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Modeling of n-Heptane and Iso-Octane Oxidation in Air
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A simpli� ed kinetic mechanism is presented for 1006 reactions involving 134 chemical species of that 23
include nitrogen atoms that describes the combustion of n-heptane, iso-octane, and their mixtures in air. The
submechanism for the C5–C8 species is directly derived from the earlier presented mechanisms for the com-
bustion of methane, ethane, propane, and butane in air. The following experimental data taken from the
literature and obtained by means of shock-tube experiments have been chosen to validate the mechanism:
the pyrolysis of i-C8H18 and the ignition delay times of mixtures of n-C7H16 and i-C8H18 with air, respec-
tively. The comparisons have yielded good agreement for the initial temperature T0 varying between 650 and
1200 K, the initial pressure P0 ranging from 0.65 to 4.5 MPa, and the fuel-to-oxygen ratio Á ranging from
0.5 to 2.

Introduction

T YPICALLY, combustion problems in rocket, diesel, or jet en-
gines are solved numerically by applying detailed hydrody-

namic models with only global kinetics and thermodynamics.How-
ever, there are certain problems that can be solved only by using
detailed chemical kinetic models, which imply a description of el-
ementary reactions. Generally, these models re� ect the full com-
plexity of the chemistry of combustion. They enable the prediction
of the characteristics of the autoignition of typical fuels such as
gasoline, kerosene, or diesel, to quantify the formation and emis-
sion of toxic byproducts (carbon monoxides, aldehydes, butadiene,
aromatic rings, soot, etc.) and additional pollutants (sulfur oxides,
nitrogen oxides, unburned hydrocarbons, and oxygenates), which
are the precursorsof carcinogensor cause the formationof acid rain
and ozone in the lower atmosphere.

In general, n-dodecane and isomers of cetane, n-decane and
n-propylcyclohexane,are chosen as referencespecies for jet, diesel,
and aviationfuels.The reactionmechanismsfor thesehydrocarbons
are based on those for n-heptane and iso-octane,1¡4 which are the
primary reference fuels in spark ignition engines.

In the course of the development of detailed chemical kinetic
models for the oxidation of long hydrocarbons,the very large num-
ber of possible reactionsand components has been one of the major
problems. Parallel to the increase in number of carbon atoms of
the fuel, the reaction schemes for detailed and accurate predictions
become increasingly larger and more complex because the num-
ber of isomers of the same homologous class of molecules and
their radicals, as well as the number of reactions, grows drastically.
A scheme of 519 reactions and 72 species has been provided by
Chakir et al.5 only for the oxidation of n-heptane in air at atmo-
spheric pressure, with the initial temperature T0 varying between
950 and 1200 K and fuel oxidizer ratio Á varying between 0.2 and
2.0. Nevertheless, results predicted by this model may deviate from
experimental data by 50% and in some cases by even 300%. Curran
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et al.6 have elaborateda mechanismfor the predictionof ignitionde-
lays of n-heptane/air mixtures that contains 2450 reactions and 550
different species. This mechanism conforms much better to the ex-
perimental data because its deviationsgenerally do not exceed 30%
for the initial parameters P0 D 0:1–4.2 MPa, T0 D 550–1700 K, and
Á D 0.3–1.5. Fournet et al.7 have even presented a mechanism for
the combustion of n-heptane with 2916 reactions and 571 species.
The model of Ranzi et al.8 for the oxidation of iso-octane involves
1303 reactions and 324 species. This mechanism is able to predict
the ignition delay times for P0 D 0:1–4.0 MPa, T0 D 550–1500 K,
and Á D 0:5–2.0 with an accuracybetter than 40%. Another scheme
for this iso-octaneoxidation process has been proposed by Fournet
et al.7 that contains2579 reactionswith 477 species.Chevalieret al.1

have discussed a mechanism of 1200 species with more than 7000
reactions for cetane combustion.

These large systems of equationshave led to variousmethods for
the automatic generation of reaction mechanisms for the pyrolysis,
combustion, and oxidation of alkanes1;3;4;7;9;10 by which the elabo-
ration of all of the detailed chemical kinetics of all possible compo-
nents and reactions can be avoided. In parallel, the development of
computer-basedmethodsof mechanism constructionstimulated the
investigation of details of chemical processes and the de� nition of
the generation of mechanism assembly algorithms. Unfortunately,
these automatic reactiongenerationmethods tend to producemech-
anisms of an enormous size, which are very dif� cult to handle, and
there are still no widely used codes for mechanism generation. In
addition, there are also no universalmethods for kinetic mechanism
reduction.This is due to both the complexityof the mathematics in-
volved and the lack of knowledge about of the dominating physical
and chemical processes.

Typical computational � uid dynamics (CFD) codes can handle
chemical mechanisms with »20 components without signi� cant
complications.The lumping of species and reactions, the reduction
of the mechanism, depends on the goal of the model, that is, the de-
scription of ignition delay times, the behavior of NOx components,
or the formation of soot. Based on information about the details
of the constructed mechanism and a good understandingof the un-
derlying chemical processes (the classi� cation of components and
reactions into main groups, their interactions and grouped behav-
ior, dominant reactions and their rate expressions, etc.) a problem–
oriented kinetic mechanism that is suf� ciently detailedand reduced
in size can be constructed manually.

The purpose of our work was to elaborate a reasonably chemical
kinetic model for the combustion of n-heptane/air, iso-octane/air,
and n-heptane and iso-octane/air mixtures. This model can be used
to describe the ignition delays of mixtures, can be included as a
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Table 1 Reaction submechanism for n-C7H16 and i-C8H18 combustion. Rate constants k§ = ATnexp(¡Ea/T) in cm, mole, s, K

kC a k¡ a

Number Reaction A n Ea A n Ea Ref.

1 iC8H18 D tC4H9 C iC4H9 6.00EC16 0 3.90EC04 1.00EC12 0 0 19,¤

2 iC8H18 D iC5H11 C iC3H7 5.00EC16 0 3.90EC04 1.00EC12 0 0 19,¤

3 iC8H18 D iC7H15 C CH3 1.20EC15 0 4.30EC04 20
4 iC8H18 D 3C8H17 C H 5.00EC16 0 3.90EC04 1.00EC12 0 0 Here
5 iC8H18 D 4C8H17 C H 5.00EC16 0 3.90EC04 1.00EC12 0 0 Here
6 iC8H18 C H D 1C8H17 C H2 1.00EC08 2 3.85EC03 19
7 iC8H18 C H D 2C8H17 C H2 1.00EC07 2 2.50EC03 19
8 iC8H18 C H D 3C8H17 C H2 1.00EC13 0 3.60EC03 19
9 iC8H18 C H D 4C8H17 C H2 1.00EC08 2 3.85EC03 19
10 iC8H18 C O D 1C8H17 C OH 1.00EC14 0 3.92EC03 1.00EC12 0 1.50EC04 19
11 iC8H18 C O D 2C8H17 C OH 1.00EC13 0 2.60EC03 1.00EC12 0 1.50EC04 19
12 iC8H18 C O D 3C8H17 C OH 1.00EC13 0 1.64EC03 1.00EC12 0 1.50EC04 19
13 iC8H18 C O D 4C8H17 C OH 1.00EC14 0 3.92EC03 1.00EC12 0 1.50EC04 19
14 iC8H18 C OH D 1C8H17 C H2O 3.00EC08 1.05 9.20EC02 1.00EC12 0 1.50EC04 19,¤

15 iC8H18 C OH D 4C8H17 C H2O 3.00EC08 1.05 9.20EC02 1.00EC12 0 1.50EC04 19,¤

16 iC8H18 C OH D 2C8H17 C H2O 3.00EC07 1.25 3.50EC02 1.00EC12 0 1.50EC04 19,¤

17 iC8H18 C OH D 3C8H17 C H2O 1.00EC11 0 2.20EC02 1.00EC12 0 1.50EC04 19,¤

18 iC8H18 C O2 D 1C8H17 C HO2 1.00EC13 0 2.45EC04 1.00EC12 0 1.50EC04 19,¤

19 iC8H18 C O2 D 2C8H17 C HO2 1.00EC12 0 2.40EC04 1.00EC13 0 1.50EC04 19,¤

20 iC8H18 C O2 D 3C8H17 C HO2 1.00EC11 0 2.30EC04 1.00EC12 0 1.50EC04 19,¤

21 iC8H18 C O2 D 4C8H17 C HO2 1.00EC12 0 2.44EC04 1.00EC12 0 1.50EC04 19,¤

22 iC8H18 C HO2 D 1C8H17 C H2O2 1.00EC13 0 9.70EC03 1.00EC12 0 1.50EC04 19
23 iC8H18 C HO2 D 2C8H17 C H2O2 1.00EC12 0 8.50EC03 1.00EC12 0 1.50EC04 19
24 iC8H18 C HO2 D 3C8H17 C H2O2 1.00EC13 0 7.10EC03 1.00EC12 0 1.50EC04 19
25 iC8H18 C HO2 D 4C8H17 C H2O2 1.00EC13 0 9.70EC03 1.00EC12 0 1.50EC04 19
26 iC8H18 C CH3 D 1C8H17 C CH4 4.00EC13 0 5.80EC03 1.00EC12 0 1.50EC04 19,¤

27 iC8H18 C CH3 D 2C8H17 C CH4 4.00EC12 0 4.70EC03 1.00EC12 0 1.50EC04 19,¤

28 iC8H18 C CH3 D 3C8H17 C CH4 4.00EC11 0 3.80EC03 1.00EC12 0 1.50EC04 19,¤

29 iC8H18 C CH3 D 4C8H17 C CH4 4.00EC13 0 5.80EC03 1.00EC12 0 1.50EC04 19,¤

30 iC8H18 C CH3O D 1C8H17 C CH3OH 5.30EC10 0 3.50EC03 6
31 iC8H18 C CH3O D 2C8H17 C CH3OH 5.50EC11 0 2.50EC03 6
32 iC8H18 C CH3O D 3C8H17 C CH3OH 1.90EC10 0 1.40EC03 6
33 iC8H18 C CH3O D 4C8H17 C CH3OH 1.90EC10 0 1.40EC03 6
34 iC8H18 C C2H5 D 1C8H17 C C2H6 1.00EC10 0 8.50EC03 6
35 iC8H18 C C2H5 D 2C8H17 C C2H6 1.00EC10 0 8.50EC03 6
36 iC8H18 C C2H5 D 3C8H17 C C2H6 1.00EC10 0 8.50EC03 6
37 iC8H18 C C2H5 D 4C8H17 C C2H6 1.00EC10 0 8.50EC03 6
38 1C8H17 D 1C7H14 C CH3 1.00EC10 0 1.30EC04 1.00EC10 0 3.50EC03 19
39 1C8H17 D iC4H8 C iC4H9 1.00EC13 0 1.50EC04 1.00EC11 0 4.00EC03 19
40 2C8H17 D 3C7H14 C CH3 1.00EC12 0 1.30EC04 1.00EC11 0 3.50EC03 19,¤

41 3C8H17 D iC4H8 C tC4H9 2.00EC13 0 1.45EC04 1.00EC11 0 3.50EC03 19
42 4C8H17 D 1C7H14 C CH3 1.00EC12 0 1.64EC04 1.00EC10 0 3.50EC03 19
43 4C8H17 D C3H6 C iC5H11 6.00EC13 0 1.45EC04 1.00EC10 0 3.50EC03 19,¤

44 1C8H17 D C3H6 C iC5H11 6.00EC13 0 1.45EC04 1.00EC10 0 3.50EC03 19
45 2C8H17 D C3H6 C iC5H11 6.00EC13 0 1.45EC04 1.00EC10 0 3.50EC03 19
46 3C8H17 D C3H6 C iC5H11 6.00EC13 0 1.45EC04 1.00EC10 0 3.50EC03 19
47 1C8H17 D 1C6H12 C C2H5 2.00EC12 0 1.10EC04 20,¤

48 2C8H17 D 1C6H12 C C2H5 2.00EC12 0 1.10EC04 20,¤

49 3C8H17 D 1C6H12 C C2H5 2.00EC12 0 1.10EC04 20,¤

50 4C8H17 D 1C6H12 C C2H5 2.00EC12 0 1.10EC04 20,¤

51 1C8H17 D iC6H13 C C2H4 1.00EC12 0 1.10EC04 20,¤

52 2C8H17 D iC6H13 C C2H4 1.00EC12 0 1.10EC04 20,¤

53 3C8H17 D iC6H13 C C2H4 1.00EC12 0 1.10EC04 20,¤

54 4C8H17 D iC6H13 C C2H4 1.00EC12 0 1.10EC04 20,¤

55 1C8H17 D C5H10 C iC3H7 1.00EC13 0 1.38EC04 20
56 2C8H17 D C5H10 C iC3H7 1.00EC13 0 1.38EC04 20
57 3C8H17 D C5H10 C iC3H7 1.00EC13 0 1.38EC04 20
58 4C8H17 D C5H10 C iC3H7 1.00EC13 0 1.38EC04 20
59 1C8H17 C M D 3C8H17 C M 2.11EC15 0 8.10EC03 2.20EC16 0 1.05EC04 19
60 1C8H17 C M D 4C8H17 C M 2.02EC16 0 7.10EC03 2.20EC16 0 7.10EC03 19
61 3C8H17 D iC8H16 C H 2.00EC13 0 1.90EC04 1.00EC10 0 7.50EC02 19
62 4C8H17 D iC8H16 C H 2.00EC13 0 1.80EC04 1.00EC09 0 6.00EC02 19
63 1C8H17 C O2 D iC8H16 C HO2 1.00EC10 0 5.00EC03 1.00EC11 0 1.00EC04 19
64 2C8H17 C O2 D iC8H16 C HO2 1.00EC10 0 5.00EC03 1.00EC11 0 1.00EC04 19
65 3C8H17 C O2 D iC8H16 C HO2 1.00EC10 0 5.00EC03 1.00EC11 0 1.00EC04 19
66 4C8H17 C O2 D iC8H16 C HO2 1.00EC10 0 5.00EC03 1.00EC11 0 1.00EC04 19
67 1C8H17 C O2 D 1C8H17O2 2.30EC11 0 0 2.00EC15 0 1.40EC04 8,¤

68 1C8H17O2 C M D aC8H16OOH C M 5.90EC15 0 1.49EC04 8
69 1C8H17O2 C M D bC8H16OOH+M 8.00EC14 0 9.01EC03 8
70 1C8H17O2 C M D cC8H16OOH C M 8.00EC14 0 9.01EC03 2.30EC14 0 7.01EC03 8
71 aC8H16OOH =1C7H14+CH2O+OH 1.00EC13 0 1.13EC04 0 0 0 8
72 cC8H16OOH =1C7H14+CH2O+OH 1.00EC13 0 1.13EC04 0 0 0 8
73 aC8H16OOH C O2 D 1OOC8H17OO 2.30EC13 0 0 8

(Continued)
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Table 1 Reaction submechanism for n-C7H16 and i-C8H18 combustion. Rate constants k§ = ATnexp(¡Ea /T) in cm, mole, s, K (continued)

kCa k¡ a

Number Reaction A n Ea A n Ea Ref.

74 bC8H16OOH D 3C7H14+CH2O+OH 2.00EC13 0 1.13EC04 0 0 0 8
75 bC8H16OOH+O2 D 2OOC8H17OO 2.30EC13 0 0 8
76 cC8H16OOH+O2 D 3OOC8H17OO 2.30EC13 0 0 8
77 1OOC8H17OO=CH2O+OH+1C7H14OO 2.00EC11 0 1.05EC04 0 0 0 8
78 1C7H14OO D C4H8O C C3H6O 2.00EC13 0 1.05EC04 8
79 2OOC8H17OO=CH2O+OH+2C7H14OO 2.00EC11 0 1.05EC04 0 0 0 8
80 2C7H14OO D C4H8O C C3H6O 2.00EC13 0 1.05EC04 8
81 3OOC8H17OO=CH2O+OH+3C7H14OO 2.00EC11 0 1.05EC04 0 0 0 8
82 3C7H14OO D C4H8O C C3H6O 2.00EC13 0 1.05EC04 8
83 C4H8O D CH2O C C3H6 4.40EC15 0 3.00EC04 1.04EC33 ¡6.80 3.10EC04 21
84 C4H8O C M D iC3H7 C HCO C M 1.00EC13 0 7.50EC03 21
85 2C8H17 C O2 D 2C8H17O2 2.30EC11 0 0 2.00EC15 0 1.40EC04 8,¤

86 2C8H17O2 C M D aC8H16OOH C M 8.00EC14 0 9.01EC03 8
87 2C8H17O2 C M D bC8H16OOH C M 5.90EC15 0 1.11EC04 2.30EC14 0 7.01EC03 8
88 2C8H17O2 C M D cC8H16OOH C M 8.00EC14 0 9.01EC03 2.00EC15 0 1.40EC04 8
89 3C8H17 C O2 D 3C8H17O2 2.30EC11 0 0 22,¤

90 3C8H17O2 C M D aC8H16OOH C M 8.00EC14 0 9.01EC03 8
91 3C8H17O2 C M D bC8H16OOH C M 4.00EC14 0 1.06EC04 2.30EC14 0 7.01EC03 8
92 3C8H17O2 C M D cC8H16OOH C M 8.00EC14 0 9.01EC03 2.00EC15 0 1.40EC04 8
93 4C8H17 C O2 D 4C8H17O2 2.30EC11 0 0 22
94 4C8H17O2 C M D aC8H16OOH C M 8.00EC14 0 9.01EC03 8
95 4C8H17O2 C M D bC8H16OOH C M 8.00EC14 0 9.01EC03 8
96 4C8H17O2 C M D cC8H16OOH C M 3.00EC13 0 1.20EC04 8
97 iC8H16 D tC4H9 C iC4H7 1.00EC16 0 3.55EC04 1.00EC13 0 0 19,¤

98 iC8H16 D C6H11 C CH3 1.00EC16 0 3.55EC04 1.00EC13 0 0 19,¤

99 iC8H16 C H D C8H15 C H2 1.00EC12 0 1.85EC03 here
100 iC8H16 C O D iC4H8 C iC4H7 C OH 2.00EC13 0 2.50EC03 19
101 iC8H16 C O D iC7H15 C HCO 1.00EC11 0 0 1.00EC10 0 1.50EC04 19
102 iC8H16 C O C8H15 C OH 1.00EC12 0 2.00EC03 here
103 iC8H16 C OH D iC4H8 C iC4H7 C H2O 1.00EC09 1.25 3.00EC02 19
104 iC8H16 C OH D iC7H15 C CH2O 1.00EC11 0 0 1.00EC12 0 0 19
105 iC8H16 C O2 D C8H15 C HO2 4.00EC12 0 2.01EC04 here
106 iC8H16 C HO2 D C8H15 C H2O2 2.00EC11 0 8.55EC03 here
107 iC8H16 C CH3 D C8H15 C CH4 2.00EC11 0 3.65EC03 here
108 iC8H16 C C2H5 D C8H15 C C2H6 1.00EC11 0 4.00EC03 here
109 C8H15 D iC4H7 C iC4H8 1.00EC13 0 1.51EC04 here
110 C8H15 D C4H6 C tC4H9 2.52EC13 0 1.51EC04 here
111 C7H16 D nC3H7 C iC4H9 2.30EC17 0 4.10EC04 5
112 C7H16 D iC5H11 C C2H5 6.50EC16 0 4.10EC04 5
113 C7H16 D iC6H13 C CH3 4.20EC16 0 4.30EC04 5
114 C7H16 D iC7H15 C H 2.00EC18 0 5.00EC04 5
115 C7H16 C H D iC7H15 C H2 9.60EC06 2 2.50EC03 5
116 C7H16 C O D iC7H15 C OH 2.30EC06 2.4 7.85EC02 23
117 C7H16 C OH D iC7H15 C H2O 5.30EC09 0.97 8.00EC02 23
118 C7H16 C O2 D iC7H15 C HO2 2.50EC13 0 2.50EC04 23
119 C7H16 C CH3 D iC7H15 C CH4 1.60EC12 0 5.00EC03 23
120 C7H16 C HO2 D iC7H15 C H2O2 1.30EC12 0 9.00EC03 23
121 C7H16 C C2H5 D iC7H15 C C2H6 1.00EC11 0 6.70EC03 23
122 C7H16 C C2H3 D iC7H15 C C2H4 2.00EC11 0 8.00EC03 23
123 C7H16 C C3H5 D iC7H15 C C3H6 4.00EC11 0 9.80EC03 5
124 C7H16 C iC4H7 D iC7H15 C iC4H8 1.00EC12 0 1.40EC04 5
125 C7H16 C CH3O D iC7H15 C CH3OH 3.20EC11 0 3.60EC03 23
126 C7H16 D iC3H7 C tC4H9 1.30EC17 0 4.10EC04 23
127 iC7H15 D iC5H11 C C2H4 2.50EC13 0 1.44EC04 1.00EC10 0 3.30EC03 19
128 iC7H15 D C5H10 C C2H5 1.00EC13 0 1.40EC04 23
129 iC7H15 C O2 D 1C7H14 C HO2 1.00EC12 0 1.10EC03 23
130 iC7H15 C O2 D 3C7H14 C HO2 3.00EC12 0 1.10EC03 23
131 iC7H15 D iC4H8+ iC3H7 1.00EC13 0 1.40EC04 1.00EC11 0 3.45EC03 19,¤

132 iC7H15 D 1C7H14 C H 1.00EC14 0 2.00EC04 1.00EC13 0 6.00EC02 19,¤

133 iC7H15 D tC4H9 C C3H6 1.00EC13 0 1.40EC04 1.00EC11 0 4.00EC03 19,¤

134 iC7H15 D 3C7H14 C H 1.00EC14 0 2.00EC04 1.00EC13 0 6.00EC02 19
135 iC7H15 D 1C6H12 C CH3 5.00EC13 0 1.55EC04 5
136 iC7H15 C O2 D C7H15O2 2.30EC11 0 0 12,¤

137 C7H15O2 C M D C7H14OOH C M 8.90EC14 0 9.00EC03 12,¤

138 C7H14OOH D 1C6H12 C CH2O C OH 1.00EC12 0 1.13EC04 0 0 0 12,¤

139 C7H14OOH D 1C7H14 C HO2 1.00EC12 0 1.13EC04 12,¤

140 C7H14OOH D 3C7H14 C HO2 1.00EC12 0 1.13EC04 12,¤

141 C7H14OOH D C5H10 C CH3CHO C OH 1.00EC12 0 1.13EC04 0 0 0 12,¤

142 C7H14OOH D C4H8O C C3H6 C OH 1.00EC12 0 1.13EC04 0 0 0 12,¤

143 C7H14OOH D C3H6O C C4H8 C OH 1.00EC12 0 1.13EC04 0 0 0 12,¤

144 C7H14OOH D C3H5O2H C tC4H9 1.50EC12 0 1.43EC04 7
145 C7H14OOH D C3H5O2H C iC4H9 2.50EC12 0 1.43EC04 7
146 C7H14OOH D C3H5O2H C nC4H9 2.50EC12 0 1.43EC04 7

(Continued)
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Table 1 Reaction submechanism for n-C7H16 and i-C8H18 combustion. Rate constants k§ = ATnexp(¡Ea /T) in cm, mole, s, K (continued)

kCa k¡a

Number Reaction A n Ea A n Ea Ref.

147 C7H14OOH D C3H5O2H C sC4H9 2.50EC12 0 1.43EC04 7
148 C7H14OOH D nC3H7O2 C iC4H8 4.80EC11 0 1.33EC04 7
149 C7H14OOH D nC3H7O2 C C4H8 4.80EC11 0 1.33EC04 7
150 C7H14OOH D nC4H9O2 C C3H6 4.80EC12 0 1.43EC04 7
151 C7H14OOH C O2 D C7H15O4 8.30EC13 0 0 12,¤

152 C7H15O4 D CH2O C OH C C6H12OO 6.00EC13 0 1.05EC04 0 0 0 12,¤

153 C7H15O4 D 2C7H14OO C HO2 6.10EC12 0 1.42EC04 7
154 C7H15O4 D 3C7H14OO C HO2 6.10EC12 0 1.42EC04 7
155 C7H15O4 D 1C7H14OO C HO2 6.10EC12 0 1.42EC04 7
156 C6H12OO D C3H6O C C3H6O 6.00EC13 0 1.05EC04 here
157 IC7H15 C C7H15O2 D C7H15O C C7H15O 1.90EC12 0 ¡6.00EC02 here
158 C7H15O D CH3CHO C iC5H11 3.00EC12 0 7.50EC03 here
159 C7H16+C7H15O2=C7H15O+iC7H15+OH 3.90EC12 0 5.60EC03 0 6
160 1C7H14 D C3H5 C tC4H9 3.50EC16 0 3.55EC04 1.00EC13 0 0 19
161 3C7H14 D C6H11 C CH3 6.00EC16 0 3.55EC04 1.00EC13 0 0 19
162 1C7H14 D iC4H7 C iC3H7 2.00EC17 0 3.55EC04 1.00EC13 0 0 19,¤

163 1C7H14 D C2H5 C C5H9 3.60EC15 0 3.55EC04 5
164 3C7H14 D C2H5 C C5H9 3.60EC15 0 3.55EC04 5
165 1C7H14 C H D iC7H13 C H2 1.00EC13 0 2.00EC03 1.00EC12 0 7.00EC03 19,¤

166 3C7H14 C H D iC7H13 C H2 1.00EC14 0 2.00EC03 1.00EC12 0 7.00EC03 19,¤

167 1C7H14 C O D iC7H13 C OH 1.00EC06 2.56 ¡5.00EC02 1.00EC12 0 1.50EC04 19,¤

168 3C7H14 C O D iC7H13 C OH 1.00EC06 2.56 ¡5.00EC02 1.00EC12 0 1.50EC04 19,¤

169 1C7H14 C O D iC6H13 C HCO 1.00EC11 0 0 1.00EC12 0 1.50EC04 19,¤

170 3C7H14 C O D iC5H11 C CH3CO 1.00EC11 0 0 1.00EC12 0 1.50EC04 19
171 1C7H14 C O D C5H9 C C2H4 C OH 1.00EC14 0 3.92EC03 5
172 1C7H14 C O D iC4H7 C C3H6 C OH 1.00EC13 0 2.60EC03 5
173 1C7H14 C O D iC4H8 C C3H5 C OH 1.80EC13 0 2.60EC03 5
174 1C7H14 C O D C5H10 C C2H3 C OH 1.80EC13 0 2.60EC03 5
175 3C7H14 C O D C5H9 C C2H4 C OH 1.00EC14 0 3.92EC03 5
176 3C7H14 C O D C4H7 C C3H6 C OH 2.00EC13 0 2.60EC03 5
177 3C7H14 C O D C4H8 C C3H5 C OH 2.80EC13 0 2.60EC03 5
178 3C7H14 C O D C5H10 C C2H3 C OH 1.00EC13 0 2.60EC03 5
179 1C7H14 C OH D iC6H13 C CH2O 1.00EC11 0 0 1.00EC13 0 1.35EC04 19
180 3C7H14 C OH D iC5H11 C CH3CHO 1.00EC11 0 0 1.00EC12 0 1.35EC04 19
181 1C7H14 C OH D iC7H13 C H2O 1.00EC14 0 1.65EC03 1.00EC13 0 1.35EC04 19
182 3C7H14 C OH D iC7H13 C H2O 1.00EC14 0 1.65EC03 1.00EC13 0 1.35EC04 19
183 1C7H14 C OH D C5H9 C C2H4 C H2O 1.00EC10 1.05 9.00EC02 8
184 1C7H14 C OH D iC4H7 C C3H6 C H2O 1.00EC09 1.25 3.50EC02 5
185 1C7H14 C OH D iC4H8 C C3H5 C H2O 1.00EC09 1.25 3.50EC02 5
186 1C7H14 C OH D C5H10 C C2H3 C H2O 1.00EC09 1.25 3.50EC02 5
187 3C7H14 C OH D C5H9 C C2H4 C H2O 1.00EC10 1.05 9.00EC02 5
188 3C7H14 C OH D C4H7 C C3H6 C H2O 1.00EC09 1.25 3.50EC02 5
189 3C7H14 C OH D C4H8 C C3H5 C H2O 1.00EC09 1.25 3.50EC02 5
190 3C7H14 C OH D C5H10 C C2H3 C H2O 1.00EC09 1.25 3.50EC02 5
191 1C7H14 C O2 D iC7H13 C HO2 4.00EC12 0 2.01EC04 5
192 3C7H14 C O2 D iC7H13 C HO2 4.00EC12 0 2.01EC04 5
193 1C7H14 C CH3 D iC7H13 C CH4 2.00EC11 0 3.40EC03 5
194 3C7H14 C CH3 D iC7H13 C CH4 2.00EC11 0 3.40EC03 5
195 1C7H14 C HO2 D iC7H13 C H2O2 1.00EC11 0 8.50EC03 here
196 3C7H14 C HO2 D iC7H13 C H2O2 1.00EC11 0 8.50EC03 here
197 1C7H14 C C2H5 D iC7H13 C C2H6 1.70EC11 0 4.00EC03 5
198 3C7H14 C C2H5 D iC7H13 C C2H6 1.70EC11 0 4.00EC03 5
199 iC7H13 D C3H4 C tC4H9 2.52EC13 0 1.51EC04 19
200 iC7H13 D C6H10 C CH3 2.00EC14 0 1.60EC04 1.00EC12 0 4.50EC03 19
201 iC7H13 D C2H4 C C5H9 2.00EC14 0 1.50EC04 0 0 8.50EC03 19
202 nC6H14 D iC5H11 C CH3 3.00EC17 0 4.25EC04 1.00EC13 0 0 24
203 nC6H14 D C2H5 C tC4H9 2.30EC16 0 4.10EC04 1.00EC13 0 0 here
204 nC6H14 D iC6H13 C H 2.00EC18 0 5.00EC04 1.00EC14 0 0 here
205 nC6H14 C H D iC6H13 C H2 5.10EC14 0 4.40EC03 25
206 nC6H14 C O D iC6H13 C OH 1.30EC14 0 2.20EC03 25
207 nC6H14 C OH D iC6H13 C H2O 1.50EC13 0 5.00EC02 25
208 nC6H14 C O2 D iC6H13 C HO2 2.50EC13 0 2.50EC04 6
209 nC6H14 C CH3 D iC6H13 C CH4 2.20EC11 0 5.50EC03 6
210 nC6H14 C HO2 D iC6H13 C H2O2 1.30EC12 0 9.00EC03 6
211 nC6H14 C C2H5 D iC6H13 C C2H6 1.70EC10 0 6.70EC03 6
212 nC6H14 C C2H3 D iC6H13 C C2H4 2.00EC11 0 8.00EC03 6
213 nC6H14 C C3H5 D iC6H13 C C3H6 4.00EC11 0 9.80EC03 6
214 nC6H14 C iC4H7 D iC6H13 C iC4H8 1.00EC11 0 1.40EC04 6
215 nC6H14 C CH3O D iC6H13 C CH3OH 3.20EC10 0 3.60EC03 6
216 iC6H13 D 1C6H12 C H 2.00EC13 0 2.00EC04 1.00EC13 0 6.00EC02 19
217 iC6H13 D C5H10 C CH3 1.00EC10 0 1.30EC04 5
218 iC6H13 D C3H6 C iC3H7 1.00EC13 0 1.40EC04 1.00EC11 0 3.45EC03 19,¤

219 iC6H13 D tC4H9 C C2H4 2.50EC13 0 1.50EC04 1.00EC11 0 3.45EC03 19

(Continued)
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Table 1 Reaction submechanism for n-C7H16 and i-C8H18 combustion. Rate constants k§ = ATnexp(¡Ea /T) in cm, mole, s, K (continued)

kC a k¡ a

Number Reaction A n Ea A n Ea Ref.

220 iC6H13 D iC4H8 C C2H5 2.00EC12 0 1.10EC04 5
221 iC6H13 C O2 D 1C6H12 C HO2 2.00EC12 0 1.00EC03 5
222 1C6H12 D C3H6 C C3H6 5.00EC13 0 2.84EC04 5
223 1C6H12 D iC3H7 C C3H5 7.00EC15 0 3.55EC04 19,¤

224 1C6H12 C H D C6H11 C H2 1.00EC13 0 2.00EC03 1.00EC12 0 7.00EC03 19,¤

225 1C6H12 C H D iC4H7 C C2H4 C H2 1.00EC07 2 3.85EC03 19,¤

226 1C6H12 C H D C3H5 C C3H6 C H2 1.00EC07 2 2.50EC03 19
227 1C6H12 C H D iC4H8 C C2H3 C H2 1.00EC07 2 2.50EC03 19
228 1C6H12 C O D C6H11 C OH 1.00EC12 0 2.00EC03 5
229 1C6H12 C O D iC4H7 C C2H4 C OH 1.00EC13 0 3.92EC03 19,¤

230 1C6H12 C O D C3H5 C C3H6 C OH 1.80EC13 0 2.60EC03 19,¤

231 1C6H12 C O D iC4H8 C C2H3 C OH 1.80EC12 0 2.60EC03 19,¤

232 1C6H12 C O D iC5H11 C HCO 1.00EC11 0 0 1.00EC10 0 1.50EC04 19
233 1C6H12 C O D tC4H9 C CH3CO 1.00EC11 0 0 1.00EC10 0 1.50EC04 19
234 1C6H12 C OH D iC4H7 C C2H4 C H2O 2.00EC10 1.05 9.00EC02 19,¤

235 1C6H12 C OH D C6H11 C H2O 1.00EC12 0 6.50EC02 5,¤

236 1C6H12 C OH D C3H5 C C3H6 C H2O 6.50EC09 1.25 3.50EC02 19
237 1C6H12 C OH D iC4H8 C C2H3 C H2O 6.50EC09 1.25 3.50EC02 19
238 1C6H12 C OH D iC5H11 C CH2O 1.00EC11 0 0 1.00EC10 0 1.50EC04 19
239 1C6H12 C OH D iC4H9 C CH3CHO 1.00EC11 0 0 1.00EC10 0 1.50EC04 19
240 1C6H12 C O2 D C6H11 C HO2 3.00EC12 0 2.01EC04 here
241 1C6H12 C CH3 D C6H11 C CH4 5.00EC11 0 3.40EC03 5
242 1C6H12 C HO2 D C6H11 C H2O2 1.00EC14 0 8.54EC03 here
243 1C6H12 C C2H5 D C6H11 C C2H6 1.70EC11 0 4.00EC03 here
244 C6H11 D C3H5 C C3H6 1.00EC13 0 1.50EC04 0 0 8.50EC03 19
245 C6H11 D C6H10 C H 2.00EC14 0 2.40EC04 1.00EC13 0 6.00EC02 19
246 C6H11 D C2H5 C C4H6 5.00EC12 0 1.50EC04 5
247 C6H11 C H D C6H10 C H2 3.16EC12 0 0 5
248 C6H11 C O2 D C6H10 C HO2 1.00EC11 0 0 1.00EC11 0 8.50EC03 19
249 C6H11 C CH3 D C6H10 C CH4 1.00EC13 0 0 here
250 C6H11 C C2H3 D C6H10 C C2H4 4.00EC12 0 0 here
251 C6H11 C C3H5 D C6H10 C C3H6 1.00EC13 0 0 here
252 C6H10 D C3H5 C C3H5 2.00EC14 0 2.80EC03 1.00EC13 0 0 19
253 nC5H12 D CH3 C tC4H9 6.31EC16 0 4.30EC04 1.90EC13 0 0 24
254 nC5H12 D iC5H11 C H 1.00EC15 0 5.04EC04 1.00EC14 0 0 24
255 nC5H12 D C2H5 C iC3H7 6.31EC16 0 4.13EC04 7.94EC12 0 0 24
256 nC5H12 C H D iC5H11 C H2 5.62EC07 2 3.88EC03 3.24EC12 0 7.91EC03 24
257 nC5H12 C O D iC5H11 C OH 1.00EC07 2.4 2.25EC03 1.00EC13 0 6.10EC03 24
258 nC5H12 C OH D iC5H11 C H2O 1.00EC07 1.6 2.00EC01 1.00EC10 1.25 1.11EC04 24
259 nC5H12 C O2 D iC5H11 C HO2 9.00EC14 0 2.40EC04 1.00EC12 0 0 24
260 nC5H12 C CH3 D iC5H11 C CH4 1.20EC12 0 5.80EC03 21
261 nC5H12 C HO2 D iC5H11 C H2O2 1.00EC13 0 8.50EC03 1.00EC12 0 3.60EC03 24
262 nC5H12 C C3H5 D iC5H11 C C3H6 1.00EC12 0 8.80EC03 21
263 nC5H12 C CH3O D iC5H11 C CH3OH 3.00EC11 0 2.50EC03 1.00EC10 1.25 3.60EC03 24
264 nC5H12 C iC4H7 D iC5H11 C iC4H8 1.00EC12 0 1.01EC04 1.00EC11 0 4.18EC03 24
265 nC5H12 C C4H7 D iC5H11 C C4H8 1.00EC12 0 1.01EC04 1.00EC11 0 4.18EC03 24
266 nC5H12 C iC3H7 D iC5H11 C C3H8 3.26EC11 0 6.20EC03 3.26EC11 0 6.20EC03 24
267 nC5H12 C iC4H9 D iC5H11 C C4H10 3.26EC11 0 6.20EC03 3.26EC11 0 6.20EC03 24
268 nC5H12 C tC4H9 D iC5H11 C C4H10 1.00EC11 0 6.50EC03 1.00EC11 0 5.24EC03 24
269 iC5H11 D iC3H7 C C2H4 3.20EC13 0 1.43EC04 20
270 iC5H11 D iC4H8 C CH3 4.00EC12 0 1.60EC04 20
271 iC5H11 D C5H10 C H 1.90EC13 0 2.04EC04 7.94EC12 0 1.46EC03 24
272 iC5H11 D C3H6 C C2H5 1.01EC12 0 1.48EC04 3.98EC10 0 3.78EC03 24
273 iC5H11 C O2 D C5H10 C HO2 1.00EC12 0 2.10EC03 1.00EC12 0 9.10EC03 24
274 C5H10 C H D C5H9 C H2 2.80EC13 0 2.01EC03 23
275 C5H10 D CH3 C C4H7 1.00EC19 -1 4.59EC04 1.00EC13 0 0 26
276 C5H10 D C3H6 C C2H4 3.12EC15 0 2.89EC04 23
277 C5H10 C O D C3H6 C CH3CHO 1.00EC13 0 0 1.00EC12 0 4.40EC04 26
278 C5H10 C O D iC4H8 C CH2O 1.00EC13 0 0 1.00EC12 0 4.25EC04 26
279 C5H10 C O D C5H9 C OH 2.80EC14 0 4.30EC02 23
280 C5H10 C O D nC3H7 C CH3CO 1.00EC12 0 0 1.00EC12 0 2.50EC04 26
281 C5H10 C O D C4H8 C CH2O 1.11EC13 0 0 1.00EC12 0 4.25EC04 26
282 C5H10 C O D C3H5 C C2H4 C OH 2.00EC13 0 3.52EC03 23
283 C5H10 C O D C3H6 C C2H3 C OH 1.00EC13 0 3.52EC03 23
284 C5H10 C OH D iC3H7 C CH3CHO 1.00EC12 0 0 1.00EC11 0 2.50EC04 26
285 C5H10 C OH D iC4H9 C CH2O 1.00EC12 0 0 1.00EC12 0 2.50EC04 26
286 C5H10 C OH D C3H5 C C2H4 C H2O 2.00EC09 1.2 6.21EC01 23
287 C5H10 C OH D C3H6 C C2H3 C H2O 1.00EC09 1.2 5.21EC01 23
288 C5H10 C OH D nC4H9 C CH2O 1.00EC12 0 0 1.00EC12 0 2.50EC04 26
289 C5H10 C OH D nC3H7 C CH3CHO 1.00EC12 0 0 1.00EC11 0 2.50EC04 26
290 C5H10 C OH D C5H9 C H2O 6.80EC13 0 1.54EC03 23
291 C5H10 C O2 D C5H9 C HO2 4.00EC12 0 2.01EC04 23
292 C5H10 C CH3 D C5H9 C CH4 2.00EC11 0 3.40EC03 23

(Continued)
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Table 1 Reaction submechanism for n-C7H16 and i-C8H18 combustion. Rate constants k§ = ATnexp(¡Ea /T) in cm, mole, s, K (continued)

kCa k¡ a

Number Reaction A n Ea A n Ea Ref.

293 C5H10 C HO2 D C5H9 C H2O2 1.00EC11 0 8.54EC03 23
294 C5H10 C C2H5 D C5H9 C C2H6 1.70EC11 0 4.00EC03 23
295 C5H9 D C3H5 C C2H4 2.50EC13 0 1.51EC04 23
296 C5H9 D C4H6 C CH3 2.00EC13 0 1.61EC04 23
297 C5H9 D C5H8+ H 6.31EC12 0 1.71EC04 21
298 C5H9 C O2 D C5H8+ HO2 2.10EC10 0 0 21
299 C5H9 C C2H3 D C5H8+ C2H4 4.00EC13 0 0 21
300 C5H9 C C3H5 D C5H8+ C3H6 4.00EC12 0 0 21
301 C5H9 C C4H7 D C5H8+ C4H8 1.16EC12 0 0 21
302 C5H9 C iC4H7 D C5H8 C iC4H8 1.16EC12 0 0 21
303 C5H8 D C2H3 C C3H5 5.00EC15 0 3.64EC04 21
304 C5H8 C O D CH3CHO C C3H4 1.00EC12 0 0 21
305 C5H8 C O D CH2O C C4H6 1.00EC12 0 0 21
306 C5H8 C OH D CH3CHO C C3H5 2.00EC12 0 0 21
307 C5H8 C OH D CH2O C C4H7 2.00EC12 0 0 21
308 iC4H10 D iC3H7 C CH3 1.00EC17 0 4.10EC04 1.00EC13 0 0.00EC00 19
309 iC4H10 D tC4H9 C H 1.00EC15 0 4.10EC04 1.00EC11 0 0.00EC00 19
310 iC4H10 C H D tC4H9 C H2 1.00EC14 0 3.60EC03 1.00EC12 0 8.00EC03 19
311 iC4H10 C H D iC4H9 C H2 1.00EC14 0 4.10EC03 1.00EC13 0 7.54EC03 19
312 iC4H10 C O D tC4H9 C OH 1.00EC13 0 1.60EC03 1.00EC12 0 4.80EC03 19
313 iC4H10 C O D iC4H9 C OH 1.00EC14 0 2.80EC03 1.00EC12 0 4.80EC03 19
314 iC4H10 C OH D tC4H9 C H2O 1.00EC12 0 2.00EC02 1.00EC13 0 1.10EC04 19
315 iC4H10 C OH D iC4H9 C H2O 1.00EC04 3.02 ¡3.00EC02 1.00EC04 3.02 1.04EC04 19
316 iC4H10 C O2 D iC4H9 C HO2 1.00EC12 0 2.30EC04 1.00EC12 0 1.00EC03 19
317 iC4H10 C O2 D tC4H9 C HO2 1.00EC14 0 2.40EC04 1.00EC12 0 1.00EC03 19
318 iC4H10 C CH3 D iC4H9 C CH4 1.00EC11 0 3.70EC03 1.00EC11 0 1.05EC04 19
319 iC4H10 C CH3 D tC4H9 C CH4 1.00EC12 0 5.10EC03 1.00EC11 0 7.50EC03 19
320 iC4H10 C HO2 D tC4H9 C H2O2 1.00EC13 0 7.20EC03 1.00EC13 0 3.70EC03 19
321 iC4H10 C HO2 D iC4H9 C H2O2 1.00EC13 0 9.20EC03 1.00EC13 0 3.70EC03 19
322 iC4H10 C C2H5 D iC4H9 C C2H6 1.00EC11 0 3.90EC03 1.00EC11 0 1.05EC04 19
323 iC4H10 C C2H5 D tC4H9 C C2H6 1.00EC12 0 5.20EC03 1.00EC12 0 6.30EC03 19
324 iC4H10 C C2H3 D tC4H9 C C2H4 1.00EC12 0 9.00EC03 1.00EC12 0 1.25EC04 19
325 iC4H10 C C2H3 D iC4H9 C C2H4 1.00EC12 0 9.00EC03 1.00EC12 0 1.25EC04 19
326 iC4H10 C CH3O D tC4H9 C CH3OH 3.00EC11 0 3.50EC03 6
327 iC4H10 C CH3O D iC4H9 C CH3OH 6.00EC11 0 3.50EC03 6
328 C4H10 C C2H3 D nC4H9 C C2H4 1.00EC12 0 9.00EC03 1.00EC12 0 1.25EC04 19
329 C4H10 C C2H5 D nC4H9 C C2H6 1.00EC11 0 6.70EC03 1.00EC11 0 6.50EC03 19
330 C4H10 C C2H5 D sC4H9 C C2H6 1.00EC11 0 5.20EC03 1.00EC11 0 4.85EC03 19
331 C4H10 C C3H5 D nC4H9 C C3H6 1.00EC12 0 1.02EC04 1.00EC11 0 4.85EC03 19
332 C4H10 C C3H5 D sC4H9 C C3H6 1.00EC12 0 8.20EC03 1.00EC11 0 4.85EC03 19
333 iC4H9 D C3H6 C CH3 1.00EC14 0 1.60EC04 1.00EC12 0 4.55EC03 19
334 tC4H9 D C2H4 C C2H5 4.50EC13 0 1.50EC04 29
335 iC4H9 D iC4H8 C H 1.00EC15 0 1.70EC04 1.00EC13 0 6.00EC02 19
336 tC4H9 C O2 D iC4H8 C HO2 1.00EC12 0 2.40EC03 1.00EC11 0 8.55EC03 19
337 tC4H9 C C2H2 D C6H11 7.23EC10 0 4.32EC03 29
338 tC4H9 C tC4H9 D iC4H10 C iC4H8 7.23EC16 ¡1.73 0.00EC00 29
339 iC4H9 C O2 D iC4H8 C HO2 1.00EC12 0 2.50EC03 1.00EC11 0 8.55EC03 19
340 iC4H9 C H2 D iC4H10 C H 1.90E¡02 4.24 4.51EC03 29
341 iC4H9 C C2H2 D C6H11 7.23EC10 0 4.32EC03 29
342 nC4H9 C sC4H9 D C4H10 C C4H8 7.23EC16 ¡1.73 0.00EC00 29
343 sC4H9 D C4H8 C H 1.00EC13 0 1.96EC04 1.00EC13 0 7.56EC02 19
344 iC4H8 D C2H3 C C2H5 2.00EC18 ¡1 4.80EC04 22
345 iC4H8 C M D C3H5 C CH3 C M 4.00EC18 0 3.70EC04 22
346 iC4H8 C M D iC4H7 C H C M 2.00EC17 0 4.30EC04 1.00EC13 0 0.00EC00 19
347 iC4H8 C H D iC4H7 C H2 2.00EC13 0 1.90EC03 1.00EC13 0 1.25EC04 19
348 iC4H8 C O D iC4H7 C OH 1.00EC05 2.56 ¡5.50EC02 1.00EC12 0 1.46EC04 19
349 iC4H8 C O D iC3H7 C HCO 1.00EC06 2.34 ¡5.50EC02 1.00EC05 2.34 4.03EC04 19
350 iC4H8 C O D C3H6 C CH2O 2.00EC12 0 0.00EC00 22
351 iC4H8 C O D C2H5 C CH3+ CO 2.60EC13 0 4.00EC01 22
352 iC4H8 C O D CH3CHO C C2H4 1.00EC12 0 0.00EC00 1.00EC12 0 4.25EC04 19
353 iC4H8 C OH D CH3CHO C C2H5 1.00EC11 0 0.00EC00 1.00EC11 0 1.00EC04 19
354 iC4H8 C OH D iC3H7 C CH2O 1.00EC12 0 0.00EC00 1.00EC13 0 6.60EC03 19
355 iC4H8 C OH D iC4H7 C H2O 1.00EC12 0 6.50EC02 1.00EC13 0 1.36EC04 19
356 iC4H8 C OH D C2H6 C CH3+ CO 2.00EC10 0 0.00EC00 22
357 iC4H8 C O2 D iC4H7 C HO2 4.00EC12 0 2.00EC04 22
358 iC4H8 C CH3 D iC4H7 C CH4 1.00EC12 0 4.40EC03 1.00EC12 0 1.46EC04 19
359 iC4H8 C HO2 D iC4H7 C H2O2 2.00EC11 0 8.50EC03 22
360 iC4H8 C C2H5 D C4H7 C C2H6 2.00EC11 0 4.03EC03 22
361 C4H8 D C4H7 C H 1.00EC19 ¡1 4.85EC04 1.00EC14 0 0.00EC00 19
362 C4H8 C M D CH3 C C3H5 C M 4.00EC18 0 3.70EC04 22
363 C4H8 C H D C4H7 C H2 1.00EC14 0 1.90EC03 1.00EC12 0 7.00EC03 19
364 C4H8 C O D CH3CHO C C2H4 1.00EC12 0 0.00EC00 1.00EC12 0 4.25EC04 19
365 C4H8 C O D iC3H7 C HCO 1.00EC13 0 0.00EC00 1.00EC11 0 1.25EC04 19
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Table 1 Reaction submechanism for n-C7H16 and i-C8H18 combustion. Rate constants k§ = ATnexp(¡Ea /T) in cm, mole, s, K (continued)

kCa k¡ a

Number Reaction A n Ea A n Ea Ref.

366 C4H8 C O D C2H5 C CH3+ CO 1.60EC13 0 4.00EC01 22
367 C4H8 C OH D CH3CHO C C2H5 1.00EC11 0 0.00EC00 1.00EC11 0 1.00EC04 19
368 C4H8 C OH D C4H7 C H2O 1.00EC13 0 6.00EC02 1.00EC13 0 1.40EC04 19
369 C4H8 C OH D C2H6 C CH3+ CO 1.00EC10 0 0.00EC00 22
370 C4H8 C O2 D C4H7 C HO2 2.00EC12 0 2.00EC04 22
371 C4H8 C CH3 D C4H7 C CH4 2.00EC11 0 3.67EC03 1.00EC12 0 8.00EC03 19
372 C4H8 C HO2 D C4H7 C H2O2 1.00EC11 0 8.50EC03 22
373 C4H8 C C2H5 D C4H7 C C2H6 2.00EC11 0 4.03EC03 22
374 C4H8 C C3H5 D C4H7 C C3H6 8.00EC10 0 6.52EC03 22
375 iC4H7 C M D C3H4 C CH3 C M 2.00EC13 0 1.63EC04 1.00EC11 0 3.75EC03 19
376 iC4H7 C M D C4H6 C H C M 1.20EC14 0 2.48EC04 3.98EC13 0 6.55EC02 19
377 iC4H7 C M D C2H4 C C2H3 C M 1.00EC11 0 1.86EC04 1.00EC11 0 3.50EC02 19
378 iC4H7 C H D C4H6 C H2 3.16EC13 0 0.00EC00 1.15EC13 0 2.86EC04 19
379 iC4H7 C O2 D C4H6 C HO2 1.00EC11 0 0.00EC00 1.00EC11 0 8.50EC03 19
380 iC4H7 C CH3 D C4H6 C CH4 1.00EC13 0 0.00EC00 22
381 iC4H7 C C2H3 D C4H6 C C2H4 3.98EC12 0 0.00EC00 1.15EC13 0 2.91EC04 19
382 iC4H7 C C2H5 D C4H6 C C2H6 3.98EC12 0 0.00EC00 3.24EC12 0 2.51EC04 19
383 iC4H7 C C2H5 D iC4H8 C C2H4 5.01EC11 0 0.00EC00 8.51EC11 0 2.84EC04 19
384 iC4H7 C C3H5 D C4H6 C C3H6 1.40EC12 0 0.00EC00 22
385 iC4H7 C iC4H7 D C4H6 C iC4H8 3.16EC12 0 0.00EC00 22
386 C4H7 C M D C4H6 C H C M 1.20EC14 0 2.48EC04 3.98EC13 0 6.55EC02 25
387 C4H7 C M D C2H4 C C2H3 C M 1.00EC11 0 1.86EC04 9.10EC04 1 ¡1.73EC03 25
388 C4H7 C M D C3H4 C CH3+ M 1.00EC13 0 1.63EC04 1.00EC11 0 3.75EC03 25
389 C4H7 C H D C4H6 C H2 3.16EC13 0 0.00EC00 1.15EC13 0 2.86EC04 25
390 C4H7 C O2 D C4H6 C HO2 1.00EC11 0 0.00EC00 1.13EC10 0 ¡4.54EC02 25
391 C4H7 C CH3 D C4H6 C CH4 1.00EC13 0 0.00EC00 22
392 C4H7 C C3H5 D C4H6 C C3H6 1.40EC12 0 0.00EC00 22
393 C4H7 C C4H7 D C4H6 C C4H8 3.16EC12 0 0.00EC00 22
394 C4H7 C C2H3 D C4H6 C C2H4 3.98EC12 0 0.00EC00 1.15EC13 0 2.91EC04 25
395 C4H7 C C2H5 D C4H6 C C2H6 3.98EC12 0 0.00EC00 3.24EC12 0 2.51EC04 25
396 C4H7 C C2H5 D C4H8 C C2H4 5.01EC11 0 0.00EC00 8.51EC11 0 2.84EC04 25
397 C4H6 D C2H3 C C2H3 4.00EC19 ¡1 4.90EC04 25
398 C4H6 C H D C3H4 C CH3 5.00EC12 0 1.04EC03 22
399 C4H6 C H D C4H5 C H2 3.00EC07 2 3.00EC03 30
400 C4H6 C O D C2H4 C CH2CO 1.00EC12 0 0.00EC00 6.31EC11 0 4.75EC04 19
401 C4H6 C OH D C2H5 C CH2CO 1.00EC12 0 0.00EC00 3.72EC12 0 1.51EC04 19
402 C4H6 C C3H3 D C4H5 C C3H4 1.00EC13 0 1.13EC04 30
403 C4H5 D C4H4 C H 1.00EC14 0 1.51EC04 31
404 C4H5 D C2H3 C C2H2 2.00EC15 0 2.31EC04 31
405 C4H5 C H D C4H4 C H2 1.00EC14 0 0.00EC00 31
406 C4H5 C OH D C4H4 C H2O 2.00EC07 2 5.03EC02 31
407 C4H5 C O2 D C4H4 C HO2 1.20EC11 0 0.00EC00 31
408 C4H4 D C4H3 C H 8.63EC12 0 2.97EC04 31
409 C4H4 C H D C4H3 C H2 3.00EC07 2 2.53EC03 31
410 C4H4 C OH D C4H3 C H2O 7.50EC06 2 2.53EC03 31
411 C4H4 C C2H3 D C2H4 C C4H3 5.00EC11 0 8.15EC03 31
412 C4H4 C C2H D C4H2 C C2H3 1.00EC13 0 0.00EC00 31
413 C4H4 C C2H D C4H3 C C2H2 4.00EC13 0 0.00EC00 31
414 C4H3 C M D C4H2 C H C M 2.00EC15 0 2.40EC04 31
415 C4H3 C H D C4H2 C H2 5.00EC13 0 0.00EC00 31
416 C4H3 C O D CH2CO C C2H 2.00EC15 0 0.00EC00 31
417 C4H3 C H2 D C2H2 C C2H3 5.01EC10 0 1.00EC04 30
418 C4H3 C OH D C4H2 C H2O 3.00EC13 0 0.00EC00 31
419 C4H3 C CH2 D C3H4 C C2H 2.00EC13 0 0.00EC00 30
420 C4H3 C O2 D CH2CO C C2HO 1.90EC12 0 0.00EC00 31
421 C4H2 C O D CO C cC3H2 2.80EC13 0 8.70EC02 31
422 C4H2 C M D C4H C H C M 3.50EC17 0 4.10EC04 2.00EC12 1 ¡8.2EC03 19
423 C4H2 C C2H D C4H C C2H2 2.00EC13 0 0.00EC00 30
424 C3H8 C CH2 D CH3 C iC3H7 2.19EC12 0 3.20EC03 31
425 C3H8 C CH2 D CH3 C nC3H7 1.79EC12 0 3.20EC03 31
426 iC3H7 C C3H8 D nC3H7 C C3H8 1.00EC10 0 6.45EC03 1.00EC10 6.45EC03 19
427 C3H6 C CH2 D C3H5 C CH3 7.00EC11 0 3.10EC03 31
428 C3H6 C C2H D C3H5 C C2H2 1.20EC13 0 0.00EC00 31
429 C3H5 C C2H3 D C3H6 C C2H2 4.80EC12 0 0.00EC00 31
430 C3H5 C C2H3 D C3H4 C C2H4 2.41EC12 0 0.00EC00 29
431 C3H5 C C2H5 D C3H4 C C2H6 9.64EC11 0 ¡6.62E-02 29
432 C3H5 C C3H4 D C3H3 C C3H6 2.00EC12 0 3.88EC03 29
433 C3H5 C C3H5 D C3H4 C C3H6 8.43EC10 0 ¡1.32EC02 29
434 C3H4 C H D C3H5 4.00EC12 0 1.36EC03 29
435 C3H4 C H D C3H3 C H2 2.00EC14 0 7.56EC03 29
436 C3H4 C H D CH3 C C2H2 2.00EC13 0 1.20EC03 29
437 C3H4 C OH D CH2O C C2H3 3.12EC12 0 ¡2.00EC02 29
438 C3H4 C OH D C3H3 C H2O 1.45EC13 0 2.10EC03 29

(Continued)
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Table 1 Reaction submechanism for n-C7H16 and i-C8H18 combustion. Rate constants k§ = ATnexp(¡Ea /T) in cm, mole, s, K (continued)

kCa k¡a

Number Reaction A n Ea A n Ea Ref.

439 C3H4 C O2 D C3H3 C HO2 4.00EC13 0 3.10EC04 29
440 C3H4 C CH3 D C3H3 C CH4 2.00EC12 0 3.88EC03 29
441 C3H4 C C2H D C3H3 C C2H2 1.00EC13 0 0.00EC00 29
442 C3H4 C M D C3H3 C H C M 2.00EC18 0 4.03EC04 29
443 C3H3 C M D cC3H2 C H C M 2.00EC48 ¡8.5 4.93EC04 29
444 C3H3 C H D cC3H2 C H2 5.00EC12 0 0.00EC00 29
445 C3H3 C O2 D CH2CO C HCO 3.00EC10 0 1.44EC03 29
446 C3H3 C CH D C4H3 C H 7.00EC13 0 0.00EC00 29
447 cC3H2 C M D C3H C H C M 1.00EC15 0 5.11EC04 29
448 cC3H2 C O D C2H2 C CO 7.00EC13 0 0.00EC00 29
449 cC3H2 C OH D C2H2 C CO C H 5.00EC13 0 0.00EC00 29
450 cC3H2 C O2 D C2H2 C CO2 2.00EC12 0 0.00EC00 29
451 cC3H2 C CH2 D C4H3 C H 3.00EC13 0 0.00EC00 29
452 cC3H2 C cC3H2 D C4H2 C C2H2 2.00EC13 0 4.25EC04 29
453 C2H6 C CH2 D CH3 C C2H5 6.50EC12 0 3.86EC03 29
454 C2H5 C O D C2H4 C OH 3.05EC13 0 0.00EC00 30
455 C2H5 C CH2 D C3H6 C H 9.00EC12 0 0.00EC00 30
456 C2H4 C CH2 D C3H6 0.00EC00 0 5.00EC03 30
457 C2H3 C C2H D C4H4 9.22EC27 ¡4.3 5.51EC03 31
458 C2H3 C O D CH3 C CO 3.00EC13 0 0.00EC00 31
459 C2H3 C O2 D CH2O C HCO 1.00EC12 0 1.25EC02 31
460 C2H2 C O2 D C2HO C OH 2.00EC08 0 1.50EC04 31
461 C2H2 C CH2 D C3H3 C H 1.20EC13 0 3.31EC03 31
462 C2H2 C CH2 D C3H4 1.20EC13 0 3.31EC03 31
463 C2H2 C C2H D C4H3 4.17EC36 ¡7.3 4.39EC03 31
464 C2H2 C CH D C3H C H2 1.00EC14 0 5.01EC03 31
465 C2H2 C CH3 D C3H4 C H 2.70EC15 ¡1.96 1.04EC04 31
466 CH3CHO C H D H2 C CH3CO 1.09EC14 0 2.21EC03 1.00EC13 0 1.15EC04 19
467 CH3CHO C HO2 D H2O2 C CH3CO 3.01EC12 0 5.00EC03 1.00EC12 0 7.50EC04 19
468 CH3CHO C CH3 D CH4 C CH3CO 1.01EC12 0 4.24EC03 1.00EC13 0 1.40EC04 19
469 C2HO C OH D HCO C CO C H 1.00EC13 0 0.00EC00 31
470 C2HO C O D CO C CO C H 1.93EC14 0 2.94EC02 31
471 C2HO C O2 D CO C CO C OH 1.46EC12 0 1.25EC03 31
472 C2HO C CH2 D C2H C CH2O 1.00EC13 0 1.00EC03 31
473 C2HO C CH2 D C2H3 C CO 3.00EC13 0 0.00EC00 31
474 CH2CO C O2 D CH2O C CO2 1.00EC08 0 0.00EC00 31
475 CH3O C C2H4 D CH2O C C2H5 1.20EC11 0 3.50EC03 31
476 CH2OH C H D CH2O C H2 3.00EC13 0 0.00EC00 31
477 CH4 C CH D C2H4 C H 2.00EC12 0 0.00EC00 31
478 C3H C O D C2H C CO 6.80EC13 0 0.00EC00 29
479 CH3 C H D CH2 C H2 7.00EC13 0 7.50EC03 29
480 CH3 C CH D C2H3 C H 2.00EC13 0 0.00EC00 29
481 C3H C OH D C2H2 C CO 6.80EC13 0 0.00EC00 29
482 C3H C O2 D C2HO C CO 2.00EC12 0 0.00EC00 29
483 CH3 C OH D CH2OH C H 2.64EC19 0 4.04EC03 31
484 CH3 C OH D CH3O C H 5.70EC12 0 6.90EC03 31
485 CH3 C CH3 D C2H5: C H 3.00EC13 0 6.75EC03 31
486 CH2 C O2 D CH2O C O 1.00EC14 0 2.25EC03 31
487 CH2 C CO2 D CH2O C CO 1.00EC11 0 5.00EC02 31
488 CH2 C CH2 D C2H2 C H2 3.20EC13 0 0.00EC00 31
489 CH2 C CH3 D C2H4 C H 4.00EC13 0 0.00EC00 31
490 CH2 C CH D C2H2 C H 4.00EC13 0 0.00EC00 31
491 CH2 C OH D CH2O C H 2.50EC13 0 0.00EC00 31
492 HCO C HO2 D CO2 C OH C H 3.00EC13 0 0.00EC00 31
493 CH C OH D HCO C H 3.00EC13 0 0.00EC00 31
494 CH C O D CO C H 3.00EC14 0 0.00EC00 31
495 HCO C O2 D HO2 C CO 3.00EC12 0 0.00EC00 29
496 HCO C HO2 D CO2 C OH C H 3.00EC13 0 0.00EC00 31
497 CH C OH D HCO C H 3.00EC13 0 0.00EC00 31
498 CH C O D CO C H 3.00EC14 0 0.00EC00 31

subset of mechanisms for the combustion of higher of hydrocarbon
fuels up to kerosene, and can be developed for investigations into
the formation of soot precursors, other pollution species, or the
in� uence of ions on combustion.

Reaction Mechanism
The construction of the detailed kinetic model for n-C7H16/air

and i-C8H18/air combustion is based on the principles established
for comprehensive reaction mechanisms.1¡15 The mechanisms for
the more complex fuels are sequentially built upon the resolved

submechanisms that have been developed for the simpler fuel
molecules. The baseline mechanism for the system consists of
562 elementary reversible reactions and 83 species for H2/O2 and
C1-C4/air mixtures (including N/O/H species) that have been de-
scribed in Refs. 16 and 17. To prepare the mechanism for poly-
cyclic aromatic hydrocarbons (PAH) formation capabilities, reac-
tions related to CH, C2 , C2H, C3H5 , and other species have been in-
cluded, as well as same reactions for C4 (mainly reactions of C4H5,
C4H4, C4H3 , C4H2, and C4H), components that were not presented
in Refs. 16 and 17.
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The submechanisms for C5–C8 were constructed for both the
low- and high-temperature oxidation of n-C7H16 and i-C8H18 . The
following principles have been applied.

1) The system includes iso- and normal noncyclic hydrocarbons
only.

2) The primary reactantsare the initial alkanemolecules,oxygen,
and C0–C1–C2 free radicals resulting from the base reaction.

3) For each new species, an appropriate set of reactions is gener-
ated.

4) Each new species is analyzed to determine if a rede� nition, an
analysis of the atomic groups in the molecules, or an evaluation of
possible isomers are necessary.

5) Isomericmoleculeshavingthe same molecularformula and the
same functional groups are consideredas one single species only if
this reduction is of negligible in� uence on the entire process.

6) Each free radical is systematicallysubmitted to all propagation
reactions.

7) Free radicals disappear in reactions of combination and dis-
proportionation(dismutation)and produce smaller and more stable
radicals and primary molecules.

8) All reactions are reversible.
The scheme for the description of the general features of alkane

oxidation has already been described.18 Hence, here the type of
reactions taking place in our system is mentioned only brie� y. The
alkyl radicals with n atoms of carbon have been denoted as Rn and
the appropriate ole� n structures as Qn . All of the other terms are
de� ned according to common terminology.11

For both the low- and high-temperature oxidation, the initiation
reactions are those of decomposition and oxidation:

RnH D R²
m C R²

n ¡ m; RnH C O2 D R²
n C HO²

2

For the high-temperature mechanism, the reactions of propagation
are as follows.

1) The metathesis reactions lead to the production of alkyl radi-
cals:

RnH C r ² D R²
n C rH

where r ² stands for H² , O², OH² , CH²
3 , C2H²

5 , HO²
2, or CH2OH² , the

main free radicals resulting from the C0–C1–C2 base reaction.
2) The ¯ scission of alkyl radicals with production of alkenes is

R²
n D RmH2m C R²

n ¡ m

3) The oxidation of alkyl radicals is

R²
n C O2 D Qn C HO²

2

4) The reactionsof ole� ns with free radicalsr ² lead to the produc-
tion of the smaller radicals, formyl, formaldehydes, and acetalde-
hydes.

5) The ¯ scission of alkene radicals.
For the low-temperaturemechanism, the reactionsof propagation

are as follows.
1) Oxygen addition to alkyl radicals to form peroxy radicals is

R²
n C O2 D RnOO²

2) Isomerization (internal rearrangement) of peroxy radicals to
form hydro–peroxy–alkyl radicals is

RnOO² D QnOOH²

3) Oxygen addition to hydro–peroxy–alkyl radicals to form
hydro–peroxy–alkyl–peroxy radicals is

QnOOH² C O2 D OOQnOOH²

4)The hydro–peroxy–alkyland hydro–peroxy–alkyl–peroxyrad-
icals decompose to ole� ns, alkenyl–hydro–peroxides,carbonyl,hy-
droxy radicals.

For both the low- and high-temperatureoxidation the termination
reactions are reactions of pairs of free radicals, for example,

R²
n C r ² D product; R²

n C R²
n D Q2n

RnOO² C HO²
2 D RnOOH C O2

The low-temperature mechanism for both alkanes was reduced by
means of the reduction technique and the sensitivity analyses de-
scribed in Refs. 4, 8, and 12–14 and Refs. 1 and 4, respectively.
Some components and reactions were already eliminated during
mechanism construction, and redundant components and reactions
were identi� ed and combined using standard lumping procedures.
The codes used to � nd the redundantspecies and unimportant reac-
tions were developed in-house and are based on sensitivity analysis
and chemical � ow analysis.14 Figures 1 and 2 show the schemes for
the � nal lumped low-temperature submechanisms for n-C7H16 and
i-C8H18 oxidation, respectively.

The completemechanisminvolves1006reactionswith 134chem-
ical species for the combined n-C7H16 C i-C8H18/air oxidation (928
reactions of 120 species in the case of n-C7H16/air combustion and
987 reactions of 128 species in the case of i-C8H18/air combustion).

Table 1 shows the reactions of the presented mechanism and the
correspondingrate constants togetherwith the appropriateliterature
sources. The modi� ed rate constants are indicated with an asterisk
together with the number of the reference from which the reaction
rates have been taken for evaluation.

Kinetic and Thermodynamic Data
The rate constants for all reactions were evaluated on the ba-

sis of a set of independent kinetic parameters deduced from the
literature.5¡8;19¡31 In case the relevant kinetic parameters could
not be found in the literature, these parameters were estimated on
the basis of the similarity and analogy rules.1;3;4;7;13 The rate con-
stants for reactions with reactants entering as one single species

Fig. 1 Lumped scheme of the n-heptane low-temperature oxidation.

Fig. 2 Lumped scheme of the iso-octane low-temperature oxidation.
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Fig. 3 Thermochemical data for some peroxides calculated applying the group additivity method34 (continued).

and representing a group of isomers were evaluated as sums of
the isomer reactions (taking all possible isomers into account).
The rate constants of the reactions of the lumped low-temperature
sub-mechanism (reactions 67–96 and 136–159) were estimated on
the basis of the detailed reaction scheme for the low-temperature
submechanism.6;8 Rate constants for the reverse reactions for which
the necessary information had not been found in the literature were
computedusingequilibriumconstants.Generally,all of the ratecon-
stants obtained as described were continuouslyadjusted during the
improvement of the kinetic mechanism.

Thermodynamic data were taken from literature sources32;33

whenever possible.‡ For some of the species, thermochemical data
were calculated by applying the group additivity method34 [also
Slavinskaya, N. A., “Thermo-chemical Properties of Large Hydro-
carbons Peroxy Radicals” (in preparation)].As already mentioned,
isomers containing 4-8 carbon atoms are conveniently lumped or

‡Data also available online at “Burcat’s Ideal Gas Thermo–chemical
Database,” http://gar� eld.elte.chem/Burcat/burcat. html&gt;;data.
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Fig. 3 Thermochemical data for some peroxides calculated applying the group additivity method34 (� nished).

grouped into a single equivalent component. In those cases, the
thermodynamicpropertieswere calculated for the componentspre-
sented in Table 1. The results of thermodynamic property calcula-
tions for some particularly problematic species such as C2H5OO²

are presented in Fig. 3 in CHEMKIN format. For this ² radical,
we show the calculated polynomials following33 as an example of
the accuracy of the applied thermochemical property estimation
method.

Comparison Between Experimental
and Modeling Results

In the development of a kinetic mechanism, it is dif� cult to sep-
arate the direct chemical problem (the modeling of chemical pro-
cesses based on known reaction schemes and rate coef� cients) and
the inverse chemical problem (the estimation of rate parameters of
elementary reactions based on known production rates of species,
ignition delay times, etc.). We have used the available experimental
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Fig. 4 Oxidation of stoichiometric n-heptane/air mixtures in a shock
tube; comparison between predicted (open symbols) and experimental
(� lled symbols)35 ignition times vs initial temperatures for the initial
pressures P0 = 0.65, 1.35, and 4.0 MPa.

data both for validatingour reaction mechanism and for estimating
the rate coef� cients, especially for lumped reactions.

For our modeling purposes, it is suf� cient to reproduce the igni-
tion delay times and distributionof componentsby pyrolysis.There-
fore, we chose the following three experimental investigations for
the mechanism validation and reaction rate expression correction.
The � rst set of experiments refers to the pyrolysisof pure iso-octane
in a shock tube provided by Doolan and Mackie.20 The second and
third set of data, obtained by Ciezki and Adomeit35 and Fieweger
et al.,36 relate to the ignitiontime of n-heptane/air and iso-octane/air
mixtures and their oxidation in a shock tube. These three sets of ex-
perimental data provide detailed information on pyrolysis products
and show the in� uence of pressure, temperature, and composition
on the ignition time.

The calculations were performed assuming adiabatic homoge-
neous mixtures in a closed vessel using the code described in
Ref. 16 at initial pressures P0 D 0:65–4.5 MPa, initial temperatures
T0 D 700–1300 K, and fuel to oxygen ratios Á D 0:5–2. After exten-
sive sensitivity analyses, a few rate constants were modi� ed to be
able to predict the experimental data more precisely. The modi� ed
reaction rates belong to the class of reactions with C5–C8 species
only. Mainly the reactions of species representing a group of iso-
mers, reactions with rate expressions evaluated in the literature by
the analogy method applied to similar reactions of smaller hydro-
carbons or adjusted to the overall decay kinetics, were modi� ed.
The uncertainty limits of reaction rate parameters may vary within
200 and 500%, and for low–temperature submechanism reactions,
they may even increase to 1000%. We considerour modi� cationsof
the rate constants justi� ed because they never exceed these limits.
Thus, to reduce the ignition period for iso-octane and n-heptaneby
high-temperature oxidation, the rate constants of the thermal de-
composition reaction (reactions 1, 2, and 111) were increased by
a factor of two compared to the value given by Axelsson et al.19

and Chakir et al.5 To increase the ignition time for the initial tem-
perature range (700–900 K), the rate constants of the reactions of
H abstraction from iso-octane and n-heptane by OH radicals or O2

(reactions 14–21, 117, and 118) and the constants of the reactions

Fig. 5 Oxidation of n-heptane/air mixtures in a shock tube at
1.35 MPa; comparison between predicted (open symbols) and exper-
imental (� lled symbols)35 ignition times vs initial temperatures for mix-
ture ratios Á = 0.5 and 2.

of oxygen addition to alkyl radicals (reactions 67, 85, 89, 93, and
136) were decreased by a factor between 2 and 10, in contrast to
the values recommended in Refs. 8 and 12. To further minimize the
deviation between the computed and the experimental species con-
centrations resulting from iso-octane pyrolysis, the rate constants
of the reactions 26–29 and 43 were increased by a factor of 4 and
those of the reactions40, 43, 48–54, 97, and 98 were decreasedby a
factor between 1.25 and 10, in contrast to the values recommended
in Refs. 19 and 20.

Comparisons of the computed ignition delay times with the ex-
perimental data for n-C7H16/air mixtures are shown in Figs. 4 and 5
and for iso–octane/air mixtures in Figs. 6a–6c and 7a and 7b for dif-
ferent pressures and mixture ratios Á. For comparison, Figs. 6a–6c
and 7a and 7b also includenumerical results from Curran et al.37 ob-
tained with a much larger model (3600 reactions and 860 species).
The in� uence of the presence of the second hydrocarbon fuel is
shown in Fig. 8 where the ignition delay times of various stoichio-
metric iso-octane/n-heptanemixtureswith air are comparedwith re-
sults from Fieweger et al.36 Good agreementbetween computedand
experimental ignition times was obtained for all initial parameters
of oxidation, for both high- and low-temperatureregions.However,
the present model underpredicts the ignition times of n-C7H16 in
the range of the temperatures T0 D 850–950 K and initial pressures
P0 < 4:0 MPa and of i-C8H18 for temperatures T0 < 900 K, initial
pressure P0 D 4:0 MPa, and for Á D 0:5 and yields discrepancies
that exceed 30%. A comparison of the � nal composition for iso-
octane pyrolysis with experimental data is shown in Fig. 9. Rather
good agreement was obtained for all of the major species of the py-
rolysis process. For the minor species, a reasonable � t between the
computed and the experimental concentrationscould be achieved.

Analysis of the Mechanism
The developed simpli� ed mechanism re� ects the main proper-

ties (two-stage ignition period, ignition delay time, and distribution
of species by pyrolysis) of n-heptane and iso-octane oxidation and
enables a deeper analysis of the characteristics of pure n-C7H16

and i-C8H18 oxidation, as well as n-C7H16/i-C8H18 mixture oxida-
tion in air. Figures 10–12 show the schemes representing the main
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a) P0 = 1.3 MPa b) P0 = 3.4 MPa

c) P0 = 4.0 MPa

Fig. 6 Oxidation of stoichiometric iso-octane/air mixtures in a shock tube; comparison between experimental36 predicted with model37 and with
present model ignition times vs the initial temperatures for different the initial pressures.

reaction paths of iso-octane and n-heptane oxidation for a pressure
of 4.0 MPa, an equivalence ratio of 1, and initial temperatures of
730 and 1200 K, respectively, at the time when 10% of the initial
concentration of i-C8H18 and n-C7H16 are converted. The schemes
represent all possible contributionsof each reaction to the produc-
tion of individual components and illustrate the importance of spe-
ci� c reactionsandcomponents.The concentration1c of all species i
consumedin reactionq throughoutthe time period¿ were calculated

according to

1ciq D
Z

¿

0

Siq dt

with

Siq D
®¡

i q ¡ ®C
iq

N

¡
RC

q ¡ R¡
q

¢
; RC.¡/

q D kC.¡/q

n
C.¡/
qY

j D 1

N
®

C.¡/

jq

j
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a) Á = 0.5 b) Á = 2

Fig. 7 Oxidation of iso-octane/air mixtures in a shock tube at 4.0 MPa; comparison between experimental,36 predicted with model,37 and present
model ignition times vs the initial temperatures for different equivalence ratios.

Fig. 8 Oxidationof stoichiometric different mixturesof iso-octaneand
n-heptane/air mixtures in a shock tube at P0 = 4.0 MPa: comparison
between predicted and experimental36 ignition times vs initial temper-
ature.

where kCq and k¡q are the rate constants of direct and reverse reac-
tionsq , ®C

iq and®¡
i q are the stoichiometriccoef� cientsof components

in reaction q ,

N D
M1X

i D 1

Ni

where Ni is the number of molecules i , M1 is the number of species
in the mixture, and nC.¡/

q is the number of species in direct and re-
verse reactions. In Figs. 10–12, the thickness of the arrows between
the single species indicates the relative importance of the different
reaction paths. Figures 10–12 clearly show the difference between
the primary mechanismsat low and high temperatures and the main
reaction paths. In combination with Table 1, Figs. 10–12 can used
as a guideline for either problem-orientedmodi� cations or a further
reduction of the mechanism.

At low temperatures and a pressure of 4.0 MPa, about 90%
of the iso-octane have gone through the peroxyl radical produc-
tion by oxygen addition to alkyl radicals (reactions 67, 85, 89,
and 93). Iso-octane molecules mainly react with OH radicals that
havebeenproducedthroughdecompositionof eitherhydro–peroxy–
alkyl and hydro–peroxy–alkyl–peroxy radicals or ethers in the low-
temperature branching mechanism (67–96) yielding alkyl radicals.
The further evolution of ignition at low temperatures is determined
by the reactions involving the alkenes1C7H14 , 3C7H14 , and 1C5H10.
These alkenes can form light oxygenatedproducts such as acetalde-
hyde, formaldehyde, and carbon monoxide or carbon dioxide. Our
lumped low-temperatureschemes re� ect the differencebetween the
reactivity of i-C8H18 and n-C7H16 (Figs. 1, 2, 10, and 11). There
are two main reasons for the high reactivity of n-C7H16: First, the
production of less alkenes, which are good branching agents, and
second, the production of more peroxides, which yield high con-
version rates of n-C7H16 . In the same temperature range, i-C8H18
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Fig. 9 Comparison of calculated and experimental data20 for concentrations of the major components obtained by pyrolysis of i-C8H18 in a shock
tube. The table shows pressure and temperature conditions after shock waves and the amount of i-C8H18 decomposition.

Fig. 10 Main reaction paths for n-heptaneat T0 = 730K, P0 = 4.0 MPa,
and Á = 1, when 10% of the initial n-C7H16 is converted.

produces more stable large ole� nes, such as 1C7H14, 3C7H14 , and
1C5H10 and later C4H8 and C3H6, and less peroxidic spieces.38

At high temperatures, the reaction paths for both i-octane and n-
heptaneare quite similar, and thereforeonly the scheme for i-octane
oxidationis shown.Under these conditions, the effect of oxygenad-
ditionon the overallkineticis negligible,and the major reactionpath
is the decompositionby ¯ scissionyieldingole� ns and smaller alkyl
radicals.The higher alkanes are mainly consumedby H abstraction,
mostly with CH3 radicals, forming alkyl radicals. These alkyl rad-
icals produce smaller alkyl radicals, alkenes, ethylene, and propy-
lene. Furthermore,the quite reactiveethyl and methyl radicalseasily
undergo further reactions, forming either light oxygenated prod-
ucts or methane and ethane. To compare the temperature pro� les of
species at low and high temperatures in the case of iso-octane oxi-
dation,Figs. 13a and 13b and 14a and 14b show the time-dependent
mole fractions of the smaller branching species and the heavy

Fig. 11 Main reaction paths for iso-octaneat T0 = 730K, P0 = 4.0 MPa,
and Á = 1, when 10% of the initial i-C8H18 is converted.

radicals produced during the combustion of i-C8H18 at a constant
pressure of 4.0 MPa, an equivalence ratio Á D 1, and a temperature
of 730 and 1200 K, respectively.Evidently, at low temperatures, the
total induction time is mainly affected by the accumulation rate of
peroxy radicals.The developmentof the mole fractionsof the small
branching agents O, H, OH, HO2, CH3 , and C2H5 at low temper-
atures corresponds to a well-known effect of two-stage ignition of
hydrocarbons. The � rst increase of these branching agents appears
in the � rst low-temperature ignition phase. For high temperatures,
the rate of accumulation of both the light and heavy components is
almost constant for most of the time and changes drastically at the
time of ignition.
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Fig. 12 Main reaction paths for iso-octane at T0 = 1200 K,
P0 = 4.0 MPa, and Á = 1, when 10% of the initial i-C8H18 is converted.

a)

b)

Fig. 13 Mole fractions of a) the small branching radicals and b) the
heavy radicals produced during i-C8H18 combustion in air vs time for
T0 = 730 K, P0 = 4.0 MPa, and Á = 1.

a)

b)

Fig. 14 Mole fractions of a) the small branching radicals and b) the
heavy radicals produced during i-C8H18 combustion in air vs time for
T0 = 1200 K, P0 = 4.0 MPa, and Á = 1.

Conclusions
Analytic reaction mechanisms for the combustion of n-heptane,

iso-octane, and their mixtures in air remarkably smaller than
those found in the literature have been presented. The compari-
son of predicted and experimental ignition delays measured behind
shock waves has been performed for initial temperaturesT0 D 650–
1200 K, initial pressures P0 D 0:65–4.5 MPa, and equivalenceratios
Á D 0:5–2. The schemes presented demonstrate rather good accu-
racy and their applicability to investigationsof primary propagation
reactions of the alkanes under study. Further comparison of ex-
perimental and predicted results has revealed that the same kinetic
scheme correctly predicts the concentrations of the major species
measured during the pyrolysis of i-C8H18 behind shock waves. Al-
though this mechanism is less accurate when applied to ignition de-
lay time predictionsin the initial temperature range of 800–900 K at
high pressure(4.0 MPa) it can,nevertheless,be usedsuccessfullyfor
reaction path analyses and for the identi� cation of different stages
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of n-C7H16 and i-C8H18 oxidation, the main steps leading to the
formation and consumption of the intermediate species involved in
the reaction process.

The proposed scheme can be easily extended to the combustion
of larger n-paraf� ns, as well as to the prediction of soot and for-
mation of pollutants. Furthermore, the scheme seems to be quite
suitable to be applied in cases where the number of reactions has
to be drastically reduced to establish an engineering tool with short
turnaround times and proven accuracy. This may be achieved by
reducing components that contain nitrogen atoms or components,
which are important for PAH precursors formation.
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