2 =« HO2
2CO+H2 =2 HCO H+OH=H20
H20=H+ OH H2 + OH=H+ H20
CO+ H20O = HCO+ CH H20+0=2CH
H+ H20= H2 + CH H®2 + OH= H20+ Q2
H22 = 2 CH HR2 +O0=O2 + OH
H+ 22 = H2 + HO2 H+HO2 =« H2 + O2
Hi 22 = HRO+ OH H+HO2 = 2 CH
HR2 = H+ 2 H+H®2 =« H2O0+ O
2HR = H2Q2 + Q2 2HRZ = 22 + O2
CO+H®2 = HCO+ 2 20H=H® ,
CO+H®2 = C2 + CH H2®2 + OH= H20+ HDX2
H+H®2 = H20+ O H+ 22 = H2 + HO2
Hi+HQ2 = H2 + O2 H+i 22 = H2O+ OH
H+HO2 = 2 CH H®2 +0=HX + OH
H20+ HX®2 = 22 + CH CO+HM®2 = C2 + CH
HCO+ HO2 = CO2 + H+ OH CO+OH=Cx2 +H
20=@ CO+0=CX2
C2+0=C0+ CO+xR=2CR2+0
H+O= CH HCO= CO+H
H2+O=H+H HCO+ OH= CO+ H20
H20+0=2 H HCO+O= CO+H
H2Q2 + O= HO2 + CH HCO+O=C>2 +H
HCO+O= CO+ H H+HCO= CO+H2
HR2 +O=2 +™H HCO+ 2 = CO+ HO»2
H+Q2 =0+ COH HCO+HR2 =« CO2 + H+ OH
H+O2=2CH 2 HCO= CH20+ CO
H20+ 2 = HO2 + CH 2HCO=2CO+H2
Davis2005

H202 H2+02 +HCO ¢ > CO+H2

~ =

20H < H+HO2

\ /;/ HCO ——> Co+H

>
H20+0 H202+02 o —  2HO2

—
CO+OH HCO+0O >

W 7 -
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\ /S

CO2+H
HO2 < ’ H+02 ¢ ’ O+OH

H202+0 ¢ > HO2+OH < > H20+02

H20 _ s H+OH _ s H2+0O

HCO+02 > CO+HO2 < > CO2+0H

H2+HO2 > H+H202 < > H20+OH

—

—>

structural_analysis_of_combustion_models.nb

H202+0OH & =~ H20+HO2
02 > 20
CO+02 47} CO2+0

OH T > H+O

CO+0 ¢ s COo2

02+0H ¢ > HO2+0

H2+OH ¢ H+H20 HCO+OH CO+H20

3rd body species del eted
Cx2 = CO+0
2H=H2
CO+H=HCO

Cx2 +H=HCO+ 0O
Cx2 +H=CO+CH
CO+H2 = H+ HCO
H20=H+ OH

CO+ H20 = HCO+ CH
H+ H2O=H2 + OH
H2Q2 = 2 OH

H+ H2Q2 = H2 + HO2
H+ 22 = H20+ CH
HR2 = H+ 2
2HR =« H2Q2 + Q2
CO+H®2 = HCO+ Q2
CO+H®2 = C2 + CH
H+ H®2 = H2O+ O
H+H2 = H2 + O2
H+HO2 = 2 CH
H20+HXR2 =« 22 + CH
20=@
CR2+0=C0+x
HyrO=CH

H +O=H+OH
H20+ 0= 2 CH
H2®2 + O= HO2 + CH
HCO+O= CO+ OH
HR2 +O=QQ2 + OH
H+ Q2 = O+ OH
H20+ 2 = HO2 + CH

Oig. Mechani sm
H+ Q2 = 0O+ OH

H +O=H+OH

H2 + OH=H+H20
20H=H20+0
2H=H2
2HHR2 =22 H2
2H+H20=H2 + H20
CR2+2H=20C2 + H2
H+OH=H20
HyrO=H

20=2

H+ Q2 = HO2

H2 + 2 = H+ HO2
20H=H2X2
H+H®2 = H20+ O
H+HO2 = 2 CH

HR2 +0=QC + CH ,
H®2 + OH= H20+ X2
2HRZ = H2Q2 + Q2
H+ H2O2 = H2 + HO2
H+ H2Q2 = H20+ CH
H22 + O=HX®2 + CH
H2®2 + OH= H20+ HO2
CO+0=CX2
CO+OH=CO2 +H
CO+xR=2C2+0
CO+HMX®2 = C2 + CH
H+HCO= CO+H2
HCO+O= CO+H
HCO+O=C>2 +H
HCO+ OH= CO+ H20
HCO= CO+H
H20+HCO= CO+ H+ H20
HCO+ Q2 = CO+ HO2

gri30

H202
\\k

H2+02 '+OH ¢ > H+H20

—
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T LoH

N\ A

H20+0

CO+0H ¢ > HCO+0

CO2+H

HO2 < H+02 ¢ O+OH

HCO+02 > CO+HO2 < > CO2+0H

H20 “ o > H+OH o > H2+0

CO+H20 > HCO+OH < > CH20+0
H2+HO2 H+H202 H20+OH
H202+0 HO2+OH H20+ 02

02+0H ¢ > HO2+0

3rd body species del eted
CH20= CO+ H2
CH20 = H+ HCO

C2 =CO+0
2H=H2
CH20+H = H2 + HCO
CO+H= HCO

CX2 + H= HCO+ O
CR2 +H=CO+CH
CO+H2 = H+ HCO
H20=H+ OH

CO+ H20 = HCO+ CH
H+ H20= H2 + CH
H2Q2 =2 OH

H+r 22 =« H2 + HO2
H+ Q2 = RO+ CH
H20+ HCO= CH20+ CH
H2Q2 + HCO = CH20 + HO2
H®2 =H+ Q2
2HRZ = 22 + X2
CO+H®2 = HCO+ 2
CO+H®2 = CO2 + OH
H+HO®2 = H20+ O
HyrHO2 = H2 + Q2
H+HO2 = 2 CH

H2O0+ HO2 =« H2Q2 + OH
HCO+ H®2 = CH20+ 2

M .M

H+H02

H+HCO ‘ CO+H2

NN

CH20

67

.
HCO __¢ CO+H

H2+HCO > CH20+H

CH20 +HO2 I:I H202 + HCO

—
H2 — ¢ ~ 2H

H202+ 02 s 2HO2

CO+0 ¢ s CO2

H202+0OH ® H20+HO2

CH20+02 ® HCO+HO2

IS S —
02 ¢ -~ 20

CO+02 ¢ > co2+0

OH T > H+O

CH20+O0H ¢ ® H20+HCO

Oig. Mechani sm
20=@

HyrO=CH

H +O0O=H+O

H®2 + 0= Q2 + CH
H22 + O= HX2 + CH
CO+0=CX2
HCO+ O= CO+ CH
HCO+O=CO>2 +H
CH20+ O= HCO+ CH
CO+2=C2+0
CH20+ Q2 = HCO+ HO2
H+ Q2 = HO2
Hi22 = H®2 + Q2
H+ O+ 2 = RO+ H®2
H+N2 + Q2 = HO2 + N2
H+ 2 = 0+ CH
2H=H2
2H+H2 = 2 H2
2H+H20=H2 + H20
CR2+2H=0C + H2
H+OH=H20

H+H®2 = H20+ O ,
H+HO2 =« H2 + O2
H+HO2 = 2 CH

H+r H2Q2 = H2 + HO2
H+ H2OQ2 = H20+ CH
H+ HCO= CH20
H+HCO= CO+ H2
CH20+H = H2 + HCO
CO+H2 = CH20
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cu=w
CH20+ O = HCO+ OH
C2+0=20C0+
H+O= CH

H2 +O=H+CH
H20+0=2 H
H2Q2 + O= HO2 + CH
HCO+O= CO+ OH
HR2 +0=Q2 + CH
H+ 2 =0+ CH
H20+ Q2 = HO2 + CH

structural_analysis_of_combustion_models.nb

H2 + OH= H+ H20
20H=H2Q®
20H=H20+0

H®2 + OH= H2O+ Q2
H2Q2 + OH= H20+ HO2
CO+OH=C22 +H
HCO+ OH= CO+ H20
CH20+ OH= H20+ HCO
2HRZ = H2Q2 + Q2
CO+HRZ = C2 + OH
CH20+ HO2 = H2Q2 + HCO
H20+ HCO= CO+ H+ H20
HCO= CO+H

HCO+ 2 = CO+ HO2

Keromnes2013
H202 H20+0 CO+OH > HCO+0
\\\\ =
20H
CO2+H
H2+HO2 > H+H202 > H20+OH
H+HO2
HO2 — > H+02 __ > O+OH
HCO+02 > CO+HO2 > CO2+O0H
H2+02 H202+0 = HO2+OH > H20+02
OH H20 — o > H+OH _o > H2+0
~a ‘ ‘
Tl OHEX —_o > HV+OH HCO+OH > CO+H20
///v/

/

H+HCO _ CO+H2

H+O

H202+ 02 2HO2

02 ¢ -~ 20

2CO+H2 «—— 2HCO

3rd body species del eted
2 HCO- 2 CO+H2

~ ~n ' ~

HCO < ’ CO+H

[
CO+0 ¢ COo2

H2+OH ¢ > H+H20

H2 < i 2H

H202+OH H20+HO2

CO+02 ¢ CO2+0 202+H+0OH —— HCO+HO2

O2+0H ¢ HO2+0

Oig. Mechani sm
H+Q2 =20+CH

H +O=H+ O
H2 + OH=H+ H20
H20+0=2 CH
H2=2H

20=
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AU+ HZ - CWUZ + H+ UA

H+O=0OH
o2 = CO+ 0 H+ OH= H20
2He 2 He 2 = HR
GO H = HCO H+ HCR = 2 OH

CX2 + H= HCO+ O
CR2 +H=CO+CH
CO+H2 = H+ HCO
H20=H+ OH

CO+ H20 = HCO+ CH
H+ H2O= H2 + OH
H22 = 2 CH

Hr 22 =« H2 + HO2
H+r 22 = H20+ CH

HR2 = H+ Q2
2H®R = 2 + 2 €O+ O= X2
CO+ @ =02 +0

CO+ H®2 = HCO+ 2 ,

CO+ HO2 = OC2 + OH g*%i%“m
HiH2 = H2 + Q2 - = -

HCO = CO+ H

H2 + 2 = H+ HO2
HR2 +O0=Q2 + ™
H®2 + OH= H20+ 2
2HRZ = 22 + 2
H®2 =2 CH
H+H2Q2 = H20+ CH
H+ H2Q2 = H2 + HO2
H22 + O= H®2 + CH
H®2 + OH= HRO+ HX2

H+ HO2 = 2 OH
HCO+ Q2 = CO+ HO2

rorce e HOD= 0O 2

+0=2 +

ﬁ?&f&m+@ HCO+O= C2 + H

e O OHEX HCO+ OH = CO+ H20
HCO+HO2 - CO2 + H+ CH

H2+O=H+OH 2 HOO - 2 CO+ H2

H2O+ O= 2 OH

H+ O= OHEX

H20+ OHEX = H20+ CH
H2 + OHEX = H2 + CH
N2 + OHEX = N2 + OH

H2Q2 + O= HO2 + CH
HCO+O= CO+H
HR2 +0=Q2 + CH

H+ 2 = O+ OH
OH+ OHEX = 2 OH
H2O+ O2 = HO2 + OH
H+ OHEX = H+ OH
OH = OHEX
HV + OH = OHEX OHEX = CH
OHEX = HV + OH

R +OHEX = 2 + OH
C2 + OHEX = CO2 + OH
CO+ OHEX = CO+ CH
CH4 + OHEX = CH4 + OH

Li2007
H202 H20+O  CO+OH < HCO+0O CH20+OH — H20+HCO
20H \\\ /,// CH20+HO2 = H202+HCO
ﬂ COoz+H H2+HCO * CH20+H
H+HCO < CO+H2

H202 + 02 li’ 2HO2

N NF e

CH20

U202+ 0H = H20+HO2
H2+02 HO2 "« > H+02 < O+OH

——
CH20+02 — HCO+HO2 - CO2+H+OH CO+0 = coz

CH20+CO > 2HCO ¢ 2CO+H2 02 —=— 20

H20 “> H+OH <> H2+0 co+02 === CO2+0
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CO+H20 ¢ HCO+OH CH20+0

.
.

H2+HO2 ¢ H+H202 ¢ H20+OH
—
—

HCO+ 02 .:' CO+HO2 CO2+0OH

H202+ 0 ¢ HO2+OH 2 H20+02

3rd body species del eted
CH20= CO+ H2
CH20 = H+ HCO
CH20+ CO= 2 HCO
Cx2 =CO0+0
2H=H2
CH20+H = H2 + HCO
CO+H=HCO

C2 +H=HCO+ O
Cx2 +H=CO+CH
CO+H2 = H+ HCO

2 CO+H2 = 2 HCO
H20=H+ OH

CO+ H20 = HCO+ CH
H+ HO= H2 + OH
H22 = 2 CH

H+ Q2 = H2 + HO2
H+ H2Q2 = H20+ CH
H20+ HCO = CH20+ CH
H2Q2 + HCO = CH20+ HO2
HR2 =« H+ 2
2HR = H2Q2 + Q2
CO+H®2 = HCO+ Q2
CO+H®2 = CO2 + OH
H+HO2 = H2 + O2
H+HO2 = 2 CH
H20+H®R2 =« 22 + CH
HCO+ HO2 = CH20+ Q2
HCO+HO2 = C2 + H+ CH
20=@
CH20+ O = HCO+ CH
C2+0=20C0+2
H+y+O=H

H2 +0O=H+OH
H20+0=2 H
H2Q2 + O= HO2 + CH
HCO+O= CO+ OH
HR2 +0=Q2 + CH

H+ 2 =0+ CH
H20+ Q2 = HO2 + CH

HCO —<> CO+H

structural_analysis_of_combustion_models.nb

OH “ > H+O
H2+OH <= H+H20

02+0H <= HO2+0

Oig. Mechani sm
H+Q2 =« 0+ OH

H2 +O=H+COH

H2 + OH=H+H20
H20+0=2 H
H2=2H

20=Q2

H+O=OH
H+OH=H20

H+ Q2 = HO2
H+HO2 =« H2 + O2
H+HO2 =« 2 CH

HR2 +O0=QO2 + OH

H®2 + OH= H2O+ Q2
2HR =« 2O2 + 2
H2Q2 =2 OH

H+ H2Q2 = H20+ CH
H+ H2Q2 = H2 + HO2
H22 + O= HX2 + CH
H2®2 + OH= H20+ HO2
CO+0=C2 ’
CO+MR2=20C2 +0
CO+HX2 = CO2 + OH
CO+OH=CX2 +H
HCO= CO+H
HCO+ 2 = CO+ HO2
H+HCO= CO+ H2
HCO+O= CO+OH
HCO+ OH= CO+H20
HCO+O=C®2 +H
HCO+ HO2 = CO2 + H+ OH
2HCO=2CO+H2

2 HCO= CH20+ CO
CH20 = H+ HCO
CH20= CO+ H2
CH20+H = H2 + HCO
CH20+ O= HCO+ CH
CH20+ OH= H20+ HCO
CH20+ Q2 = HCO+ HO2
CH20+ HO2 = H2Q2 + HCO

NUIG2010

H202 H20+0O CO+OH ‘_’ HCO+O  CH20+OH — H20+HCO

4
R

20H

Al

\ / CH20+HO2 | H202+HCO

CO2+H H2+HCO = CH20+H



structural_analysis_of_combustion_models.nb

H H+HCO <= CO+H2

NG e

H+HO2

i

H2+02 HO2 "« s

CH20+02 — HCO+HO2 | CO2+H+OH
CH20+CO —~ 2HCO ¢ * 2CO+H2
H20 > H+OH > H2+0
CO+H20 ¢ HCO+OH * CH20+0
H2+HO2 ¢ H+H202 ¢ H20+OH

HCO+02 2 CO+HO2 2

CO2+COH

H202+0 ¢ HO2+OH ¢ H20+02

3rd body species del eted

CH20= CO+ H2
CH20 = H+ HCO
CH20+ CO= 2 HCO
Cx2 = CO+0
2H=H2
CH20+H = H2 + HCO
CO+H=HCO

CQ2 +H=HCO+ O
Cx2+H=CO+CH
CO+H2 = H+ HCO

2 CO+H2 = 2 HCO
H20=H+ OH

CO+ H20 = HCO+ CH
H+ H2O0= H2 + OH
H22 = 2 CH

H+yr Q2 = H2 + HO2
H+ Q2 = HRO+ OH
H20+ HCO= CH20+ CH
H2Q2 + HCO = CH20+ HO2
HR2 = H+ 2
2HR = 22 + Q2
CO+H®2 = HCO+ 2
CO+H®2 = CO2 + CH
H+ H2 = H2 + O2
H+HO2 = 2 CH
H20+ HR2 =« 22 + CH
HCO+ H®2 = CH20+ 2
HCO+ HO2 = CO2 + H+ OH
20=Q2
CH20+ O= HCO+ CH
C2 +0=CO0+2
HyrO=H

H +O=H+COH
H20+0=2 CH

H®2 +0=HX2 + CH
HCO+O= CO+ OH

HCO —<> CO+H

Cem i — e —ee—m— e

H202 + 02 li’ 2HO2

CH20

L2 L OH = H20+HO2
H+02 <> O+OH

CO+0 == Cco2

02 —<>— 20

CO+02 &= CO2+0
OH — > H+O
H2+OH <= H+H20

02+0H <= HO2+0

Oig. Mechani sm
H+ 2 =0+ COH
H2+O0O=H+OH

H2 + OH= H+ H20
H20+ 0= 2 CH

H =2H

@2=20

CH=H+O
H20=H+ OH

H+ Q2 = HO2
HyrH2 = H2 + Q2
H+HO2 = 2 CH

H®2 +0=Q2 + CH
H®2 + OH= H20+ 2
H®2 + 2 = 2 H2
H22 =2 CH

H+ H2Q2 = H20+ CH
H+ H2Q2 = H2 + HO2
H22 + O= H®2 + CH
H2®2 + OH= H20+ HX2
CO+0=C2 ’
CO+xR=2C2+0
CO+OH=Cx2 +H
CO+H®2 = CO2 + OH
HCO= CO+H
HCO+ 2 = CO+ HO2
H+HCO= CO+ H2
HCO+O= CO+H
HCO+O=C®2 +H
HCO+ OH= CO+ H20
HCO+ H®2 = CH20+ 2
HCO+ HO2 = CO2 + H+ OH
CH20+ CO= 2 HCO
2HCO=2CO+H2

H+ HCO= CH20
CO+H2 = CH20
CH20+ OH= H20+ HCO

71
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HO2 +O= 2 + CH
H+ Q2 =0+ H
H20+ 2 = HO2 + OH

structural_analysis_of_combustion_models.nb

CH20+H = H2 + HCO
CH20+ O = HCO+ CH
CH20+ H®2 = H2Q2 + HCO

Rasmussen2008
H2o2 - H2+02 +H20 ¢ HCO+OH ¢ CH20+0
T o0H T HiHO2 < .
——— CO2+H20 [~ HOCO+OH — CO+H202
“ /;/ H202+0 o HO2+OH = H20+02
H20+0
HCO > CO+H
CO2+H
{'/ w\\\ H2+HCO ¢ CH20+H
HCO+0 ﬂ HOCO B
SN ‘/} CH20+0H — H20+HCO
CO+OH

H+HCO <= CO+H2

bV

CH20
H2+HO2 2 H+H202 ¢ H20+OH
HO2 — > H+02 > O+OH
HCO+02 ¢ CO+HO2 ¢ CO2+OH
CH20+02 — HCO+HO2 _ CO2+H+OH
H20 “ > H+OH > H2+0

OH _4_’ H+O

3rd body species del eted
CH20= CO+ H2
CH20 = H+ HCO
CH20+ CO = 2 HCO
Co2 =CO+0O
2H=H2
CH20+H = H2 + HCO
CO+ H= HCO

CX2 + H= HOCO

C®2 + H=HCO+ O

C®2 +H=CO+H
CO+H2 = H+ HCO
H2O=H+ CH

CO+ H20 = HCO+ CH
Cx2 + HO= HOCO+ OH
H+ HO= H2 + OH
H2O2 = 2 OH
CO+H2O2 = HOCO+ OH
Hr 22 =« H2 + HO2

1in A~ tiInA o~

H2+OH <= H+H20

CH20+HO2 ~ H202+HCO
H2 >~ 2H
H202+02 > 2HO2
CO+0 >~ co2

HOCO+02 — CO2+HO2

H202+OH ' H20+HO2

2HCO ¢~ CH20+CO

02 — =~ 20

CO+02 <= CO2+0

02+0H £ HO2+0

Oig. Mechani sm
H+ 2 = 0+ OH
2H=H2
2H+ N2 =« H2 + N2
2H+H2 =« 2 H2
2H+H20=H2 + H20
H+yrO=H

H+ Q2 = HO2
20=

H +O=H+ O
2H=H20+0
H+OH=H20

H2 + OH=H+H20
H2 + Q2 = H+ HO2
H+HO2 = 2 CH
H+H®2 =« H2O+ O
HR2 +O0=Q2 + OH
H®2 + OH= H2O+ Q2
2HR =« 22 + 2
H22 =2 CH

H+ H2Q2 = H20+ CH



structural_analysis_of_combustion_models.nb

H+ HZWZ = HZU+ UA
H20+ HCO= CH20+ CH
H2Q2 + HCO = CH20+ HO2
HR2 = H+ 2
2HR =« H2Q2 + Q2
CO+H®2 = HCO+ 2
CO+H®2 = C2 + CH
Cx2 + H2 = HOCO+ @2
H+ HZ2 = H20+ O
H+y+HO2 = H2 + Q2
H+HO2 = 2 CH
H20+ H®2 = 22 + CH
HCO+ H®2 = CH20+ 2
HCO+ H®2 = CO2 + H+ OH
HOCO = CO+ OH
20=@
CH20+ O = HCO+ CH
C2+0=2CO+x2
H+O=CH

H2 +O0O=H+OH
H20+0=2 H

H22 + O= HOX2 + CH
HCO+O= CO+ OH

H®2 +O=O2 + H

Hyr Q2 = O+ H
H20+ Q2 = HO2 + CH

H202
~

——

H+ Q2 = H2 + HO2
H2®2 + O= HX2 + CH
H22 + OH= HR2O+ HO2
CO+0=C2
CO+R=20C2+0
CO+H®2 = CO2 + CH
CO+OH=CO2 +H
CO+ OH = HOCO
HOCO=CQ2 +H
HOCO+ OH= CQ2 + H20
HOCO+ OH = CO+ H2Q2
HOCO+ 2 = CO2 + HO2
HCO= CO+H
H+HCO= CO+H2
HCO+ O= CO+ CH
HCO+O=C2 +H
HCO+ OH= CO+H20
HCO+ 2 = CO+ HD2
HCO+HO2 = CO2 + H+ CH
2 HCO= CH20+ CO
CH20 = H+ HCO
CH20= CO+ H2
CH20+H = H2 + HCO
CH20+ O= HCO+ CH
CH20+ Q2 = HCO+ HO2
CH20+ OH = H20+ HCO
CH20+ HO2 = H2Q2 + HCO

SanDiego2011

—

H2+02 !+OH ¢ H+H20

20H

T e~ H+HO2

W/

O+OH ‘ H+02

VARV

H2+HO2 ¢ s
H202+0 s

HCO+02

H+H202

HO2+OH

CO+HO2

H20 < > H+OH < H2+0O

—>

H20+0O

CO+ OH

CO2+H
< > H20+OH
< > H20+02

< CO2+OH

—

CO+H20 HCO+OH > CH20+0

CH20 __¢ > H+HCO < > CO+H2

02+0H ¢ HO2+0

0 __« > CO+H

H2+HCO > CH20+H

CH20 +HO2 l:| H202 +HCO

IS
H2 < 2H

H202+ 02 ’ 2HO2

CO+0 ¢ ’ Co2

H202+O0H ® H20+HO2

CH20+02 & ™ HCO+HO2

P —
02 < 20

CO+02 ¢ > Cco2+0

OH T > H+O

CH20+0H ¢ ® H20+HCO

73
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3rd body species del eted
CH20 = H+ HCO

Cx2 =CO+0
2H=H2
CH20+H = H2 + HCO
CO+ H= HCO

CX2 + H= HCO+ O
CR2 +H=CO+CH
CO+H2 = H+ HCO
H20=H+ OH

CO+ H20 = HCO+ CH
H+ H20= H2 + CH
H2Q2 =2 OH

H+r 22 =« H2 + HO2
H+ Q2 = RO+ CH
H20+ HCO= CH20+ CH
H2Q2 + HCO = CH20 + HO2
H®2 =H+ Q2
H®2 = O+ COH
2HRZ = 22 + 2
CO+H®2 = HCO+ @2
CO+H®2 = CO2 + CH
H+H®2 = H20+ O

H+ HO2 = H2 + O2
H+HO2 = 2 CH

H20+ H®2 = H2Q2 + OH
HCO+ H®2 = CH20+ 2
20=@
CH20+ O= HCO+ CH
C2+0=CO+2
H+O=CH
H2+O=H+ O
H20+0=2 H

H22 + O= H®2 + CH
HCO+ O= CO+ CH

H®2 + 0= Q2 + OH

H+r Q2 = O+ H
H20+ 2 = HO2 + CH

structural_analysis_of_combustion_models.nb

Oig. Mechani sm
H+ 2 =0+ CH

H +O=H+COH

H2 + OH=H+ H20
H20+ 0= 2 CH
2H=H2
H+OH=H20
20=@

HyrO=CH
O+OH=HX

H+ 2 = H2

H+ HO2 = 2 OH

H+ HO2 = H2 + O2
H+H®2 = H20+ O
H®2 +O0=2 + ™
H®2 + OH=H20+ 2
20H=H2®
2HRZ = 22 + 2
H+ H2Q2 = H2 + HO2
H+ 22 = H2O+ CH ’
H2®2 + OH= H20+ HO2
H22 + O= H®2 + CH
CO+0=CX2
CO+OH=CO2 +H
CO+HM®2 = C2 + CH
CO+R2=C2+0
HCO= CO+H
H+HCO= CO+H2
HCO+ O= CO+ CH
HCO+O=CO>2 +H
HCO+ OH= CO+H20
HCO+ 2 = CO+ HO2
H+ HCO= CH20
CH20+H = H2 + HCO
CH20+ O= HCO+ CH
CH20+ OH= H20+ HCO
CH20+ Q2 = HCO+ HO2
CH20+ HO2 = H2Q2 + HCO

SaxenaWilliams2006

heoz — 5 H2+02 400 —TF CO+H
o T e > H+HO2 -
\ /,// H202+ OH > H20+HO2
H20+0
CO+OH 4 > < HCO+0O O+OH ‘ H+02 o2 - > 20

NN

CO2+H

CO+02 4 > co2+0



structural_analysis_of_combustion_models.nb

H20 —g > H+OH _¢ > H2+0

OH T > H+O

H2+HO2 ¢ > H+H202 < > H20+OH

HCO+02 > CO+HO2 < > C02+OH )
H2+OH g H+H20

H202+0 > HO2+OH < H20+ 02

—> —
HCO+OH > CO+H20  H+HCO > CO+H2 3,04 — > Ho2:+0

H2 s 2H

—
_ < ] H202+02 2HO2

3rd body species del eted Oig. Mechani sm

2H=H2 H+®2 =0+ H
CO+H=HCO H +O0O=H+O
C2 +H=HCO+ O H2 + OH=H+ H0
C2 +H=CO+CH H20+0=2CH
CO+H2 = H+ HCO 2H=H2

H20<= H+ OH H+OH=H20
CO+ H20 = HCO+ CH 20=@

H+ H2O=H2 + OH H+O=H

H22 = 2 CH O+OH=HX

H+y 22 = H2 + HO2 H+ Q2 = HO2

H+ 22 = HRO+ OH H+HO2 = 2 CH
HR2 =« H+ 2 HyrH2 = H2 + Q2
H®2 = O+ OH H+H®2 = H20+ O

2HR = H2Q2 + Q2
CO+H®2 = HCO+ 2
CO+H®2 = CO2 + OH
H+H®2 =« H2O+ O

HR2 +O0=Q2 +H

H®2 +OH=HO0+ X2 ,
20H=H2®™2
2HRZ = 22 + 2

H+yrHO2 = H2 + Q2
H+HO2 = 2 CH

H20+ HO2 = H2O2 +

OH

H+r H2Q2 = H2 + HO2
H+ 22 = HRO+ OH

H2O2 + OH = H20+ HO2

20=@ H2Q2 + O= HO2 + CH
CR2+0=CO+ CO+OH=CO2 +H
H+O=COH CO+H® = CO2 + CH
H +O=H+OH CO+R=20C2+0
H20+0=2 CH HCO= CO+H

H2Q2 + O= HO2 + CH
HCO+ O= CO+ CH
H®2 + 0= Q2 + CH
H+r Q2 = O+ H
H20+ 2 = HO2 + CH

H+HCO= CO+ H2
HCO+ O= CO+ CH
HCO+O=C®2 +H
HCO+ OH = CO+ H20
HCO+ 2 = CO+ HD2

Starik2009

H202 H2+ 02 120 < H+HCO = CO+H2

Q 20H — > H+HO2 e
N5

H2+OH <= H+H20

CH20+0OH — H20+HCO

H20+0
CH20+HO2 | H202+HCO
H202+0 H2+03
~a 2 HCO —> CO+H

CO+0OH = HCO+O
HO2 + OH W\ &

tiama aa ] L An
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i

H20+ 02
HCO+02 2 CO+HO2 2 CO2+0
HO2 — ™ H+02 > O+OH

HO2+0 == 02+O0H <> H+03

H20 “> H+OH > H2+0

AV

CO2+H

H

CH20+CO —> 2HCO —* 2CO+H2

CO+H20 ¢ HCO+OH ¢ CH20+0

H2+HO2 ¢ H+H202 ¢ H20+0

03+O0H < HO2+02

H

03 —> 0+02

3rd body species del eted

CH20 = H+ HCO
CH20+ CO = 2 HCO
Cx2 = CO+0
2H=H2
CH20+H = H2 + HCO
CO+H=HCO

CQ2 +H=HCO+ O
C2+H=CO+CH
CO+H2 = H+ HCO

2 CO+H2 = 2 HCO
H20=H+ OH

CO+ H20 = HCO+ CH
H+H20=H2 + OH
H22 =2 CH

H+yr Q2 = H2 + HO2
H+ 22 = HRO+ OH
H20+ HCO= CH20+ CH
H2Q2 + HCO = CH20+ HO2
HR2 = H+ 2
2HR = H2Q2 + Q2
CO+H®2 = HCO+ 2
CO+H®2 = CO2 + CH
H+H®2 = H20+ O

H+ HO2 = H2 + Q2
H+HO2 = 2 CH
H20+ H®2 = 22 + CH
HCO+ H®2 = CH20+ 2
20=Q2
CH20+ O= HCO+ CH
C2 +0=CO0+R2
HyrO=CH

H +O=H+COH
H20+ 0= 2 CH

H®2 +0=HX2 + OH
HCO+O= CO+ H
H®2 + 0= Q2 + CH
22 =20+C8

structural_analysis_of_combustion_models.nb

H202+02  — 2HOZ
H2+HCO 2 CH20+H
H202+OH — H20+HO2
CH20+02 — HCO+HO2
02— > 20
CO+02 <= CO2+0

OH «_’ H+O

H2 “ > 2H

CO+0 == Co2
0+03 > 202

202+0H 2 HO2+03

Oig. Mechani sm
H+H20=H2 + OH
H+2 =0+ OH

H2 +O=H+COH
R2=20

H=2H
H20= H+ OH
CH=H+O
H20+0=2 H

H+ Q2 = HO2

H2 + 2 = H+ HO2
H20+ O= H+ HO2
H20+ 2 = HO2 + CH
20H=H+H®R2
R+OH=HXR2 +0
H+ H2Q2 = H2 + HO2
H+ 22 = HRO+ OH
2HRZ = H2Q2 + O2
H20+HX®R2 =« 22 + CH
H®2 +OH=H2®2 + O
H22 =2 CH
XB=20+R2
H+BB8=02 +OH ,
O+B=22@
AB+OH=H®RZ + 2
H +O8 = HO2 + OH
H2 + B =22+CH
CO+R=C2+0
CO+0=C2
CO+OH=CX®2 +H
CO+H® = CO2 + CH
HCO= CO+H

H2 + HCO= CH20+ H
CO+H®2 = HCO+ 2
CO+H2 = H+ HCO
HCO+O=CO>2 +H
HCO+ O= CO+ CH
HCO+ OH= CO+ H20



structural_analysis_of_combustion_models.nb

H+2 =0+ CH
H20+ Q2 = HO2 + CH
HR2 + Q2 =33 +OH
O+ =238
H+B =0 +CH

H +O8 = HX2 + OH
HR2 + B =220 +H

2HCO=2CO+H2

2 HCO= CH20+ CO
CH20 = H+ HCO
CH20+ 2 = HCO+ H2
CH20+ O= HCO+ CH
CH20+ OH = H20+ HCO
CH20+ HO2 = H2Q2 + HCO

Sun2007

H202
~

20H < H+HO2

A4

H20+0

CO+0H ¢ > HCO+0

N

CO2+H
HO2 < H+02 g O+OH

HCO+02 > CO+HO2 < » C0O2+0H

—>

H2+HO2 H+H202 > H20+OH

H20 < 2 H+OH s H2+0O
H202+0 > HO2+OH < > H20+02

CH20+CO ¢ s 2HCO _¢ > 2CO+H2

3rd body species del eted
CH20+ CO= 2 HCO
Cx2 = CO+0
2H=H2

CO+H= HCO

C®2 + H=HCO+ O
C®2 +H=CO+CH
CO+H2 = H+ HCO
2CO+H2 = 2 HCO
H20=H+ COH

CO+ H20 = HCO+ CH
H+ HHO= H2 + OH
H22 =2 OH

H+ 22 = H2 + HO2
H+ H2Q2 = 20+ OH
H2 = H+ Q2
2HR = 22 + A2
CO+HX®2 = HCO+ 2

=

H2+02 '+OH ¢ > H+H20
HCO+OH > CO+H20

H+HCO ¢ > CO+H2

HCO ¢ > CO+H

H202+02 > 2HO2
H2 e > — 2H
H202+OH o~ H20+HO2
CO2+H+OH —» HCO+HO2
02 > 20
CO+02 > CO2+0

OH T > H+O0

CO+0 ¢ s COo2

02+0H ¢ > HO2+0

Oig. Mechani sm
H+r Q2 =0+ H

H +O=H+ O

H2 + OH=H+ H20
2CH=H20+0
H2=2H
2H2 2 2H+H2

H2 +N2 =22 H+N2
H2 + HO= 2 H+ H20
20=@
H+O=H
H+OH=H20

H+ 2 = HQ2

H2 + 2 = H+ HO2
H+H®2 = H20+ O
H+ HO2 = 2 OH
HR2 +O0=QQ2 +™H
H® + OH= H20+ X2
2HRZ = 22 + 2
H2 D = 2 CH
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CO+H®2 = CO2 + CH
H+H®2 = H20+ O

H+ HZ2 = H2 + O2
H+HO2 = 2 CH

H2O+ HO2 = H2O2 + OH
HCO+HO2 = C2 + H+ CH
20=@
C2+0=0C0+2
H+O= CH
H2+O0O=H+ O
H20+0=2 CH

H2®2 + O= H®2 + CH
HCO+ O= CO+CH

HR2 +O0= Q2 + OH
H+Q2 =20+CH
H20+ 2 = HO2 + CH

structural_analysis_of_combustion_models.nb

H+H2(2 H2 + HO2
H+ 22 = H20+ CH
H22 + O= H2 + CH
H2®2 + OH= H20+ HO»2
CO+0=C2
CO+MR=20C2 +0
CO+HRZ = CO2 + OH
CO+OH=CX2 +H
HCO= CO+H
H+HCO= CO+H2
HCO+ O= CO+ CH
HCO+O=Cx2 +H
HCO+ OH= CO+H20
HCO+ HO2 = CO2 + H+ OH
2HCO=2CO+H2

2 HCO= CH20+ CO
HCO+ Q2 = CO+ HO2

USC2007

H202
~

N\ A

H20+0

CO+0H ¢ > HCO+0 H+HCO ‘ CO+H2

NN

CO2+H CH20

HO2 _ ? H+02 _ > 0+OH

HCO+02 > CO+HO2 < > CO2+OH

H20 < s H+OH g s H2+0O

CO+H20 » HCO+OH < > CH20+0

H2+HO2 H+H202 H20+OH

H202+0 ¢ > HO2+OH < > H20+02

02+0H ¢ > HO2+0

3rd body species del eted
CH20=CO+ H2
CH20= H+ HCO

Cx2 =CO0+0

2H=H2

20H H+H02

H2+02 !+OH g > H+H20

/

HCO ¢ > CO+H

H2+HCO > CH20+H

CH20 +HO2 I:I H202+HCO

>
H2 ¢ 2H

H202+02 2HO2

CO+0 ¢ ’ Co2

H202+O0H ® H20+HO2

CH20+02 ® HCO+HO2

02 < ? 20
CO+02 47’ CO2+0

OH —_ ¢ ? H+O

CH20+O0H ¢ ® H20+HCO

Oig. Mechani sm
H+O2 =0+CH

H +O=H+OH

H2 + OH=H+ H20
20H=H20+0
2H=H2
2H+H2 =2 H2



structural_analysis_of_combustion_models.nb

CH20+H = H2 + HCO
CO+H=HCO

CQ2 +H=HCO+ O
Cx2 +H=CO+CH
CO+H2 = H+ HCO
H20=H+ OH

CO+ H20 = HCO+ CH
H+y HHO= H2 + OH
H22 = 2 CH

H+y+ Q2 = H2 + HO2
H+yr H2Q2 =« H20+ CH
H20+ HCO= CH20+ CH
H2Q2 + HCO = CH20+ HO2
HR2 = H+ 2
2HR = H2Q2 + A2
CO+H®2 = HCO+ 2
CO+H®2 = CO2 + OH
H+ H2 = H20+ O
H+y+HO2 = H2 + Q2
H+HO2 = 2 CH
H20+HR2 = 22 + CH
HCO+ H®2 = CH20+ 2
20=@
CH20+ O = HCO+ CH
C2+0=C0+x
HyrO=H

H2 +O=H+COH

H20+ O0=2 CH

H2Q2 + O= HO2 + CH
HCO+ O= CO+ CH
HR2 +O=QQ2 + OH

H+ 2 =0+ CH
H20+ 2 = HO2 + CH

2H+H20=H2 + H20
CR+2H=20C2 + H2
H+OH=H20
H+O= CH

20=Q@2

H+ 2 = HO2

H2 + 2 = H+ HO2
20H=H2®
H+H®2 = H20+ O
H+HO2 = 2 CH

H®2 + 0= Q2 + CH
2HRZ = H2Q2 + A2
H®2 + OH=H20+ 2
H+ 22 = H2 + HO2
H+ H2Q2 = H20+ CH !
H2®2 + O=HX® + CH
H2®2 + OH= HR2O+ HO2
CO+0=C2
CO+OH=Cx2 +H
CO+R2=C2+0
CO+HRZ = C2 + OH
H+HCO= CO+ H2
HCO+ O= CO+ CH
HCO+O=CO>2 +H
HCO+ OH = CO+ H20
HCO= CO+H
H20+HCO= CO+H+ H20
HCO+ 2 = CO+ HO»2
CO+H2 = CH20

H+ HCO= CH20
CH20+H = H2 + HCO
CH20+ O= HCO+ CH
CH20+ OH= H20+ HCO
CH20+ Q2 = HCO+ HO2
CH20+ HO2 = H2Q2 + HCO

Zsely2005

H20+0O

A

H202 < 20H __ H+HO2

v

H2+02

CO+0H ¢ HCO+O

b4

CO2+H

HO2 < H+02 ¢ } O+OH

[N Yot BN P> LiAn . AU P> LiaA . An

— oy

H2+HO2 ¢ H+H202 H20+OH

H2+0H ¢ > H+H20
HCO+ OH 1—, CO+H20
H+HCO ¢ > CO+H2

HCO __¢ 2 CO+H

—
H202+02 2HO2

>
H2 ~ 2H

H202+0OH & ® H20+HO2

IS
02 ¢ - 20

CO+02 47’ C0o2+0

AL — A
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nouc+wv - nuc+uvun - nou+wvuc

H < > H2+0

-
H20 < H+ Ol <

HCO+02 > CO+HO2 < > CO2+0H

3rd body species del eted
Co2 =CO+0
2H=H2
CO+H=HCO

Cx2 +H=HCO+O
CR2 +H=CO+CH
CO+H2 = H+ HCO
H20=H+ OH
CO+H20 = HCO+ OH
H+H20=H2 + OH
H22 = 2 CH

H+ Q2 = H2 + HO2
H+yr 22 = H20+ CH
H®2 =H+ Q2
2HRZ = 22 + 2
CO+H®2 = HCO+ 2
CO+H®R2 = C2 + ™H
H+HO2 = H20+ O
H+HO2 = H2 + O2
H+HO2 = 2 CH
H20+ HO2 = H2Q2 + OH
20=@
C2+0=2CO0+
H+O=CH

H2 +O0O=H+OH
H20+0=2 H
H2Q2 + O= HO2 + CH
HCO+O= CO+ OH
HR2 +0=Q2 + OH

structural_analysis_of_combustion_models.nb

v . =7 n+v

CO+0 _¢ ’ Co2

02+0H ¢ > HO2+0

Oig. Mechani sm
H +O0O=H+O

H2 + OH=H+ H20
H+ Q2 = HO2

H+ 2 =0+ CH

H+ H2Q2 = H2 + HO2
H+ H2Q2 = H20+ CH
H22 + O= HX2 + CH
H2®2 + OH= HRO+ HDX2
20H=H2D2
2H=H2
2H+H2 « 2 H2
H+O=OH
H+OH=H20
H+HO2 = H2 + O2
H+HO2 = 2 CH
H+H®2 = H20+ 0 }}
20=Q2

H®2 +0=Q2 + CH
20H=H20+0

H®2 + OH= H20+ 2
2HRZ = H2Q2 + O2
H+O2<=2CH
CO+R =202 +0
HCO+ 2 = CO+ HO2
CO+0=CX2
CO+OH=C22 +H
CO+HX2 = CO2 + OH
H+HCO= CO+ H2
HCO+O= CO+ OH

HeO2 =0+ OH HCO+ O= CO2 + H
H+2 =20
H20+ @2 = HR + CH HCO+ OH = CO+ H20
o HCO= CO+H
Show Less || Show More [ Show Full Output || Set Size Limit...

maxf hj conponent s =
Max FHIWeakl| yConnect edConponent s [coevery[[#, 2]] & /@i ndi ces;

maxf hj edges = Fl atten[ (Fi rst /e#) & /@maxf hj conponents, 1];

G aphPl ot [Fi rst [#], VertexLabeling -» True, DirectedEdges -» True,
| mageSi ze » 350, Pl ot Label - " Max weakly connected conponent of mech " <>
ToString[coevery[Last [#], 311 <>"\n"] &/@
Tr anspose [ {mexf hj edges, indi ces}]

Max weakly connected component of mech Ahmed2007

H20+0O

{ 4 \ ,



structural_analysis_of_combustion_models.nb

Max weakly connected component of mech CRECK2012

H202

20H

H+HO2

H2+02

H20+0
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H202

H202

H202

Max weakly connected component of mech Dagaut2003

\/

Max weakly connected component of mech Davis2005

H20+0O

VAR

—_—
20H H+HO2

=

Max weakly connected component of mech gri30

H20+0O

VAR

—_—
20H H+HO2

//// ~—
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Max weakly connected component of mech Keromnes2013

H202 H20+0

20H

H+HO2

H2+02
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Max weakly connected component of mech NUIG2010

H202 H20+0

20H

H+HO2

H2+02

Max weakly connected component of mech Rasmussen2008

H20+0

VAR

—_—
20H H+HO2

//// ~—=
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Max weakly connected component of mech SanDiego2011

H20+0O

AN

H+H02

H202 / \ H2+02

(

Max weakly connected component of mech SaxenaWilliams2006

H20+0O

AN

H+H02

H202 / \ H2+02

(

Max weakly connected component of mech Starik2009

H20+0

AN

H+H02

H202 / \ H2 + 02

(

Max weakly connected component of mech Sun2007

H20+0

AN

H+H02

H202 / \ H2 + 02

I

Max weakly connected component of mech USC2007

H20+0

AN

( H+H02

H202 / \ H2 + 02
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Max weakly connected component of mech Zsely2005

ooz — ZOH//Z>\\H+HOZ }

Tabl eFor m[
tt = Tabl e[TrueQ[ (coevery[i, 2] /. "HV' - 0) = (coevery[j, 21 /. "HV' - 0)] /.
{True » Styl e["TRUE", Bold]}, {i, 15}, {j, 15}1,
Tabl eHeadi ngs -» {codat a, codat a}]

Ahnmed2007 CRECK2012 Dagaut 2003 Davi s2005 gri e
Ahrmed2007 TRUE Fal se Fal se Fal se Fal <
CRECK2012 Fal se TRUE Fal se Fal se Fal <
Dagaut 2003 Fal se Fal se TRUE Fal se Fal <
Davi s2005 Fal se Fal se Fal se TRUE Fal <
gri 30 Fal se Fal se Fal se Fal se TRUE
Ker onmes2013 Fal se Fal se Fal se Fal se Fal <
Li 2007 Fal se Fal se Fal se Fal se Fal <
NUI G2010 Fal se Fal se Fal se Fal se Fal <
Rasnmussen2008 Fal se Fal se Fal se Fal se Fal <
SanDi ego2011 Fal se Fal se Fal se Fal se Fal <
SaxenaW | | i ans2006 Fal se Fal se Fal se Fal se Fal <
St ari k2009 Fal se Fal se Fal se Fal se Fal <
Sun2007 Fal se Fal se Fal se Fal se Fal <
UsC2007 Fal se Fal se Fal se Fal se TRUE
Zsel y2005 Fal se Fal se Fal se Fal se Fal <
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Tabl eFor m[
Tabl e [TrueQ[ (coevery[i, 2] /. "HV' - 0) = (coevery[j, 21 /. "HV' -0)] /.
{True » Style["T", Bold, Red], False - Style["F", Bold, Bluel},
{i, 15}, {j, 15}]1, Tabl eHeadi ngs - {i ndi ces, i ndices}]

[N

0

H
H
()
H
w
H
I
H

5

© 0O ~NO O WN K

TMTMTTMTTMTTMTTTTTmT AP
TMTTMTTMTTMTTMTTTTT TN
TMTTMTMTTMTTMTTTT AT 7w
MM T TMTTMTTTmTTTHTT s
MATTTTTTTTTTHTTT 7o
TMTMTTMTTMTTTHTTTTTo
MM TTMTTMTH4 T 7T
MTMTTMTTT - T T T T T T oo
TMTMTTMTTHTTTTTTT T|©
MTMTMAT T TTTTTTTTT TR

TMTMTTMMTHTTTTTTTTT
TMTMTHTTTTTTTTTTTT
TMTMATTTTTTTTTTTT
MATTTMTTTTTTAHTTTT
A M TTMTTTTTTTTTTT

ag= (tt /. {Style["TRUE", Bold] - 1, False - 0}) -ldentityMatrix[15];

Adj acencyGraph[ag, | nageSi ze -» 1000, | nagePaddi ng -» 50, VertexLabel s »
Thread[Rul e[i ndi ces, Styl e[#, Bold, 12] &/@coevery[i ndices, 31111

uSC2007

NUIG2010

Davis2005 Dagaut2003 CRECK2012 Keromnes2013 Ahmed2007  Rasmussen2

@ ® 0 06 @ (I

000

we = Connect edConponent s [Adj acencyG aph[ag]] /.
Thr ead [Rul e[i ndi ces, coevery[i ndi ces, 31]11;
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Tabl eFor mfwc, Tabl eHeadi ngs » {Range[13], None}]

Ahrmed2007

CRECK2012

Dagaut 2003

Davi s2005

gri 30 USC2007
Ker onmes2013

Li 2007 NUI G2010
Rasmussen2008

9 SanDi ego2011

10 SaxenaW | | i ans2006

11 St ari k2009

12 Sun2007

13 Zsel y2005

oO~NO UL WN R

reducedi ndi ces = Sort [Fi rst /@Connect edConponent s [Adj acencyG aph[ag]]]

{1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 15}

Col um [
Riffle[Row/e (Joi n[{Styl e[coevery[#, 3], Bold, 147, "\t"}, Vol pertl ndexi ng][
coevery[#, 2], {'H", "", "CO'}, Verbose -» True,
Ext er nal Speci es » {"HV"'}]1] &/@reducedi ndi ces), "\n\n"]1, 2]

Reacti on steps I ndi ces
CO+2 -C2 + O
>@2-20
H2 + 32 - H+ HO2
CO+H2 - H+ HCO
H2 - 2H
H+®2 - O+ CH
H®2 +O0-> 2 + OH
HCO+O- CO+ OH
H +O0O-H+OH
C2+0-CO+2
20- Q2
HCO+ H®2 -~ CH20+ Q2
H+H®2 - 2 OH
H+H®2 - H2 + O2
H+H®2 - H20+ O
CO+H®2 - CO2 + OH
HCO+ 2 - CO+ HO2
CO+ HO2 -~ HCO+ Q2
2H®2 - H2Q2 + O2
H+ 2 - HO2
HO2 - H+ Q2
H2 + H2 - H+ H2O2
H+HCO- CO+ H2
2 +H- CO+ CH
HCO+O- CX2 + H
Cx2 +H- HCO+ O

o

NNRPRPRRPRRRRPRRPRPRPRPRPRPRRRRPRPRPRPRPRPRPRPRRRPRRPRPREPOOOO

HCO - CO+H

CO+ H - HCO
H2 + HCO - CH20O+ H

Speci es | I ndi ces 2H- H2

2 0 CO+0O- C2

H2 0 Cc2 - CO+0
CO 0 2 HCO - CH20+ CO

HO2 1 H+ HCO - CH20
(0] 1 HO2 + OH - H2O+ Q2
Ahmed2007 co2 1 H20+ 2 - HO2 + OH
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Speci es

I ndi ces

Reacti on steps

| ndi ces

CRECK2012

TEERz08ER

H2C2

o

MNNNRRRRREROO

CO+r&2 -C2 +0O
>@2-20
H + 2 - H+ HO2
CO+H2 - H+ HCO
H - 2H
Hi 2 - O+ CH
H2 +O-> 2 + OH
H+O0O-H+COH
CR2+0-CO+ 2
20-@
H+HO2 - 2 CH
H+ HO2 - H2 + O2
CO+HO2 - CO2 + OH
HCO+ Q2 —» CO+ HO2
CO+ HO2 - HCO+ O2
2H®2 - H2Q2 + O2
H®2 - O+ CH
H+ Q2 - HO2
HO2 - H+ Q2
H + H2 - H+ H2Q2
HCO+ HO2 - CO+ H2CO2
C2 +H2 - CO+ H20
H+HCO - CO+H2
CR2+H-CO+H
HCO+O- CO2 + H
Cx2 +H- HCO+ O
HCO- CO+ H
CO+H- HCO
2H- H2
CO+0- CO2
C»2 - CO+0
HCO+ H»2 - CQ2 + H+ CH
HO2 + CH - H20+ Q2
HO0+ 2 - HX2 + OH
O+OH-H+ 2
R +0OH-H®2 + O
2C0H- H20+ 0
H20+0- 2 CH
Hi OH-H2 + O
H22 + OH - H20+ HO2
H2O0+ HO2 - H2O2 + OH
2 OH- H+HO2
CX2 + OH- CO+ HO2
H®2 + 2 - 2 HO2
O+ CH - HO2
H20+COH - H+ H2QO2
H+ H2Q2 - H20+ CH
H+ H2C2 - H2 + HO2
CO+ H2O2 —» HCO+ HO2
2 OH- H2Q2
Ho2 - 2 CH
H2 + OH - H+ H20
H+ H2O - H2 + OH
HCO+ CH - CO+ H20
CO+ H20 - HCO+ CH
H+OH- H20
H20 - H+ OH
CO+ H20 - CO2 + H2
CO+OH->C2 +H
H2O2 + O—- HO2 + OH

o

NDNNNNNDNDNNNDNNNNNNNNNNNNDNDNDNNNNNNNMNNMNNMNNMNNNNPEPRPRPPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPOOOO
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Speci es

I ndi ces

Reacti on steps

| ndi ces

2

H2

Co
HO2

oH
Dagaut 2003 H
O

(007

HCO
H2O2

H20O
CH20

(@)

NNNRRRPRRERROO

H+OQ2 -2 0H
O+ ->C2+0
@2 -20
H + 2 - H+ HO2
2 CO+H2 - 2 HCO
CO+H2 - H+ HCO
H -2H
H®2 + OH-> H20+ 2
20H-H2 +O2
O+OH-H+ Q2
HrQ2 - O+ OH
R +0OH- H®2 + O
H2 +O-> 2 + OH
CO+OH- HCO+ O
HCO+ O - CO+ OH
HO2 + OH - H2O2 + O
2C0H- H20+0
Hi OH- H2 + O
H +O0O-H+COH
OH-H+O
H+ O- OH
C2+0-CO+2
20-@

CX2 + H+ OH - HCO+ HO2
HCO+HO2 - CO2 + H+ CH

2C0H- H+ H®2
H+ HO2 - 2 OH
H+ HO2 - H2 + O2
H+H®2 - H20+ O
C2 + OH- CO+ HO2
CO+HO2 - CO2 + OH
HCO+ Q2 —» CO+ HO2
CO+ HO2 - HCO+ O2
2H®2 - H2Q2 + O2
H+ 2 - HO2
HO2 - H+ Q2
H2 + HO2 - H+ H2QO2
2 OH- H2C2
H2 + OH - H+ H20
HCO+ CH - CO+ H20
H+OH- H20
2HCO- 2 CO+H2
H+ HCO - CO+ H2
CO+OH->C2 +H
CR2+H-CO+H
HCO+O- CO2 + H
Cx2 +H- HCO+ O
HCO - CO+ H
CO+H- HCO
2H- H2
CO+0- CO2
C»2 - CO+0
2 HCO - CH20+ CO
HO0+ 2 - HX2 + OH
H2O2 + O- HO2 + OH
H20+0- 2 CH
H2O2 + OH - H20 + HO2
H20+ HO2 - H2CO2 + OH
H20+ O- H+ HO2
H®2 + 2 - 2 HO2
H20+COH - H+ H2QO2
H+ H2Q2 - H20+ CH
H+ H2C2 - H2 + HO2
H2O?2 —» 2 OH

o
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Davi s2005

Reacti on steps

I ndi ces

CO+r&2 -C2 +0O
>@2-20

H + 2 - H+ HO2

CO+H2 - H+ HCO
H - 2H

Hi 2 - O+ CH
H2 +O-> 2 + OH
HCO+ O- CO+ CH
H +O0- H+CH

H+ O- OH
2 +0-CO+2
20-@

H+ HO2 - 2 OH
Hi+HO®2 - H2 + O2
H+ H2 - H20+ O

CO+HO2 - CO2 + OH
HCO+ Q2 —» CO+ HO2
CO+ HO2 - HCO+ Q2
2H®2 - H2O2 + O2

H+ 2 - HO2

HO2 - H+ Q2
H2 + HO2 - H+ H2QO2
H+HCO - CO+H2
CR2+H-CO+H

Spe(;zl es Ind|oces L OO 4 H
o 0 Cx2 +H- HCO+ O
0 0 HCO- CO+H

CO+H - HCO
HO2 1
HCO 1 2H- H2
H 1 CO+0- CO2
o 1 C»2 - CO+0
cop 1 H®2 + OH - H2O+ Q2
H0+ 2 - HO2 + OH
H2O2 2
0 5 O+OH-H+Q2
H 5 @2 +0OH-HX2 +0

CO+COH- HCO+ O
HO2 + OH - H2O2 + O
H2Q2 + O— HO2 + CH
2C0H- H20+0
H20+ 0~ 2 CH
H+OH-H2 + O
OH-H+O
H2O2 + OH - H20+ HO2
H20+ HO2 - H2O2 + OH
2 OH-> H+HO2
H20+ O - H+ HO2
C2 + OH - CO+ HO2
H®2 + 2 - 2 HO2
H20+COH - H+ H2QO2
H+ H2Q2 - H20+ CH
H+ H2Q2 - H2 + HO2
20H- H22
H®2 -2 H
H2 + OH - H+ H20
H+ H2O - H2 + OH
HCO+ OH - CO+ H20
CO+ H2O - HCO+ CH
H+ OH - H20
H20-> H+ OH
CO+OH-CO2 +H

o
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Reacti on steps

I ndi ces

CO+r&2 - C2 + O
>@2-20
H + 2 - H+ HO2
CO+H2 - H+ HCO
H - 2H
CO+H2 - CH20
H+ 2 - 0+ CH
H2 +O- 2 + OH
HCO+ O - CO+ OH
H +O0-H+COH
H+O- CH
CR2+0-CO+ 2
CH20+ O- HCO+ CH
20-@
CH20+ @2 - HCO+ HO2
HCO+ HO2 - CH20+ O2
H+HO2 - 2 CH
H+ HO2 - H2 + O2
H+ HO2 - H20+ O
CO+H®2 - CO2 + OH
HCO+ 2 - CO+ HO2
CO+ HO2 - HCO+ @2
2H®2 - H2Q2 + O2
H+ Q2 - HO2
HO2 - H+ Q2
CH20+ HO2 - H2Q2 + HCO
H2 + HO2 - H+ H2QO2
H+ HCO - CO+ H2
C2 +H- CO+CH
HCO+O- COX2 + H

Speci es || ndi ces CX2 +H- HCO+ O
2 0 HCO- CO+H
H2 0 CO+H- HCO
60) 0 H2 + HCO- CH20+H
HC2 1 CH20+ H - H2 + HCO
O 1 2H- H2
gri 30 co2 1 CO+0O- Co2
HCO 1 Cx®2 - CO+0
H 1 H+ HCO - CH20
CH20 1 CH20 - H+ HCO
H2C2 2 CH20- CO+ H2
H20 2 H®2 + OH - H20+ Q2
OH 2 H20+ 2 — HO2 + CH

O+OH-H+ 2
2 +0H- H®2 + O
CO+ OH- HCO+ O
H®2 + OH-> H2Q2 + O
H2O2 + O—- HO2 + OH
20H- H20+0
H20+0- 2 CH
Hi OH- H2 + O
H-H+O
HCO+ OH - CH20+ O
H2O2 + OH - H20 + HO2
H20+ HO2 - H2O2 + OH
2C0H- H+ HO2
H20+ O - H+ HO2
CX2 + OH- CO+ HO2
H®2 + 2 - 2 HO2
H2O2 + HCO - CH20 + HCO2
CH20+ OH - H20+ HCO
H20 + HCO - CH20O + CH
H20+CH - H+ H2Q2
H: H2O2 - H2O+ OH

o
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Speci es

I ndi ces

Reacti on steps

| ndi ces

TOo8%R

Ker oomes2013 coe

o

WNNNRFPPRFRPPRPPEPRPPEPROO

CO+r&2 - CO2 + O
>@2-20
H + 2 - H+ HO2
CO+H2 - H+ HCO
H - 2H
Hi 2 - O+ CH
H2 +O-> 2 + OH
HCO+ O- CO+ CH
H +O0- H+CH
H+ O- OHEX
H+O- CH
CR2+0-CO+ 2
20-@
H+HO®2 - 2 CH
H+ HO2 - H2 + O2
CO+HO2 - CO2 + OH
HCO+ Q2 —» CO+ HD2
CO+ HO2 - HCO+ O2
2H®2 - H2Q2 + O2
H+ 2 - HO2
HO2 - H+ Q2
H2 + HO2 - H+ H2QO2
H+HCO - CO+ H2
CR2+H-CO+H
HCO+O- CO2 + H
Cx2 +H- HCO+ O
HCO- CO+ H
CO+H- HCO
2H- H2
CO+0- CO2
C»2 - CO+0
HCO+H»2 - CQ2 + H+ CH
2HCO- 2 CO+H2
OHEX - CH
CH - OHEX
HO2 + OH - H20+ Q2
O+OH-H+ Q2
2 +0H- H®2 + O
CO+COH- HCO+ O
HO2 + OH - H2O2 + O
H22 + O— HO2 + CH
2C0H- H20+ 0
H+OH-H2 + O
OHEX - H+ O
OH-H+O
H2O2 + OH - H20+ HO2
2C0H- H+ H®2
C2 + OH- CO+ HO2
H®2 + 2 - 2 HO2
H+ H2Q2 - H20+ CH
H+ H2Q2 - H2 + HO2
20H- H22
H232 - 2 OH
H2 + OH - H+ H20
HCO+ CH - CO+ H20
H+OH- H20
CO+OH-CO2 +H
H 0+ 2 - HX2 + OH
H20+0- 2 CH
H20+ HO2 - H2C2 + OH
H20+COH - H+ H2QO2
H+ H2O - H2 + OH
CO+ H2O - HCO+ CH
H20 - H+ OH

o
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Reacti on steps

I ndi ces

CO+r&2 - CO2 + O
>@2-20
H + 2 - H+ HO2
2 CO+H2 - 2 HCO
CO+ H2 - H+ HCO
H -2H
CO+H2 - CH20
HrQ2 - O+ H
H2 +O-> 2 + OH
HCO+ O - CO+ CH
H+O0O-H+COH
H+ O- OH
C2+0-CO+ 2
CH20+ O - HCO+ OH
20-@
HCO+ HO2 - CO2 + H+ CH
CH20+ @2 - HCO+ HO2
HCO+ HO2 —» CH20+ O2
H+ HO2 - 2 OH
HiHO®2 - H2 + O2
CO+HO2 - CO2 + CH
HCO+ 2 - CO+ HO2
CO+H®2 - HCO+ Q2
2 H®2 - H2C2 + Q2
H+ 2 - HO2
H®2 - H+ Q2
CH20+ HO2 - H2Q2 + HCO
H2 + HO2 - H+ H2QO2
2HCO - 2 CO+H2
H+ HCO - CO+ H2
CR2+H- CO+OH
HCO+O- CO2 + H

Speci es || ndi ces C®2 + H- HCO+ O
2 0 HCO - CO+H
H2 0 CO+ H - HCO
(60) 0 H2 + HCO - CH20+ H
HC2 1 CH20+ H - H2 + HCO
(@) 1 2H- H2
Li 2007 (007 1 CO+0- CO2
HCO 1 Cx2 - CO+0
H 1 2 HCO- CH20+ CO
CH20 1 CH20+ CO - 2 HCO
H2C2 2 H+ HCO -~ CH20
OH 2 CH20O - H+ HCO
H20 3 CH20 - CO+ H2

HO2 + OH - H20+ O2
O+OH-H+ 2
R +0OH- H®2 + O
CO+ OH- HCO+ O
H®2 + OH-> H2Q2 + O
H2O2 + O—- HO2 + OH
20H- H20+0
H+OH-H2 + O
OH-H+O
HCO+ CH - CH20+ O
C2 + H+ OH - HCO+ HO2
H2O2 + OH - H20 + HO2
2 0H- H+ HO2
C2 + OH - CO+ HO2
H2O2 + 2 - 2 HO2
H2O2 + HCO - CH20 + HO2
CH20+ OH - H20+ HCO
H+ H2O2 - H20+ OH
H+ H2O2 - H2 + HO2

o
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Speci es

Reacti on steps

I ndi ces

CO+r&2 - CO2 +O
>@2-20
H + 2 - H+ HO2
CO+H2 - H+ HCO
H - 2H
CO+H2 - CH20
H+ 2 - 0+ CH
H2 +O- 2 + OH
HCO+ O - CO+ OH
H +O0-H+COH
H+O- CH
CR2+0-CO+ 2
CH20+ O- HCO+ CH
20-@
HCO+ HQ2 - CO2 + H+ CH
CH20+ @2 - HCO+ HO2
HCO+ HO2 - CH20+ Q2
H+ HO2 - 2 OH
H+ HO2 - H2 + O2
H+H®2 - H20+ O
Cx2 + HO2 - HOCO+ 2
CO+HO2 - CO2 + OH
HCO+ Q2 —» CO+ HO2
CO+ HO2 - HCO+ Q2
2H®2 - H2Q2 + O2
H+ 2 - HO2
HO2 - H+ Q2
CH20+ H2 - H2Q2 + HCO
H +HR2 - H+ H2Q2
H+ HCO - CO+ H2
CR2+H- CO+OH
HCO+O- CO2 + H
Cx2 +H- HCO+ O
C>2 + H- HOCO
HCO - CO+H
CO+ H- HCO
H2 + HCO - CH20+ H

dutlilces CH20+ H- H2 + HCO

Rasnmussen2008

CH20
H2C2
H20

o

2H- H2
CO+0- CO2
2 - COo+0
2 HCO - CH20+ CO
CH20+ CO- 2 HCO
H+ HCO - CH20
CH20 - H+ HCO
CH20- CO+ H2
H®2 + OH-> H20+ 2
H0+ 2 - HO2 + OH
O+OH-H+Q2
2 +0H- H®2 + O
CO+OH- HCO+ O
HO2 + OH - H2O2 + O
H2Q2 + O— HO2 + CH
2C0H- H20+ 0
H20+ 0~ 2 CH
H+OH-H2 + O
OH-H+O
HCO+ CH - CH20+ O
CO+ OH - HOCO
HOCO - CO+ OH
CX2 + H+ OH - HCO+ HO2
H22 + OH - H20 + HO2
H20+ HO2 - H2CO2 + OH
2 OH- H+ HC?

NNNNRFRPRPRPERPRPRPRERPEPEOO

o
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Speci es

I ndi ces

Reacti on steps

I ndi ces

SanDi ego2011 (007

(@)

NNNNRFRPRPRPRERPPRPEROO

CO+r&2 - CO2 + O
>@2-20
H + 2 - H+ HO2
CO+H2 - H+ HCO
H - 2H
Hi 2 - O+ CH
H2 +O-> 2 + OH
HCO+ O- CO+ CH
H +O0- H+CH
H+ O- OH
2 +0-CO+2
20-@
HCO+ HO2 - CH20+ O2
H+HO®2 - 2 CH
H+ HO2 - H2 + O2
H+ HO2 - H20+ O
CO+H®2 - CO2 + OH
HCO+ 2 - CO+ HO2
CO+ HO2 - HCO+ O2
2HO2 - H2Q2 + O2
HO2 - O+ OH
H+ 2 - HO2
H®2 - H+ Q2
H2 + HO2 - H+ H2Q2
H+ HCO - CO+ H2
C2 +H- CO+CH
HCO+O- COX2 + H
CX2 +H- HCO+ O
HCO - CO+H
CO+ H- HCO
H2 + HCO - CH20O+ H
2H- H2
CO+0- CO2
Cx2 - CO+0
H+ HCO - CH20
HO2 + OH - H20+ Q2
H 0+ 2 - HX2 + OH
O+OH-H+ 2
2 +0OH- H®2 + O
CO+ OH- HCO+ O
H®2 + OH-> H2Q2 + O
H2O2 + O—- HO2 + OH
2C0H- H20+ 0
H20+0- 2 CH
Hi OH- H2 + O
H-H+O
HCO+ OH - CH20+ O
CH20+ O—- HCO+ CH
CH20+ 2 - HCO+ HO2
H22 + OH - H20 + HO2
H20+ HO2 - H2CO2 + OH
2 0H- H+ HO2
H20+ O- H+ HO2
C2 + OH- CO+ HO2
H®2 + 2 - 2 HO2
O+ OH - HO2
CH20+ HO2 - H2Q2 + HCO
H2O2 + HCO - CH20 + HO2
CH20+ OH - H20+ HCO
H20O + HCO - CH20+ OH
H20+COH - H+ H2QO2
H+ H2Q2 - H20+ CH
H+ H2C2 - H2 + HO2
2 OH- H2O2

o
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Speci es

| ndi ces

Reacti on steps

I ndi ces

SaxenaW | | i ans2006

o

NNNPFPRFRPRPRPEPRPPEPOO

CO+r&2 - CO2 + O
>@2-20

H + 2 - H+ HO2

CO+H2 - H+ HCO
H - 2H

Hi 2 - O0+CH
H2 +O-> 2 + CH
HCO+ O- CO+ CH

H +O0- H+CH

H+ O- OH
2 +0-CO+2
20-@

H+ HO2 - 2 OH
Hi+HO®2 - H2 + O2
H+ H2 - H20+ O

CO+HO2 - CO2 + OH
HCO+ Q2 —» CO+ HO2
CO+ HO2 - HCO+ O2
2H®2 - H2Q2 + O2

H®2 - O+ CH

H+ Q2 - HO2

HO2 - H+ Q2

H + HR2 - H+ H2Q2
H+ HCO - CO+ H2
CR2+H- CO+OH
HCO+O- CO2 + H
CR2 +H- HCO+ O
HCO- CO+H
CO+H - HCO
2H- H2
HO2 + OH - H20+ Q2
H20+ Q2 - HO2 + CH

O+CH-H+Q2
R +0OH- H® + O
CO+ OH - HCO+ O

HO2 + OH - H2C2 + O
H2O2 + O- HO2 + OH
2C0H- H20+0

H20+ 0~ 2 CH
H+OH-H2 + O

OH-H+O
H2O2 + OH - H20 + HO2
H20+ HO2 - H2O2 + OH

2C0H- H+ H®2
H20+ O - H+ HO2
CX2 + OH- CO+ HO2
H®2 + 2 - 2 HO2

O+ CH - HO2
H20+CH - H+ H2QO2
H+ H2Q2 - H20+ CH
H+ H2C2 - H2 + HO2

20H- H22

H232 - 2 OH
H2 + OH - H+ H20
H+ H2O - H2 + OH

HCO+ OH - CO+ H20
CO+ H2O - HCO+ CH

H+ OH - H20

H20- H+ OH
CO+OH-CO2 +H

o
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Speci es

| ndi ces

Reacti on steps

I ndi ces

o2

H2
60
a3

St ari k2009 O

o

NNNNRFRPRPRPERPRPRPRERPEPEOO

22 -0+33
O+ ->C2+0
@2 -20
H + 2 - H+ HO2
2 CO+H2 - 2 HCO
CO+H2 - H+ HCO
H -2H
HR2 +XB -2 +CH
H2 + 3B - HO2 + OH
H+ B > 2 +CH
B -0+2
o+X2 -8
HO2 + 2 - OB + OH
Hr Q2 - O+ OH
O+ xB-2C2
H2 +O-> 2 + OH
HCO+ O- CO+ CH
H +O0- H+CH
H+ O- OH
2 +0-CO+2
20-@
HCO+ HO2 - CH20+ O2
H+HO2 - 2 CH
H+ HO2 - H2 + O2
H+ HO2 - H20+ O
CO+H®2 - CO2 + OH
HCO+ 2 - CO+ HO2
CO+ HO2 - HCO+ O2
2HO2 - H2Q2 + O2
H+ 2 - HO2
HO2 - H+ Q2
H + H2 - H+ H2Q2
2HCO- 2 CO+H2
H+ HCO - CO+ H2
C2 +H- CO+CH
HCO+O- COX2 + H
CX2 +H- HCO+ O
HCO - CO+H
CO+ H- HCO
H2 + HCO - CH20O+ H
2H- H2
CO+0- CO2
C»2 - CO+0
2 HCO - CH20+ CO
H+ HCO - CH20
22 +0H- HO2 + 3B
HR2 +OH- H2 + OB
R+OH-H+ 3B
B +OH-> HO2 + O2
H®2 + OH-> H20+ 2
H0+ 2 - HO2 + OH
O+OH-H+Q2
2 +0H- H®2 + O
CO+COH- HCO+ O
HO2 + OH - H2O2 + O
H22 + O— HO2 + CH
20H- H20+0
H0+0- 2 OH
H+OH-H2 + O
OH-H+O
HCO+ CH - CH20+ O
CH20+ O - HCO+ OH
CH20+ Q2 - HCO+ HO2
H22 + OH - H20+ HCO?2

o
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Sun2007

Reacti on steps

| ndi ces

CO+r&2 - C2 + O
>@2-20
H + 2 - H+ HO2
2 CO+H2 - 2 HCO
CO+ H2 - H+ HCO
H -2H
H+ 2 - 0+ CH
H2 +O- 2 + OH
HCO+ O - CO+ OH
H +O0-H+COH
H+O- CH
CR2+0-CO+ 2
20-@
HCO+ H»2 - CQ2 + H+ CH
H+ HO2 - 2 OH
H+ HO2 - H2 + O2
H+H®2 - H20+ O
CO+HO2 - CO2 + CH
HCO+ 2 - CO+ HO2
CO+H®2 - HCO+ Q2
2 H®2 - H2C2 + Q2
H+ 2 - HO2
H®2 - H+ Q2
H2 + HO2 - H+ H2Q2
2HCO- 2 CO+H2
H+HCO - CO+ H2

Speci es || ndi ces C®2 +H- CO+CH
2 0 HCO+O- CO2 + H
H2 0 C2 + H- HCO+ O
CcO 0 HCO - CO+H
HO2 1 CO+H - HCO
H 1 2H- H2
(@) 1 CO+0- CO2
c2 1 cx2 - COo+0
HCO 1 2 HCO - CH20+ CO
H202 2 H®2 + OH- H20+ 2
H20 2 H20+ 2 - HO2 + CH
CH 2 O+OH-H+2
CH20 2 @2 +0H-HX2 +0

CO+ OH- HCO+ O
H®2 + OH-> H2Q2 + O
H2O2 + O—- HO2 + OH
2C0H- H20+ 0
H20+0- 2 CH
Hi OH- H2 + O
H-H+O
C2 + H+ OH - HCO+ HO2
H2O2 + OH - H20 + HO2
H2O0+ HO2 - H2O2 + OH
2C0H- H+ H®2
H20+ O - H+ HO2
CX2 + OH- CO+ HO2
H®2 + 2 - 2 HO2
H20+CH - H+ H2Q2
H+ HO2 - H20+ OH
Hi 22 - H2 + HO2
20H- H2Q2
H2 - 2 CH
H2 + OH - H+ H20
H+ H20 - H2 + OH
HCO+ OCH - CO+ H20
CO+ H20 -+ HCO+ OH
H+ OH - H20
H20 - H+ OH

o
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Speci es

| ndi ces

Reacti on steps

I ndi ces

Zsel y2005

o

NNRPRRPRRRPRELOO

H+OQ2 -2 0H
O+ ->C2 +0
@2 -20
H + 2 - H+ HO2
CO+ H2 - H+ HCO
H -2H
HO2 + OH - H20+ Q2
20H-H2+ 2
O+CH-H+Q2
H+ 2 - 0+ CH
2 +0H- H®2 + O
H2 +O- 2 + OH
CO+ OH- HCO+ O
HCO+ O- CO+ CH
HO2 + OH - H2C2 + O
2C0H- H20+ 0
H+OH-H2 + O
H +O0- H+CH
H-H+O
H+O- CH
CR2+0-CO+ 2
20-@
2C0H- H+ H®2
H+ HO2 - 2 OH
H+ HO2 - H2 + O2
H+H®2 - H20+ O
C2 + OH- CO+ HO2
CO+HO2 - CO2 + OH
HCO+ Q2 —» CO+ HO2
CO+ HO2 - HCO+ Q2
2H®2 - H2Q2 + O2
H+ 2 - HO2
HO2 - H+ Q2
H2 + HO2 - H+ H2QO2
2 OH- H2QO2
H2 + OH - H+ H20
HCO+ CH - CO+ H20
H+OH- H20
H+ HCO - CO+ H2
CO+OH-CO2 +H
C2 +H- CO+CH
HCO+O- COX2 + H
CX2 +H- HCO+ O
HCO - CO+H
CO+ H- HCO
2H- H2
CO+0- C2
Cx2 - CO+0
HO0+ 2 - HX2 + OH
H2Q2 + O— HO2 + CH
H20+0- 2 CH

H2O2 + OH - H20+ HO2
H2O+ HO2 - H2O2 + OH

H20+ O - H+ HO2
H®2 + 2 - 2 HO2
H20+ OH - H+ H2Q2
H+ H2O2 - H20+ OH
H+ H2C2 - H2 + HO2

o
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Volpert graph of Zsely2005
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ShowVol pert Graph [coevery[8, 2], Mil ti edgeStyl e » True,
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Pl ot Label - Styl e[" Vol pert graph of " <>coevery[2, 3], 15, Bold, Bl ack],
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Volpert graph of CRECK 2012

H2 > 2H

H+OH - H20 |+OH 2H e

noN

H+
26— VSR Ha 120+ OH - H+H202 ] H2-+ OH - H+ H20
AN z &\} H2+HOZ - HeHzoz /| N\
H202+ OH — H20 + HO2 CH20+OH - H20+HCO 20+H - H2+HCO _

w2 5 20H H202 5 H2+E —pr SH20
H20 L HOO » CH20+0H

: H202 + HCO — CH20+ HO2 | H2+HCO - CH20+ H
S g 20H - HeHOZ )% -
~ o -

CH2U —» H+HCO
O T CH20-+ HOR > H202+ HOO
G e tiew > HCO+OH
2. N H2+02 > H+HO2 M \{ |
DS ; R
\\// B A== O+ OH - CO+H20 Cl CO+H2 - H+HCO -
H+HO2

H202 - = =~
H20 + HO2 - H202 + OH _ 1

(| —7

H20+02 » HO2+OH 120+0 {7 H+OH > H2+0 AN AN CH20 - C(
/7 /
= r—— = 7 % P70 o Ha OH /7 H+HCO - ( 2HCO - 2CO+H
2HO2 - H202+ 02 H20+0 - 2CH HO2 HCO = S A

. T HFOZS HO2_ s CH20+ 02 - HCO + HO2

I
H20p.+ 02 H202+0 - HO2+ OH M H+0O - OH \m HCO+HO. HCO+OH —» CH20+0

<D L
HO2+OH - H20! H+02 > 0+OH — H+O CH20+0 = HCO+OH
; viee =D2+H+O0OH > ncu+nnuz Al Tr\\

2CO+H2 - 2HC
HCO - CO+H

CH20+CO -
\

T CO+H - HCO
NO+OH%H+OZ W CO+0OH - CO2+H )+OH | % =M= HED . CHoO4

- UL -
HO2+0 > 02+0H ~,, «u HCO+ 02 - £~ t1na Z7 K ﬂb‘}’/
HCO+0 - co+om 4 /!
SH+02 — A &=\ —— +0- +
02+0H - HO2+0 <> CO2+H

W\ CO2+0H - Ct CO+OH - HCO+0

CO+HO2 » CO2+ OH /
\\ CcOo2

CO2 co+02 - COo2+

HCO+0O

o
205 02
N rro 0040

0z2-20 CO+0 - CO2

Rever si bl eQ/@coevery[reducedi ndi ces, 2]

{True, Fal se, True, True, True, Fal se, True, True, True, True, True, True, True}

db = Sort [Det ai | edBal anced [#], Total [Length /e (#1 /. Equal - List)] <
Tot al [Length /@ (#2 /. Equal » List)] &] &/e
coevery[Del et e[reducedi ndi ces, {{2}, {6}}], 21

{{k2 kg kg = k1 k7 kio, ki kgkis = ka ka kiz, kg kao kaz == K7 k1g Kaa,
K19 Ko Kog == Koo K5 K3g, Ky Koo ka1 == Ko Kyg K3p, Kg Kazg Kas = K7 k3s Kye,
k1 Kag K51 = Ko K35 Ksz, Koo Kas k71 == K19 Kag K72, Kaa Ka7 Kep = Kaz Kag Kea,
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k1a K15 Kee = K13 k16 Kes, K1 kg ke K1z = Ko K3 Ks Kig, Ky kg k7 Ky7 == ka k3 kg Kyg,
k1 kg koo K21 == Kz K3 K19 K2z, Ky K7 Kog kaz == Kz Kg Ko7 K3a, kg Ko7 kag ka7 = K7 Kag K3s Ksg,
Ky kg kae Kag == Kz K3 K35 Kao, Kg Kag K27 Ka7 == K7 Kas Kag Kag, Ks Kig K20 Ke1 == ke K15 K19 Kea,
kg K20 K27 Kag == k7 K19 K2g k5o, K2 ks K16 Kss = K1 Kg K15 Ksg, ks k7 k1g Ksg == Kg Kg K15 Koo,
ks K16 ke Ko7 == K K15 k35 Keg, Kg K15 Kog Ko7 Ka1 == K7 K16 K25 Kog Kaz,
ks k7 Kig Kog Kes == Ko Kg K15 Ko7 Kea, K3 k7 kg Kos Kog ke Kss = k§ kg kis Kag Ko7 Kas Ksa,
ks k7 kig Kos kog Kag Ks7 == Kg Kg kis Kog Ko7 Kas Ksg,
ke kg kis kag ka7 kas Keg = ks k7 k1g k2s kag kas k7o,
{kg kg kg == kg k7 k1o, ks kg kig = kg k7 K1g, ks kg kis = kg k7 Ky,
kg kig K19 == K7 K17 K20, K K1g K21 = K5 K17 K22, K17 K24 K27 = Ki1g K23 Kzg,
kg k3o k33 = K7 Kog kzg, k3 K1z Ksy = Kg K11 Ks2, Kig Kag Ke7 = K17 K30 Kes,
Kao Ka1 Kee == K39 Kao Kes, kazg Ka1 Ksg == K37 Kaz Kss, Ki1o k11 Ko == Ko K12 Ksg,
kKo K25 k3o k31 == ks Kog K2g K32, Kg K24 Kos ka1 == ks Ka3 Kog Kaz,
k3 k12 k1g Kss = Kg K11 K17 kse, Kz Kas Kag Kes == K23 K26 K30 Kee,
Ko K1g Kos K4z == K5 K17 K26 Kaa, K3 ks K12 Ks3 == kg Kg K11 Ksg,
k3 k12 k3o Ke1 = Ka K11 K2g Ke2, Ke K11 K24 Kas K3s == k5 k12 K23 Kog Kas,
k3 ks k12 Kog Ks7 == Kg Kg K11 Kos Ksg, ke K7 K11 K2g Ko Kas == K5 Kg K12 K23 Koe Kae,
k3 ks ki, Koz Kog k3o ka7 = k3 kg ki1 Kag kos kog Kaug,
ks ks k%, kos Kog k3o Kag == Ka kg ki1 Kog Kos kog Kso,
ks ke K11 Ko Kos Kag Kea == k3 ks k12 Koz Kog k3o Kea |
{ka ke k7 == ki ks kg, kake ks = kg ks kiz, Ke K1 k15 = Ks k13 k1, ks k14 K17 == k3 k13 K1s,
k13 Ko Ko == K14 K19 K24, kg Kag K29 = Ks Kas k3o, kg Kag K35 = K3 Kas Kae,
k1 K10 Kas = Kz Kg Kgp, K14 Kas Ksg = K13 Kog Keo, Kzg K37 Ksg == K33 K3g Kag,
kg Ko Ksq == K7 K10 K53, ks K21 Kog K27 == k3 K22 Kas Kag, ki k2o K21 K37 == k3 K19 K22 Kag,
Ky K10 K14 Kag == K2 kg K13 K50, Kg K14 K21 K39 == k3 K13 K22 ka0, K1 K3 K1 Ka7 = Ko kg kg Kys,
k1 K10 Kog Kss == K2 kg ka5 Ksg, Ka Kg Kag K21 K31 == K3 Ko K19 K22 K32,
k1 ks K1 Koz Ks1 == Ko K4 Ko ko1 Ksz, K ks kg Kig Koo Kog Kaz = k3 kg k§ Kao K21 Kas Kaz,
k1 k3 ki k1o Koo Kog Kag == Ko ku k3 koo ko1 Kos Kaa,
ka kg ko Koo K21 ka5 Ks7 = ki K3 K1 K19 K22 K26 Ksg |,
{ka kg ko == k3 k7 k1o, kg kao Koz == K7 K1g K24, K19 K26 K29 = K29 K25 K30,
k3 koo ka1 == Ka K19 K32, kg kze Kas = K7 K35 Kge, K3z Kze Ks1 == K4 K35 Ksp,
ks K16 Ksg == Kg K15 Ko, K20 Kas K73 = K19 K3g K74, Kas Ka7 Kea = K4z Kag Kes,
k14 K15 Keg = K13 K16 Ko7, K2 K3 K1g = K1 kg k17, kg Kg kg kg1 ==k k3 k7 K12,
k3 k7 Kog K3z == kg kg K27 K3a, Kg K27 k3g K37 == k7 Kog K3s Kzg, kg Kag Ko7 Ka7 = K7 K25 Kog Kas,
ks K16 Koo Kez == ke K15 K19 Kea, Kg K20 K27 Kgg == k7 K19 Kog Kso,
k4 Ks K16 Kss == k3 kg K15 Ksg, Ks k7 ki K1 == Kg Kg K15 Ke2, Ks K1 K3g Keg == Kg K15 k35 K70,
ky kg ke kg k13 == ko K3 Ks k7 K14, K1 kg kg Koo K21 == Kz K3 K7 K19 K22,
k1 kg kg kzg K3g == k2 k3 K7 K35 K40, Kg Kis Kag K27 Ka1 == k7 K16 Kos Kag Ky,
ks k7 K16 Kog Kes = Kg Kg K15 Ko7 ke, k& K7 kig Kos Kog Kag Ksg == k§ Kg ks ka6 Ko7 Kas Ksa,
ks k7 kfg kos Kog Kag Ks7 == kg kg kis Kog ko7 kas Ksg,
ke kg K15 Kag K27 Kas k71 == Ks k7 k16 Kos Kag kag k72,
{ks ke kg = ky ks k1g, ki ke ko1 == ko ks Kz, ka3 k3o Kaz == K4 K2 Kaa,
k3 k2a Kas == K4 K23 k3p, K3 kgo Ksz = K4 K3g K54, k7 K1g Kez = Kg K17 Kea,
K24 K3g K77 = K23 k4o K78, K1 K17 K72 == K15 K1g K71, K2 K3 Kao == k1 kg K19,
ko k3 ke ko = k1 Kk ks k1o, Kp K3 kg K1y = K1 kg ks K12, Kz kg kg Kis = kg ks k7 Ky,
k3 ke K24 Kas == kg K5 K23 Kag, K3 Kg Kag K43 == K4 Ks K3g Ky,
k4 K7 K1g Ksg == k3 kg K17 Ko, K7 K1g Kag K7 == Kg K17 K23 Kes,
k7 k1g Kao K73 == kg K17 Ko K74, Kz k3 kg Kog Ko7 == Ky kg ks kog Kog,
kq kg ks K3z ka7 == ko kg kg ka1 Kag, Kp k3 Kg Kag Ka7 == Ky k3 ks Kag Kys,
ko k3 ke ka1 Kao ka1 == k1 k3 ks Kgp Kag Kap, ko k3 kg kgo K3y Kag == k1 k3 ks Kag K32 Ksg,
ko k% ke Kog K3y ks1 == Ky k7 ks Koz K3z Ksp, ko kg ky7 Kao ka1 Kss = K1 kg Kig Kaog K3z Ksg,
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ky kZ ks k7 kig Kgs = kp k3 ke kg K17 Kgs, Kz K3 ke K17 k3o ka1 Kas == ki k Ks K1g koo K32 Ky,
kq k3 ks k7 kg kap Keg == ko k3 kg kg k17 kay k7o,
kq k3 ks k% kig Kog k3p Kag Ks7 == ka k3 kg k§ ki7 k3o ka1 Kag Ksg,
ky k3 ks k7 kig Koo K3z kuo Ky == k2 k3 kg kg ki7 kao ka1 Kag Kez,
kz k3 ke kg K17 k3o ka1 Kag K75 == k1 K ks k7 Kig Kag K3z Kag K76 |
{ka ke kiz = ks ks k1a, K1 kaa Ko7 = K15 Koz Kag, Kas Kaz ka7 == kas kag Kas,
k3 K24 k3o = Kg K23 kg0, Kip Kasa Ks1 = K15 Kag Ks2, k3 Kas Ke1 = Kg Kaz Keo,
k7 K20 K73 = Kg K19 K74, K24 Ka3 Kg7 = K23 Kag Kgg, Ksg Ks7 K7g == Ks3 Ksg k77,
kKig K19 Kg2 = K17 koo Kg1, Kie K19 Kes == K15 K20 Kes, Kz K3 Koz == k1 kg ko,
ko k3 kg ko = ki K ks k1o, Kp k3 kg kiy = ki kg ks K1p, k3 ke kg kiz = ks ks k7 Kyg,
k3 ke kog Kos == Kq Ks Koz Kag, Kie K19 K3z K3z = K15 Koo k31 Kaa,
k3 Ke Kaa Ka7 == K4 K5 Ka3 Kag, K7 K2o K24 K77 == kg K19 Koz K78, k4 K7 Ko Keg == K3 kg k19 K70,
k7 K20 Kas Kgg = kg K1g Kag Kga, Kz k3 Ke Kaa ko == ki k3 Ks ka3 kso,
k1 kg Ks K3 ka1 = Kz k3 Kg K35 Kaz, Ko k3 kg Kag Kss = k1 KJ ks Kaz Kse,
ko k3 ke Kas Kas kas = Ky k5 Ks Kag Kag Kas, Kz k3 kg Kaz kas Ks7 = kg kj Ks Kay Kag Kss,
ko k3 ke Kog Kas ksg = Ky K5 ks Koz Kag Keo, Kz kg Kig Kap Kas Keg == Ky Ky koo Kap Kag Kea,
kq k ks k7 koo K75 =k k5 ke kg K1g K76, k2 K3 ke K1g K3z ks Kag == k1 kj Ks kzo ka1 kzg Kso,
ky k3 ks k7 koo kg k7g == k7 k3 kg kg k1g kas Kgo,
kq k3 ks k% k35 kay kg Kas Ke7 = ko k3 kg k§ kig K3z Kas Kas Keg,
kq k3 ks k7 k35 kay kgg Kas k71 = ko k3 kg kg kig K3z Kas Kas K72,
ko k3 ke kg K1g K3z Kas Kag Kgs = ki kZ ks k7 Koo Kag Kag Kas Kge |
{ka ke k7 = k1 ks kg, kg k1o K11 = k3 kg ki2, ks kg kis == kg Ko ki,
K10 K1g K19 == Ko K17 K20, Ke K1g K21 = K5 K17 K22, K17 K24 K27 == K1g K23 Kzs,
ky Kig Koo = K2 K17 K30, K10 K3s K3g = Kg K3z Kgo, Kg K3s Kas = Ks K3z Kye,
ky K3s Ks1 = Ko K3z K5z, k3 Kig Ksg = K K13 Keo, Kig K3z K73 = K17 K34 K74,
Kaa Ka7 Kea == Kaz Kag Koz, Kzg K3s K72 == K33 K3g K71, K12 K13 Keg == K11 K14 Ke7,
k1 ks koe ka1 == Kz Kg Kas K3z, kg Kas kag ka7 = Ks Kag K3z Kas,
Ko K24 Kos ka7 == Ks K23 Kog Kag, K3 Ki1g K1g Ke3 == kg K13 K17 Kea,
ke K1g K25 Kag = Ks K17 Kog kso, Kz k3 K14 Kss = kg kg K13 kse, k3 ks kig Kep = K4 Kg K13 Ke2,
k3 k14 K3a Keg == K4 K13 k33 k70, Ke K13 K24 Kos Kaz == K5 K14 K23 K26 Kaz,
k3 ks K14 k2e Kes == Ka Kg K13 Kas Kes, kg Ke K13 K24 Kos Kas == K3 K5 K14 K23 K26 Kae,
k3 ks ki, Koz Kog Kag Ksg = kg kg ki3 Kog kos kas Ksa,
ks ks ki, Koz Kog Kag Ks7 = kg Ke ki3 Kos kos k3 ksg
{k1 ks ko = kz k3 k1o, kgkiz K1z = kg ki1 Kis, Kz K1z Kis == kg K11 Ky,
K11 Kig K21 = K12 K17 K22, Ka K24 Kog == K3 K23 K30, K2 K24 K35 == k1 K23 Kag,
k12 K23 Ksg == K11 K24 Keo, Kzg K37 Ksp == K33 K3g Kag, K24 Kos Ksg == K23 K26 Ks7,
ke K7 ksa = Ks kg k3, Kz K19 K2q K27 == K1 k2o K23 Kog, k2 Kig K19 K37 == K1 K17 K20 Kag,
k2 K12 K19 K3g == k1 K11 k2o Ka0, Ka ks kg Kas == k3 Kg k7 Ky,
ko k7 k1g K19 k31 == k1 kg K17 K20 K32, kg4 Ks kg k12 kgg == k3 kg K7 K11 K5,
k1 kg ks kg ka7 == ka k3 Kg k7 kag, Ka ks kg kag Kss == k3 Kg k7 k23 Ksg,
k1 kg ks kg koo ks1 == Kz K3 Kg k7 K19 K52, Kz K3 Kg K7 K1g K19 Kos == k1 K4 K5 kg K17 K20 K26,
ky ki k& k3 K17 Koo Kag Kay = ko k3 k& k3 kg Ko Koz Kaz,
k1 kg ks k3 K17 Koo Kog Kag = Kz k3 Ke k3 Kig K1g Koz Kas |,
{ka kg ko = ki k7 k1o, ki kgkiy =Kz kg kiz, kg Koz kas = K7 ka1 Kae,
ka1 Kag K31 == Koz Ko7 K32, Kig Koz K3z = Ko K1 Kzg, kg Ksg Ka7 = K7 K37 Kyg,
k1 kag Ksz = Kz K37 Ksg, ks Kig Ke1 = Kg K15 Ke2, K22 K37 K77 = K21 kg K7s,
Kae Kag Kee == Kas Kso Kes, Kia Kis K70 == K13 K16 Keo, K1 Ks Kg K13 == k2 k3 ks K14,
ki kg ks Ki7 = ko kg kg kig, ki k3 k7 ki == k5 k3 kg koo, Ki ks Koz Koz = ka k3 ka1 Ko,
k1 k7 k3o kas == Kz Kg Kag K3g, kg Kag kag kzg == K7 K3g K37 Kao,
ky Kg kg ka1 == Kz k3 K37 Ka2, kg kag Kag Kag == k7 K27 K30 Kso,
Ks K16 K22 Kes == Kg K15 K21 Kes, Kg K22 Kag Ks1 = K7 Ka1 k3o Ksa,
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k2 ks kie Ks7 == K1 Kg K15 Ksg, ks k7 Kig Kez == Kg Kg K15 Kea, Ks Kig kag k71 = Kg K15 K37 k72,
kg K15 K2g K2g Kag == k7 K16 K27 k3o Kaa, Ks k7 K16 K30 Ke7 == Kg kg K15 K29 Kes,
ks K1 Kag K74 K7g == Kg K15 K37 K73 Kgo, k& K7 kig Ko7 k3o kag Kss == k3 kg ks kog kag K37 Kse,
ks k7 kfg ko7 Ko Kag Ksg = Kg kg kis Kag Koo ka7 Keo,
ke kg K15 K2g K29 K37 K75 == k5 k7 k16 K27 K30 K3g K7,
ke k15 Kog Kag k37 k73 Kgs = ks K16 ko7 Ko kg K74 Kgg,
ke kg K15 K2g Kog K73 Kg7 == k5 k7 K16 K27 K30 K74 Kas,
k3 k7 kig ka7 ko Kag K74 Kg1 = k§ kg ks kog koo ka7 k73 Kga,
ke kg K15 Kog k2o K37 k73 Kgg == ks k7 k16 Ko7 k3o Kag k74 Kga |,

{ka kg kg == k3 k7 k1o, ks kg kig = kg k7 K14, ks kg kis = kg k7 kg,
kg kig K19 == K7 K17 K20, Kg K1g K21 = K5 K17 K22, K17 K24 Ko7 = K1g K23 Kog,
kg k3o Kaz == K7 Kag K34, kg Kzo Kzg = K5 Kag Kgo, k3 K12 K51 = K4 K11 Ksp,
kK1g K29 Kes == K17 K30 Kee, Kag Ka1 Kse == K37 Kaz Kss, Kig K11 Keo == Kg K12 Ksg,
ke K25 k3o ka1 == Ks Kog K2g K32, Kg K2g Kos ka1 == ks Koz Kag Kag,
k3 K12 K1g Kss == kg k11 K17 Ksg, Kg K1g Kos Kaz == ks K17 Kog Kaa, k3 Ks K1z Ksg = kg ke K11 Ksg,
k3 K12 k3o Ke1 == kg k11 K29 Ke2, Kg K11 K24 Kas K3s == K5 K12 K23 Kog K3g,
k3 Ks k12 Kog K57 == kg Kg K11 Ko Ksg, kg K7 K11 K2g Kos Kas == K5 Kg K12 K23 Kag Kae,
k3 ks ki, Koz Kog Kao Ka7 =k Kg ki1 K2 Kos Kag Kas,
ks ks ki, Koz Kaog Kag Kag == Ky kg ki1 Kog kos kog Kso,
ks ke K11 Ko Kos Koo Keg == K3 ks K12 Koz Kae k3o Kea |

{kz ke k7 = k1 ks kg, k3 kg K11 = ks ks K12, Kg Kig K15 = ks K13 Kig, kg K1s K17 = K3 K13 K1g,
K13 Ko Ko == K14 K19 K24, Kg K26 Kog == K5 Kos K30, K1 Kig Kas == K2 Kg Kye,
K1a K25 Ke1 == K13 K2e Ke2, Kae K37 Keo == Kas Kag Ksg, Kss K37 Ksg == K33 K3g Kag,
kg kg ksg == k7 K10 Ks3, kg K21 Kog K27 == K3 Koz Kas Kag, kg Koo K21 Ka7 = K3 K19 K22 Kag,
k1 K10 K14 Kag = K2 kg K13 Kso, Kz K21 K25 Ksg == k19 K22 K26 Keo,
K4 K14 K21 K3g = K3 k13 K22 Kao, K1 K3 kig Ka7 == ka Kg kg kys,
k1 K10 Kog Kss == k2 kg ka5 Ksg, Ka Kg koo K21 K31 == K3 Ko K19 K22 K32,
kq kg kio Koo ks1 == Ko ks kg Kog Ksa, Kk kg kfg kg Koo Kog Kay == k3 kg k§ Koo Kag Kos Kap,
kq kg ko K1g koo Kog Kag == Ko ka k§ Koo Ko Kas Kaa,
ko kg ko Koo k21 kas Ks7 = ki k3 K1 K19 Koz Kog Ksg } }

Tabl eFor m[db,
Tabl eHeadi ngs -» {coevery[Del et e[reducedi ndi ces, {{2}, {6}}], 31}]

Tabl eFor m[Tabl e [Conpl enment [
React i onsDat a[coevery[i, 2], External Species -»"Hv']["fhjgraph"],
Reacti onsDat a[coevery[j, 21, External Species »"HV']["fhjgraph"]],
{i, reducedi ndi ces}, {j, reducedi ndices}],
Tabl eHeadi ngs » {coevery[reducedi ndi ces, 3], coevery[reducedi ndi ces, 3]}]
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Tabl eFor m[Tabl e [Lengt heConpl enent [
React i onsDat a[coevery[i, 2], External Species » {"HV'}1["fhjgraph"],
Reacti onsDat a[coevery[j, 2], External Species » "HV']["fhjgraph"]],
{i , reducedi ndi ces}, {j, reducedi ndi ces}], Tabl eHeadi ngs -»
{coevery[reducedi ndi ces, 3], coevery[reducedi ndi ces, 3]}]

Y

Ahnmed2007 CRECK2012 Dagaut 2003 Davi s2005 gri
Ahned2007 0 19 12 14 2
CRECK2012 7 0 6 7 7
Dagaut 2003 8 14 0 8 8
Davi s2005 2 7 0 0 0
gri 30 4 21 14 14 0
Ker oones2013 8 10 4 6 6
Li 2007 8 24 14 20 6
Rasnussen2008 16 34 24 28 14
SanDi ego2011 4 19 14 14 2
SaxenaW | | i ans2006 4 7 2 2 2
St ari k2009 16 35 24 28 16
Sun2007 6 12 0 6 6
Zsel y2005 4 9 0 2 2

Methanol combustion mechanisms

Set Di rect ory [Not ebookDi rectory[] <>"net hanol " ];

d ear Al l [ndat a];
ndat = Fl atten[l nport ["names_net hanol . txt", "Tabl e"11;
ndata = Stri ngRepl ace[#, ".dat" -»""] &/@ndat

{Aranda2013, Kl i ppenstei n2011, Li 2007, Rasnmussen2008, Zabett aHuba2008}

i ndi ces = Range [5];

Tabl eFor m[ndat a, Tabl eHeadi ngs -» {i ndi ces, None}]

1 |Aranda2013

2 |Kli ppenst ei n2011
3 [Li 2007

4 |Rasnmussen2008

5 [Zabet t aHUba2008

ClearAll [mall 1;
mal | = CHEMKI NI nport [#] [ chenki nreactions"] &/endat; // Absol ut eTi m ng

(2.8941656, Nul | }
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Cl earAll [nevery];
mevery = Transpose[{mal | , Del et eAut ocatal ysis /emal |, ndata}]; //
Absol ut eTi m ng

(3.2371851, Null }

Tabl eFor m[Reacti onsData[#] ["M', "R', "deficiency"] &/e@enevery[i ndi ces, 2],
Tabl eHeadi ngs » {nmevery[i ndices, 31, {"M', "R', "deficiency"}}]

| M R defi ci ency
Aranda2013 76 1063 6=n-1 -s=661-187-71=403
Kl i ppenst ei n2011 18 172 6=n-l -s=122-42-15=65
Li 2007 18 170 6=n-l1 -s=121-42-15=64
Rasnmussen2008 28 320 6=n-l -s=222-75-24=123
Zabet t aHuba2008 58 724 6=n-l1 -s=500-163-54-283

Tabl eFor m[React i onsDat a[#] ["speci es"] &/@nevery[i ndi ces, 2],

Tabl eHeadi ngs » {nevery[i ndi ces, 3], {"list", " of ", "species\n"}}]
list of speci es
Aranda2013 CH2OCH CH20 CH C2H4 HOCH2CH2 00 CH2CH
Kl i ppenst ei n2011 C2H6 CH3 CH20 CO H2 H
Li 2007 C2H6 CH3 CH20 Co H2 H
Rasnmussen2008 NC2 NO2 * NO 2 CH20 CO
Zabet t aHuba2008 C2H2 C2H H CAH2 C2H3 C2H4

Tabl eFor m[Tabl e [mevery[i, 21 /. x_Equili bri um- Sequence[], {i, 5}1,
Tabl eHeadi ngs » {nevery[i ndi ces, 3], None}]

Aranda2013 CH2OOH -~ CH20+ CH C2H4 + HOCH2CH200 » CH20 + CH2OH + CH3CHO
Kl i ppenst ei n2011

Li 2007

Rasnussen2008 NCO2 — NO2 « 2N2x - 2 NO+ 2

Zabet t aHuUba2008

mevery[l, 2] /. x_Equili brium- Sequence[]

{CH200H » CH20+ OH, C2H4 + HOCH2CH2OO - CH20+ CH20H + CH3CHO,
CH20O + HOCH2CH200 » CH2CH + CH2OCH + HCO,
HO2 + HOCH2CH20OO - CH20H + CH200H + O2, CH2CHOH + @2 - CH20+ HCO + OH}

mevery[-2, 2] /. x_Equilibrium- Sequence[]
(N2 - N2x, 2 N2+ - 2 NO+ 2}
Row[ {ShowFHIG aph [#[2], Di r ect edEdges - Tr ue,
Vert exLabel ing - Al I, Pl otLabel - #[3], | nageSi ze » 4207, "

Col um[Join[{"3rd body species deleted"}, #[[2]1]1]], " ", Col umm[
Join[{"Orig. Mechanisnm'}, #[[1]1]1]1]1}] &/@nevery[i ndi ces] // Timn ng
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maxf hj conponent s = MaxFHIWeakl yConnect edConponent s [nevery[#, 2]] &/@
i ndi ces; // Absol ut eTi mi ng

(0. 0040002, Nul | }

maxf hj edges = Fl atten[Fi rst /@e#] & /@ maxf hj conponent s;

G aphPl ot [First [#], VertexLabeling - True, Direct edEdges - True,
| mageSi ze -» 700, Pl ot Label - " Max weakly connected conponent of nmech " <>
ToString[nevery[Last [#], 3]]1<>"\n"] &/@
Tr anspose [ {maxf hj edges, i ndi ces}]
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Max weakly connected component of mech Aranda2013

CH4+HCO

CH20+ CH3

CH2CH20H
CHSCHZO
C2H5+ O //
—J cC2H30+H2

/r C2H4+OH °SZH4O+ H =
CH3CHOH ——a
< CH3CHO+H CZH3+ H20
CH3CO+ H2 \x\
CH2CHO+ H2
CH2CHOH +H
{ CHCHOH + H2
HCCOH + OH
A
H20+ HCCO

___» CH2CHO+0 g— C2H2+HO2 @ o5 oo «— 1

CH2CO+ OH <& AL #X/O 3 CYCOOC.
4 CHoCHOO &—
C2H3+02 @~
CH20H+CO \i\ /V "

* CH3+ COZ
CH3CO+ O

CH30+CO
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Tabl eFor m[
tt = Tabl e[TrueQ[rmevery[i, 2] == mevery[j, 2011 /. {True » Styl e[" TRUE", Bol d]},
{i, 5}, {j, 5}]1, Tabl eHeadi ngs » {ndat a, ndat a}]

Aranda2013 Kl i ppenst ei n2011 Li 2007 Rasmussen2008

Aranda2013 TRUE Fal se Fal se Fal se
Kl i ppenst ei n2011 Fal se TRUE Fal se Fal se
Li 2007 Fal se Fal se TRUE Fal se
Rasnussen2008 Fal se Fal se Fal se TRUE

Zabet t aHUba2008 Fal se Fal se Fal se Fal se

ag= (tt /. {Style["TRUE", Bold] -» 1, False - 0}) -IldentityMatrix[5];

Adj acencyG aph[ag, | mageSi ze -» 550, | magePaddi ng -» 60, VertexLabel s »
Thread[Rul e[i ndi ces, Styl e[#, Bold, 12] &/@nmevery[i ndi ces, 31111

Aranda2013 Klippenstein2011 Li2007 Rasmussen2008  ZabettaHube
(@) (@) @) @) o

reducedi ndi ces = Sort [Fi rst /@ Connect edConponent s [Adj acencyG aph[ag]]]

{1, 2, 3, 4, 5}

Colum[Ri ffl e[Row/e@
(Join[{Styl e[mevery[#, 3], Bold, 147, "\t"}, Vol pertl ndexi ng[nmevery[#, 2],
{"CH20'}, Verbose -» True]] &/ereducedi ndi ces), "\n\n"], 2]

Col um [
Riffl e[Row/@ (Joi n[{Styl e[nevery[#, 3], Bold, 147, "\t"}, Vol pertl ndexi ng[
mevery[#, 27, {"CH3CH', "O2", "N2"},
Verbose » True]] &/ereducedi ndi ces), "\n\n"], 2]

ShowVol pert Graph[nmevery[3, 2], Pl ot Functi on » " Layer edG aphPl ot ",
Di r ect edEdges -» True, VertexLabel i ng -» True, | mageSi ze - 1000,
Pl ot Label - Styl e[" Vol pert graph of " <>mevery[3, 3], 15, Bol d, Bl ack],
EdgelLabel i ng - True, Numbered -» True, | ndexed » {"CH3CH", "2", "N2"},
Mul ti edgeStyl e - True, Pl ot Ranged i ppi ng » True]

Rever si bl eQ/enevery [r educedi ndi ces, 2]

(Fal se, True, True, Fal se, True}



124

structural_analysis_of_combustion_models.nb

db = Sort [Det ai | edBal anced [#], Total [Length /e (#1 /. Equal -» List)] <
Total [Length /e (#2 /. Equal » List)] &] &/@
mevery[Del et e [reducedi ndi ces, {{1}, {4}}]1. 21; // Absol uteTi nm ng

(14. 5088299, Nul | }

Tabl eFor m[db, Tabl eHeadi ngs » {nmevery[Del et e [r educedi ndi ces, {{1}, {4}}], 31}]

Kl i ppenst ei n2011 kg ks Ky = s Kg K12 ke ki K15 == K7 K1z Kqg K2 kg ko1 = K2
Li 2007 Ke k7 ki1 == ks kg K12 kg K14 K15 == K7 k13 k16 k§ k1a ko1 == k3
Zabet t aHUba2008 k17 Koq Ko7 == k18 K23 Kog K1g kg kg1 == k17 Kag K52 k%g kKagq k77 =k

Tabl eFor m[Tabl e [Conpl emrent [Reacti onsDat a[mevery([i, 201 ["fhj graph"],
Reacti onsData[mevery[j, 211["fhjgraph"1],
{i , reducedi ndi ces}, {j, reducedi ndices}],
Tabl eHeadi ngs » {nevery[reducedi ndi ces, 3], nevery[reducedi ndi ces, 3]}]

Tabl eFor m[Tabl e [Lengt heConpl ement [Reacti onsDat a[nmevery[i, 2]1["fhj graph"],
Reacti onsData[mevery[j, 211["fhjgraph"1],
{i, reducedi ndi ces}, {j, reducedi ndices}],
Tabl eHeadi ngs » {nevery[reducedi ndi ces, 3], nevery[reducedi ndi ces, 3]}]

Aranda2013 Kl i ppenst ei n2011 Li 2007 Rasmussen2008

Aranda2013 0 897 899 759
Kl'i ppenst ei n2011 6 0 2 8
Li 2007 6 0 0 6
Rasnussen2008 16 156 156 0

Zabet t aHuba2008 398 570 570 524



