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Abstract: Wide distillation fuels (WDF) and gasoline/diesel blends have been proposed as new 6 

fuel formulations for advanced combustion engines. Recent studies have shown that multi-7 

component gasoline and diesel surrogate mixtures can accurately mimic the distillation curve, 8 

functional group or hydrocarbon class distribution, average molecular weight, and other 9 

combustion properties of real fuels. This work presents an updated decoupling methodology to 10 

construct a 50-component fuel model, which consists of a skeletal sub-mechanism for large 11 

hydrocarbon components present in gasoline, jet and diesel fuels, a reduced C5-Cn mechanism, 12 

and a detailed C0-C4 mechanism. The entire model contains 156 species and 1132 reactions. 13 

The chemical classes covered include n-alkanes, iso-alkanes, cyclo-alkanes and alkylbenzenes. 14 

Compared with the comprehensive detailed kinetic modeling approach, the present 15 

methodology largely reduces the model size due to the use of skeletal fuel mechanisms. 16 

Compared with the traditional decoupling methodology, our approach increases the model 17 

accuracy since it contains a detailed C0-C4 mechanism instead of a reduced C2-C3 mechanism. 18 

The present model was validated against experimental targets at high temperatures, including 19 

the pyrolysis and oxidation speciation data and global parameters such as ignition delay times 20 

and laminar flame speeds from 30 pure fuel components and 12 fuel mixtures. In general, the 21 

present model performs well against these experimental data, suggesting this methodology is a 22 
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suitable approach for developing accurate kinetic models for multi-component fuels. Future 23 

work will extend the present framework to predict low-temperature combustion chemistry of 24 

multi-component fuels. 25 

Keywords: lumped mechanism; multi-component surrogate fuel; updated decoupling 26 

methodology; model validation 27 

1. Introduction 28 

Internal engine combustion studies have been driven towards lower emissions and higher 29 

efficiency targets [1]. Advanced engine/fuel designs assisted by kinetic models provide an 30 

effective approach to improving engine performance [2]. Recently, a fuel concept denoted by 31 

wide distillation fuel (WDF) was proposed, which refers to fuels with a wide distillation range 32 

covering the initial boiling point of gasoline to the final boiling point of diesel. WDF is expected 33 

to combine the advantages of both gasoline and diesel fuels [3, 4]. Similar studies proposed 34 

gasoline/diesel blends (i.e., dieseline) as fuels for advanced combustion engines [5-7]. However, 35 

numerical combustion studies of such gasoline/diesel fuel mixtures are scarce in the literature. 36 

In computational fluid dynamics (CFD) simulations, surrogate fuels consisting of several 37 

representative components are usually used to mimic both physical and chemical properties of 38 

real fuels [8, 9]. However, most of the reported surrogate fuels in literature contain less than 39 

five pure compounds [8, 10-14], which are not sufficient to mimic important properties of real 40 

fuels like WDF and gasoline/diesel mixtures, such as distillation curve, functional group or 41 

hydrocarbon class distribution, average molecular weight etc.. 42 

Since the size of kinetic models increases dramatically with the increasing number of 43 

components and molecular weight, significant challenges exist when constructing kinetic 44 
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models for multi-component kinetic models. Sarathy et al. [15] proposed a detailed nine-45 

component gasoline model based on previous kinetic models from LLNL and NUIG groups, 46 

including 2315 species and 10079 reactions, and validated it against the ignition delay times of 47 

FACE (fuels for advanced combustion engines) gasolines. Pudupakkam et al. [16] constructed 48 

a 19-component surrogate fuel for gasoline, consisting of 1833 species and 8764 reactions, and 49 

validated it against speciation data in flow reactors and jet-stirred reactors (JSRs), as well as 50 

ignition delay times and laminar flame speeds. Besides detailed mechanisms, Ra et al. [17] 51 

developed a reduced surrogate model for 43 chemical surrogate components with 264 species 52 

and 1292 reactions, which was validated against the ignition delay time data. Ren et al. [18] 53 

proposed a 11-component model for WDF, covering gasoline, jet and diesel fuels. It consists of 54 

178 species and 758 reactions and validated against ignition delay times, laminar flame speeds, 55 

speciation data and combustion data obtained in a direct injection compression ignition engine. 56 

Previous methodologies for model development are based on the hierarchical structure of 57 

kinetic models and the use of rate rules developed for every reaction class [19], as shown in Fig. 58 

1. Elementary reactions are incorporated in the detailed models to describe both the 59 

decomposition of fuels and the formation of intermediates and products. Therefore, the size of 60 

detailed models is large, and requires fit-for-purpose reduction before performing CFD 61 

simulations. Application of detailed kinetic models in CFD simulations is still limited to binary 62 

and ternary surrogate mixtures [8, 9] due to the challenges in both model construction and 63 

reduction. In order to develop more compact models for CFD simulations, a decoupling 64 

methodology was proposed [20-23], as shown in Fig. 1 (the last column). It is also based on the 65 

hierarchical structure of kinetic models. Compared with detailed methodology, only the C0-C1 66 
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mechanism is detailed; the C2-C3 mechanism is reduced; and the reactions involving C4 and 67 

larger species, including the fuel molecules, are described by a skeletal mechanism. In this way, 68 

the size of a kinetic model becomes much smaller. However, to reproduce the experimental data, 69 

rate constant optimizations are usually incorporated in this methodology, some of which may 70 

be beyond reason from a chemical kinetics perspective [20]. For surrogate fuels with multiple 71 

chemical classes, the number of key intermediates increases significantly, such that a reduced 72 

C2-C3 coupled with skeletal C4-Cn mechanism cannot accurately describe the reactions of 73 

various key intermediates. Therefore, the decoupling methodology is also not suitable for the 74 

model development of fuels with various components. 75 

 76 

Figure 1 Schematic diagram for comparison of present, detailed and decoupling 77 

methodology. The size of each solid box denotes the size of the included mechanism. 78 

The present work proposes an updated decoupling methodology to model the pyrolysis 79 

and combustion of surrogate components, which consists of a skeletal sub-mechanism of fuels, 80 

a reduced C5-Cn and a detailed C0-C4 base mechanism, as shown in Figure 1. We were inspired 81 

by the philosophy of the HyChem approach [24], in which the high-temperature combustion of 82 

fuels occurs in two separate stages: fuel (oxidative) pyrolysis followed by the oxidation of the 83 
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pyrolysis products. Unlike the HyChem approach [24], in which the lumped reactions of fuels 84 

were developed by fitting with experimental data, the skeletal sub-mechanisms of fuel 85 

molecules in this work were developed based on kinetic lumping rules [25]. The present skeletal 86 

sub-mechanism of fuels was used to describe the conversion from fuel molecules to their 87 

specific intermediates. A detailed C0-C4 coupled with a reduced C5-Cn mechanism was then 88 

sufficient to describe the conversion of specific intermediates produced from various fuel 89 

molecules without tuning or optimizing the rate constants. The size of the kinetic models 90 

developed by the present methodology are larger than those developed by a decoupling 91 

methodology, but much smaller than those developed by a detailed methodology. However, the 92 

proposed model can be further reduced using targeted approaches. Based on the present 93 

methodology, this work presents a 50-component surrogate fuel model, covering n-alkanes, iso-94 

alkanes, cyclo-alkanes and aromatics, and validated it against the experimental data from 30 95 

pure components and 12 fuel mixtures at high temperatures, including pyrolysis/oxidation 96 

speciation data, ignition delay times, and laminar flame speeds. 97 

2. Model development 98 

In this work, we developed a lumped mechanism for 50 pure fuel components, including 99 

C5-C15 n-alkanes, C5-C10 2-methyl alkanes, C6-C11 3-methyl alkanes, C8-C12 4-methyl alkanes, 100 

C7-C11 dimethyl alkanes, C7-C16 multi-methylated alkanes, cyclohexane and C7-C11 mono-101 

alkylated cyclohexanes, and C8-C12 mono-alkylated benzenes, as listed in Table 1. These 102 

components span a large range of hydrocarbons typically found in gasoline, diesel, and jet fuels. 103 

The lumped fuel sub-mechanism consists of one unimolecular decomposition reaction and six 104 

H-atom abstraction reactions, and describes the (oxidative) pyrolysis of fuel molecules. These 105 
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seven lumped reactions connect the fuel molecules directly to their key intermediates. For n- 106 

and iso- alkanes, C2H4, C3H6, C4H8 isomers, H and CH3 are the most important intermediates, 107 

while 1,3-butadiene becomes an additional key intermediate for cyclo-alkanes. For aromatic 108 

fuel molecules, key intermediates include benzyl, phenyl radicals and styrene. To describe the 109 

subsequent reactions of these specific intermediates, the USC Mech II mechanism [26], 110 

including a detailed C0-C4 mechanism and a reduced C5-C7 mechanism, was adopted as the 111 

base mechanism. For the consumption of styrene, the unimolecular decomposition and ipso-112 

reactions were considered in this model and their rate constants were taken from previous 113 

models [27, 28]. 114 

Table 1. Fuel molecules included in the present model 115 

Chemical class Fuel component 
Number of 

component 

n-alkane 

n-pentane, n-hexane, n-heptane, n-octane, n-nonane, 

n-decane, n-undecane, n-dodecane, n-tridecane,  

n-tetradecane, n-pentadecane 

11 

2-methyl alkane 
2-methylbutane, 2-methylpentane, 2-methylhexane, 

2-methylheptane, 2-methyloctane, 2-methylnonane 
6 

3-methyl alkane 
3-methylpentane, 3-methylhexane, 3-methylheptane, 

3-methyloctane, 3-methylnonane, 3-methyldecane 
6 

4-methyl alkane 
4-methylheptane, 4-methyloctane, 4-methylnonane, 

4-methyldecane, 4-methylundecane 
5 

dimethyl alkane 
2,2-dimethylpentane, 2,4-dimethylpentane, 2,5-dimethylhexane, 

2,6-dimethylheptane, 2,7-dimethyloctane, 2,8-dimethylnonane 
6 

multi-methylated 

alkane 

2,2,3-trimethylbutane, 2,2,3,3-tetramethylbutane, 2,2,4-

trimethylpentane, 2,2,4,4,6,8,8-heptamethylnonane 
4 

naphthalene 
cyclohexane, methylcyclohexane, ethylcyclohexane, 

n-propylcyclohexane, n-butylcyclohexane, n-pentylcyclohexane 
6 

aromatics 
ethylbenzene, n-propylbenzene, n-butylbenzene, s-butylbenzene 

n-pentylbenzene, n-hexylbenzene 
6 

2.1 Lumping methodology for H-atom abstraction, isomerization and decomposition 116 

reactions of fuel radicals 117 
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H-atom abstraction reactions from fuels by H, CH3, OH, O2, HO2 and O, followed by the 118 

isomerization and decomposition of fuel radicals were lumped into one-step reactions according 119 

to earlier studies [29, 30]. The lumping scheme for skeletal fuel mechanisms depends on the 120 

steady-state assumption, which requires a time-scale analysis of the reaction processes. 121 

Characteristic reaction times of H-abstraction reactions are ~10000 times longer than those of 122 

the fuel radical isomerization reactions and ~1000 longer than those of fuel radical 123 

decomposition reactions for n- and iso-alkanes [31]. Therefore, the H-atom abstraction 124 

reactions are the rate-limiting reactions. For cyclohexanes and mono-alkylated benzenes 125 

investigated in this work, the present time-scale analysis also confirms that the H-atom 126 

abstraction reactions are the slowest ones and can be considered as the rate-limiting steps in 127 

fuel pyrolysis. 128 

This reveals that once fuel radicals are produced, they quickly achieve equilibrium among 129 

themselves, and their equilibrium yields can be calculated from thermochemical data. In this 130 

work, equilibrium yields of fuel radicals were calculated over 1000-1500 K using the 131 

equilibrium module (EQUIL) implemented in Chemkin PRO software [32]. The calculated 132 

results at 1000 and 1500 K for typical pure fuels are presented in Tables S1-S3 in the 133 

supplementary material. It was found that the equilibrium yield of fuel radicals is weakly 134 

dependent on temperature over 1000-1500 K, which is in good agreements with previous 135 

studies [24, 31]. Therefore, mean equilibrium yields of fuel radicals were adopted in this work. 136 

For the subsequent -scission reactions, only -C-C bond dissociation reactions were 137 

considered, since the much stronger C-H bond dissociation energy corresponds to longer 138 

characteristic times for -C-H bond dissociation reactions. Previous detailed models [33-35] 139 
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show that branching ratios of -C-C bond dissociation reactions are weakly dependent on 140 

temperatures over 1000-1500 K and pressures above 1 atm, so we used the mean values of 141 

branching ratios over 1000-1500 K. For large alkane components, alkenes larger than C4 are 142 

important products, while their concentration level is much lower than C2-C4 alkenes [36] due 143 

to their much shorter lifetimes. In this work, alkenes larger than C4 were converted to C0-C4 144 

species via addition-elimination reactions, for example, R1 and R2 in the conversion of 1-145 

pentene (C5H10-1). This treatment was also adopted in previous studies [24, 31]. Similarly, 146 

dienes larger than C4 generated in cycloalkane decomposition, were also converted to smaller 147 

intermediates with four or less carbon atoms. In this way, H-atom abstraction from fuels, 148 

isomerization and decomposition reactions of fuel radicals were lumped into one reaction step, 149 

and the stoichiometric coefficients of key intermediates were obtained. 150 

C5H10-1 + H = 2C2H4 + CH3 R1 151 

C5H10-1+H=C3H6+C2H5 R2 152 

2.2 Lumping methodology for unimolecular decomposition of fuels and isomerization 153 

and decomposition of primary radicals 154 

In the present model, the unimolecular decomposition reactions of fuels, followed by the 155 

isomerization and decomposition reactions of their primary radicals were lumped into one-step 156 

reactions. Among the above reaction processes, unimolecular decomposition reactions are the 157 

rate-limiting steps based on a time-scale analysis. Compared with C-H bond dissociation 158 

reactions, the bond dissociation energies of C-C bonds are much weaker; therefore, only C-C 159 

bond dissociation reactions, except for aromatic C-C bonds, were considered in this model. The 160 

branching ratios of C-C bond dissociation reactions are weakly dependent on temperatures over 161 
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1000-1500 K and pressures above 1 atm based on previous detailed models [33-35]. Therefore, 162 

mean values of branching ratios over 1000-1500 K were adopted in this work. The primary 163 

radicals generated via fuel decomposition reactions undergo both isomerization and 164 

decomposition reactions. These two steps have been lumped into one-step reactions in the 165 

decomposition of smaller fuel radicals. For example, the unimolecular decomposition reactions 166 

of n-dodecane can produce two hexyl radicals; therefore, the subsequent reactions of hexyl 167 

radicals were taken from the sub-mechanism of n-hexane in this model. 168 

2.3 Rate constants of the lumped reactions 169 

In the present model, the rate constant of each lumped reaction was determined by the total 170 

rate constant of the rate-limiting reactions. Therefore, for unimolecular decomposition followed 171 

by subsequent isomerization and decomposition reactions, the total rate constants were 172 

determined by the summation of each individual C-C bond dissociation reactions; for H-atom 173 

abstraction followed by subsequent isomerization and decomposition reactions, the total rate 174 

constants were obtained by the summation of H-atom abstraction reactions of fuels occurring 175 

on each individual C-H bonds. Rate constants involved in paraffinic C-C bond dissociation 176 

reactions and the H-atom abstraction reactions of paraffins were taken from previous n-alkane 177 

[34] and iso-alkane models [33, 35]. For naphthalene-related reactions, rate constants were 178 

adopted from previous models of cyclohexane [37] and its mono-alkylated compounds [38, 39]. 179 

The rate constants of alkylbenzene related reactions were taken from previous aromatics models 180 

[27, 28]. Rate constants of the aforementioned C-C bond dissociation and H-atom abstraction 181 

reactions adopted in this work are summarized in Tables S4-S10 in the supplementary material. 182 

No rate constants were tuned/optimized in this work. Thermodynamic and transport data were 183 
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mainly obtained directly from aforementioned models for each hydrocarbon class. For fuel 184 

molecules that have no detailed models available, we use the THERM code [40] to estimate 185 

their thermodynamic data while their transport data were obtained based on the analogies. 186 

Under the present pyrolysis and high-temperature oxidation conditions, the validation targets 187 

investigated in this work are not sensitive to transport data. A recent work by Hantouche et al. 188 

[41], found that uncertainties in fuel related thermodynamic data are many influential on 189 

reactivity in the low- and intermediate-temperature regime, which are not the focus of the 190 

present model. The present model includes 156 species and 1132 reactions, and the kinetic 191 

mechanism, thermodynamic, and transport data files are provided in the supplementary material. 192 

2.4 Simulation method 193 

In this work, all the simulations were performed using Chemkin PRO software [32]. Shock 194 

tube simulations, involving both the speciation profiles and ignition delay times, were carried 195 

out with closed homogeneous batch reactor. Adiabatic and constant volume conditions were 196 

assumed in the simulations. The reflected temperature (T5) and pressure (P5) were set as the 197 

initial temperature and pressure. Ignition delay times were calculated by the maximum 
dT

dt
 , 198 

where T and t are the temperature and time, respectively. For various flow reactor experiments, 199 

we adopted different simulation methods. The Princeton flow reactor experiments [31] were 200 

simulated with closed homogeneous batch reactor based on constant temperature and adiabatic 201 

approximations. The NSRL flow reactor simulations [27, 28] were performed with plug flow 202 

reactor by providing the experimentally measured temperature profiles. For JSR simulations, 203 

the transient perfectly stirred reactor code was adopted with long enough end times to achieve 204 

a steady-state solution. Residence time, instead of reactor volume and flow rate, was set as the 205 
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initial condition. Speciation data measured in laminar premixed flat flames were simulated by 206 

the premixed laminar burner-stabilized flame module. Mass flow rates and temperature profiles 207 

provided in the experiments were used as boundary conditions. Flame speed measurements 208 

were simulated using premixed laminar-speed calculation module. Thermal diffusion was 209 

accounted for, and mixture-averaged transport equations were adopted in the simulations. Grid-210 

dependent results were achieved by assigning GRAD and CURV values to be 0.1 or smaller 211 

during the simulations. 212 

3. Model validation 213 

3.1 Validations against the experimental data of pure fuels 214 

The present lumped model was first validated against the experimental data from 30 pure 215 

fuel components. Table 2 presents around 120 sets of validation targets selected in this work, 216 

including both the speciation data in the pyrolysis and oxidation of various fuels and their global 217 

combustion parameters, i.e., ignition delay times and laminar flame speeds. Since we focused 218 

on the high-temperature chemistry of various fuels, only the ignition delay times measured at 219 

high temperatures were selected. We selected these validation targets based on three criteria: (i) 220 

experimental data were obtained under pyrolysis and high-temperature conditions; (ii) all the 221 

validation data have well-defined experimental uncertainties; and (iii) experimental data cover 222 

a broad range of combustion conditions (temperatures, pressures, and equivalence ratios). 223 

Table 2. Validation data of pure fuels for the present model 224 

Fuel list Experimental type Mixture P (atm) T (K)  Ref. 

n-pentane 

Pyrolysis NC5H12/Ar 1.2-2.5 1000-1500 ∞ [42] 

Pyrolysis NC5H12/Ar 1 1461-1798 ∞ [43] 

Ignition delay NC5H12/O2/Ar 2 1261-1533 0.5-1.0 [44] 

Flame speed NC5H12/air 1 353 0.8-1.5 [45] 

n-hexane 

Pyrolysis NC6H14/Ar 1-2 1000-1500 ∞ [42] 

Ignition delay NC6H14/O2/Ar 2 1250-1475 0.5-1.0 [44] 

Flame speed NC6H14/air 1 353 0.75-1.5 [45] 
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n-heptane 

Pyrolysis NC7H16/Ar 1.4-2.3 1083-1432 ∞ [42] 

Pyrolysis NC7H16/Ar 1.5 1190-1600 ∞ [46] 

Ignition delay NC7H16/air 15 1058-1298 1.0 [47] 

Flame speed NC7H16/air 1 298-353 0.7-1.5 [45, 48, 49] 

n-octane 

Oxidation NC8H18/O2/N2 1 1137 1.0 [31] 

Pyrolysis NC8H18/N2 1 1023 ∞ [50] 

Ignition delay NC8H18/O2/Ar 2 1252-1455 0.5-1.0 [44] 

Flame speed NC8H18/air 1 353 0.7-1.5 [45] 

n-nonane 
Ignition delay NC9H20/O2/Ar 2 1284-1470 0.5-1.0 [44] 

Flame speed NC9H20/air 1 403 0.7-1.5 [45] 

n-decane 

Pyrolysis NC10H22/N2 1 1060 ∞ [51] 

Pyrolysis NC10H22/Ar 60 947-1734 ∞ [52] 

Ignition delay NC10H22/O2/N2 1-2 1300-1900 0.5-1.0 [53] 

Flame speed NC10H22/air 1 403 0.7-1.5 [45] 

n-undecane Ignition delay NC11H24/O2/Ar 1 1378-1594 1.0 [54] 

n-dodecane 

Pyrolysis NC12H26/Ar 20 867-1739 ∞ [52] 

Pyrolysis NC12H26/N2 1 1000 ∞ [55] 

Ignition delay NC12H26/O2/N2 6.5-20 1040-1319 0.5 [56] 

Flame speed NC12H26/air 1 403 0.7-1.5 [45] 

n-tetradecane 
Pyrolysis NC14H30/Ar 1 832-1100 ∞ [57] 

Flame speed NC14H30/air 1 423-443 0.8-1.4 [58] 

2-methylbutane 
Pyrolysis 

Ignition delay 

C5H12-2/Ar 1 1513-1922 ∞ [43] 

C5H12-2/O2/Ar 1-5 1300-1726 0.5-2.0 [59] 

2-methylpentane 
Ignition delay 

Flame speed 

C6H14-2/O2/Ar 3.5 1513-1922 0.5-2.0 [60] 

C6H14-2/air 1 298 0.8-1.3 [61] 

2-methylhexane Ignition delay C7H16-2/air 20 1022-1290 0.5-1.0 [62] 

2,4-dimethylpentane Ignition delay C7H16-24/O2/Ar 1.5 1324-1514 0.5-1 [63] 

2,2-dimethylpentane Ignition delay C7H16-22/O2/Ar 2 1182-1702 1.0 [64] 

2-methylheptane 
Ignition delay 

Flame speed 

C8H18-2/air 20 1040-1327 0.5-1.5 [33] 

C8H18-2/air 1 353 0.7-1.5 [33] 

2,5-dimethylhexane 

Oxidation C8H18-25/O2/N2 1 1137 1.0 [31] 

Ignition delay C8H18-25/O2/Ar 1.5 1313-1517 0.5-1.0 [63] 

Flame speed C8H18-25/air 1 353 0.7-1.5 [65] 

2,2,4-trimethylpentane 

Pyrolysis IC8H18/Ar 2 1000-1500 ∞ [66] 

Pyrolysis IC8H18/N2 1 1023 ∞ [50] 

Oxidation IC8H18/O2/N2 1 1137 1.0 [31] 

Ignition delay IC8H18/O2/Ar 1.5 1336-1555 0.5-1.0 [63] 

Flame speed IC8H18/air 1 353 0.7-1.5 [65, 67] 

3-methylheptane 
Ignition delay 

Flame speed 

C8H18-3/air 20-50 1000-1280 0.5-2.0 [68] 

C8H18-3/air 1 353 0.7-1.5 [65] 

2,2,3,3-tetramethylbutane Oxidation TC8H18/O2/N2 1 1137 1.3 [31] 

2,7-dimethyloctane 
Pyrolysis 

Ignition delay 

C10H22-27/Ar 16 1126-1339 ∞ [69] 

C10H22-27/O2/N2 16 1092-1472 1.0 [70] 

iso-cetane 

Pyrolysis IC16H34/Ar 20 1072-1237 ∞ [71] 

Ignition delay IC16H34/air 10 1033-1394 0.5-1.5 [72] 

Flame speed IC16H34/air 1 443 0.8-1.4 [73] 

cyclohexane 

Pyrolysis cyC6H12/Ar 40-200 1100-1700 ∞ [74] 

Ignition delay cyC6H12/O2/Ar 1.5-3 1200-1400 0.5-1.0 [75] 

Ignition delay cyC6H12/O2/Ar 8 1200-1800 0.5-2.0 [76] 

Flame speed cyC6H12/air 1 298-353 0.7-1.5 [77] 

methylcyclohexane 

Pyrolysis MCH/Ar 40-200 880-1600 ∞ [78] 

Pyrolysis MCH/N2 1 900-1075 ∞ [79] 

Ignition delay MCH/O2/Ar 1-3 1300-1500 0.5-1.0 [75] 

Flame speed MCH/air 1 353 0.7-1.5 [77] 

ethylcyclohexane 

Pyrolysis ECH/Ar 1 842-1240 ∞ [39] 

Ignition delay ECH/O2/Ar 1-5 1100-1700 0.5-2.0 [80] 

Flame speed ECH/air 1 353 0.7-1.8 [77] 

n-propylcyclohexane 
Ignition delay 

Flame speed 

PCH/O2/Ar 1.1 1150-1600 0.5-2.0 [81] 

PCH/air 1 353-403 0.7-1.5 [77] 

n-butylcyclohexane 
Ignition delay 

Flame speed 

BCH/O2/Ar 1.5-3.0 1250-1500 0.5-1.0 [75] 

BCH/air 1 353-403 0.7-1.5 [77] 

ethylbenzene 
Pyrolysis C6H5C2H5/Ar 1 856-1293 ∞ [27] 

Ignition delay C6H5C2H5/air 10 1043-1216 0.5-1.0 [82] 



13 

Flame speed C6H5C2H5/air 1 358-398 0.6-1.6 [83] 

n-propylbenzene 

Pyrolysis C6H5C3H7/Ar 50 1030-1700 ∞ [84] 

Premixed flame C6H5C3H7/O2Ar 0.04 300-1800 0.75-1.79 [28] 

Ignition delay C6H5C3H7/air 1-10 1100-1600 0.5-2.0 [85] 

Flame speed C6H5C2H5/air 1 358-398 0.6-1.4 [83] 

n-butylbenzene 

Pyrolysis NC6H5C4H9/Ar 1 839-1061 ∞ [86] 

Ignition delay NC6H5C4H9/air 1-10 1050-1600 0.5-2.0 [87] 

Flame speed NC6H5C4H9/air 1 358-398 0.6-1.25 [83] 

s-butylbenzene 
Pyrolysis SC6H5C4H9/Ar 1 780-1031 ∞ [88] 

Flame speed SC6H5C4H9/air 1-10 423 0.7-1.5 [88] 

3.1.1 n-Alkanes 225 

For the validation of n-alkanes, pyrolysis and oxidation speciation data were collected for 226 

n-pentane, n-hexane, n-heptane, n-octane, n-decane, n-dodecane and n-tetradecane. Among the 227 

speciation data, C2H4, C3H6, 1-butene (C4H8-1) and CH4 are the most abundant products, and 228 

their mole fraction profiles were used to validate the skeletal fuel sub-mechanisms. The 229 

predicted concentrations of these species are very sensitive to the stoichiometric coefficients 230 

used in the lumped reactions [24]. Yasunaga et al. [42] measured detailed speciation data of n-231 

pentane, n-hexane and n-heptane in a shock tube at T5 = 1000-1500 K and P5 = 1.5-2 atm. As 232 

seen from Figs. S1-S3 in the supplementary material, the present model captures the 233 

temperature windows of fuel decomposition and product formation, and reasonably predicts the 234 

yields of various products. Wang et al. [31] measured the mole fraction profiles of CH4, C2H4 235 

and C3H6 in the oxidation of n-octane in a flow reactor at 1137 K, 1 atm and  = 1.0. As seen 236 

from Fig. S4 in the supplementary material, the present model well predicts their concentration 237 

profiles. Malewicki et al. [52] investigated the pyrolysis and oxidation of n-decane and n-238 

dodecane in a shock tube at 19-74 atm. Their measured speciation data were used to validate 239 

the present model. As seen in Figs. S5 and S6 in the supplementary material, the present model 240 

can well predict the decomposition of fuels and reasonably captures the yields of C1-C4 species. 241 

Zeng et al. [57] measured the pyrolysis intermediates of n-tetradecane in a flow reactor with 242 

synchrotron-based photoionization mass spectrometry at low and atmospheric pressures. Their 243 
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speciation data obtained at atmospheric pressure was selected to validate the present model. As 244 

seen from Fig. S7 in the supplementary material, the present model predicts a slightly lower 245 

temperature window of fuel decomposition while well capture the intermediate yields. Other 246 

validation results against the speciation data of n-alkanes are also provided in the supplementary 247 

material, as seen from Figs. S8-S11. 248 

The present model was also validated against the ignition delay times and laminar flame 249 

speeds of n-alkanes. Davidson et al. [44] measured the ignition delay times of n-pentane, n-250 

hexane, n-octane and n-nonane in a shock tube over 1150-1550 K and 1-4 atm. Figure 2 presents 251 

the comparison between their measured and predicted results. Under both lean and 252 

stoichiometric conditions, the present model reasonably captures the ignition delay times of 253 

these four fuels. For other n-alkanes, i.e. n-heptane, n-decane, n-undecane, n-dodecane, the 254 

validation results of ignition delay times are provided in Figs. S12-S15 in the supplementary 255 

material. Ji et al. [45] performed the laminar flame speed measurements for C5-C12 n-alkanes 256 

in a counterflow configuration at ambient pressure. Figure 3 presents the predicted results by 257 

the present model against their measurements of C5-C8 n-alkanes at an unburned gas 258 

temperature (Tu) of 353 K and pressure (Pu) of 1 atm. Good agreements can be found between 259 

the measured and predicted results. Additional validation results of the present model against 260 

the laminar flame speeds of n-nonane, n-decane, n-dodecane and n-tetradecane are provided in 261 

Figs. S16-S19 in the supplementary material. In general, the present model can capture the 262 

flame propagation of these n-alkanes within the experimental uncertainties. 263 
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 264 

Figure 2 Comparison of measured (symbols) [44] and predicted (lines) ignition delay times 265 

of (a) n-pentane, (b) n-hexane, (c) n-octane and (d) n-nonane in a shock tube at 2 266 

atm and  = 0.5 and 1.0. 267 

 268 

Figure 3 Comparison of measured (symbols) [45] and predicted (lines) laminar flame speeds 269 

of (a) n-pentane, (b) n-hexane, (c) n-heptane and (d) n-octane at Pu = 1 atm and Tu 270 
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= 353 K. 271 

3.1.2 iso-Alkanes 272 

Compared with n-alkanes, speciation data for branched alkanes are more scarce in the 273 

literature. Sajid et al. [43] measured the speciation data of CH4, C2H4 and C2H2 in the pyrolysis 274 

of iso-pentane over 1400-2100 K and near atmospheric pressure. The present model was 275 

validated against these data. As seen from Fig. S20 in the supplementary material, the present 276 

model well captures the mole fraction histories of intermediates at various temperatures. Wang 277 

et al. [31] measured the speciation data of CH4, C2H4, C3H6 and IC4H8 in the oxidation of 2,5-278 

dimethylhexane and iso-octane in a flow reactor at atmospheric pressure and 1137 K. These 279 

speciation data were used to validate the present model. As seen from Figs. S21 and S22 in the 280 

supplementary material, the present model well predicts the intermediate yields in 2,5-281 

dimethylhexane oxidation, while under-predicting the yields of CH4, C2H4, and C3H6 and over-282 

predicting IC4H8 in the oxidation of iso-octane. We also examined the model performance 283 

against other speciation data of iso-octane in literature. Yasunaga et al. [66] and Shen et al. [50] 284 

measured the speciation data of iso-octane in a shock tube and a JSR, respectively. The 285 

validation results of the present model against these data are provided in Figs. S23 and S24 in 286 

the supplementary material. The present model captures these speciation data remarkably well. 287 

Li et al. [69] measured the fuel decay and C2H4 yields in the pyrolysis of 2,7-dimethyloctane at 288 

16 atm and over 1126-1455 K. These speciation data are generally well predicted by the present 289 

model, as seen from Fig. S25 in the supplementary material. For larger branched alkanes, 290 

MacDonald et al. [71] measured the speciation data of fuel and ethylene in the pyrolysis of iso-291 

cetane at 20 atm and 1072-1237 K. The present model could well predict their mole fraction 292 
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histories, especially at higher temperatures, as seen from Fig. S26 in the supplementary material. 293 

Compared with the speciation data of iso-alkanes, ignition delay time and laminar flame 294 

speed measurements are more abundant in literature. Figure 4 presents the comparison between 295 

the measured and predicted ignition delay times of 2,4-dimethylpentane, 2,2-dimethylpentane, 296 

2,5-dimethylhexane and iso-octane at around 2 atm and  = 1.0. The present model reproduces 297 

the experimental data, especially at higher temperature conditions. The validation results of 298 

present model against the ignition delay times of other branched alkanes are provided in Figs. 299 

S27-S35 in the supplementary material. Figure 5 presents the comparison between the measured 300 

and predicted laminar flame speeds of octane isomers, i.e., 2-methylheptane, 3-methylheptane, 301 

2,5-dimethylhexane and iso-octane. The present model can reasonably predict the flame speed 302 

data of these fuels. Additional flame speed validation results of the present model against 303 

branched alkanes can be found in Figs. S36 and S37 the supplementary material. 304 

 305 

Figure 4 Comparison of measured (symbols) and predicted (lines) ignition delay times of (a) 306 

2,4-dimethylpentane [63], (b) 2,2-dimethylpentane [64], (c) 2,5-dimethylhexane 307 
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[63] and (d) iso-octane [63] in shock tubes at 1.5-2 atm and  = 1.0. 308 

 309 

Figure 5 Comparison of measured (symbols) and predicted (lines) laminar flame speeds of 310 

(a) 2-methylheptane [33], (b) 3-methylheptane [65], (c) 2,5-dimethylhexane [65] 311 

and (d) iso-octane [65, 67] at Pu = 1 atm and Tu = 353 K. 312 

3.1.3 Cycloalkanes 313 

In this work, we also developed the lumped model for cyclohexane and its mono-alkylated 314 

counterparts. Unlike n- and iso-alkanes, 1,3-butadiene (C4H6) is an important product in the 315 

pyrolysis and oxidation of cycloalkanes. In addition, the yield of benzene (C6H6) and toluene 316 

(C6H5CH3) increases compared with n- and iso-alkanes, since they can be produced via the 317 

stepwise dehydrogenation of cycloalkanes. Therefore, the speciation data of C4H6, C6H6 and 318 

C6H5CH3 were incorporated to validate the present model. Liszka et al. measured the speciation 319 

data in the pyrolysis of cyclohexane [74] and methylcyclohexane [78] in a shock tube over 40-320 

200 atm. The mole fractions of fuels, CH4, C2H4, C4H6, C6H6, C6H5CH3 were selected to 321 

validate the present model. As seen from Figs. S38-S43 in the supplementary material, the 322 

present model can well predict these experimental data. The present model was also validated 323 
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against the pyrolysis of methylcyclohexane at atmospheric pressure. Bissoonauth et al. [79] 324 

measured the speciation data of methylcyclohexane pyrolysis in a JSR at 1 atm. As seen from 325 

Fig. S44 in the supplementary material, the present model well captures the decomposition of 326 

fuel and the yields of intermediates. Wang et al. [39] measured the speciation data in the 327 

pyrolysis of ethylcyclohexane in a flow reactor at low and atmospheric pressure. Their data 328 

obtained at atmospheric pressure were used to examine the present model. As seen from Fig. 329 

S45 in the supplementary material, the present model could reasonably predict these speciation 330 

data. Speciation data for larger mono-alkylated cyclohexanes are few in literature, which 331 

hinders the further validation of the present model. 332 

Ignition delay times and laminar flame speeds of cyclohexane were collected to further 333 

validate the present model. As seen from Figs. S46-S48, the present model over-predicts the 334 

oxidation reactivity of cyclohexane at 1.5 atm while reasonably predicts its ignition delay times 335 

at 8 atm; it also reasonably predicts the laminar flame speeds of cyclohexane. Figures 6 and 7 336 

present the validation results of the present model against ignition delay times and laminar 337 

flame speeds of methylcyclohexane, ethylcyclohexane, n-propylcyclohexane and n-338 

butylcyclohexane, respectively. Reasonable agreement between the measured and predicted 339 

results is observed, showing that the present model has overall good performance. Additional 340 

validations of the present model against the global combustion parameters of these cycloalkanes 341 

are provided in Figs. S49-S51 in the supplementary material. 342 
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 343 

Figure 6 Comparison of measured (symbols) and predicted (lines) ignition delay times of (a) 344 

methylcyclohexane [75], (b) ethylcyclohexane [80], (c) n-propylcyclohexane [81] 345 

and (d) n-butylcyclohexane [75] in shock tubes at 1-3 atm and  = 0.5-2.0. 346 

 347 

Figure 7 Comparison of measured (symbols) [77] and predicted (lines) laminar flame speeds 348 

of (a) methylcyclohexane, (b) ethylcyclohexane, (c) n-propylcyclohexane and (d) 349 

n-butylcyclohexane at Pu = 1 atm. 350 

3.1.4 Alkylbenzenes 351 
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Unlike alkanes, benzene, toluene, and styrene are important intermediates in the pyrolysis 352 

and oxidation of alkylbenzenes. Their speciation data were added into the validation targets. 353 

The validation results of the present model against the pyrolysis data of ethylbenzene, n-354 

propylbenzene, n-butylbenzne and s-butylbenzene can be found in Figs. S52, S53, S54 and S55 355 

in the supplementary material, respectively. In general, the present model well predicts the 356 

experimental data in literature [27, 28, 86, 88]. Figure 8 presents the speciation profiles of 357 

various products measured in a rich n-propylbenzene flame at 0.04 atm. The present model not 358 

only well captures the yields of major products like CO, CO2, H2 and H2O, but also reasonably 359 

predicts the formation of minor products, such as C2H2, C2H4, C3H3, C4H4, C6H6 and C6H5CH3, 360 

considering the experimental uncertainties (25%~50%). Figure 9 presents the comparison of 361 

measured and predicted ignition delay times and laminar flame speeds of ethylbenzene, n-362 

propylbenzene and n-butylbenzne. In general, good agreement is observed between the 363 

measured and predicted results. For ignition delay times, validation results under lean and rich 364 

conditions are provided in Figs. S56-S59 in the supplementary material. Additional flame speed 365 

validation results for s-butylbenzene can also be found in Figs. S60 and S61 in the 366 

supplementary material. In general, the present model can reasonably predict all the 367 

experimental data. 368 
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 369 

Figure 8 Comparison of measured (symbols) [28] and predicted (lines) mole fraction profiles 370 

of (a) n-propylbenzene (A1C3H7) and H2, (b) O2 and CO, (c) H2O and CO2, (d) 371 

C2H2 and C2H4, (e) propargyl radical (C3H3) and vinylacetylene (C4H4) and (f) 372 

toluene (C6H5CH3) and benzene (C6H6) in a laminar premixed flame of n-373 

propylbenzene at 0.04 atm and  = 1.79. 374 

 375 

 376 

Figure 9 Comparison of measured (symbols) and predicted (lines) ignition delay times of (a) 377 
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ethylbenzene [82], (b) n-propylbenzene [89] and (c) n-butylbenzene [87] at  = 1.0; 378 

laminar flame speeds of (d) ethylbenzene [83], (e) n-propylbenzene [83] and (f) n-379 

butylbenzene [83] at Pu = 1 atm and Tu = 358-398 K. 380 

3.2 Validations against the experimental targets of surrogate fuel mixtures 381 

In addition to pure components, experimental data of surrogate fuel mixtures were also 382 

selected to validate the present model. Table 3 lists the validation data from 12 surrogate fuel 383 

mixtures, as well as the experimental type and conditions. Fuel mixtures including n-heptane, 384 

iso-octane, and toluene are common gasoline surrogate fuels. Both speciation data and global 385 

combustion parameters were selected to validate the present model. Other fuel mixtures listed 386 

in Table 3 can be considered as jet surrogate fuels, which contain larger n-alkane (i.e. n-decane) 387 

and aromatic components such as benzene and n-propylbenzene. Global combustion parameters 388 

such as ignition delay times and laminar flame speeds were selected to validate the present 389 

model. For comparison, detailed kinetic models and skeletal models developed by decoupling 390 

methodology from literature were also adopted to compare against the present model and 391 

experimental data. 392 

Table 3. Validation data of surrogate fuel mixtures for the present lumped model 393 

Fuel mixture Exp. type P(atm) T(K)  Ref. 

33% n-heptane/67% iso-octane Pyrolysis 1 800-1200 ∞ [90] 

16% n-heptane/84% iso-octane Ignition delay 2 1261-1533 1.0 [91] 

15% n-heptane/85% iso-octane Flame speed 1-6 358 0.8-1.6 [92] 

73% n-heptane/27% toluene Pyrolysis 1 830-1250 ∞ [90] 

35% n-heptane/36.5% iso-octane/28.5% toluene Pyrolysis 1 830-1250 ∞ [90] 

27% n-heptane/33% iso-octane/40% toluene Pyrolysis 1 830-1250 ∞ [90] 

17.6% n-heptane/77.4% iso-octane/5% toluene Flame speed 1-6 358 0.8-1.5 [92] 

20% n-hexane /80% n-decane Ignition delay 9 1000-1700 1.0 [93] 

20% benzene/80% n-decane Ignition delay 9 1000-1700 1.0 [93] 

74% n-decane/11% n-propylcyclohexane/15% n-butylbenzene Flame speed 1-10 400-473 0.7-1.3 [94] 

30% n-butylbenzene/30% n-propylcyclohexane/40% n-decane Flame speed 1 403 0.6-1.6 [95] 

70% n-decane/30% n-propylbenzene Ignition delay 6 1250-1700 1.0 [96] 

Recently, Shao et al. [90] measured the pyrolysis speciation data of gasoline surrogate 394 

fuels in a JSR at atmospheric pressure and residence time of 1s. Figure 10 presents the measured 395 
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mole fraction profiles of small intermediates in the pyrolysis of PRF70, which consists of 33% 396 

n-heptane/67% iso-octane. Solid and dashed lines represent the predicted results of the present 397 

and previous detailed model (i.e. 2016 Sarathy model [15]), respectively. Compared with 2016 398 

Sarathy model [15], the present model better captures the temperature region of product 399 

formation, while slightly under-predicting the yields of C3H6 and C2H6. Liu et al. [23] developed 400 

a skeletal model for primary reference fuel (PRF) based on a decoupling methodology, named 401 

as 2012 Liu model. We also utilized their model to predict these speciation data. It is found that 402 

2012 Liu model [23] fails to predict the fuel consumption and products formation over the entire 403 

temperature region. This is because their model does not incorporate the unimolecular 404 

decomposition reactions of n-heptane and iso-octane, which serve as the main chain-initiation 405 

reactions in PRF pyrolysis. Since the consumption of fuels is predicted to be zero by 2012 Liu 406 

model [23], their predicted results are not presented in Fig. 10. Figures S62-S64 in the 407 

supplementary material present the measured and predicted speciation data in the pyrolysis of 408 

73% n-heptane/27% toluene, TPRF70 (35% n-heptane/36.5% iso-octane/28.5% toluene) and 409 

TPRF80 (27% n-heptane/33% iso-octane/40% toluene), respectively. In general, the present 410 

lumped model has comparable performance with previous detailed model [15]. Figure 11a 411 

presents the ignition delay times of PRF84 (16% n-heptane/84% iso-octane) measured by Javed 412 

et al. [91] at  = 1.0 and P5 = 2 atm. The present model has a similar performance to the 2016 413 

Sarathy model [15]. Both of them slightly over-predict the ignition delay times of PRF84. In 414 

contrast, the 2012 Liu model [23] under-predicts the measured data, especially at lower 415 

temperatures (see dotted line). The laminar flame speeds of PRF85 (15% n-heptane/85% iso-416 

octane) measured by Mannaa et al. [92] were selected to validate the present model. For 417 



25 

comparison, a reduced model for gasoline surrogate fuels developed by Li et al. [11] was used 418 

to predict the flame speed data. As shown in Fig. 11b, the Li model captures the experimental 419 

data; the present model can predict the flame propagation under lean conditions while under-420 

predicts it under stoichiometric and slightly rich conditions; the 2012 Liu model [23] largely 421 

over-estimates the flame propagation of PRF85. Combined with the predicted ignition delay 422 

times, the 2012 Liu model [23] over-predicts the oxidation reactivity of PRF85. This is possibly 423 

because the 2012 Liu model [23] does not include iso-butene, which is an important 424 

intermediate in the high-temperature oxidation of iso-octane and can inhibit the oxidation 425 

reactivity of combustion system [97]. In summary, for the case of PRF, the comparison results 426 

between the present and 2012 Liu models [23] reveal that the present model based on the 427 

updated decoupling approach better predicts the pyrolysis and high-temperature combustion 428 

targets. Although the model developed based on the decoupling methodology has a smaller size, 429 

some important reaction classes of fuels and intermediates are eliminated, which can reduce the 430 

accuracy of the model. Figure S65 in the supplementary material presents the measured and 431 

predicted laminar flame speeds of TPRF85 (17.6% n-heptane/77.4% iso-octane/5% toluene) at 432 

an unburned temperature of 358 K and pressures of 1, 2 and 6 atm. Compared with the previous 433 

Li model [11], the present model better captures the flame propagation under fuel-lean 434 

conditions while under-predicts it under fuel-rich conditions. 435 
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 436 

Figure 10 Comparison of measured (symbols) [90] and predicted (lines) mole fraction profiles 437 

of (a) C2H4, (b) CH4, (c) C3H6, (d) C2H2, (e) C2H6 and (f) C6H6 in the JSR pyrolysis 438 

of 0.25% PRF70 (33% n-heptane/67% iso-octane) in N2 at 1 atm and  = 1s. Solid 439 

and dashed lines represent the predicted results of the present and literature model 440 

[15], respectively. 441 

 442 

Figure 11 Comparison of measured (symbols) and predicted (lines) (a) ignition delay times of 443 

PRF84 in a shock tube at  = 1.0 and P5 = 2 atm [91]; (b) laminar flame speeds of 444 

PRF85 at Pu = 4 atm and Tu = 358 K [92]. Solid, dotted and dashed lines represent 445 

the predicted results of the present, 2012 Liu model (developed by a decoupling 446 

methodology) and other literature models [11, 15], respectively. 447 

Figure 12 presents the validation results of the present model against the ignition delay 448 
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times of different jet fuel surrogates. Detailed kinetic models in literature, i.e. JetSurf 2.0 [98] 449 

and 2013 Malewicki model [99], were selected to predict these experimental data. As seen from 450 

Figs. 12 (a, b), both the present and JetSurf 2.0 model [98] over-predict the ignition delay times 451 

at lower temperatures while JetSurf 2.0 model [98] has relatively better performance. For the 452 

predictions of 70% n-decane/30% n-propylbenzene mixtures, as seen from Fig. 12c, both the 453 

present and Malewicki models [99] reasonably capture the ignition delay times. Figure 13a 454 

presents the measured and predicted laminar flame speeds of 30% n-butylbenzene/30% n-455 

propylcyclohexane/40% n-decane at Pu = 1 atm and Tu = 403 K. Solid and dashed lines 456 

represent the predicted results of the present and detailed Comandini models [95], respectively. 457 

Good agreements are observed between the measured and predicted results. Wu et al. [94] 458 

reported the laminar flame speed data of 74% n-decane/11% n-propylcyclohexane/15% n-459 

propylbenzene at various initial temperatures and pressures, as presented in Figs 13 (b, c). Solid 460 

and dashed lines represent the predicted results of the present and 2004 Luche model [100], 461 

respectively. As we can see, the present model can better capture the flame propagation under 462 

fuel-lean and high pressure conditions. 463 

 464 

Figure 12 Comparison of measured (symbols) and predicted (lines) ignition delay times of (a) 465 

20% benzene/80% n-decane/air in a shock tube at  = 1.0 and P5 = 8.8 atm [93]; (b) 466 

20% n-hexane/80% n-decane/air in a shock tube at  = 1.0 and P5 = 9.2 atm [93]; 467 

(c) 70% n-decane/30% n-propylbenzene/O2/Ar in a shock tube at  = 0.98 and P5 = 468 
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6 atm [96]. Solid and dashed lines represent the predicted results of the present and 469 

literature models [98, 99], respectively. 470 

 471 

Figure 13 Comparison of measured (symbols) and predicted (lines) laminar flame speeds of 472 

(a) 30% n-butylbenzene/30% n-propylcyclohexane/40% n-decane at Pu = 1 atm and 473 

Tu = 403 K [95]; (b) 74% n-decane/11% n-propylcyclohexane/15% n-474 

propylbenzene at Pu = 1 atm and Tu = 400-473 K [94]; (c) 74% n-decane/11% n-475 

propylcyclohexane/15% n-propylbenzene at Tu = 423 K and  = 0.7 and 0.8 [94]. 476 

Solid and dashed lines represent the predicted results of the present and literature 477 

models [95, 100], respectively. 478 

4. Conclusions and perspectives 479 

In this work, an updated decoupling methodology was proposed for the development of 480 

multi-component surrogate fuels relevant to gasoline, diesel, and jet fuels. The present model 481 

contains of a skeletal sub-mechanism of 50 fuels, a reduced C5-Cn mechanism and a detailed 482 

C0-C4 mechanism. Seven lumped reactions were used to describe the (oxidative) pyrolysis of 483 

each fuel molecule, which connect fuel molecules and their key intermediates. USC Mech II 484 

was adopted as the base mechanism to describe the subsequent conversion of these key 485 

intermediates. The present model includes 156 species and 1132 reactions. Compared with the 486 

previous decoupling methodology, the present approach incorporated a detailed C0-C4 487 



29 

mechanism, which can accurately capture the consumptions of various specific products and 488 

increase the model accuracy. At the same time, compared with detailed kinetic modeling 489 

approaches, this methodology adopted a skeletal mechanism to describe fuel decomposition, 490 

which largely reduces the model size. Therefore, the methodology proposed in this work is 491 

suitable for the development of multi-component fuel models.  492 

Following this methodology, a surrogate model consisting of 50 fuel components was 493 

developed, including C5-C15 n-alkanes, C5-C10 2-methylalkanes, C6-C11 3-methylalkanes, C8-494 

C12 4-methylalkanes, C7-C11 dimethyl alkanes, C7-C16 multi-methylated alkanes, C6-C11 495 

naphthalenes and C8-C12 alkylbenzene. The model was validated against ~ 120 sets of 496 

experimental data from 30 pure fuels and ~20 sets of data from 12 surrogate fuel mixtures, 497 

including both speciation data and global data like ignition delay times and laminar flame 498 

speeds. In general, the present model has good predictability towards these validation targets, 499 

confirming that the present methodology is suitable for developing multi-component fuel 500 

models. A more rigorous quantification [41, 101] of uncertainties in the. current model and 501 

experimental validation targets should be pursued after extending the present modeling 502 

approach to low-temperature combustion conditions. 503 

Users can further reduce the present mechanism according to their own purpose to make 504 

it compact enough for CFD simulations. The present model was constructed based on rigid 505 

chemical kinetic principles—no rate constant parameters and/or thermodynamic data were 506 

tuned/optimized. Therefore, it can serve as a base mechanism for further model development 507 

without the need of parameter optimization. For example, the present skeletal sub-mechanism 508 

of aromatic fuels contains important precursors of polycyclic aromatic hydrocarbons (PAHs), 509 
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such as styrene, benzyl and phenyl radicals; merging PAH mechanisms into the present 510 

mechanism can aid in prediction of the PAH formation. Future work will focus on extending 511 

the present model to predict low-temperature combustion behavior by incorporating the lumped 512 

reactions that are important at low temperatures. 513 
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