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ABSTRACT: In this study, a kerosene surrogate model fuel containing 73% n-
dodecane, 14.7% 1,3,5-trimethylcyclohexane, and 12.3% n-propylbenzene (percentage in
mass) is developed by considering both the physical and chemical characteristics of
practical aviation kerosene. By combining the small-size C0−C4 (carbon number) core
mechanism and the large hydrocarbon submechanisms, a low- and high-temperature
chemical kinetic mechanism including 43 species and 136 reactions is constructed for the
kerosene surrogate model fuel. The performance of the 43-species mechanism is
validated by examining various experimental ignition delay times and laminar flame
speeds of single component of n-dodecane and practical kerosene. The predicted main
species concentrations during the oxidation process in the jet-stirred reactor by this
small-size mechanism exhibit generally acceptable performance with the corresponding
experimental data of RP-3 kerosene. The results of brute force sensitivity analysis
indicate that the mechanism retains key reaction paths. This relatively small size can be
applied to the simulation of computational fluid dynamics to further explore the practical problems of aviation fuel application in
engine.

1. INTRODUCTION
The combustion of aviation fuel provides the necessary power
for aircraft, while also increasing pollutant emissions.
Currently, how to improve the combustion efficiency of fuel
while reducing the emissions of pollutants is still the primary
issue in the design of an aeroengine combustor. The numerical
simulation of combustion by coupling the combustion reaction
mechanism with computational fluid dynamics (CFD)
provides an effective method for studying the combustion
process and pollutant formation of an aeroengine.1,2 It is
helpful to optimize the design of an aeroengine combustor,
explore the formation mechanism of pollution components,
and greatly decrease the research cost. Therefore, the
development of chemical reaction mechanisms that describe
the combustion of aviation fuels has an important intentional
value.
The practical aviation kerosene is usually composed of a

large number of hydrocarbons, which is obviously unrealistic to
construct a combustion mechanism for each of these
components. Several studies indicated that alkanes, both n-
and iso-alkanes, cycloalkanes, and aromatics are the major
components of the aviation fuels certified.3−8 Currently, multi-
component surrogate fuels that can reproduce the physical and
chemical properties of practical aviation kerosene are
commonly used to represent practical jet fuels.3−12 The
physical processes of fuel storage, flow, and heating can be
modeled using physical characteristics. The chemical reaction
processes of fuel cracking, ignition, and combustion can be
modeled using chemical properties, including species concen-

trations, ignition delay time, and laminar flame speed.13−15

Then, a detailed combustion mechanism of the practical fuel is
constructed that based on these surrogate fuels.16

Shafer et al.17 summarized the composition of Jet-A, Jet-A1,
and JP-8 and pointed out that these three types of aviation
kerosene have similar compositions. They are all composed of
C9−C16 large hydrocarbons with volume fractions of 20% n-
alkanes, 40% isoalkanes, 20% cycloalkanes, and 20% aromatics,
respectively. Based on these findings, many multicomponent
surrogate models and their combustion mechanisms have been
proposed.18−21 RP-3 aviation kerosene is the main fuel of
aeroengines in China, whose surrogate fuel mechanism have
been widely researched, as shown in Table 1.
Although some surrogate fuel mechanisms have been

developed based on practical aviation fuels, these mechanisms
are limited to high-temperature combustion. Small molecules
and alkyl peroxide radicals are the key reactions in high- and
low-temperature, respectively.30,31 These high-temperature
mechanisms do not include such low-temperature reactions,
so it is not possible to reliably describe the important
combustion behavior at low temperatures. At present, the
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research on the mechanism of low-temperature combustion of
aviation kerosene surrogate fuel is still lacking.22,25 Combus-
tion is mainly low-temperature reaction when the initial
combustion temperature is 600−1000 K. At the same time,
low-temperature combustion is the key to reduce the emission
of nitrogen oxides and other pollutants. Hydroperoxyalkyl
(•ROOH) and its related radicals play a key role in the cold
flame at low temperature. In addition, lean oil flameout is also
an important problem to be solved in the design of
aeroengine.32 The low-temperature reaction path may also
play an important role near the lean oil flameout limit.
In addition, it is difficult to adopt detailed or larger

combustion mechanisms in numerical simulation of aero-
engine. On the one hand, it takes much computation to
combine the combustion mechanism with the flow equations
for numerical solution because of a large number of species.
On the other hand, larger span of different reaction time scales
can also cause rigidity problem of calculation.33 Therefore,
generally only highly reduced combustion mechanisms can be
used to the three-dimensional numerical simulation. Although
some mechanism reduction methods have been devel-
oped,30,34−38 it is still difficult to obtain a small-size reduction
mechanism that accurately describes low-temperature combus-
tion, starting directly with a very large and detailed mechanism
that can reliably describe low-temperature combustion.
This paper describes a ternary-component surrogate model

fuel of practical aviation kerosene that is based on considering
both the main physical and chemical characteristics of the
targeted kerosene. A 43-specise surrogate fuel mechanism with
appropriate accuracy of RP-3 aviation kerosene which can
describe low- and high-temperature in a wide range of
conditions is then constructed using the small-size “core
mechanism + submechanism”, which is very practical skills for
developing the chemical kinetic mechanism of practical
kerosene. The mechanism is shown to provide reasonably
key combustion characteristics compared with the experimen-
tal data, including the ignition delay times, laminar flame

speeds, and major species mole fraction profiles under a wide
range of pressures, temperatures, and equivalence ratios. Brute
force sensitivity analysis is used to verify that the mechanism
retains key reaction paths.

2. MECHANISM CONSTRUCTION
2.1. Selection of the Surrogate Model. There are many

components in practical aviation kerosene, so it is impossible
to construct the combustion mechanism for each component.
Therefore, it is necessary to select some representative
components of practical aviation kerosene that account for a
relatively high proportion to construct the combustion
mechanism based on “surrogate ideas”.17 Some key character-
istics of practical aviation kerosene should be selected as the
target for determining and optimizing the proportion of each
surrogate component, and the physical and chemical properties
of surrogate fuels should be close to those of practical aviation
kerosene. The diffusion characteristics of gas-phase fuels
depend on the molecular weight. In order to reproduce the
diffusion characteristics of practical aviation kerosene in the
gas-phase combustion, the average molecular weight of
surrogate fuels should be close to that of practical aviation
kerosene. The H/C ratio reflects the proportion of H2O and
CO2 in the combustion products and determines the formation
enthalpy of reaction and adiabatic flame temperature, which is
an important characteristic parameter reflecting combustion
rate and other combustion phenomena. Meanwhile, viscosity,
density, and lower heating value (LHV) are also important
physicochemical features of practical fuels. The main character-
istic parameters of surrogate model and RP-3 kerosene in this
article are shown in Table 2.
As alkanes, mono- and poly-aromatics and cycloalkanes are

the three major compounds of jet fuels,3−8 a mixture
composed of 73.0% n-dodecane, 14.7% n-propylbenzene, and
12.3% 1,3,5-trimethylcyclohexane (percentage in mass)23 is
selected as surrogate fuel of RP-3 aviation kerosene to study its
combustion kinetics.

Table 1. Surrogate Fuels of RP-3 Kerosene and the Corresponding Reaction Mechanisms

researcher surrogate fuel reaction mechanism verified property
temperature

range

Zhang et al22 1,2,4-trimethylbenzene, n-decane 122 species, 900
reactions

ignition delay time 650−1500 K

Xu et al23 1/3/5-trimethylcyclohecane, n-dodecane,
n-propylbenzene

138 species, 530
reactions

ignition delay time 1100−1500 K

Zhong and
Peng24

n-dodecane, n-tetradecane, decalin 50 species, 274
reactions

laminar flame speed high
temperature

Mao et al25 toluene, isocetane, n-dodecane 223 species, 5689
reactions

ignition delay time 624−1437 K

Liu et al26 isododecane, 1,3,5-trimethylbenzene, n-decane 65 species, 200
reactions

species concentrations, ignition delay time,
laminar flame speed

650−1400 K

Yu et al27 n-butylbenzene, n-dodecane, n-butylcyclohexane 1408 species, 8965
reactions

species concentrations, ignition delay time,
laminar flame speed

625−1400 K

Liu et al12 1,3,5-trimethylcyclohexane, n-dodecane,
n-propylbenzene

401 species, 2838
reactions

species concentrations, ignition delay time,
laminar flame speed

700−1500 K

Liu et al28 n-dodecane, n-decane, isohexadecane,
methylcyclohexane, toluene

121 species, 469
reactions

species concentrations, ignition delay time,
laminar flame speed

1000−1700 K

Li et al29 n-dodecane, 2,2,4,4,6,8,8-heptamethylnonane,
2-methylheptane, decalin, o-xylene

2851 species, 12,242
reactions

ignition delay time 650−1250 K

Table 2. Comparison of the Physicochemical Properties between RP-3 and the Surrogate

fuel density (g/cm3) viscosity (mm2/s) LHV (MJ/kg) molecular weight (g/mol) molar ratio of hydrogen-carbon

RP-3 kerosene 0.78339 1.5540 43.7527 150.03 2.05
surrogate model 0.782 1.62 43.7 154.2 2.03
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2.2. Mechanism Construction of the Surrogate
Model. 2.2.1. Construction of the Small-Size Core
Mechanism. The core mechanism of C0−C4 species is based
on the USC-Mech II mechanism developed by Wang et al.,41

which includes a detailed reaction mechanism of H2/CO/C1−
C4, including 111 species and 784 reactions. A large number of
experiments have been conducted to verify the ignition delay
time, laminar flame speed, and flame structure under a wide
range of conditions. However, the size of this core mechanism
is too large for CFD, let alone the size after being added with
the submechanisms of the large hydrocarbons. Therefore, it is
necessary to reduce the core mechanism while maintaining the
accuracy of the mechanism. Sensitivity analysis and rate-of-
production (ROP) are adopted to reduce the size of this
mechanism in this paper.
According to our previous study,30 the sensitivity analysis of

species is adopted to determine the importance of that species
in the mechanism. The sensitivity coefficient of every uncertain
species will be determined, and the species with the smallest
sensitivity coefficient will be deleted first. Sensitivity
coefficients of the other species will change when a species is
deleted from the mechanism. They are re-calculated each time
when a species is removed. This procedure is iterated until the
error of the obtained skeletal mechanism is larger than a given
value. In addition, sensitivity analysis of reactions and ROP can
further identify key reactions and species that affect the
generation and consumption of surrogate components. The
sensitivity analysis involved in this paper is aimed at the
concentration of components during the combustion process,
so the sensitivity coefficient is defined as follows

= •
X

X
sensitivity coefficient i

k

i

I
max (1)

where αi is the original reaction rate constant for the ith
reaction and Xk is the concentration of species k. Based on the
sensitivity coefficient, the key reactions that affect the
concentration of important species can be determined, and
the types of important reactions in the mechanism can be
summarized.
ROP can directly provide information on the formation and

consumption of a specified component during the entire
combustion process or at a specific moment, and can
quantitatively provide information on the reactions that affect
the formation (PA) or consumption (CA) of a specified species
A. The contribution of these reactions can be described by eqs
2 and 3. The contribution value of the ith reaction in the
mechanism to the formation (PAi) or consumption (CAi) of
species A at a certain time during the combustion process is
defined as

=
P

P
max( , , 0)i i

Ai
A,

A (2)

=C
C

max( , , 0)i i
Ai

A,

A (3)

The above two mechanism analysis methods are used to
determine the key species and important reaction paths of the
core mechanism. The final core mechanism for the C0−C4
small molecules contains 25 species and 103 reactions, which
are much fewer than that in the detailed mechanism.
2.2.2. Mechanism Construction of Small-Size Mecha-

nisms of Large Hydrocarbons. The purpose of the small-size

reaction network mechanism is to accurately reproduce the key
combustion characteristics of practical aviation kerosene (such
as ignition delay time and laminar flame speed) at the smallest
possible mechanism size under wide conditions, so that the
mechanism can be used for CFD numerical simulation. The
representative components of the surrogate model are all large
hydrocarbons. These large hydrocarbons will generate final
small molecules after a series of chemical reactions, and their
key reaction paths below C4 are basically consistent. Therefore,
the construction of the surrogate model mechanism should
fully investigate the key species and reaction of n-dodecane,
1,3,5-trimethylcyclohexane, and n-propylbenzene. In order to
reduce the final mechanism size, only the key species during
the oxidation process are retained, without considering other
isomers. At the same time, due to the largest proportion of n-
dodecane among the three surrogates, only the critical low-
temperature reaction of n-dodecane is considered.
The key low- and high-temperature reactions of n-dodecane

and the key high-temperature reactions of 1,3,5-trimethylcy-
clohexane and n-propylbenzene in the mechanism are shown
in Figure 1. For n-dodecane (RH), the radical R (C12H25) is

first generated through a hydrogen extraction reaction of O2
and OH radicals. Under low temperature, R reacts with O2 to
generate RO2, which is then isomerized to form QOOH. Then,
QOOH reacts with O2 to generate O2QOOH. O2QOOH is
cracked to generate CnKET, and CnKET is then decomposed
into smaller molecules.
At high temperatures, different fuels exhibit different

oxidation behaviors due to the influence of their molecular
structures. N-dodecane can pass through a series of β-scission
reactions to generate C0−C4 components, which can also be
directly decomposed into C0−C4 components through C12H24.
In order to reduce the size of the mechanism, the continuous
β-scission reactions are lumped into one reaction. For 1,3,5-
trimethylcyclohexane, the c-C9H17 radical can undergo
decyclization to form C9H17. Then, C9H17 is cracked to
generate C6H11, which is further decomposed into C0−C4
components.
Due to the stability of the benzene ring, n-propylbenzene

does not undergo reactions involving peroxy radicals at low
temperatures. At high temperatures, the direct cracking of n-
propylbenzene and the hydrogen extraction reaction are both

Figure 1. Overall reaction paths of each component in the surrogate
fuel.
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relatively important reaction, which can generate PHC3H6 and
benzene (C6H6). Then, C6H6 is ring-opened to form
cyclopentadienyl (C5H5), and C5H5 undergoes subsequent
reactions to generate C0−C4 components. PHC3H6 can pass
through β-scission reaction to form STYRENE, and STYRENE
undergoes a cracking reaction to generate C6H6 and C2H2.
C6H6 undergoes related reactions to produce C0−C4
components.
Overall, the core mechanism of the C0−C4 species contains

25 species and 103 reactions, whereas the submechanism of n-
dodecane, 1,3,5-trimethylcyclohexane, and n-propylbenzene
contains 18 species and 33 reactions. Therefore, the final
surrogate model mechanism includes 43 species and 136
reactions, which is provided in the Supporting Information.
The kinetic data, thermodynamic data, and transport data for
these species come from a study by Xu et al.23 and Li et al.29

3. RESULTS AND DISCUSSION
3.1. Optimization of the Small-Size Surrogate Model

Mechanism. Sensitivity analysis is adopted to select key
reactions that have significant impact on the combustion
characteristics of the mechanism and then to optimization of
rate constants of these key reactions. A small-size mechanism
with high precision suitable for CFD numerical simulation is
obtained by adjusting the pre-exponent factors of the reaction
rates. Key reactions and specific adjustment values are detailed
in Table 3. The detailed optimization process is as follows:

(1) Preliminary estimation of the rate constants of key
reactions based on detailed mechanisms;

(2) The above reaction rate constants are optimized to
enable the mechanism to accurately simulate the ignition
characteristics under wide conditions;

(3) Sensitivity analysis of laminar flame speed for the
mechanism obtained in step 2 is used to identify the key
reaction that affects flame propagation and optimizes the
rate constants to enable the mechanism to accurately
simulate the flame propagation under wide conditions;

(4) Steps 2 and 3 are repeated until the final mechanism can
well predict the ignition delay time in the shock tube and

Table 3. Optimization of the Pre-exponent Factors of the Key Reactions

original revised

Reactions A n E A n E

OH + HO2 = H2O + O2 1.41 × 1015 −1.76 60 1.41 × 1019 −1.76 60
C2H3 + O2 = C2H2 + HO2 1.34 × 103 1.61 −383.4 1.34 × 106 1.61 −383.4
C2H4 + OH = C2H3 + H2O 9.00 × 108 2 2500 9.00 × 106 2 2500
C2H5 + HO2 = CH3 + HCHO + OH 6.00 × 1011 0 0 6.00 × 1013 0 0
aC3H5 + HO2 = OH + C2H3 + HCHO 6.60 × 1011 0 0 6.60 × 1012 0 0
s0C12H26 + O2 = s2C12H25 + HO2 5.50 × 1012 0 27,800 7.00 × 1012 0 27,800
s2C12H25 + O2 = C12H25O2 3.00 × 1013 0 0 3.00 × 1012 0 0
s2C12H25 → 2C3H6 + C2H5 + 2C2H4 8.00 × 1013 0 28,810 1.75 × 1013 0 28,810

Figure 2. Variation of ignition delay times of n-dodecane with temperatures (symbol: experimental data and line: simulations).

Figure 3. Variation of laminar flame speeds of n-dodecane with
equivalence ratios (symbol: experimental data and line: simulations).
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Figure 4. continued
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the flame propagation speed in the one-dimensional
premixed laminar flame under wide conditions.

3.2. Mechanism Verification. The ignition delay times
and laminar flame speeds are widely used to verify the
combustion reaction mechanism and are important indicators
of reaction effectiveness.
Due to the largest proportion of n-dodecane in the surrogate

model, the ignition delay times and laminar flame speeds of n-
dodecane are verified by comparing with experimental data. At
the same time, the important combustion characteristics of the
43-species mechanism are also further verified. The calcu-
lations are conducted using Chemkin-Pro software.42

3.2.1. Verification of the N-Dodecane Mechanism.
3.2.1.1. Verification of Ignition Delay times. The mechanism
for n-dodecane employed in this work has been verified for
ignition delay times under equivalence ratios of 0.5 and 1.0 and
pressures of 14 and 20 atm as well as equivalence ratios of 0.67,
1.0, and 2.0 and the pressure of 50 bar. Reasonable results are
achieved and compared with experimental data,43−45 which is
shown in Figure 2. It can be seen that the n-dodecane
mechanism reasonably reproduces the ignition delay times and
NTC phenomenon. Only the ignition delay times are slightly
lower than the experimental data when the pressure is 14 atm
and the temperature is greater than 950 K.
3.2.1.2. Verification of Laminar Flame Speeds. The

mechanism for n-dodecane employed in this work has been
verified for laminar flame speeds under inlet temperatures of
400 and 470 K and the pressure of 1 atm and compared with
the experimental data.46 The results are shown in Figure 3. It
can be seen that the simulation results of the n-dodecane
mechanism are in good agreement with the experimental
results, and their largest differences are about 4.8 cm/s at an
equivalence ratio of around 0.8. Laminar flame speed increases
with the increase of initial temperature, which is consistent
with the simulation results. The n-dodecane mechanism in the
surrogate model can better provide simulation results of
laminar flame speeds.
3.2.2. Verification of the Small-Size Surrogate Model

Mechanism. 3.2.2.1. Verification of Ignition Delay times. In
order to validate the obtained small-size reaction network

mechanism, ignition delay times for the 43-species mechanism
of this work, 138-species mechanism of Xu et al.,23 and 2851-
species mechanism of Li et al.29 at different conditions are
verified by comparing with experimental data.22 Figure 4a−c
shows the simulation results of the ignition delay time of these
three RP-3 surrogate models at different temperatures and
pressures with equivalence ratios of 0.2, 1.0, and 2.0,
respectively. It can be seen from Figure 4a that the ignition
delay times of the 138-species mechanism are longer than that
of experimental data, but the 43-species mechanism and 2851-
species mechanism generally agree well with the experimental
data. In Figure 1b, ignition delay times of the 2851-species
mechanism are larger than the experimental data with the
pressure of 1 atm, and temperature is greater than 1250 K.
Ignition delay times of the 138-species mechanism are
significantly slower than the experimental data with the
pressure of 20 atm. The 43-species mechanism reasonably
reproduces ignition delay times compared with the exper-
imental data at ϕ = 1.0. In addition, the 43-species mechanism
and the 2851-species mechanism both reasonably reproduce
the NTC phenomenon at low temperatures, and the 43-species
mechanism agrees better with the experimental data. As shown
in Figure 4c, ignition delay times of the138-species mechanism
are slower than that of experimental data with the pressure of
20 atm, and temperature is less than 1050 K. Under other
conditions, the results obtained by the three mechanisms are in
good agreement with the experimental data. Among these
results, the maximum ignition error of the 43 species
mechanism is 36.15%, which appears at 1170 K and an
equivalence of 0.2. Meanwhile, the maximum average error is
4.91%. Overall, the 43-species mechanism can reliably describe
the ignition characteristics of RP-3 aviation kerosene at a wide
range of temperatures and pressures with equivalence ratios of
0.2, 1.0, and 2.0.
3.2.2.2. Verification of Laminar Flame Speeds. In order to

validate the obtained small-size reaction network mechanism,
laminar flame speeds of the 43-species mechanism of this work
and 138-species mechanism of Xu et al.23 at different
conditions are verified by comparing with those of
experimental data. The mechanism of Li et al.29 contains

Figure 4. Variation of ignition delay times of RP-3 kerosene and surrogate models under various conditions: (a) ignition delay times at different
pressures with ϕ = 0.2; (b) ignition delay times at different pressures with ϕ = 1.0; and (c) ignition delay times at different pressures with ϕ = 2.0.
(symbol: experimental data and line: simulations).
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2851 species and 12,242 reactions, which cannot be used for
simulation of laminar flame speeds due to the large number of
species. The conditions for laminar flame speeds are P = 1 atm
with inlet temperatures of 400, 420, 450, and 480 K as well as
P = 3 atm with inlet temperatures of 450 and 480 K. The

simulation results are shown in Figure 5. It can be seen that the
trends of results given by the both mechanisms are consistent
with that of experimental data. The laminar flame speed
reaches its peak when the equivalence ratio is around 1.1. In
addition, the laminar flame speed of the 138-species

Figure 5. Variation of laminar flame speeds of RP-3 kerosene and surrogate models under various conditions (symbol: experimental data and line:
simulations).
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mechanism agrees well with experimental results at P = 3 atm
with temperatures of 450 and 480 K. However, it is faster than
that of experimental data under other conditions. The laminar
flame speed of the 43-species mechanism generally agrees well
with experimental results, and the maximum error is less than 5
cm/s, which means a maximum error of 4.8%. The largest error
occurs at P = 3 atm with the equivalence ratio of 0.8 and inlet
temperatures of 480 K.
Results of sensitivity analysis on laminar flame speeds with

the 43 species and 138 species mechanisms at pressures of 1
and 3 atm, an initial temperature of 450 K, and an equivalence
ratio of 1.0 are illustrated in Figure 6. The equivalence ratio of
1.1 is the laminar flame speeds reach maximum at this
temperature and pressure. A reaction with a positive sensitivity
coefficient promotes flame propagation, while a reaction with a
negative sensitivity coefficient suppresses flame propagation. It
can be seen from this figure that key reactions on laminar flame
speeds at these conditions with these two mechanisms are
generally consistent. This confirms reliability of the 43 species
mechanism in describing laminar flame speeds at these

conditions. It can be seen from this figure that H + O2 = O
+ OH is the most important reaction to promote flame
propagation at these conditions. Overall, the 43 species
mechanism can provide reasonable simulation results for
laminar flame speed.
3.2.2.3. Verification of Species Concentration. To further

verify the obtained 43-species mechanism, mole fractions of
H2, O2, CH4, CO, CO2, and H2O for RP-3/O2/N2 in jet-
stirred reactor (JSR) with respect to temperature from the 43-
species mechanism are compared with those of experimental
data.14 The conditions in JSR are P = 0.1 MPa, T = 550−1100
K, ϕ = 0.5, 1.0, and residence time of 2 s. Species profiles
under these conditions are presented in Figure 7. It can be
seen that the trends of mole fractions for H2, O2, CH4, CO2,
and H2O are basically consistent with the experimental data.
However, generation and consumption of CO are both faster
than RP-3 aviation kerosene.
3.2.2.4. Brute Force Sensitivity Analysis of the 43-Species

Mechanism. Results of brute force sensitivity analysis on
ignition delay times with the 43-species mechanism at

Figure 6. Sensitivity analysis of laminar flame speeds with the 43 species and 138 species mechanisms under various conditions: (a,c) sensitivity of
flame speeds with the 43 species mechanism at different pressures with ϕ = 1.1; (b,d) sensitivity of flame speeds with the 138 species mechanism at
different pressures with ϕ = 1.1.
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temperatures of 1200 and 700 K, an equivalence ratio of 1.0,
and a pressure of 1 atm are illustrated in Figure 8. It can be
seen from Figure 8a that the key reactions that affect ignition
are concentrated in small molecules or small radicals at high
temperatures, which is consistent with the results by Xu et al.23

As can be seen from Figure 8a, H + O2 ↔O + OH is the most
important reaction to promote ignition at T = 1200 K. This
reaction is a chain branching reaction that produces O and OH
radicals that promote the reaction. The most significant
reaction to suppress ignition is C3H6 + H ↔ C2H4 + CH3. The
sensitivity analysis of the 43-species mechanism at low
temperature 700 K is shown in Figure 8b. It can be seen
from this figure that large hydrocarbons and related radicals
have important effects on the self-ignition at low temperature.
C2H3 + O2 ↔ CHO + HCHO is the most important reaction
to suppress self-ignition, while s0C12H26 + OH ↔ s2C12H25 +
H2O are the most important reactions to promote ignition at T
= 700 K. Our results show that the sensitivity analysis of the
surrogate model mechanism of 43-species can give reasonable
results.

4. CONCLUSIONS
A ternary-component surrogate model fuel (73 mass % n-
dodecane, 14.7% 1,3,5-trimethylcyclohexane, and 12.3% n-

propylbenzene) has been proposed for practical aviation
kerosene. This surrogate fuel can match well both the physical
(molecular weight) and chemical (H/C ratio, ignition delay
time, and laminar flame speed) characteristics of the targeted
kerosene. Furthermore, a small-size mechanism (43 species
and 136 reactions) with low- and high-temperature oxidation is
developed based on the surrogate fuel. The aim of this
mechanism is to mimic the key combustion characteristics of
the kerosene ignition and flame, and it can be coupled to
practical CFD simulations of the combustor. The mechanism
has been widely validated using the experimental data for the
ignition delay time and laminar flame speed of single
components of n-dodecane and surrogate model, exhibiting
generally acceptable performance. The species profiles in JSR
with those of experimental results are further verified for the
mechanism. The sensitivity analysis of the ignition delay time
of the surrogate model fuel shows that large hydrocarbons and
related radicals have important effects on the self-ignition at
low temperatures, and the key reactions that affect ignition are
concentrated in small molecules or small radicals at high
temperatures. The chemical kinetic mechanism with few
species and reactions constructed in this paper can be applied
to further study of CFD simulations of practical combustors,
providing more details of the practical combustion process.

Figure 7. Variation of concentration profiles of RP-3 kerosene and the surrogate model in a JSR at 0.1 MPa, ϕ = 0.5, 1.0, and residence time of 2 s.
(a) Variation of concentration profiles at P = 0.1 MPa and ϕ = 0.5 and (b) variation of concentration profiles at P = 0.1 MPa and ϕ = 1.0 (symbol:
experimental data and line: the 43-species mechanism).

Figure 8. Brute-force sensitivity analysis for the surrogate model mechanism of 43-species at different temperatures with the pressure of 1 atm and
equivalence ratio of 1.0.
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