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a b s t r a c t 

Accurate prediction of soot formation and evolution remains a formidable challenge due to the complex 

interaction between gas-phase composition and solid-phase particles. Recent studies have shown that 

the choice of gas-phase mechanisms is of primary importance in affecting predictability. In this work, 

a systematic analysis of ethylene (C 2 H 4 ) combustion mechanisms denoted as KAUST, Stanford, Aachen, 

Polimi, ABF, DLR/UT, Naples, Caltech, and SJTU, which have been widely used in the soot community, 

is performed to investigate their differences in fundamental chemistry, polycyclic aromatic hydrocarbon 

(PAH) chemistry, and soot prediction. It is found that the nine mechanisms exhibit large differences even 

in predicting canonical combustion properties (e.g., ignition delay time, laminar flame speed, and extinc- 

tion strain rate), indicating significant variations in the fundamental chemistry. This is due to the fact 

that although most mechanisms share very similar dominant fuel-oxidation reactions, there are notable 

differences in the rate coefficients of sensitive reactions used in these mechanisms. Owing to the uncer- 

tainties in the fundamental chemistry, the predictions of C 2 H 2 from the nine mechanisms show signif- 

icant differences, which contributes to the differences in soot precursor prediction, in conjunction with 

the difference in benzene (A1) formation pathways demonstrated by the element flux analysis of the C 

atom. Furthermore, it is found that PAHs containing two rings play a dominant role in soot formation 

for most mechanisms. Moreover, it is observed that while Caltech and SJTU significantly under estimate 

soot formation, they reasonably reproduce its sensitivity to strain rate. These results indicate that despite 

substantial advances in the development of C 2 H 4 oxidation and PAH formation chemistry, the various ex- 

isting mechanisms lead to significant differences in predicting soot concentrations which can be traced 

back to considerable differences in both fundamental chemistry and PAH chemistry. This suggests that the 

fundamental chemistry should be calibrated or improved before further development of PAH chemistry 

and soot models. 

© 2023 The Combustion Institute. Published by Elsevier Inc. All rights reserved. 
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. Introduction 

As an undesirable by-product of combustion and hazardous pol- 

utant, soot has adverse effects on human health and is suspected 

o play a key role in climate change. Therefore, control and re- 

uction of soot emission have been one of the main concerns in 

he development of low-emission propulsion and power systems. 

owever, reliable simulations of sooting flames remain a scien- 

ific challenge and the combustion community dedicates signifi- 
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ant effort s on this topic [1,2] . This is due to the complexity of

hysico-chemical processes involved in soot formation and evo- 

ution, including soot precursor reactions, nucleation, coagulation, 

ondensation, heterogeneous surface reactions and the underlying 

erosol/flow dynamics [3–6] . All these make soot modeling one of 

he hardest problems in combustion research [1–5,7] . 

Soot models have three main components [7] : Model-I for 

erosol/flow dynamics, Model-II for physico-chemical processes of 

article formation, growth and oxidation, and Model-III for fuel ox- 

dation and soot precursor (i.e., polycyclic aromatic hydrocarbons - 

AHs) formation/growth. The focus of this work is the latter as- 

ect, Model III, with special attention on ethylene (C 2 H 4 ) oxidation 
. 

https://doi.org/10.1016/j.combustflame.2023.112784
http://www.ScienceDirect.com
http://www.elsevier.com/locate/combustflame
http://crossmark.crossref.org/dialog/?doi=10.1016/j.combustflame.2023.112784&domain=pdf
mailto:drwanghan@buaa.edu.cn
https://doi.org/10.1016/j.combustflame.2023.112784
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nd PAH formation chemistry, given the importance of the C 2 H 4 

uel in understanding soot formation and evolution as well as val- 

dating soot models. While tremendous progress has been made 

owards the development of C 2 H 4 oxidation and PAH formation 

hemistry [8–31] , recent studies [32–36] have concluded that the 

hoice of chemical mechanisms (i.e., Model-III) is of primary im- 

ortance in affecting predictability. 

Despite the significance of Model-III in predicting soot con- 

entrations, there are only few investigations attempting to reveal 

he sensitivity of the prediction to the choice of Model-III. Chong 

t al. [32] compared two C 2 H 4 mechanisms, the KAUST skeletal 

echanism [8,9] and the Stanford (or NBP) mechanism [19,20] , in 

erms of their abilities to predict soot formation in C 2 H 4 swirling 

ames. Similar to Selvaraj et al. [9] , Zhou and Yang [35] when 

imulating laminar sooting flames, they found that the KAUST 

echanism calculates higher soot concentrations than the Stanford 

echanism. This could be attributed to the inclusion of large PAH 

pecies up to coronene (A7) in the KAUST mechanism. Abdelgadir 

t al. [33] compared the Stanford mechanism with the KAUST-USC 

ech [31] , and reported that the peak pyrene (A4) mole frac- 

ion predicted by the KAUST-USC mechanism is about 70 times 

igher than that by the Stanford mechanism in a coflow C 2 H 4 dif- 

usion flame at 8 atm. Kruse et al. [34] also examined two C 2 H 4 

echanisms: the Aachen mechanism [22] and the Polimi mecha- 

ism [23] , in terms of their performance in predicting the sensitiv- 

ty of soot formation to strain rate in counterflow diffusion flames 

f C 2 H 4 and gasoline surrogate components. They reported that in 

ome cases the Aachen mechanism appeared to be more accurate 

han the Polimi mechanism. 

It should be noted that the focus of the above investiga- 

ions [32–34] is mainly placed on the impact of the choice of 

odel-III on predicting soot concentrations in sooting flames. This 

ay lead to an insufficient understanding about the differences 

n PAH chemistry due to notable removal of PAHs in soot forma- 

ion/growth processes. Moreover, only two mechanisms are inves- 

igated in the above studies [32–34] with special attention on the 

ifference in PAH chemistry. Therefore, it is now indispensable to 

uestion what differences in PAH chemistry exist among the most 

idely used C 2 H 4 mechanisms in the soot community. In addi- 

ion to the differences in the PAH chemistry, investigations on the 

ifferences in fundamental (i.e., C 0 –C 2 ) chemistry are still lacking, 

hile the C 0 –C 2 chemistry can play a substantial role in mecha- 

ism performance and subsequent PAH formation. 

To address the above gaps, nine C 2 H 4 combustion mechanisms 

hich have been widely used in the soot community will be in- 

estigated in this work in terms of their differences in fundamen- 

al chemistry, PAH chemistry, and prediction of soot concentra- 

ions. The nine mechanisms are summarized in Table 1 and de- 

oted as KAUST, Stanford, Aachen, Polimi, ABF, DLR/UT, Naples, Cal- 

ech, and SJTU. The Caltech mechanism is downloaded from its 

fficial website [42] , while the Stanford and Naples mechanism 

les are obtained from the supplementary materials of correspond- 
able 1 

echanisms for C 2 H 4 oxidation and PAH formation/growth, in which both Caltech and Aa

ore details about H 2 /CO and C 3 -C 5 sub-mechanisms used in the nine mechanisms are p

Mech Species#/Reactions # Fundamental chemistry

KAUST 99/625 AramcoMech 1.3 [29] 

ABF 101/544 GRI-Mech 1.2 [37] 

DLR/UT 112/881 LeedsMech [38] 

Naples 117/407 GRI-Mech 3.0 [39] 

Stanford 158/1049 Optimized GRI-Mech 3

Polimi 170/5465 POLIMI [23] 

Caltech 174/1896 Optimized GRI-Mech 3

SJTU 182/1167 SJTU [25,26,28] 

Aachen 339/1693 Optimized GRI-Mech 3

2 
ng papers [17,18,20] . For Aachen, ABF, DLR/UT, KAUST, Polimi, and 

JTU mechanisms, they are directly sent by their developers, re- 

pectively. It is seen that the nine mechanisms were developed 

sing different fundamental and PAH chemistry. The ABF mecha- 

ism by Appel et al. [11] is a detailed mechanism which was val- 

dated against the profiles of major and minor species, aromat- 

cs, and soot yielding in premixed flames of ethane, ethylene and 

cetylene with various C/O ratios (0.6–1.3) at wide pressure condi- 

ions (0.12–10 bar). The Stanford mechanism [20] was proposed on 

he basis of the detailed mechanism by Blanquart et al. [19] which 

as been developed for the oxidation of a wide range of hydro- 

arbon fuels ranging from methane up to large hydrocarbon com- 

onents (e.g., C 7 H 16 and C 8 H 18 ) and has incorporated the sub- 

echanism for the formation of larger PAH molecules up to cy- 

lo[cd]pyrene. In the Stanford mechanism [20] , the base mecha- 

ism in Blanquart et al. [19] was extended to include the com- 

ustion of some other aromatics, namely ethylbenzene, styrene, 

-methylnaphthalene, and m-xylene. It has been extensively val- 

dated against IDTs and LFSs over a wide range of temperatures 

nd pressures as well as the soot precursor formation in premixed 

at flames of n-heptane and iso-octane and counterflow diffusion 

ames of acetylene and n-heptane. Based on the Stanford mecha- 

ism, Cai and Pitsch [22] updated the modules for Primary Refer- 

nce Fuel mixtures (i.e., n-heptane and iso-octane) and ethanol in 

he Aachen mechanism, while Blanquart et al. [21] further made 

ome modifications to improve the predictive capabilities of the 

tanford mechanism in the development of the Caltech mecha- 

ism. The SJTU mechanism by Yuan et al. [25–28] is a detailed 

echanism with special attention on the pyrolysis and oxidation 

oluene and o-xylene and has been validated and improved for 

he laminar premixed ethylene flames at elevated pressures. The 

LR/UT mechanism by Dworkin et al. [13] is a gradual upgrade of 

he mechanism proposed by Slavinskaya et al. [12] which was de- 

eloped to predict the formation/growth of PAH up to five aromatic 

ings in methane and ethylene-fueled flame. The KAUST mecha- 

ism by Selvaraj et al. [9] was built from the detailed mechanism 

ramcoMech 1.3 [29] for the fuels up to C2 and chemical path- 

ays for PAH up to A7 [8] , which has been validated against 

he laminar non-premixed and premixed ethylene flames at at- 

ospheric pressure. The Polimi mechanism by Ranzi and cowork- 

rs [23,24] is hierarchically organized and is based on the de- 

ailed mechanism for the C1–C4 chemistry which has been vali- 

ated against a large amount of experimental data [23] . The Naples 

echanism by D’Anna et al. [17,18] was developed on the basis of 

RI Mech 3.0 [39] for C1–C2 species and has been validated over 

 range of different operating conditions in rich premixed laminar 

thylene flames. While these mechanisms date back to very differ- 

nt years, they are still widely used in the soot community nowa- 

ays. For more detailed information about the fuel types and pa- 

ameter sets that these mechanisms aim to predict, please refer to 

he corresponding references listed in Table 1 . Given that the nine 

echanisms are widely used for studying soot formation in ethy- 
chen mechanisms were developed based on Stanford (or NBP) mechanism [19,20] . 

rovided in corresponding references. 

 Aromatic chemistry Reference 

C 6 H 6 - C 24 H 12 or A1–A7 [9] 

C 6 H 6 -C 16 H 10 or A1–A4 [11] 

C 6 H 6 - C 20 H 12 or A1–A5 [13] 

C 6 H 6 -C 16 H 10 or A1–A4 [17,18] 

.0 [39–41] C 6 H 6 -C 18 H 10 or A1–A4R5 [20] 

C 6 H 6 -C 16 H 10 or A1–A4 [24] 

.0 [39–41] C 6 H 6 -C 18 H 10 or A1–A4R5 [21] 

C 6 H 6 - C 16 H 10 or A1–A4R5 [27] 

.0 [39–41] C 6 H 6 -C 18 H 10 or A1–A4R5 [22] 
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ene flames in the literature [8–31] , the analysis and comparison of 

hese mechanisms are of importance. 

It is noted that the PAH chemistry is typically developed with 

he specific fundamental chemistry they were designed for. In this 

ontext, it is difficult to completely decouple PAH and fundamental 

hemistry because different mechanisms have different species for 

nstance, and that the performance of a PAH subset on different 

ore mechanism might be worse, etc. Recently, some effort s have 

een made [43] to the integration of kinetic subsets from different 

esearch groups so that a detailed chemical kinetic model which 

onsists of separate and independent fundamental (core) chemistry 

nd PAH chemistry can be obtained. 

With this background, the objective of this work is threefold: 

1. To investigate the fundamental chemistry of the nine mech- 

anisms through analysis of three performance indicators, i.e., 

laminar flame speed, ignition delay time, and extinction strain 

rate, combined with a sensitivity analysis to identify underlying 

differences in the fundamental chemistry; 

2. To examine the predictabilities of the nine mechanisms to large 

hydrocarbon species, combined with an element flux analysis 

of the carbon (C) atom to identify differences in the pathways 

from fuel to benzene (A1); 

3. To assess the sensitivity of soot prediction to the choice of 

mechanisms and the contributions of PAHs. 

To the authors’ knowledge, this study is the first attempt to per- 

orm a systematic analysis of chemical mechanisms for ethylene 

xidation and PAH formation. In order to achieve the above three 

bjectives, the differences among the nine mechanisms are exam- 

ned at the three levels (see Fig. 1 ): fundamental chemistry, PAH 

hemistry, and soot predictions. It is noted that the intention of 

his work is to investigate the differences of chemical mechanisms 

or C 2 H 4 oxidation and PAH formation as well as to identify un- 

erlying reasons leading to the differences, rather than to assess 

hich mechanisms are more accurate than others. 

The paper is structured as follows. In the next section, the 

escriptions of numerical details and experimental data are pre- 

ented, followed by the description of sensitivity analysis and el- 

ment flux analysis. The results and discussion are presented in 
ig. 1. Scheme of numerical configurations and targets for performing the systematic an

hemistry, in which the targets IDT, LFS, ESR, and SVF represent ignition delay time, lam

etails of sensitivity analysis and element flux analysis are provided in Section 2.2 . 

3 
ection 3 , in which the fundamental chemistry of the nine mech- 

nisms is first investigated in Section 3.1 ; the predictabilities of 

he nine mechanisms to large hydrocarbon species are examined 

nd the differences in the pathways from fuel to benzene (A1) are 

dentified in Section 3.2 ; and then, the sensitivity of soot predic- 

ion to the choice of mechanisms is quantified in Section 3.3 . Fi- 

ally, the conclusions are summarized in Section 4 . 

. Methodology 

.1. Numerical details and experimental data 

To reveal whether the nine mechanisms exhibit differences 

n the fundamental chemistry, ignition delay time ( IDT ), lami- 

ar flame speed ( LFS ), and extinction strain rate ( ESR ) are em-

loyed as performance indicators (see Fig. 1 ). The IDTs are calcu- 

ated in homogeneous reactors at the pressure of P = 1 . 1 atm and

quivalence ratio of φ = 1 and 2. The LFSs are obtained by sim- 

lating 1D freely-propagating premixed C 2 H 4 /air flames at 0 . 5 < 

< 3 . 0 and room temperature and pressure conditions. The ESRs 

re calculated by counterflow diffusion flames at P = 1 atm with 

2.2%C 2 H 4 +87.8%N 2 in volume at the fuel side and air at the oxi- 

izer side. These quantities are calculated using Cantera [44] with 

he nine mechanisms. The time and spatial resolutions are exam- 

ned to ensure the convergence of solutions. The conditions used to 

btain the IDTs, LFSs, and ESRs are chosen to match with the cor- 

esponding IDT [30] , LFS [45] , and counterflow [46] experiments in 

he literature. The readers who are interested in the uncertainty 

f experimental date can refer to Kopp et al. [30] , Huo et al. [45] ,

igura and Gomez [46] . It is noted that in this work the experi- 

ental data sets are selected based on the consideration that the 

hermodynamics condition and mixture composition should be as 

ormal as possible, such that they are well within the range of ap- 

lication of each mechanism. On the other hand, the intention of 

his work is not to give a ranking on these mechanisms, the ex- 

erimental data are used here only for reference and hence only 

ufficient experimental data are considered in this work. 

To achieve the second objective in terms of the differences 

f PAH chemistry in the nine mechanisms, the Yale soot-free 
alysis of chemical mechanisms for ethylene’s fundamental chemistry and aromatic 

inar flame speed, extinction strain rate, and soot volume fraction, respectively. The 
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ounterflow experiment [46] , in which the distributions of C 1 –C 9 

pecies were measured, is simulated using Cantera at the same 

onditions as the above ESR calculations but with a fixed global 

train rate of a = 57 /s, as shown in Fig. 1 . Here the global strain

ate is defined as a = (U F + U Ox ) /L , based on the nozzle distance

 and fuel ( U F ) and oxidizer ( U Ox ) inlet velocities. The non-sooting

ame is considered to avoid the notable removal of PAHs in soot 

ormation/growth processes so as to reach better understanding 

bout the differences in PAH chemistry. 

In order to examine the impact of the choice of mechanisms on 

he sensitivity of soot concentrations to PAH chemistry and strain 

ate, two sooting counterflow diffusion flames [47] at a = 37 . 5 /s

nd a = 62 . 5 /s with pure C 2 H 4 and 25%O 2 /75%N 2 in volume at

he fuel and oxidizer sides, respectively, are simulated using an 

penFOAM-based in-house solver [48] . A state-of-the-art statisti- 

al soot model, the Hybrid Method of Moments (HMOM) [49–54] , 

onsidering PAH based nucleation and condensation, coagulation, 

urface growth, oxidation, and fragmentation processes has been 

mplemented into this solver. The HMOM method is used for its 

umerically efficiency and robustness as well as its ability to ac- 

ount for the bimodality of the soot size distribution. It is noted 

hat the overall analysis is limited by the choice of a single soot 

odel, as different parts of the gas phase chemistry (i.e., different 

AHs coupled with the soot mechanism) will affect the results ob- 

ained. 

The difficulty faced with examining the impact of chemical 

echanisms on soot prediction is that any soot model has its own 

eculiarity to be considered in this kind of juxtaposition often 

eading to misinterpretation and misquotation. The compromise is 

o perform this comparison defining clear interfaces between the 

ifferent com ponents of the overall model: i) combustion chem- 

stry, ii) particle formation and growth, and iii) soot prediction. 

herefore, the comparison does not refer to different soot mod- 

ls, but takes just one soot model plugged on the gas phase in- 

erface provided by different reaction mechanisms. Any soot model 

ffers numerous features beyond those ones covered by the HMOM 

odel. For example, applying the complete ABF-model (or others) 

ertainly would have brought about different results. However, the 

omplete ABF-soot model (or other soot models) is not subject of 

he comparison. 

Furthermore, the conversion and coupling between the solid- 

hase and gas-phase are carefully addressed, and the radiation 

rom the gas-phase and solid-phase is described by the optically 

hin model. More details about the two-phase coupling and ra- 

iation modeling are provided in our previous work [55,56] . It 

s noted that the same model parameters (e.g., sticking coeffi- 

ients, collision frequency, and surface reaction coefficients) are 

sed when coupling HMOM with the nine mechanisms for a fair 

omparison. Nevertheless, the difference in the soot precursors 

i.e., PAHs) considered in the nine mechanisms (see Table 1 ) can 

ead to different dimer concentrations required for nucleation and 

ondensation. More details about the rate of PAH dimerization are 

rovided in Supplement A. 

.2. Sensitivity analysis and element flux analysis 

Brute-force sensitivity analysis is a useful approach to deter- 

ine rate limiting reactions. In this work, the sensitivity analysis is 

onducted for IDT to identify key reactions in fuel oxidation with 

he normalized sensitivity coefficients given by S i = ∂ ln τ/∂ ln k i , 

easuring the sensitivity of IDT ( τ ) to the change of the rate co-

fficient ( k i ) of reaction i . Although the sensitivity analysis for IDT

nd LFS can be readily applied, only the sensitivity analysis for IDT 

s presented since they provide very similar results (which would 

e shown later). 
4 
To identify the differences of the nine mechanisms in the path- 

ay from fuel to A1, the element flux analysis [57] is performed 

or the Yale counterflow flame. The species A1 is chosen here be- 

ause it serves as an important bridge linking the fuel oxidation 

nd PAH formation/growth. The flux analysis can provide a met- 

ic to quantify species activity during element (e.g., C) transforma- 

ion and gain insights into the privileged reaction pathways. The 

nstantaneous element flux of the C atom from species j to species 

 through reaction i , C i 
j→ k 

, and the total element flux, C j→ k , are de-

ned as 

 

i 
j→ k = 

˙ q i 
n C, j n C,k 

N 

i 
C 

, and C j→ k = 

∑ 

i 

C i j→ k , (1) 

here q i is the net production rate of reaction i , n C, j , n C,k the num-

er of C atoms in species j and k , respectively, and N 

i 
C 

the total

umber of C atoms in reaction i . To obtain global information, a 

pace-integrated flux is proposed as C j→ k = 

∫ L 
0 C j→ k (x ) dx where x 

s the spatial coordinate. 

The conventional flux analysis is based on outflow flux. Specif- 

cally, the importance of reaction pathway A −→ B is characterized 

y the ratio between the outflow flux from species A to species 

 and the total outflow flux from species A. Starting from fuel 

pecies, e.g., C 2 H 4 , and tracking the outflow flux along with im- 

ortant pathways, the dominant reaction pathways from fuel to 

roducts are identified. However, this methodology can not be ap- 

lied to identify the reaction pathways from fuel to A1 as the 

roduction of A1 is very small compared to major products, e.g., 

O 2 and CO. For this reason, a backward flux analysis which is 

ased on the inflow flux is adopted in this work. Note that nor- 

alizing each inflow flux of species B by the total inflow flux 

o species B can qualitatively evaluate the contributions of each 

arental species of species B to its carbon mass. Therefore, starting 

rom A1 and tracing back the main source of C atom, it will finally 

nd at fuel, C 2 H 4 , such that the main reaction pathways from C 2 H 4 

o A1 can be identified. In this context, the element flux pathway 

f C atom used in this work, A 

n −→ B , represents that the contribu- 

ion of the species A to the carbon mass of the species B accounts

or n × 100 %. 

It is straightforward that the analysis of PAH chemistry and soot 

rediction is directly related to soot formation. As for the funda- 

ental chemistry, it is generally accepted that it could influence 

oot formation through the chemical kinetic perspective, e.g., the 

roduction of some important small species and some large hy- 

rocarbon species. 

. Results and discussion 

In this section, a systematic analysis of chemical mechanisms 

or ethylene oxidation and PAH formation is performed. First, the 

undamental chemistry of the nine mechanisms is first investi- 

ated in Section 3.1 through analysis of three performance indi- 

ators, i.e., IDT, LFS, and ESR, combined with a sensitivity analy- 

is to identify underlying differences in the fundamental chemistry. 

hen, the predictabilities of the nine mechanisms to large hydro- 

arbon species are examined and the differences in the pathways 

rom fuel to A1 are identified through an element flux analysis of 

he carbon (C) atom in Section 3.2 . Finally, the sensitivity of soot 

rediction to the choice of mechanisms is examined in Section 3.3 . 

.1. Fundamental chemistry 

Previous studies have demonstrated that IDTs, LFSs, and ESRs 

f C 2 H 4 /air mixtures are mainly determined by the fundamental 

hemistry [58] . Therefore, the three quantities are chosen as per- 

ormance indicators of the nine mechanisms to examine their dif- 

erences in the fundamental chemistry. Figure 2 compares pre- 
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Fig. 2. Ignition delay times (IDTs) of C 2 H 4 /air at P = 1 . 1 atm, φ = 1 (left) and φ = 2 

(right), in which the numerical and shock-tube IDTs are determined at (d T /d t) max 

and (d P/d T ) max [30] , respectively. The maximum values of T 0 are 1265 K and 1268 K 

for φ = 1 . 0 and 2.0, respectively. (For interpretation of the references to color in this 

figure legend, the reader is referred to the web version of this article.) 

Fig. 3. Laminar flame speeds (LFSs) of C 2 H 4 /air at room temperature and pres- 

sure. The relative comparison is shown in the inserted figure. Experimental data 

from Huo et al. [45] . (For interpretation of the references to color in this figure leg- 

end, the reader is referred to the web version of this article.) 
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Fig. 4. Response of maximum temperature to strain rate in counterflow diffusion 

flames with 12.2%C 2 H 4 +87.8%N 2 in volume at the fuel side and air at the oxidizer 

at P = 1 atm. The extinction strain rates (ESRs) are marked by filled circles. (For 

interpretation of the references to color in this figure legend, the reader is referred 

to the web version of this article.) 
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icted IDTs of premixed C 2 H 4 /air mixtures as a function of ini- 

ial temperature T 0 at P = 1 . 1 atm, and φ = 1 and 2. The experi-

ental data from Kopp et al. [30] is included for comparison. It 

s noted that the numerical and shock-tube IDTs are determined 

t (d T /d t) max and (d P/d T ) max [30] , respectively. As depicted in

ig. 2 , while a similar trend appears for all the mechanisms except 

or DLR/UT, significant differences in IDT predictions are observed 

mong the nine mechanisms. Specifically, the IDTs predicted by 

he Naples, ABF and Aachen mechanisms are considerably longer 

han those predicted by the other six mechanisms at both φ = 1 

nd 2, among which the Naples mechanism gives the highest IDT, 

bout two orders of magnitude higher than measured data. More- 

ver, the IDTs predicted by the Stanford and Caltech (or KAUST and 

JTU) mechanisms are very similar, slightly larger than (or close to) 

he experimental data. On the other hand, the lowest IDTs are pre- 

icted by the Polimi mechanism. 

To further investigate the fundamental chemistry, the LFSs of 

remixed C 2 H 4 /air predicted by these mechanisms are shown in 

ig. 3 at normal temperature and pressure conditions with φ = 0 . 5 
5 
o 3.0. The experimental data from Huo et al. [45] is also included 

s a reference. It is seen that the LFSs predicted by the KAUST, Cal- 

ech, SJTU, Aachen and Stanford mechanisms are in good agree- 

ent within a 10 % relative error when scaled by the LFS predicted 

y KAUST. This is indicated in the inserted figure in Fig. 3 . The pre-

icted LFSs by the DLR/UT and Polimi mechanisms show deviations 

rom the LFSs predicted by the above five mechanisms at rich con- 

itions ( φ > 1 . 5 ). Furthermore, the predicted LFSs by the ABF and

aples mechanisms are obviously higher and lower, respectively, 

han those by the other seven mechanisms. It is noted that the ex- 

erimental data measured by several groups at atmospheric pres- 

ure is also considered for comparison in Supplementary Material 

. It is found that the uncertainties in chemical mechanisms are 

uch more remarkable than the uncertainties in the experimen- 

al data. Given that the objective of this study is to reveal the un- 

ertainties in chemical mechanisms, only one set of recent experi- 

ental data measured by Huo et al. [45] is plotted for clarity. 

Besides the IDT and LFS, ESR is also employed to understand 

he fundamental chemical reactions of the nine mechanisms. For 

his purpose, the variations of maximum flame temperature ( T max ) 

ith strain rates in the counterflow diffusion flame simulated us- 

ng the nine mechanisms are shown in Fig. 4 . The ESRs predicted 

y these mechanisms are listed in the table inserted in Fig. 4 . 

ig. 4 shows different responses of T max to strain rate for these 

echanisms with the highest or lowest value of T max from the 

olimi or DLR/UT mechanisms. Moreover, a large scatter in the 

SRs is observed with a relative difference by 44% between the 

owest ESR (1375/s from SJTU) and the highest ESR (1977/s from 

BF). 

The above analysis of IDTs, LFSs, and ESRs clearly demonstrates 

ignificant differences in the fundamental chemical reactions of the 

ine mechanisms. To identify key fuel-oxidation reactions that are 

esponsible for these differences, the brute-force sensitivity analy- 

is for IDT at φ = 2 is conducted. The sensitivity coefficients for the 

hree most positive and negative sensitive reactions in each mech- 

nism are shown in Fig. 5 , in which a total of six reactions included

n most mechanisms are selected and denoted as R1–R6 here (Note 

hat a more detailed description about the sensitivity analysis re- 

ults considering five most promoting/inhibiting reactions can be 
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Fig. 5. Sensitivity of IDT for fuel-rich ( φ = 2 ) C 2 H 4 /air mixture at P = 1 . 1 atm and T = 1200 K. 

Fig. 6. Rate coefficients of R2: C 2 H 3 + O 2 = CH 2 CHO + O (left) and R4: C 2 H 3 + O 2 = CH 2 O + HCO (right). (For interpretation of the references to color in this figure legend, 

the reader is referred to the web version of this article.) 
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ound in Supplement C). It is found that reactions R1: H+O 2 = O+OH 

nd R2: C 2 H 3 +O 2 = CH 2 CHO+O are the most important promot- 

ng reactions in all of the mechanisms except for Naples and 

LR/UT. Moreover, R3: C 2 H 5 +O 2 = C 2 H 4 +HO 2 , R4: C 2 H 3 +O 2 = CH 2 O+

CO, R5: C 2 H 4 +O = CH 3 +HCO and R6: C 2 H 4 +H(+M) = C 2 H 5 (+M) are

ound to be top five inhibiting reactions in all of the mechanisms 

xcept for Naples and DLR/UT. It is noted that the sensitivity anal- 

sis of LFS is also performed and similar results can be observed 

see Supplement C). Based on the above observation, it can be con- 
6 
luded that the dominant fuel-oxidation reactions in the Naples 

nd DLR/UT mechanisms are very different from the other seven 

echanisms. This might be one of the reasons why Naples predicts 

uch longer IDT than the other mechanisms and DLR/UT predicts 

 remarkably different trend of IDT as shown in Fig. 2 . While the

ther seven mechanisms share very similar ignition driving reac- 

ions, their predictions of IDTs are still rather scattered. This could 

e attributed to diverse values of reaction rate coefficients used 

n these mechanisms. Fig. 6 plots the rate coefficients of two im- 
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Fig. 7. Comparison of rate coefficients between Aachen and Stanford for R1: H + O 2 
= OH + H and C 2 H 4 + CH 3 = C 2 H 3 + CH 4 . 
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ortant reactions, R2 and R4, as a function of temperature. Large 

iscrepancies among the nine mechanisms are observed not only 

n the values but also in the temperature dependency of the rate 

oefficients, although the coefficients from the ABF, Stanford and 

achen mechanisms collapse into one curve. Furthermore, the rate 

oefficients of R2 from KAUST, Caltech, SJTU and Polimi exhibit dif- 

erent trends and are significantly lower than those from ABF, Stan- 

ord, and Aachen. For R4, Caltech and SJTU yield a similar trend 

ut they still differ from KAUST and Polimi at T < 10 0 0 K. Note

hat the Caltech mechanism is based on the Stanford mechanism, 

hereas the above results show a discrepancy in their fundamen- 

al chemistry models. Besides, Fig. 7 shows the differences in rate 

oefficients of R1: H + O 2 = OH + H and C 2 H 4 + CH 3 = C 2 H 3 +

H 4 between Aachen and Stanford. A considerable deviation is ob- 

erved. Figs. 6 and 7 clearly demonstrate that although the funda- 

ental chemistry of Stanford, Caltech and Aachen is based on the 

ame optimized GRI-Mech 3.0, there are still some differences in 

heir rate coefficients. 

The results presented in this section show that the nine mech- 

nisms exhibit different performance in predicting canonical com- 

ustion properties, indicating the uncertainties in the fundamen- 

al chemical reactions of the nine mechanisms, which can affect 

ubsequent PAH formation and growth. It is noted that the above 

nalyses are limited to the C 2 H 4 /air mixtures at normal tempera- 

ure and pressure conditions. The comparisons for IDTs and LFSs 

f C 2 H 4 /air and C 2 H 2 /air mixtures at wide thermodynamic condi- 

ions are presented in Supplementary Material B. Significant de- 

iations among the numerical predictions by different chemical 

echanisms are also observed. Moreover, the scattering patterns 

n the predictions for LFSs and IDTs of C 2 H 4 /air mixtures at el-

vated temperature and pressures are similar to those at normal 

emperature and pressure conditions. In this sense, the differences 

n the performance of the nine chemical mechanisms at elevated 

emperature and pressure conditions are also largely attributed to 

ncertainties in the sensitive reactions and their reaction rate co- 

fficients identified in this section. 

.2. Aromatic chemistry 

In this section, the soot-free C 2 H 4 /N 2 -air counterflow diffu- 

ion flame [46] described in Section 2.1 is simulated to inves- 

igate the reaction mechanisms of aromatic species in the nine 

echanisms. Fig. 8 shows the distributions of measured and sim- 
7 
lated mole fractions of some intermediate species and soot pre- 

ursors. While all the mechanisms give good and according pre- 

ictions of main species distributions (such as C 2 H 4 , CO and CO 2 ,

ee Supplement D), their predictions on intermediate species and 

romatic precursors show large scattering. It is seen that the dif- 

erences in the prediction of A2 or A4 among these mechanisms 

re significant. For peak A4mole fraction, the highest value pre- 

icted by DLR/UT is about five orders of magnitude larger than 

he lowest value predicted by Aachen/Stanford. Compared to soot 

recursors, the differences in predicted small intermediate species 

re relatively moderate but still noticeable. The comparison for 

ome important radicals, such as C 3 H 3 , n-C 4 H 5 , i-C 4 H 5 and phenyl

an be found in Supplement D. Significant differences in the pre- 

ictions of these species by the nine mechanisms are also ob- 

erved. It will be shown later in the pathway analyses for A1 

nd C 5 H 6 formation that these species are of great importance 

n the formation of A1 and large aromatics, such as the combi- 

ation of two C 3 H 3 radicals and the reaction between C 2 H 2 and 

-C 4 H 5 /i-C 4 H 5 . 

Furthermore, Fig. 9 plots the characteristics time scales ( τc ) for 

ome critical species, namely CO 2 , C 2 H 2 , A2 and A4, in mixture 

raction space. Given that the combustion process is mainly con- 

rolled by slow reactions, the emphasis is placed on τc in the vicin- 

ty of stoichiometric mixture, where τc reaches its lowest value. For 

he major species, CO 2 , τc obtained in the nine mechanisms are 

lose to each other, while for intermediate species, C 2 H 2 , τc pre- 

icted by DLR/UT is much larger than the other mechanisms. For 

arger hydrocarbons, e.g., A2 and A4, τc predicted by various mech- 

nisms span a larger range, which is consistent with the results in 

ig. 8 . 

The above results demonstrate diversity in PAH chemistry in 

he nine mechanisms. In order to further investigate PAH chem- 

stry, the element flux analysis of the C atom is performed to 

dentify the pathways from C 2 H 4 to A1, as shown in Fig. 10 . The

pecies A1 is chosen here because it can serve as a connection be- 

ween fuel oxidation and PAH formation/growth. It is seen from 

ig. 10 that for ABF, Polimi, Stanford and Aachen mechanisms, A1 

rimarily originates from C 3 H 3 , either via the recombination of 

wo C 3 H 3 radicals (in ABF and Polimi) or via an intermediate re- 

ction where two C 3 H 3 radicals form fulvene (C 5 H 4 CH 2 ) which 

hen isomerizes to A1 (in Stanford and Aachen). Note that in ABF, 

tanford and Aachen, C 3 H 3 is mainly produced from acetylene 

C 2 H 2 ) while in Polimi, the H-abstraction reactions from allene 

a-C 3 H 4 ) to C 3 H 3 is of primary importance. For Caltech, although 

1 is also dominantly produced from C 5 H 4 CH 2 similar to Aachen 

nd Stanford, the formation pathway for C 5 H 4 CH 2 is augmented 

hrough the reaction between C 2 H 2 and n-C 4 H 5 /i-C 4 H 5 . In con-

rast, for DLR/UT A1 is directly produced via the reaction between 

 2 H 2 and i-C 4 H 5 without the involvement of C 5 H 4 CH 2 . Unlike the

bove mentioned mechanisms, A1 is mainly formed from C 6 H 5 CH 3 

hrough the H atom addition reaction (i.e., C 6 H 5 CH 3 +H = A1+CH 3 )

n Naples. For KAUST, multiple A1 formation pathways are ob- 

erved, in which C 3 H 3 , C 4 H 5 -2 and C 6 H 5 CH 3 contribute equally to

1 formation. On the other hand, for SJTU A1 dominantly origi- 

ates from C 4 H 4 , C 5 H 3 and C 2 H 3 in descending order, which is

undamentally different from the above identified pathways. The 

omparison of A1 formation pathways reveals that there are sub- 

tantial differences in A1 formation pathways among the nine 

echanisms, especially in terms of the dominant source of small 

olecules. 

Moreover, Fig. 10 shows the importance of the small species, 

.e., C 2 H 2 , in the A1 formation process. Since the H-Abstraction- 

 2 H 2 -Addition (HACA) mechanism is considered in both PAH for- 

ation and soot surface reactions, it is expected C 2 H 2 can play 

n important role in various sub-processes of soot formation and 

hus is a very important small species for soot prediction. Owing 
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Fig. 8. Mole fractions of soot precursors in the soot-free C 2 H 4 /N 2 -air counterflow diffusion flame at P = 1 atm with 12.2%C 2 H 4 +87.8%N 2 in volume at the fuel side and air 

at the oxidizer side. Experimental data is taken from Figura and Gomez [46] . (For interpretation of the references to color in this figure legend, the reader is referred to the 

web version of this article.) 

Fig. 9. Characteristic time scales of critical species in the soot-free C 2 H 4 /N 2 -air 

counterflow diffusion flame at P = 1 atm with 12.2%C 2 H 4 +87.8%N 2 in volume at the 

fuel side and air at the oxidizer side. The stoichiometric mixture fraction is indi- 

cated by a vertical dashed line. (For interpretation of the references to color in this 

figure legend, the reader is referred to the web version of this article.) 
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o the uncertainties in the fundamental chemistry, the predictions 

f C 2 H 2 from the nine mechanisms show significant differences, 

hich leads to differences in A1 formation pathways demonstrated 

y the element flux analysis of the C atom. This further indicates 

he importance of the fundamental chemistry in the development 
8 
f aromatic chemistry and subsequent prediction of soot forma- 

ion. 

It is noted that the pathway flux analysis for C5 rings (i.e., 

 5 H 6 ) is also performed (see Supplement C), in which substantial 

ifferences in C 5 H 6 formation pathways are observed as well. It is 

ound that for the ABF, Naples, Aachen, Stanford, Caltech, and SJTU 

echanisms, C 5 H 6 is mainly produced from A1 via the following 

athways: A1 → A1O (C 6 H 5 O) → C 5 H 6 . Therefore, the differences

n C 5 H 6 formation pathways can be largely attributed to the differ- 

nces in the formation pathways of A1. 

.3. Soot prediction 

To further investigate PAH chemical reactions of the nine mech- 

nisms, sooting counterflow C 2 H 4 /air diffusion flames at a = 37 . 5 /s

nd a = 62 . 5 /s [47] are simulated. It is noted that all mechanisms

re coupled with the same soot model using the same model 

arameters required to describe nucleation, condensation, surface 

rowth and oxidation processes. This enables the following com- 

arisons to focus on the impact of chemical mechanisms on soot 

rediction only. Fig. 11 shows the comparison of computed and 

easured soot volume fractions ( f V ). It is seen that all mechanisms 

redict the position of the peak f V at approximately x = 3 . 0 mm.

evertheless, Fig. 11 clearly demonstrates large differences in f V 
redictions among the nine mechanisms. Overall, a good agree- 

ent is obtained for DLR/UT, Polimi and KAUST, while the other 

echanisms significantly under-predict f V . The highest peak f V 
redicted by DLR/UT is about 60 times larger than the lowest value 

redicted by ABF. The DLR/UT gives a much higher prediction on f v 
ecause it predicts a much higher value of C 2 H 2 than other mech- 

nisms, as shown in Fig. 8 . On the other hand, the predictions for 

he position of soot inception and the zone where soot is present 

lso show considerable scattering. In summary, it is found that the 
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Fig. 10. Reaction pathways to A1 in soot-free C 2 H 4 /N 2 -air counterflow diffusion flames at P = 1 bar, in which the pathway A 
n −→ B represents the contribution of the species A 

to the carbon mass of the species B accounting for n × 100 %. For the purpose of clarity, only the pathway with inflowing flux larger than 50% of the maximum inflowing flux 

of species B are retained. Starting from A1 and tracing the carbon flux along with retained pathways, it will finally end at fuel, C 2 H 4 , such that the main growth pathways 

to A1 are identified. 

9 
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Fig. 11. Comparison of computed and measured [47] soot volume fractions ( f V ) in 

sooting C 2 H 4 /N 2 -O 2 counterflow diffusion flame at a = 62 . 5 /s and P = 1 atm. (For 

interpretation of the references to color in this figure legend, the reader is referred 

to the web version of this article.) 

Fig. 12. Soot growth rates df v /dt from PAH-based routes (left) and surface reaction 

(right) in sooting C 2 H 4 /N 2 -O 2 counterflow diffusion flame at a = 62 . 5 /s and P = 1 

atm. (For interpretation of the references to color in this figure legend, the reader 

is referred to the web version of this article.) 
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Fig. 13. Consumption of PAHs per unit time in sooting C 2 H 4 /N 2 -O 2 counterflow diffusion fl

in PAH consumption. The gray line goes through the most consumed PAH in each mecha

is referred to the web version of this article.) 

10 
redicted f V is very sensitive to the choice of mechanisms and that 

arge differences exist among the predictions from the nine mech- 

nisms. 

In order to identify the dominant sources that introduce the 

iscrepancies in soot prediction, Fig. 12 shows the growth rates of 

oot volume fraction via the surface reactions and the sum of PAH- 

ased growth (nucleation and condensation). The soot oxidation is 

egligible compared to other processes and thus is neglected here. 

rom Fig. 12 , it can be seen that the growth rate from surface 

eactions is comparable to that from PAH-based routes, although 

he former is limited to a narrower spatial range compared to the 

atter. Besides, the deviation between the growth rates predicted 

y the mechanisms is also significant. Therefore, the differences in 

redictions for the growth rates of PAH-based routes and surface 

eactions both contribute to the large deviation in soot predictions 

bserved in Fig. 11 . 

To explain the impact of PAH chemistry on the predicted f V , 

he consumed mass of PAH in the whole domain is summarized 

n Fig. 13 for the nine mechanisms. It is seen that PAHs containing 

-rings (e.g., A2 and A2R5) play a dominant role in soot forma- 

ion for all the mechanisms except KAUST and DLR/UT. Neverthe- 

ess, the consumption of 2-ring PAHs predicted by different mech- 

nisms varies largely, e.g., 45 mg in Polimi vs. 7 mg in Aachen and 

aples vs. 2.2 mg in ABF, leading to significantly different peak f V 
n Fig. 11 . Moreover, for DLR/UT and KAUST, there is a considerable 

onversion from PAH to soot, especially from large PAH species. 

his indicates that including PAHs larger than A4 promotes soot 

ormation in DLR and KAUST. For Polimi, although only A1–A4 are 

ncluded similar to ABF, Stanford, and Naples, A2 and A2R5 are 

ormed more faster than other mechanisms (see Fig. 9 ), which re- 

ults in a higher f V . 

Furthermore, the ability of mechanisms to capture the sensitiv- 

ty of the peak f V to strain rate is assessed. The sensitivity coeffi- 

ient is defined as d log ( f V, peak ) /da [34] . Fig. 14 shows the results

rom DLR/UT, KAUST, Caltech, SJTU, and the experiment. While Cal- 

ech and SJTU significantly under estimate f V , they reasonably pre- 

ict the sensitivity. In contrast, DLR/UT could not capture the sensi- 

ivity, while it has good performance in predicting f V . In this sense, 

t cannot be easily concluded which mechanisms are better than 

he others, as each mechanism has its own advantages and disad- 

antages in predictions of f V and its sensitivity to strain rate. 
ame at a = 62 . 5 /s and P = 1 atm. The color from blue to red indicates the increase 

nism. (For interpretation of the references to color in this figure legend, the reader 
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Fig. 14. Comparison of computed and measured sensitivity of the peak f V to strain 

rate in sooting C 2 H 4 /N 2 -O 2 counterflow diffusion flame P = 1 atm. The measured 

data are from Wang and Chung [47] , while the computed results are from simula- 

tions based on HMOM model. 
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. Conclusions 

In this work, a systematic analysis of C 2 H 4 mechanisms denoted 

s KAUST, Stanford, Aachen, Polimi, ABF, DLR/UT, Naples, Caltech, 

nd SJTU, which have been widely used in the soot community, 

s performed to investigate their differences in fundamental chem- 

stry, PAH chemistry, and soot prediction. 

It is found that the nine mechanisms exhibit large differences 

ven in predicting canonical combustion properties (e.g., ignition 

elay time, laminar flame speed, and extinction strain rate), in- 

icating significant diversity in the fundamental chemistry of the 

ine mechanisms. The results from the sensitivity analysis show 

hat the dominant fuel-oxidation reactions in the Naples and 

LR/UT mechanisms are different from the other seven mecha- 

isms, which makes Naples (or DLR/UT) predicting much longer 

DTs (or different trends of IDT). Moreover, while the other seven 

echanisms share very similar dominant fuel-oxidation reactions, 

heir predictions for IDTs and ESRs are still rather scattered, which 

s attributed to variations in the rate coefficients of sensitive reac- 

ions used in these mechanisms. 

Soot precursor concentrations predicted by the nine mecha- 

isms show large scattering. The backward element flux analysis of 

he C atom is conducted to explain the differences in PAH chem- 

stry. The results indicate substantial differences in A1 formation 

athways among the nine mechanisms. It is found that A1 pri- 

arily originates from the recombination of two C 3 H 3 in ABF and 

olimi or from an intermediate reaction where two C 3 H 3 form ful- 

ene which then isomerizes to A1 in Stanford, Aachen, and Cal- 

ech. Unlike Stanford and Aachen, the formation pathway for ful- 

ene is augmented in Caltech through the reaction between C 2 H 2 

nd n-C 4 H 5 /i-C 4 H 5 , which can promote A1 and PAH formation. In

ontrast, A1 can be directly produced via the reaction between 

 2 H 2 and i-C 4 H 5 in DLR/UT without the involvement of fulvene. 

nlike the above mentioned mechanisms, A1 is mainly formed 

rom C 6 H 5 CH 3 through the H atom addition reaction in Naples. 

or KAUST, multiple pathways for A1 formation are observed, in 

hich C 3 H 3 , C 4 H 5 -2 and C 6 H 5 CH 3 contribute equally to A1 for-

ation. For SJTU, A1 dominantly originates from C 4 H 4 , C 5 H 3 and 

 2 H 3 , which is fundamentally different from the above identified 

athways. The element flux analysis clearly shows the importance 

f small species C 2 H 2 for A1 formation. Owing to the uncertain- 

ies in the fundamental chemistry, the predictions of C 2 H 2 from 

he nine mechanisms show significant differences, which leads to 

he differences in A1 formation pathways demonstrated by the el- 

ment flux analysis of the C atom. This further indicates the im- 
11 
ortance of the fundamental chemistry in the development of aro- 

atic chemistry and subsequent prediction of soot formation. 

Furthermore, it is found that PAHs containing two rings play 

 dominant role in soot formation for all the mechanisms ex- 

ept KAUST and DLR/UT. Nevertheless, the consumption of two- 

ing PAHs predicted by different mechanisms varies largely, lead- 

ng to significantly different soot volume fractions. Compared to 

he other seven mechanisms, DLR/UT and KAUST predict higher 

oot volume fractions due to notable contributions of PAHs larger 

han A4. Moreover, it is found that while Caltech and SJTU signif- 

cantly under estimate f V , they reasonably predict the sensitivity 

f soot formation to strain rate. In contrast, while DLR has good 

erformance in predicting f V , it could not capture its sensitivity 

o strain rate. In this sense, it cannot be easily concluded which 

echanisms are better than the others in terms of soot prediction. 

The above conclusions demonstrate that despite substantial ad- 

ances in the development of C 2 H 4 oxidation and PAH formation 

hemistry, the existing mechanisms still exhibit considerable dif- 

erences in both fundamental and PAH chemistry, leading to sig- 

ificant variations in soot predictions when using the different 

echanisms. These results suggest that the fundamental chemistry 

hould be calibrated or improved before further development of 

AH chemistry and soot models. 

In summary, the present study provides the following contribu- 

ions to the field of ethylene reaction mechanism and soot model- 

ng: 

• This study performs a comprehensive and systematic analysis 

of chemical mechanisms for ethylene oxidation, PAH formation, 

and soot prediction. The fundamental chemistry and PAH chem- 

istry in the nine chemical mechanisms are assessed respec- 

tively. The results have demonstrated that there are great un- 

certainties in the fundamental chemistry of different chemical 

mechanisms. 

• The dominant fuel oxidation reactions in these mechanisms are 

identified, and the diverse values of reaction rate coefficients 

used in these mechanisms are observed. Therefore, the differ- 

ence in the reaction rate coefficients of dominant fuel-oxidation 

reactions (R1: H+O 2 = O+OH, R2: C 2 H 3 +O 2 = CH 2 CHO+O, R3: 

C 2 H 5 +O 2 = C 2 H 4 +HO 2 , R4: C 2 H 3 +O 2 = CH 2 O+ HCO, R5: C 2 H 4 +O

= CH 3 +HCO, and R6: C 2 H 4 +H(+M) = C 2 H 5 (+M)) could be the

source of uncertainties in the fundamental chemistry. This sug- 

gest that the fundamental chemistry should be calibrated or 

improved before further development of PAH chemistry and 

soot models. This calls for the input from the researchers who 

have expertise on the development of chemical kinetics. 

• Various analysis methods have been adopted in the present 

study, and a novel element backward flux analysis is conducted 

to identify the pathway from fuel to benzene. The present study 

could serve as a reference when conducting such systematic 

analysis of chemical mechanisms for other fuels. 

It is noted that the analysis of chemical mechanisms for fuel 

xidation and PAH formation is investigated in this work only for 

thylene/air mixtures at a normal temperature and pressure condi- 

ion. It would be of great interest to explore the differences of the 

ine chemical mechanisms in more complex hydrocarbon fuel/air 

ixtures and to examine the nine mechanisms under high tem- 

erature and pressure conditions, which will be the focus of future 

ork. 
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