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Abstract. The increasing demand for energy due to economic globalization has led to
the exploration of different types of fuels, including aromatic hydrocarbon fuels. Xylene is an
essential aromatic hydrocarbon fuel and an important component of kerosene. This study employs
the error propagation directed relationship diagram (DRGEP) and sensitivity analysis (SA) to
simplify the reaction mechanism of o-xylene. The ignition delay time and laminar flame velocity
predicted by the fuel mechanism under different w3750rking conditions are compared with pre-
simplified experimental data. The study proposes a mechanism consisting of 298 reactions and 64
components to describe the combustion reaction of xylene. The simplified mechanism's ability to
reproduce experimental results is assessed, and the results reveal that the simplified mechanism
effectively reproduces the experimental results, indicating its potential usefulness in practical
applications. This study has significant implications for the development of more efficient and
sustainable energy sources. By providing insights into the combustion behavior of xylene,
researchers can develop more accurate models for predicting the performance of this fuel under a
range of conditions. This, in turn, can inform the development of new technologies that can help
meet the growing demand for energy in a more sustainable and environmentally friendly way.
Overall, this study contributes to our understanding of the combustion behavior of xylene,
highlighting its potential as a sustainable energy source and offering a potential avenue for further
research in this field.

Annomayus. Pactymumii cipoc Ha SHEPTHIO B CBSI3U C SKOHOMHMUYECKOH Ty100amu3aiueil mpuBe
K HCCJEIOBAHMIO PA3JIMYHBIX BUJOB TOIUIMBA, B TOM YHCJIE APOMATUYECKUX YIIIEBOAOPOIHBIX
toruB. Kcuion siBisieTcs OAHMM W3 OCHOBHBIX apOMarHMYECKUX YIIEBOAOPOAHBIX TOIUIMB U
BOXHBIM KOMIIOHEHTOM KepocuMHa. B JaHHOM WCCIeIOBaHMHM HCIIONB3YeTCs JauarpaMma
HaIpaBJICHHBIX OTHOIIEHUN pacnpoctpanenus omuook (DRGEP) u ananmmu3 4yBCTBUTENIBHOCTH
(SA) nmns ympoumieHuss MeXaHHM3Ma peaklMHu O-KCUiIona. Bpems 3alepXKu BOCIUIAMEHEHUS U
CKOPOCTh JIAMUHAPHOTO IUIAMEHH, MPEJACKa3aHHbIE TOIUIMBHBIM MEXaHW3MOM MpPU PA3THUYHBIX
pabouynx YCIOBUSIX, CPAaBHUBAIOTCS C MPEIBAPUTEIHHO YIPOIIEHHBIMU SKCIEPUMEHTATHHBIMU
JTAaHHBIMU. B uccienoBanuu npeayioxkeH MexaHu3M, COCTOSAIUN u3 298 peakuuii u 64 KOMIIOHEHTOB,
JUIS ONHCaHWs peakiuu ropeHus kcuiona. OleHWBaeTcs CIOCOOHO YIPOIIEHHOTO MEeXaHHU3Ma
BOCIIPOU3BO/IUTH AKCIEPUMEHTAIbHBIE PE3YNbTAThl, U PE3YNbTAThl MOKA3bIBAIOT, UTO YIPOIICHHBIN
MexaHu3M 3(G(HEKTUBHO BOCIPOU3BOAUT SKCIIEPUMEHTAIBHBIC PE3YIbTaThl, YTO YKa3bIBa€T Ha €Tro
MOTEHITHATBHYIO TOJE3HOCTh B TMPAKTUYECKUX TMPWIOKECHHUSIX. OTO HCCICJOBAaHUE WMEET
3HAYUTETbHbIC TOCIEACTBHS ISl pa3paboTku Oonee A(PPEKTUBHBIX U YCTOMUMBBIX HCTOYHHUKOB
sHepruu. [lonyduB mpeAcTaBieHHE O MOBEAECHUU KCUIOJA MPU TOPEHUHU, MCCIENOBATEed MOTYT
paszpaborarb 0oJiee TOUHBIE MOJCIH JUIsl MPOTHO3UPOBAHMS PA0OTHI ATOTO TOIUIMBA B Pa3IUYHBIX
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yCIIOBUAX. B 1enoM, naHHoe McciaenoBaHue BHOCUT BKJIAJ] B HAIlE TOHMMAHHE ITOBEACHHS KCUIIONA
IIpY TOPCHMM, MOAYEPKHBas €ro IMOTEHIHMAJI B KadyeCTBE YCTOMYMBOTO MCTOYHUKA DSHEPIHH U
npejiaras HOTeHUUAIbHbBIN MYyTh 715 JaJbHENIINX UCCIIEOBAHNUN B ATOM 00JIacTH.
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Aromatic hydrocarbons are important components of commercial gasoline, diesel and jet
fuel, and small aromatic compounds such as benzene, toluene and xylene are key components of
gasoline. According to a recent survey (http://pps.ms.northropgrumman.com/), the average contains
25%, 33% and 16% aromatic hydrocarbons by volume, respectively. C8H10 aromatic hydrocarbons
(xylene and ethylbenzene) make up a significant portion of the aromatic hydrocarbons found in
commercial fuels. Xylene, which is found in crude oil, is a typical polysubstituted aromatic
hydrocarbon. Known as CgHjo, xylene is the product of replacing two hydrogens on the benzene
ring with a methyl group. It consists of three isomers: o-xylene, m-xylene and p-xylene. Xylene is
widely used in coating, resin, dye, ink and other industries to do solvent; Used in medicine,
explosives, pesticides and other industries to do synthetic monomer or solvent; It can also be used
as a high octane gasoline component, which is an important raw material of organic chemical
industry. It can also be used to remove asphalt from car body. Hospital pathology department is
mainly used for tissue and section transparency and dewaxing. They are an important component of
commercial gasoline and are found in diesel fuel and kerosene. These compounds were also
detected and identified as intermediates in the combustion of commercial fuels. However, due to
limited kinetic data, the oxidation and pyrolysis processes of xylene are far from understood. Phase
xylene is a very important aromatic hydrocarbon fuel. The combustion of hydrocarbon fuel is a very
complicated chemical reaction process. The study of the reaction mechanism and process is
beneficial to the control of the combustion reaction process.

At present, combustion performance prediction for internal combustion engines can be
performed by real engine experiments or simulation. The former is costly, time consuming, and
complicated to operate. Simulation, on the other hand, is fast, simple to operate, and accurate in its
results, and has become an important tool for the design and optimization of various properties in
internal combustion engines [1]. For the numerical simulation of combustion performance of
internal combustion engines, the chemical reaction mechanism is an important prerequisite that
enables it to be carried into smoothly. Although the detailed chemical reaction mechanism can
reflect the details of the chemical reaction process more accurately and has great advantages in
terms of realism and reliability, its size is too large and contains a large amount of chemical reaction
kinetic information, which leads to a huge computational volume, and it is difficult to apply it
directly to the three-dimensional numerical simulation of combustion. Therefore, a targeted
simplification of the detailed chemical reaction mechanism is needed to reduce its components and
primitive reactions and improve the computational efficiency of numerical simulations while
ensuring the prediction accuracy [2].

In simulation, a detailed chemical reaction mechanism is required for computer calculation.
Generally, detailed chemical reaction mechanism components and primitive reactions are many and
complex, which take a lot of time to process in computer simulation, so a reasonable simplification
and optimization of the mechanism can make the simulation consume less time while ensuring the
accuracy of the results. The basic principle of mechanism simplification is to identify redundant
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reactions and components, and then remove them from the detailed mechanism. The current
methods of mechanism simplification are SA (Sensitivity analysis) [3], DRG (Directed relation
graph) [4], and DRGEP (Directed relation graph with error propagation) [5], which is derived from
the direct relation graph method. graph with error propagation) [5], DRGASA (DRG-aided
sensitivity analysis), DRGEPSA (DRG with error propagation and sensitivity analysis), etc.

As far as | know, there are Battin-Leclerc et al [6] and Gail [8-10] and others who are mature
in the study of the mechanism of xylenes, and Battin-Leclerc et al [6] are studying the three parts of
the mechanism of xylenes separately, in which the mechanism for p-xylene is about 1200+
reactions and 180+ components, while Gail's [8-10] mechanism is more than 1000 reaction steps
and more than 200 components. Experimental studies on the ignition delay time of paraxylene have
only been reported by Battin-Leclerc et al [6] at an ignition pressure of 0. 67-0. 9 MPa and Shen et
al [7] at an ignition pressure of 0. 09-0. 45 MPa, both of which were studied by the ignition
conditions provided by the excitation tube, with the appearance of combustion reaction radicals as
the ignition marker. Laminar flame velocities have experimental results from han et al [11] at
atmospheric pressures of 1 atm and 2 atm and an unburned gas body temperature of 353k.

CHEMKIN is a specialized software tool for solving complex chemical kinetic problems [12].
It is widely used in combustion, chemical reactions, microelectronics and automotive industries, as
well as in atmospheric sciences. It was originally developed at Sandia National Laboratories and
now acquired by the American company Reaction Design. CHEMKIN is very powerful and the
software consists of three main core packages: gas-phase kinetics (GAS-Phase Kinetics), surface
kinetics (Surface Kinetics) and transport properties (Transport Proces), on the basis of which more
than 20 chemical reactor modules have been developed. Each reactor module has specific functions,
and users can select different reactor modules to numerically simulate chemical reactions of
complex systems. In addition, these modules can be used not only individually but also combined
with other modules as needed to form a complex system. When using the software, the
corresponding reaction mechanism should be imported as needed. For general combustion
problems, if a zero-dimensional model is used, the mechanism file and thermodynamic data file
should be imported; if a one-dimensional model is used, the mechanism file, thermodynamic data
file and transport data file should be imported.

In this paper, the mechanism of battin [6] et al. is selected as the detailed mechanism before
simplification, and the detailed mechanism includes 1238 basic reactions involving 188 substances.
This reaction mechanism well predicts the concentrations of reactants, products and intermediate
species, the ignition delay time and the ignition process in the excitation tube, the ignition
temperature of the back-diffusion flame, the species distribution in the jet premixed flame, and the
propagation velocity of the laminar flow flame in the constant volume combustion chamber.
Therefore, this mechanism is chosen as the detailed mechanism of xylene combustion reaction in
this paper. Its ignition delay time was calculated using the fixed-volume adiabatic model in
Chemkin software, and the premixed laminar flame model was used to calculate the laminar flame
velocity and component concentration.

The non-essential species and basic reactions in the detailed mechanism are first removed by
DRGEP. In this work, the components on the main path nodes are considered as target species.
When the DRGEP threshold was set to 0.05 and the relative error of ignition delay time and laminar
flame velocity was set to 20%, a skeleton mechanism consisting of 64 species and 375 elementary
reactions was obtained.

Next, the above skeleton mechanism was further simplified using SA. The sensitivity
coefficients of all primitive reactions were ranked and then filtered one by one from small to large.
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The skeleton mechanism of xylenes with 330 primitive reactions for 64 components was
constructed while ensuring that the ignition delay time and laminar flame speed were within the
initial relative error.

The laminar flame velocity is an important indicator to judge the characteristics of the
chemical reaction mechanism, and we compared the detailed mechanism and the simplified
skeleton mechanism with the experimental results such as han [11].The detailed mechanism and the
simplified mechanism were compared in Figure 1 for the equivalent ratios of 0.7-1.5 and
atmospheric pressures of 1 atm and 2 atm.
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Figure 1. Comparison of laminar flame velocity of xylene predicted by the simplified before and after
mechanism with experimental values

From Figure 1 we can see that the predicted value is lower than the experimental value in the
poor ignition state, and conversely, the predicted value is higher than the experimental value in the
rich ignition state, and the same mechanism trend before and after simplification is used to predict
the laminar flame speed with less error.

Ignition delay time is also an important indicator to judge the effectiveness of the chemical
reaction mechanism. During the ignition delay time, the fuel and oxidizer undergo some complex
physical and chemical changes, which in turn affect the combustion pattern and emission
characteristics of the internal combustion engine. We compare the detailed mechanism and the
simplified skeleton mechanism with the experimental data of shen [7] et al. The results of the
comparison are shown in Figure 2 for the operating conditions with equivalent ratios of 0.5 and 1.0,
atmospheric pressures of 10 atm and 40 atm, and initial temperatures of 1000k-1300k, respectively.

From Figure 2, we can see that the predicted value of the mechanism is high, but the basic
trend is the same. The simplified skeleton mechanism is high compared with the detailed
mechanism, but the difference is small, so we can see that the simplified mechanism can be used to
replace the detailed mechanism for prediction.

In this paper, a simplified mechanism for xylenes containing 330 radical reactions of 64
components was obtained by DRGEP, SA square. Under different conditions, the simplified
mechanism was compared and analyzed with the experimental data and the detailed mechanism,
and the ignition delay time and laminar flame velocity were similar to those predicted by the
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original mechanism, and the simplified mechanism for xylenes could respond well to the ignition
delay time and laminar flame velocity, and this simplified mechanism could be used to predict the
combustion reaction of xylenes.
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Figure 2. Comparison of the xylene ignition delay time predicted by the mechanism before and after
simplification with the experimental value
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