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Keywords: In spite of the great advances in surrogate development for conventional jet fuels, it is still a big challenge to
Jet fuel . allocate the appropriate components and proportion which accurately emulate the real fuel specifications. So,
Combustion this study aims to investigate the development of a well-validated surrogate with a simplified chemical kinetics
Reaction kinetics . . . o1 . o R

Surrogate mechanism that delivers a good prediction ability for the key combustion parameters of aviation kerosene in a
Mechinism wide range of conditions for temperature, pressure and equivalence ratio. A surrogate consisting of 4 components

including 30% (by mass) tetradecane, 30% iso-dodecane, 24% n-propylcyclohexane, and 16% toluene was
developed based on the major components of the real fuel and the similar property targets to the target fuel.
Then, a simplified compact mechanism was developed for the proposed surrogate. The model was used for the
simulation of ignition delay, flame speed, and species concentration. In general, the results showed a good
agreement compared to the experimental data, and a closer emulation of the empirical data for ignition delay
and flame speed, in comparison to previously developed models for jet A. Considering the compact size and the
predictive ability of the proposed surrogate, the model can be used as a tool for the combustion investigation of

Aviation kerosene

kerosene to improve engine designs, efficiency and reduce emissions.

1. Introduction

Combustion is one of the phenomena which has had significant ef-
fects in the development of civilization, from its beginnings for simple
heating and cooking until now where it is integral to modern life. If it is
harnessed well, it can be utilized as the useful energy extracted from the
process of reacting substances (solid, liquid, or gaseous) with oxygen in
the air that leads to an exothermic reaction. One of the devices that
utilizes combustion phenomena is the turbine engine which nowadays is
widely used as a main source for generating power. Shortly after the
invention of this engine, kerosene became the main fuel source in this
type of engine, especially in aircraft. In this regard, researchers are
focused on the improvement of the combustion efficiency of conven-
tional jet fuels and investigating promising alternative candidates.
However, it is expensive and time-demanding to just investigate it
empirically. So, computational combustion was utilized as a way of
investigating combustion besides experimental works. Kinetic model-
ling is one of the significant aspects of computational combustion that
has provided the opportunity of gaining a deeper understanding and
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knowledge about the combustion phenomena in different media. It has a
great role to improve the functionality of practical combustion appli-
cations, such as the engines of vehicles. With the aid of kinetic model-
ling, researchers can survey and analyze the fuel structure and the
fundamental chemistry coupled with direct kinetic measurements of
intermediate and products species, and the rate constants. The steps
applied for a kinetic model to be utilized in practical applications
include providing a detailed chemical kinetic model, applying a vali-
dation process, developing a reduced model, performing the CFD sim-
ulations, and improving the performance (see Fig. 1).

The complexity of real jet fuels structure made researchers to
investigate the possibility of applying a surrogate which accurately
emulates the real fuel specifications, as it is an economical time-saving
way for jet fuel studies. Fuel modelling can provide an opportunity for
academic and industrial investigators to rapidly conduct their intended
scientific works over a broad range of conditions while releasing them
from time-consuming and expensive changes in the design of a proto-
type. Traditional jet fuels comprise a combination of different classes of
very many hydrocarbons, in the hundreds. The major classes include
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Fig. 1. The schematic of the steps applied for a kinetic model to be utilized in practical applications.

normal, iso, and cyclo alkanes and aromatics, and each of them have
different impacts on the thermophysical and combustion properties of
the fuel [1].

By using the surrogate approach and including a simplified version
for its associated mechanism, researchers can mitigate the issues of using
a big detailed mechanism such as the complexity, stiffness (how difficult
an equation is to solve numerically), and the huge computational cost
[2]. The number, type, and concentration of the surrogate components,
and also the simplification process of the detailed mechanism (reduction
of the species and reactions) are based on the numbers and types of the
target combustion parameters. However, each of the processes, espe-
cially the mechanism simplification, need to be conducted with scrutiny
in order to avoid significant loss of accuracy.

Surrogates and chemical kinetics mechanisms (simplified and com-
plex) for aviation kerosene fuels have been developed by many re-
searchers during recent decades, and have been reviewed from different
aspects [3-5]. A majority of the early developed surrogates for jet fuels
[6-10] consisted of one component including one alkane (mostly n-
decane) or two components including an alkane and an aromatic. It was
demonstrated that considering just one or two components representa-
tives of one or two hydrocarbon classes of the target fuel for surrogates
cannot adequately reproduce all of the combustion parameters, such as
the ignition delay, and species profiles [4,11].

As one of the initial trials to develop a jet fuel surrogate containing
more components and chemical groups which have significant per-
centage in the target fuel, Violi et al. [12] proposed a surrogate con-
sisting of six components which showed a good ignition behaviour just
at high temperatures [13]. A three components surrogate consisting of a
normal and a cyclo alkane, and benzene developed by Dagaut et al. in
2006 [14], could deliver good simulation for the experiments in jet
stirred reactors. The speciation in a jet stirred reactor were also simu-
lated well by adding an alkene to Dagaut’s proposed components and
developing a detailed mechanism for the four components surrogate
[15]. The works done by Dooley et al. in 2010 and 2012 [16,17] on the
development of the 1st and 2nd generations of surrogates have had a
great contribution to jet fuel surrogate development in recent years since
they provided a number of the experiments that are being used as a base
data by researchers who work on surrogate and mechanism develop-
ment for jet fuels. The experiments and simulations have been con-
ducted over a vast range of pressures, temperatures, and equivalence
ratios for ignition delay, flame speed, and species profiles. The compo-
nent selection for the surrogate development was based on the dominant
hydrocarbon groups (n/iso/cyclo alkane, and an aromatic) which cap-
ture the cetane number (CN), hydrogen to carbon ratio (H/C), molecular
weight (MW) and threshold sooting index (TSI) of the target jet fuel. A
year later, Malewicki et al. [18] investigated the modelling capacity of
the ignition characteristics and the mole fractions of the 2nd generation
surrogate, and reported a good agreement with the experimental data in
Dooley’s work. In recent years, there has been more tendency to use n-
dodecane and n-tetradecane (instead of n-decane) as the representative
of n-alkane in jet fuel surrogates, since they have similar physical and
chemical characteristics to aviation kerosene [19-21]. Yu et al. [20]
developed a surrogate that includes 73 % n-dodecane, 14.7 % 1,3,5-tri-
methylcyclohecane and 12.3 % n-propylbenzene to surrogate RP-3
kerosene which just contained 138 species and 530 reactions. Liu
et al. [21] experimentally and numerically investigated the combustion

behaviour of a surrogate jet fuel consisting of n-dodecane 66.2 %, n-
propylbenzene 15.8 % and 1,3,5-trimethylcyclohexane 18.0 %, in mol,
over a range of temperatures, fuel equivalence ratios, and pressures. In
2019, a surrogate for aviation kerosene with its simplified associated
mechanism containing a combination of n-dodecane and n-tetradecane,
and decalin was developed for engine application by Zhong and Peng
[22]. There have been also advances in developing reduced kinetic
mechanisms for surrogates through distinct approaches in recent years.
Ranzi et al. [23], developed several skeletal and reduced mechanisms for
typical surrogate mixtures of transportation hydrocarbon (and oxygen-
ated) fuels including kerosene, through the lumped approach. The
developed reduced mechanisms could partially capture the combustion
parameters. Another interesting method to provide a reduced mecha-
nism for a surrogate was an approach termed HYCHEM developed by Xu
et al. [24]. They successfully developed a reaction kinetic model vali-
dated by experiments for jet and rocket fuels, which emulated the
combustion behaviour of the target fuels at just high temperatures.

At first, there were two definitions for developing surrogates for a
real target fuel; a physical surrogate in which surrogate components
have similar physical properties like viscosity and density, and a
chemical surrogate in which surrogate components have similar chem-
ical properties, such as H/C ratio, chemical class composition, etc.
However, in recent years, researchers have considered a combination of
two types of the surrogate called a comprehensive surrogate, as it was
found to be more useful to emulate the combustion parameters of a
target fuel [25], both in chemical kinetic modelling and further, in 3D
simulations and engine applications. Kim et al. [26] developed two
surrogates, namely UM1 and UM2, for jet fuels by considering the
capturing of both the physical and chemical properties of the target fuel.
A jet fuel surrogate was proposed by Yu et al. in 2018 [27], to emulate
real jet fuel properties including physical characteristics, gas-phase
chemical properties and threshold sooting index, and captured a com-
bination of both the physical and chemical target properties including 8
items.

In spite of the great advances in surrogate development for con-
ventional jet fuels, it is still a big challenge to allocate the appropriate
components and proportion which accurately emulate the real fuel
specifications. There are only a few jet fuel surrogates which can
simultaneously reproduce the physical and chemical properties of the
target jet fuel and show a good emulation of the combustion charac-
teristics. It is still a serious issue and it is necessary to develop jet fuel
surrogates with a compact reduced mechanism applicable for further
chemical kinetics investigations and some 3-D simulations such as
equivalent reactor network analysis, while the surrogate’s mechanism
can demonstrate an good simulation behaviour for ignition, flame speed
and species concentration together, and comprehensively is validated
against experimental data. Therefore, developing a well-validated sur-
rogate with a simplified mechanism having a good prediction ability for
the combustion parameters of kerosene fuel, covering a wide range of
conditions (temperatures, pressures and equivalence ratios), is the main
goal for this study.

2. Development of the surrogate and its reaction kinetics
mechanism

Surrogate development is the idea of the formulation of one or more
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Table 1
The values of the combustion property targets for jet A POSF 4658.
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Fuel DCN MW(g/mol) H/C ratio Density Viscosity(cst) Distillation Curve (figure) Lower heating value (MJ/kg)
(kg m )
Jet-A POSF 4658 47.1 157.5 1.96 806 5.2 Kim et al. [26] 42.8

simple fuel components which can emulate the thermophysical, ther-
mochemical, and chemical kinetic properties of a more complex real
fuel, in order to capture the intended fundamental experiments and
predictive simulations. To reproduce the wide variety of properties of
the target fuel, a surrogate should contain more and more components
that leads to more detailed results and closer to the characteristics of the
real fuel. However, the computational limitation of the current
computing resources prevents researchers to consider many components
for developing fuel surrogates. Indeed, In addition to the satisfaction of
the physics and chemistry characteristics in the practical application
viewpoint, a surrogate should be able to be coded and run smoothly on
computers for simulation purposes. Development of the detailed
mechanisms was a great step because they later were applied as the core
mechanism for heavy fuels, such as diesel and jet hydrocarbon fuels
[28]. In parallel to the development of new mechanisms for heavy
species, the effort on the promotion of the core mechanisms is still on the
agenda of many kinetics groups and researchers. In addition, some
works are dedicated to providing more accurate rate constants through
measurement methods or calculation by quantum chemistry [29]. How
much the rates are more accurate, the model can provide a closer pre-
diction of the combustion behaviour compared to the real target spe-
cies. The combustion of heavy hydrocarbons contains a mixture of
oxidation and decomposition reactions which constitutes smaller hy-
drocarbons in a hierarchical order until it reaches the provided core
mechanism (usually a Cy-C4 mechanism).

To formulate and develop a surrogate, it is usually necessary to apply
a series of steps such as defining the combustion property targets,
choosing the number and type of surrogate components, selecting a
powerful standard simulator software, providing reaction mechanism
files, and performing simulation runs of some of the combustion pa-
rameters. The results of these can then be compared with the experi-
mental data for validation that leads to the modification on reaction
rates or other parameters if required, and to develop a skeletal and/or
reduced mechanism.

The first step to develop a surrogate is defining the intended target
properties for a surrogate formulation. The projected usage of the sur-
rogate fuel defines the property targets in the process of formulating a
surrogate fuel. However, considering too many property targets makes it
hard to meet all the property targets. On the other hand, selecting too
few property targets does not manifest the properties of the target fuel.
The consideration for the targets number should cover just those prop-
erty targets which indicate the main physicochemical properties of the
target real fuel.

In the past, researchers considered just a narrow range of combustion
property targets (CPTs) which only includes two or three chemical pa-
rameters such as chemical composition, molecular weight, and cetane
number. However, nowadays, the range has been broadened up to 8
parameters which covers both combustion properties and those physical
properties which affect the combustion of jet fuel such as viscosity,
density, and distillation [16,26]. In this study, the considered candidate
components are those which met the important seven targets of the main
combustion property targets (CPTs) of jet fuel and were used more by
researchers for the surrogate formulation. The targets include H/C ratio,
molecular weight, lower heating value, cetane number, viscosity,
distillation, and density. The values can be seen in Table 1.

To choose components of the surrogate, some prerequisites were
adopted in this study, based on the previous publication [26] and the
goals of this research. Firstly, the selection is conducted based on the
major component/components of the real fuel, or a representative of the

average properties of the major components of the real fuel in terms of
hydrocarbon class and molecular size. Secondly, the candidates should
have similar property targets (listed above) to the target fuel. Thirdly,
reliable and accurate mechanisms should exist for them and also be
accessible. To give weight to each component of the surrogate and the
number of components in the kerosene surrogate, a recently published
gas chromatography-mass spectrometry (GC/MS) report [30] and the
report by Edward [31] were used which provided data about the number
and type of the dominant chemical groups that constitute the real fuel.
Based on the data, the kerosene fuel (jet A) has four major chemical
groups including normal alkanes, iso-alkanes, naphthene, and aro-
matics. As these four hydrocarbon classes have quite different chemical
and physical characteristics, the proposed surrogate must include at
least four components to cover the impact of each class on the emulation
of the target fuel characteristics. To select the components related to the
mentioned groups, those which make up the highest proportions in the
group were considered. For instance, the percentage of n-dodecane and
n-tetradecane are the major contributors for n-alkane in the GC report,
and also meet the 4 prerequisites mentioned before. The candidates
should also be in the range of the typical molecular size distribution of
the target fuel (C7 ~ C14) based on the GC report [30,31]. Since it was
recommended that using normal alkanes larger than n-dodecane such as
n-tetradecane, with a higher MW and boiling points, might be useful to
achieve a better agreement with the Jet-A properties [19], it is taken into
account in this study.

Previously, researchers usually selected one or two important com-
ponents of the major groups, due to the limitations on the ability of the
models and available tools in the chemical kinetics and also for
providing a small mechanism having a low number of species and re-
actions which is suitable for 3D engine simulation. However, in recent
years, surrogates have developed from a range of 3 to 7 components
covering all the individual chemical groups, because of the advances in
kinetic modelling and related tools and software [32]. It should be noted
that how many groups we include in our formulation could be more, the
simulation behaviour of the surrogate can be closer to that of the real
fuel, although the provided mechanism would be big. Thus, the surro-
gate formulation proposed in this research was defined based on
choosing the components from 4 major groups, based on the availability
of a reliable and accurate sub-mechanism, their weight, and the simi-
larity of their chemical formula to each major group in the GC/MS
report. The final consideration for developing the proposed surrogate
was keeping the total number of carbon and hydrogen close to the target
jet A fuel (roughly 11 carbons and 22 hydrogens).

Based on researchers’ previous investigations
[4,16,19-22,25-27,33] and especially from the works of Kim et al. [19]
who provided a collection of possible candidates from their results and
previous works, a number of component representatives of the above-
mentioned hydrocarbon classes were chosen from the candidates’ pool
to develop a simplified mechanism for each components and study their
functions in Chemkin-Pro. Finally, a surrogate including 30 % (by mass)
tetradecane, 30 % iso-dodecane, 24 % n-propylcyclohexane, and 16 %
toluene was selected for this study. Iso-dodecane [34] and n-propylcy-
clohexane [35] mechanisms used in this study are in-house mechanisms
developed by the author of this study, tetradecane and toluene mecha-
nisms were selected from the published works in the literature [36,37].
The associated mechanism of the surrogate was completed by coupling a
well-validated core mechanism [37] to the provided sub-mechanisms. It
is noteworthy that these components also include some of the Chemical
Functional Groups (CFGs) matching CFGs of the targeted fuel [CH3,



H.S. Saraee et al.
.2_
10 E / O
] @,
w
~ 3
1077
o ]
1 O Wang & Oehlschlaeger, shock tube, 2012
A =T his study_Me chanism
4 e Narayanaswamy et al. 2016
1077 O Vasu et al, shuck tube. 2008
] == Malwicki et al. 2012
] ==« UM2 mechanism. 2014
— 77— T — T

T T
0.7 0.8 0.9 1.0 1.1 12 1.3 1.4 15
1000/T (1/K)
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Fig. 3. IDT results of the developed mechanism of this study, against the
mechanisms in the literature [37] and the experimental data at P = 20 bar for
lean condition (® = 0.5) [39].

CH2, CH, C, ACH and ACCH3], that has been proven to help the sur-
rogate closely emulates the combustion properties such as ignition delay
time, laminar flame speed, oxidation product concentration [38].”".
The decoupling methodology which utilizes coupling a detailed Co-
Cp mechanism as the core to simplified sub-mechanisms is applied to
provide a compact mechanism for the proposed surrogate, as this
methodology is an effective approach to build a compact mechanism for
heavy hydrocarbons [34-36]. A well-developed simplified sub-
mechanism of a heavy hydrocarbon considerably reduces the number
of species and reactions in the final model by only considering the
representative species required for the prediction of the intended com-
bustion parameter of the heavy hydrocarbon. Because of the dominating
role of small species in predicting the laminar flame speed of heavy
hydrocarbons and the necessity of a detailed description of those species
in emissions prediction, and the simplified nature of the core mechanism
in comparison with other available detailed mechanisms, this core
model has been applied in this investigation. While the prediction ability
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of other detailed mechanisms is usually limited on one intended com-
bustion parameter such as ignition delay, this core model could satis-
factorily predict the important species mole fraction of heavy
hydrocarbons, in addition to the ignition delay and the laminar flame
speed.
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Fig. 6. IDT results of the developed mechanism of this study, against the
mechanisms in the literature [37] and the experimental data at P = 8 bar for
stoichiometric condition [39].
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Fig. 7. Sensitivity analysis at 20 bar for lean (a), stoichiometric (b), and rich (c) conditions at low temperature (800 K).

3. Ignition delay time (IDT) most works from other researchers’ mechanisms and surrogates (for jet
A fuel) have been conducted under this condition, and thus, it can

The simulations were conducted for a series of pressures and provide an opportunity for forming a comparison to other works.
equivalence ratios where experimental data was available in the liter- As it can be observed in Fig. 2, the simulation in this study has the

ature. Providing simulations for ¢ = 1 at 20 bar is the most important, as closest behaviour to the experiment data at all temperature zones (high
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Fig. 8. Sensitivity analysis at 20 bar for lean (a), stoichiometric (b), and rich (c) conditions at high temperature (1200 K).

temperature, NTC, and cool flame) among other developed surrogates pressures (8 and 12 bar), see Figs. 5 and 6. Although the results are not
and mechanisms, and it has a very good agreement with experimental as good as for ¢ = 1 (at pressure = 20 bar), these results are still produce
data. In addition to these conditions, simulations were performed for the best agreement to the experiment data when compared to the pub-

other equivalence ratios at 20 atm (Figs. 3 and 4) and also other lished results [37] under these conditions. While Narayanaswamy et al.
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experimental data of jet A fuel at P = 1 bar [17,40,41].

[37] considered 3 hydrocarbon classes and gave the composition (30.3
% n-alkane, 21.2 % aromatics, and 48.5 % cyclo-alkane) based on an
optimization process that does not match to the real mass fractions of the
target jet A fuel, this study simulated parameters by maintaining
approximately the original mass fractions of the jet A fuel and consid-
ering all 4 major hydrocarbon classes.

To identify the key reactions in the ignition delay simulations and
thus the candidate reactions to which modifications may help to
improve the ignition delay at p = 20 bar and ¢ = 0.5 where there is
discrepancy between the simulations and the experiment at low tem-
perature conditions, a series of sensitivity analyses at three equivalence
ratios were performed for the ignition delay time of the developed model
at 800 K and 1200 K, as the representatives of the low and high tem-
perature regimes. The normalized sensitivity coefficients represent the
fractional change in concentration c; caused by a fractional change of
parameter k; in the normalized matrix of the local sensitivity
coefficients:

Fuel 371 (2024) 131896

o () (%) - (35)
Ci akl 0lnki
As can be seen in Fig. 7 for sensitivity at 800 K, a combination of some
small species reactions from the core mechanism and the fuel related
reactions of the surrogate components sub-mechanisms such as H
abstraction reactions, the isomerization of OOQOOH to the ketohy-
droperoxides, the formation of OOQOOH by oxygen addition, fuel
radical decomposition, and the concerted elimination reaction are
among the top promoting and inhibiting sensitive reactions. The appli-
cation of the sensitivity analysis for making improvement in a com-
bustion parameter is a complicated process as there are interconnections
between the conditions of a combustion parameter. In this study, the
presence of common reactions at different conditions in the sensitivity
analysis for the ignition delay is an obstacle to make modification in the
reaction rates. For example, a change in the rate coefficients of a reac-
tion affecting the ignition delay at a specified low temperature at p = 20
bar and ¢ = 0.5 has a negative effect on the excellent simulation result
for the ignition delay at ¢ = 1 (p = 20 bar) at that temperature, because
of the common reactions that exist in both of these conditions. More-
over, while we need to apply modifications in the common sensitive
reactions in order to make the ignition delay longer at around 800 K for
¢ = 1.5, we should make it shorter for ¢ = 0.5 at the temperature point.
For high temperature, Fig. 8 demonstrates that the reactions of small
species are the key reactions showing strong promoting and inhibiting
effects, dominating the reactivity of the system. The reactions of small
species that only produce more active radicals are in the top list as the
strongest promoter.

4. Laminar flame velocity

The simulations for laminar flame speed were conducted at 1 atm for
three unburned combustion temperatures (400, 450, 470 K) and a range
of equivalence ratios (0.7 to 1.4). The results were compared to the
results of the mechanisms in the literature and the available experi-
mental data as illustrated in Fig. 9. In comparison with the mechanism in
the literature developed for jet-A fuel, the simulated flame speed

¢=0.7
400K (black), 450K (pattern), 470K (white)

H+02<=>0+0OH

CO+0OH<=>C0O2+H
HCO+M<=>CO+H+M
C3H6cCHH11(+M)<=>C6H11+C3HB6(+M)
HO2+H<=>20H

CO+OH<=>CO2+H

CH3+0=>H+H2+CO
A-C3H5+H<=>C3H6
C3cC600<=>C3cC600H

H+02(+M)<=>HO2(+M)

Sensitivity Coefficient

Fig. 10. Sensitivity analysis of laminar flame speed for equivalence ratio = 0.7, at 400 K, 450 K, and 470 K.
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Fig. 11. Species concentration simulation results of the developed mechanism of this study at the equivalence ratio = 0.46, the resident time = 3 s, and p = 22.4 bar,
against the experimental data at the temperature range of 900 to 1700 K [17].
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Fig. 12. Species concentration simulation results of the developed mechanism of this study at the equivalence ratio = 1.86, the resident time = 3 s, and p = 20.6 bar,

against the experimental data at the temperature range of 900 to 1700 K [17].
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variations obtained in this study demonstrated a closer behavior to the
experimental data. Discrepancy was observed in lean conditions for 400
and 470 K against the empirical results. Similar to the sensitivity anal-
ysis for ignition delay, there are common reactions in the sensitivity
analysis for the flame speed presented in Fig. 10 at 400 and 470 K in
comparison with 450 K that prevents further improvements in the lean
conditions for 400 and 470 K. Another limitation is that the reactions
have a key role in the ignition delay and they could not be selected for
the modifications since they would negatively affect the results of
ignition delay significantly. It can be seen from Fig. 10 that the dominant
chain branching reaction of H + O = O + OH and the main oxidation
reaction of CO (CO + OH = CO; + H) that generate more active radicals
of H, O, and OH are the most important elementary reactions having the
strongest promoting effects on the laminar flame velocity, respectively.
On the other hand, the reaction of H + Oy (+M) = HO, (+M) which
leads to the termination of the radical chain process demonstrates the
highest inhibiting effect and has a suppressing role on the flame speed.

5. Species mole fraction

Simulation of the species concentration for some important species at
lean and rich conditions were extracted with the closed homogeneous
batch reactor model in Chemkin-Pro based on the experimental condi-
tions [17] that was conducted for a mixture of jet A and O, diluted in
argon, in a high pressure shock tube (HPST), over a temperature range of
900 to 1700 K, and the nominal pressures of 22.4 bar for lean conditions
and 20.6 bar for rich conditions. As can be seen in Figs. 11 and 12, for
most species, the modelling results show a close emulation compared to
the experimental results. However for some intermediate species, there
is a considerable overestimation on the results that have been reported
by other researchers as well, where they used surrogates to model the
species concentration of real jet fuels [17,18,42]. It is a common prob-
lem for species simulation of heavy hydrocarbons which have a
complicated composition that includes hundreds of species from
different hydrocarbon classes. In the oxidation process of the real fuel,
specific hydrocarbons intermediates are not formed in significant
amounts, as there are an extensive variety of hydrocarbons in the
structure of the fuel. While, a surrogate fuel usually consists of only two
to four components of the target fuel components, and therefore, the
concentration of some intermediates generated by the specific surrogate
components is unrealistically higher in the absence of the other com-
ponents that exist in the real target fuel.

6. Conclusion

In this study, an investigation was conducted for the development of
a well-validated surrogate for jet A, to address the requirement for a
surrogate and its associated kinetics mechanism to have a small size and
a good prediction ability for the all key combustion parameters in a wide
range of temperatures, pressures and equivalence rates conditions. A
surrogate consisting of 4 components was developed based on the major
components of the real fuel and the similar property targets to the target
fuel. Then, a reaction kinetic mechanism consisting of a core semi-
detailed mechanism and 4 simplified sub-mechanisms including tetra-
decane, iso-dodecane, n-propylcyclohexane, and toluene was developed
for the proposed surrogate with the aid of a decoupling methodology.
Three parameters, including ignition delay time, laminar flame speed,
and species concentration are simulated by use of ANSYS Chemkin-Pro
under zero dimensional homogeneous closed reactors, one dimensional
freely-propagating laminar flame speed calculations, and zero dimen-
sional perfectly-stirred reactors, respectively. The simulation results for
these parameters are validated against the available data in the litera-
ture. In general, the results showed a good agreement for ignition delay,
laminar flame speed, and most species concentration profiles compared
to the experimental data, though discrepancy was observed for a few
conditions. The compact model of this study could provide a closer

10

Fuel 371 (2024) 131896

emulation of the empirical data for ignition delay and laminar flame
speed, in comparison to the previous developed models for jet A. A series
of sensitivity analyses were provided to gain a deeper understanding of
the developed mechanism. The compact size and the predictive ability of
the developed simplified mechanism of the proposed surrogate make it a
good candidate for researchers to use the model for functional kinetic
investigations and the combustion investigation of aviation kerosene in
some 3-D simulations such as Equivalent Reactor Network Analyses.
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