Orbegoso et al.

On The Predictability of Chemical
Kinetics for the Description of the
Combustion of Simple Fuels

This work presents a systematic comparison betvgegrral detailed chemical kinetic
models recently developed and available experinhetdiga. The aim is to assess the
predictive capabilities of the combustion with af the following fuels: hydrogen,
methane, ethanol and liquefied petroleum gas, iarge range of equivalence ratio. The
prevailing thermodynamical conditions range fromhéent to the more stringent ones,
such as high pressure combustion. In order to as#es predictive performance of the
twelve chosen chemical kinetics models, the res@ihsimerical simulations are compared
with existing experimental data of the combustioncpss in two simplified physical
systems: the perfectly stirred reactor and thelfrgeopagating premixed laminar flame.
When ambient conditions are considered, the corspas reveal a good agreement
among most of detailed kinetic mechanisms, on treigiion of thermochemical
properties of practical interest with respect t@ tborresponding experimental data only,
as far as lighter fuels such as hydrogen, metharmkethanol are considered. The chosen
mechanisms are shown to meet witifidilties when mixtures of liquefied petroleum gas
and air are considered, even in ambient conditiofise obtained results highlight the
necessity for (i) updating the existing mechanismits the use of recent experimental
results and (ii) the development of new comprelensiodels.
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Introduction

In the past few years, the detailed chemical kinsibdeling has
become one of the most important tools used indéseription of
the combustion process. The continued developmérdetailed
kinetic mechanisms for the combustion of severakgas fuels was
mainly advanced by the necessity to satisfy maiagent criteria
involved in the development of moréfieient combustion systems
and in the reduction of the pollutant emissionsa assponse to the
expected depletion of the fossil fuels and theilfoiént of the
environmental regulations. These energetic and remviental
concerns convey the imperative need to understama@dmbustion
process as a fundamental step in order to utilizean dficient and
environmental friendly way.

Because of overriding national and internationahcsons,
special attention is being paid to: the developmehtkinetic
mechanisms for fossil fuels having rightly coupldte nitrogen
kinetic scheme with the purpose of obtaining a detep
understanding of the formation of NOx emissionsd athe
development of new mechanisms for the combustiGergstion of
alternative fuels. These developments would promae
comprehensive understanding of the combustion phena and the
effects associated with the substitution of
hydrocarbons fuels by environmentally-friendlieteahative fuels.
Therefore, the validation of a specific kinetic manism for several
thermodynamic conditions must be performed throeghaustive
comparisons of the simulation results obtained ohpéfied
combustion systems against the corresponding erpetal data.

Furthermore, turbulent combustion models used
computational fluid dynamics, which aims at desaogb finite
Damkohler number situations, should incorporatéeeitdetailed
information about combustion chemistry — which lie tcase of
transported probability density function formulatso(Pope, 1985;
Haworth, 2010) — or global chemical timescale infation, such as
the turbulent flame closure model (Zimont, 2000)the level set
closure (Peters, 2000) respectively. Thus, thetoactton of such
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detailed chemical mechanisms is crucial to the ld@weent of
predictive tools related to the combustion processcription in
engineering applications.

Several detailed kinetic mechanisms for fuels ofcpcal
interest can be found in the literature (PillingP2). However, even
for the case of simpler species, such as hydroggmethane, there
is no complete neither unified kinetic scheme ttet model the
oxidation of these fuels in a broad range of thetymamical
conditions (pressure, temperature and equivaleati®)r When
heavier hydrocarbons (i.e. butane, heptane, atcljoa mixtures of
hydrocarbons (i.e. natural gas, liquefied petrolegas, etc.) are
considered, the validation range becomes smalleis ificulty
could be attributed to the large number of degafefseedom and
the multiple reaction pathways that a kinetic medsra must
undergo for a complete description in the combustiba specific
fuel, particularly at lower temperature and higregsure ranges.
Currently, it is recognized that there is no kioethechanism
suficiently complete or “comprehensive” enough, evensimple
fuels such as hydrogen and methane (Law et al.3)20thus, the
use of existing combustion mechanisms requires,riarip the
knowledge of the corresponding predictive range.

This paper aims to assess, through comparison reitlent
experimental data, the predictive capabilities @dilable detailed

convexation kinetic mechanisms in the oxidation of the hydrqgeatural gas

(methane), ethanol and liquefied petroleum gas (LP®®, this
paper begins with a bibliographical revision ofalled chemical
kinetic mechanisms recently developed for these foels. Then,
the kinetic mechanisms considered are simulateccamgpared with
recent experimental data available in the liteeatim order to

idetermine the mechanisms that are the most suitalilescribe the

combustion of each of these gaseous fuel for skwwrarating
parameters, particularly at high pressure conditidnis expected
that the discussion generated here-in would be atxdédu for
modeling turbulent combustion in moderate to snizdimkohler
number situations. The detailed knowledge of theentbal
transformation is also crucial to the predictiordodplet combustion
(Fachini, 2007) and to the analysis of supersoroenhustion
(Pimentel et al., 2002; Walter and Figueira da&iR006).
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Detailed M echanism for Gaseous Fuels

In a combustion process, the oxidation of a fueldsieved by
means of a substantial number of elementary reectivat describe
the collision process among molecules. This ensemibélementary
reactions with the corresponding kinetic parametdefines a
combustion mechanism, also known as detailed kimegchanism.
In this section several detailed kinetic mechanigegeloped in the
past decade by research groups worldwide are 8escrand the
majority of which are currently available for thevaluation and/or
simulation in combustion systems.

Hydrogen mechanism

The combustion of fossil fuels produces gases tha

accordance to recent chemical data, particulathgehreported by
Baulch et al. (2005). The Konnov (2008) mechanismsapable of
describing shock tube experiments at 900-2700 Kpaeslsures that
range from the atmospheric one to 87 atm. This ar@sm was also
validated through laminar flame experiments at 643atm and at
ambient temperature.

Natural gas mechanism

The validation work for each of the mechanisms wered here
is of such an extent that fully describing the esponding range of
validity would require a specific dedicated pap€herefore, the
interested reader should refer to the original apeorder to gain
an insight on such matter.

The development of the detailed chemical kineticima@ism

responsible for the greenhousféeet, and given the concern on thefor the natural gas combustion began in the 70snveeveral high-

depletion of petroleum-based fuels resources wadewit is

imperative to consider alternative fuels as enaayrce. Under this
context, hydrogen is often the most attractive raditve fuel

because the combustion products are free of cadimxide, the
main culprit responsible for the greenhoudtea. Although the
oxidation process of this clean fuel involves twemical elements
(H and O) only, the kinetic description is of relatdifficulty, since
it involves several reaction steps that describe itfitialization,

propagation, branching and termination processes.

The development of chemical kinetic mechanisms thoe
hydrogen oxidation began with the work of Westbra@mid Dryer
(1981), which reported a revision of the chemicahekc of
combustion process, indicating that the@®3 mechanism is well
characterized for a variety of numerical applicasi@t atmospheric
conditions. Yetter et al. (1991a) published a dedaikinetic
mechanism which consisted of 19 elementary reagtiovolving 9

temperature kinetic models for the hydrogen, canmomoxide and
methane oxidation were constructed under the suppidarge
quantity of experimental data (Seery and Bowmaf701 Cooke
and Williams, 1971). During the early 80s, Westlretd al. (1982)
proposed the first chemical mechanism for combostib the C1
and C2 hydrocarbons, being composed of 93 reversilementary
reactions and 26 chemical species. This mechanisas w
subsequently revised by Westbrook and Dryer (198#h the
addition of elementary reactions for C1 and C2 swdzhanisms.
These authors also suggested the addition of Céegl@ary
reactions in order to obtain an accurate numedeatription of the
methane combustion.

The compilations of Glarborg et al. (1986) and Bbfilland
Bowman (1989) were the starting point of the depelent of
nitrogen oxidation mechanisms, whereas Baulch.gt1l894a) and
Baulch et al. (1994b) published compilations of aied rate

chemical species in the /€O oxidation. This mechanism was coeficients for many elementary reactions relevant éodxidation

validated by Yetter et al. (1991b) through PlugwReactor (PFR)
experiments at 852-1138 K and atmospheric pressure.

of simple fuels. Those compilations were updatedi expanded by
Baulch et al. (2005) on the basis of recent themetand

This mechanism also was validated through shocke tulexperimental studies of elementary reactions.

experiments at 823-2870 K, 0.3-2.2 atm and 0.00805f
equivalence ratio. Furthermore, Kim et al. (1994dated and
validated the Yetter et al. (1991a) mechanism iR R&periments
for 1-9.6 atm, 960-1200 K and 0.33-2.1 of equivederatio.

Mueller et al. (1999) updated the Kim et al. (198#chanism
in which simulations of PFR at 0.3-15.7 atm and 85040 K were
conducted for the oxidation of 1% of hydrogen wit6% of oxygen
in order to validate the proposed modificationse Bxperiments of
Tse et al. (2000), corresponding to spherical femb at higher
pressures, demonstrated the fifisiency of the Mueller et al.
(1999) mechanism for the hydrogen/air combustioiininar flame
predictions above 5 atm.

Afterwards, O’Conaire et al. (2004) updated the Némeet al.

Frenklach et al. (1992) proposed that a set of esyatic
procedures for combustion researches should foren bsis of
developing a “comprehensive” chemical kinetic meisa for any
fuel. These recommendations were followed durirgdbnstruction
of some widely used kinetic models, such as the-KB¢h (Smith
et al., 1999) and Leeds (Hughes et al., 2002) nmesims.

The GRI-Mech was developed in order to describentbthane
oxidation. It is based on a set of elementary ieast where the
attributed values for the reaction rate parameseesprovided by
associating theoretical, experimental, and numledata. The early
versions of the GRI-Mech were the GRI-Mech 1.1 fiktach et al.,
1995a) and the GRI-Mech 1.2 (Frenklach et al., b99%he GRI-
Mech 3.0 (Smith et al., 1999) is the latest versiwailable, which

(1999) mechanism and proposed#34 mechanism that consists of was built for the combustion of the natural gas andsiders 53

21 chemical reactions and 9 elementary species fgeichanism
has been validated against shock tubes experinaei®87-2700 K
and 1-87 atm and laminar flame measurements #®H#N, and
H,/O,/He mixtures at 1-20 atm, 298 K and 0.5-5.5 of egjence
ratio.

Li et al. (2004) proposed a comprehensivg(Q4d mechanism
which consists of 9 species and 19 chemical reas@md was built
on the basis of the Mueller et al. (1999) mechaniBne validation
of the Li et al. (2004) mechanism involves laminfiame
experiments for HO,/N,, H,/O,/He and H/O,/Ar mixtures at 1-20
atm, 298 K and within the flammability limits, arghock tubes
experiments at 1-87 atm and 900-2700 K.

Konnov (2008) reported a recent modification ofithggevious
mechanism (Konnov, 2004) for the description of thalrogen
oxidation by updating almost all of the 30 kinetiates in
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chemical species and 325 reversible elementaryioeac The GRI-
Mech 3.0 (Smith et al., 1999) presents many adgastand also
some drawbacks; the most relevant advantage is ctiveect
representation of the majority of experimental lssavailable for
the natural gas combustion, as well as the mostaat constituents
hydrocarbons, methane and ethane. Nonethelesss timy verified
when the application conditions are close to latmoyaconditions.
However, the main drawback of the GRI-Mech versioras a
building block — is the absence of “hierarchy”, &hts created the
difficulty of shifting new kinetic parameters withoutwging when
more accurate experimental data become availablghés et al.,
2002), and the awkwardness in developing new mésimsnfor
other heavier hydrocarbons.

The Leeds (Hughes et al., 2002) mechanism is dévuotdhe
modeling of the higher gaseous fuels, such as methathane,
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ethylene, acetylene, carbon monoxide and hydrogera broad
range of operational parameters. This mechanism lwils in a
same way as the GRI-Mech, namely, by means of tieing of

gas kinetics measurements, although the formerdeasloped in
respect to the kinetic data published by Baulclale{1994a) and
Baulch et al. (1994b). The available version cdssisf 351
irreversible reactions and 37 chemical species, nwiiee NOXx
oxidation is not considered. The Leeds Methane, NMDd SOx
mechanism accounts for the nitrogen and sulfur atiod kinetics
and includes 78 species and 892 irreversible (4&ersible)
reactions and is of particularly relevance when amis NH3, may
be found in the reactive mixture.

The Konnov (2000) kinetic mechanism, which includig7
chemical species and 1200 reversible elementaryctioes,
simulates the natural gas combustion, as well @& @&2-C3
hydrocarbons combustion, the hydrogen oxidation #rel NOx
formation in flames. This mechanism was developethe basis of
the methane mechanism developed by Borisov el882), where
important extensions were considered, such as thimamol and
ethanol mechanisms (Borisov et al., 1992a,b), thx Mhechanism
from Miller and Bowman (1989) and the CEC compdast kinetic
data (Baulch et al., 1994a,b).

The San Diego (Williams, 2005) natural gas comioasti
mechanism is based on the principle that a kimatchanism must
only include a moderate number of species and iozecthat are
representative of the description of several fuats methane,
methanol, ethane, ethylene, ethanol, propane angdype. This
mechanism considers 180 reversible reactions am@nghemical
species.

Tan et al. (1992) developed a chemical kinetic raaigm for
the combustion C1-C3 hydrocarbons, GDF-Kin. Thiscima@ism
has a hierarchical structure, i.e., it was seqabyntideveloped
starting from the hydrogen oxidation mechanism aphe heaviest
hydrocarbons sub-mechanism available. The firssioer of the
GDF-Kin mechanism consists of 508 reversible elaargn
reactions involving 82 chemical species. El-Baletlial. (2006)
proposed an upgrade of this mechanism, GDF-Kin 8Bich
consists of the revision of the GDF-Kin 2.0 (El-Bélet al., 2004)
with the addition of the kinetics of nitrogen oxiidm from Dagaut
et al. (1998) NOx sub-mechanism. The number of eigary
reactions and chemical species of GDF-Kin 3.0 (&k&i et al.,
2006) are 883 and 121, respectively.

Le Cong and Dagaut (2007) developed a kinetic nrésha
initially consisting of 737 reversible reactionsda®8 chemical
species, which allows simulating the natural gasl @yngas
combustion over an extensive range of operatiorditions. This
mechanism was built upon the mechanism developeddyaut
(2002) for the combustion of the natural gas, dreldystems used
in the validation of this mechanism include shogkeis, premixed
laminar flames, PSRs and PFRs. Recently, Le Comg Regaut
(2008) extended their previous mechanism (Le Cami Bagaut
(2007)) in order to describe the combustion of migs of hydrogen
and natural gas diluted on water vapor. This l&sion contains
128 chemical species involving 924 elementary &l reactions.
Excellent agreements were reached between this anich and
existing experimental data (Le Cong, 2007).

Ethanol mechanism

The kinetics of gas phase ethanol oxidation has bgtensively
investigated during the past five decades. Mulli(B953)
determined, through PFR experiments for autoignitielay time of
the ethanol and air at atmospheric pressure andefoperatures
ranging between 1050 and 1300 K. Natarajan andkginas (1981)
performed an experimental and analytical studytedlato the
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determination of the delay ignition time for 90%udéd in argon of
oxygen and ethanol mixtures. The ignition was oledi
downstream reflected shock waves for 1-2 atm,domerature and
equivalence ratios that cover the range of 13006 W@nd 0.5-2,
respectively. The authors also developed the frgiwn kinetic
mechanism for the ethanol oxidation, formed by &ctions and 27
species. Gulder (1982) obtained, through constahinve spherical
bomb experiments, the premixed laminar burning aigto for
ethanol/air mixtures at 1-8 atm, 300-500 K and dquivalence
ratio in the range of 0.7-1.4.

Experimental and numerical simulation studies eglato the
ethanol kinetics were developed by Egolfopouloslet(1992). In
the experiments, the authors used the counterflain-flame
method in order to determine the premixed laminaning velocity
in the combustion of ethanol with air at ambien¢gsure and for
temperature lying within 363 and 453 K. In additiostudies
conducted by Egolfopoulos et al. (1992) showedtail@el chemical
kinetic that describes the ethanol oxidation by mseaf 195
reactions involving 35 chemical species. This madm was
adjusted and validated through comparisons withctiteesponding
experiments. This mechanism was also validated by
experimental results of Natarajan and BhaskaraB1(}1Hence, the
experiment of reflected shock wave provided evigettat is in
agreement with the autoignition delay time, wheb22.of ethanol
with 7.5% of oxygen and 90% of argon were burnatatospheric
pressure and temperatures in the range 1300-2500 K.

In a related study, a detailed kinetic mechanisscidieing the
ethanol oxidation at temperatures above 1000 Kalssdeveloped
by Marinov (1997, 1999), either by the use of sud:hanisms to
describe the hydrogen oxidation (Marinov et al.9@9 propane
(Marinov et al.,, 1997a), ethylene (Marinov and Mali995) or
methane and ethane (Marinov et al., 1997b), andnged in a
hierarchical manner. The mechanism (Marinov, 199B9), which
consists of 57 chemical species and 393 elemeng¢agtions, was
widely validated through simulations related toagthl combustion
in reflected shock tube (Natarajan and Bhaskar@81:1 Dunphy
and Simmie, 1991), premixed laminar flame (Guld&g82;
Egolfopoulos et al., 1992), Turbulent Flow Reacthiorton and
Dryer, 1991), and Jet Stirred Reactor (Aboussi1) @periments.

Another detailed mechanism that describes the psiland
oxidation of ethanol and methanol was developed.ib2004) and
Li et al. (2005, 2007), from experimental resulté ehanol
combustion in Variable Pressure Flow Reactor, VBRglevated
pressures. This mechanism is composed by 228 seactind 39
reversible species built in a hierarchical struetiue., the oxidation
of ethanol follows a sequence of events, beginnfram the
decomposition reactions followed by the attackasfical to ethanol,
the intermediate species production, and finalig tonversion of
aldehyde’s in carbon monoxide and their subseqaogittation in
carbon dioxide (Li, 2004). Li (2004) and Li et #2005, 2007)
mechanism shows a better agreement than the Mafir¢®7, 1999)
mechanism when experimental data in VFR is consdieli et al.
(2005). The Li (2004) and Li et al. (2005, 2007)ctmznism was
also validated through experiments related to thbarel
combustion in a reflected shock tube. In this patéir case, an
improved estimate is obtained, when compared thenda (1997,
1999) mechanism, of the autoignition delay timehie oxidation of

—

1.43% of ethanol¢= 0.5) diluted by argon at 1 and 2 atm, and

within the temperature range of 1250 to 1667 K. ireamburning
velocity, g, comparisons were considered in the validatiothefLi
(2004) and Li et al. (2005, 2007) mechanism, whareenhanced

estimate of s is demonstrated, when Egolfopoulos et al. (1992)

experimental data is considered.
Saxena and Williams (2007) extended the San Di€9&P011
natural gas mechanism, which consists of 40 speareb 180
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reactions by the addition of the ethanol sub-mesimaneading to a
mechanism that consists of 235 reversible reactiouslving 46
chemical species. This mechanism aims at describiagxidation
of ethanol in diversified combustion situations,rtigalarly at
reflected shock tubes (Natarajan and Bhaskarart,;1@8nphy and
Simmie, 1991) and premixed (Egolfopoulos et al92)9and non-
premixed (Saxena and Williams, 2007; Li et al., Z0Cminar
flames.

Dagaut and Togbé (2008) conducted experiments amrical
simulation in a Jet Stirred Reactor, with the affrdetermining the
oxidation kinetics of E85, an 85/15% mixture of atbl and
gasoline. The obtained experimental results allotzedievelop a
combustion mechanism composed of 1866 reactions 28t
species. This mechanism, built hierarchically, iasddl on the
Dagaut (2002) natural gas mechanism, followed leyatidition of
sub-mechanisms that describe the oxidation of alig@&ssurrogate
composed of iso-octane, toluene, 1-hexene and @thEme ethanol

temperatures that are below the critical tempeeatur order to
maintain it at liquid phase.

The main advantage of LPG over the natural gasmsidered
by its ease of storage in low pressure vessels hwhiaekes it
transportable in tanks and cylinders. Furthermtiie, LPG has a
good “interchangeability” property; this in otheords implies its
ability to be substituted with another fuel in ardmustion process
without significantly altering the performance teérms of é€iciency
and pollutant emissions.

The development of detailed chemical mechanisntferLPG
oxidation began with the work of Warth et al. (1p88d Sung et al.
(1998), who reported the construction of detailegbic mechanism
for the n-butane oxidation. The kinetic scheme o&artV et al.
(1998) involves 778 reactions and 168 chemical isseavhereas
the Sung et al. (1998) mechanism comprehends af §& species
involved in 621 elementary reactions. This last na@ism was
validated by Sung et al. (2001), via comparisonBaois and Law

sub-mechanism was extracted from Marinov (1997, 9199 (1998) experiments. The accuracy of this mechan@am the

mechanism with updated kinetic data obtained thrcexperiments.
The Dagaut and Togbé (2008) mechanism was validattte case
of 0.2% of ethanol diluted by nitrogen combustigielding a good
agreement against experiments of Jet Stirred ReatttO atm, and
for equivalence ratios @f= 0.6, 1 and 2.

Experiments in a spherical bomb were performed adRy et
al. (2009) allowing for the determination of theepiixed laminar

prediction of laminar burning velocity of iso-butaand n-butane
combustion with air at standard conditions of puessand
temperature was demonstrated. Mishra and Rahmar©3)20
determined the flammability limits of air and LPB0@6 of butane
and 70% of propane) at ambient conditions and withb3-2.48 of
equivalence ratio, by the use of a constant volwwombustion
chamber.

burning velocity, s, of ethanol and air mixtures for pressures and Dagaut and Hadj Ali (2003) built a detailed meclsanithat

temperatures that reach 14 atm and 393 K,
Experiments at ambient pressure and 358 K were amedio those
reported by Gulder (1982) at 350 K, Egolfopoulosalet(1992) at

363 K, and Liao et al. (2007) at 358 K. The forrekows values of
s that are smaller than those compared by the |giteticularly at

the fuel rich zone. This behavior is also exhibitedpressures and
temperatures that are above atmospheric conditions.

Rohl and Peters (2007) reduced the Marinov (199991
mechanism — composed of 57 species and 383 reactido 38
species and 228 reactions, with the purpose ofedsiorg the
computational cost of CFD simulation. This skelaet@chanism was
validated by comparisons with the original one amith kinetic
obtained in a shock tube (Natarajan and Bhaska@8il; Dunphy
and Simmie, 1991), and to premixed laminar flameaites.

Recently, Cancino et al. (2009) proposed a chernligsdtic
mechanism for the description of the combustion pyalysis of
ethanol, which includes the set of 1136 reactiord H6 chemical
species. This mechanism is based on the Marino®7(12999)
mechanism and the C3 Konnov (2000) sub-mechanism Kinetic
data of Li (2004), Park et al. (2002), Park e{2003), and Xu et al.
(2004) were also accounted for, in order to desctlie ethanol
decomposition. Unlike the Marinov (1997, 1999) &Ban Diego
20051201 (Williams, 2005) mechanisms, the mechaois@ancino
et al. (2009) is able to accurately describe tharatl combustion in
reflected shock tube at intermediate temperatured &igh
pressures. In particular, this mechanism propeegraduces the
experiments of Cancino et al. (2007), correspondiog the
autoignition delay time in the oxidation of ethanelth air at
temperatures within the range of 750-1200 K, anmdofessures up
to 50 atm.

Liquefied Petroleum Gas mechanism

The Liquefied Petroleum Gas (LPG) is extensivellyzed as an
alternative fuel in internal combustion engines @sda domestic
fuel. It is mainly composed of propane and butdreyever, other
heavier hydrocarbons, such as pentane and hexayebenpresent
in a variety of proportions. This fuel is produceasmmercially in
crude oil refineries and is stored at elevated ques and
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respetiv consists of 827 reactions involving the kinetic 2 chemical

species. This mechanism was developed having assss Ibhe
natural gas mechanisms of Dagaut (2002) and Dagaalt (2000),
and the iso-butane mechanism of Dagaut et al. (19%4e
validation of the Dagaut and Hadj Ali (2003) kimsti was
performed using Jet Stirred Reactor (JSR) expetisneat
atmospheric pressure and for temperatures witten980-1450 K
range of the combustion of a mixture of 24.8% oftsitane, 39%
of n-butane and 36.2% of propane as being reprabendf a LPG.
This mechanism was also validated through expeitisneghlaminar
flames by Liao et al. (2004), which was determibgdexperiment
and simulation, the laminar burning velocity of & mixture
composed of 0.02% of ethane, 0.92% of propylene6528 of
propane, 1.72% of butilene, 25.68% of iso-butant 4A6% of n-
butane at ambient conditions and 0.7-1.4 of eqenad ratio.

A detailed kinetic mechanism was developed in timévéfsity
of Southern California, USC, by Wang et al. (20@07)order to
describe the C1-C4 combustion. This mechanism watsdver the
Davis et al. (2005) mechanism for the/€O oxidation, with the
addition of the GRI-Mech 1.2 (Frenklach et al., 88pand GRI-
Mech 3.0 (Smith et al., 1999) mechanisms for thecdgtion fo
C1-C2 hydrocarbons, and by the inclusion of the-regishanism
C3 of Davis et al. (1999) for the propene combustithe USC 2.0
(Wang et al., 2007) mechanism is the last versiailable, which
consists of 111 species involving 784 reversibietiens. With the
exception of the premixed laminar flame simulatiofi pure
hydrocarbons including the propane and n-butanearabient
conditions, there is none work to the best of thdars’ knowledge
that validates the last version of this mechanisnttie combustion
of LPG.

M ethodology

Since many relevant combustion devices operateesspres
above ambient, this paper reports the assessmeeighbf recent
kinetic mechanisms available for the combustiorthef hydrogen,
natural gas (methane), liquefied petroleum gas (L& ethanol,
against experimental data available in the litexgtun a broad
range of thermodynamical conditions that range frombient to
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more stringent ones, i.e. pressures and tempesatyreo 20 atm U o e L ML B s o o
and 1400 K. L H° 1
In order to analyze the performance of several tkine s00f 2 .
mechanisms for the aforementioned gaseous fuelgente ]
experimental data corresponding to the determinaifche laminar 250 ]
burning velocity and the prediction of major andnari species 1
evolution in a Jet Stirred Reactor (JSR) are camsitl Although it = 200k 3
is also possible to compare mechanism predictiganat other § .
experimental data, such as counter floffudion flames and shock ~Z1s0fF 3
tubes, these simulations are not considered far sbkrevity. “ ki N
Unstrained  one-dimensional laminar  burning  velocity 100f e
calculations are performed using the PREMIX (Keealet 1985) g ]
computer code within the CHEMKIN package (Kee et H89) in soF oc ]
order to assess the performance of tifedint kinetic mechanisms [ v ]
in premixed laminar flames situations. The convergelution is N A T T
obtained considering a distribution of adapted gpioints and (a) © ! o 3 5
accounting for the gradient and curvature critefid®d.1. The PSR
code (Glarborg et al, 1991) is used to determire t 350 T T T ]
thermochemical properties representing a Jet StReactor (JSR). F ]
In the case of hydrogen oxidation, the Li et al0Q@), the 300F ]
O’Conaire et al. (2004), the Konnov (2008) and @&fl-Mech 3.0 F |
(Smith et al., 1999) mechanisms were considereccregds San 250 ]
Diego 20051201 (Williams, 2005), the GRI-Mech 33n{th et al., — -
1999) and the Le Cong and Dagaut (2008) mechanigens used £ 200F 7
for the comparisons concerning the methane condusiihe San § F ]
Diego 20051201 (Williams, 2005), Rohl and Pete0{, Marinov S 1s0F .
(1997, 1999), Dagaut and Togbé (2008) and Candirad. €2009) F ]
were employed in the modeling of the ethanol oxatatFinally, the 100F E
Sung et al. (1998) and the USC 2.0 (Wang et aQ7P@hechanisms [ ]
were considered, for the LPG combustion. s0F -
i i 0
Results and Discussions () 0 3

In this section, the comparisons of the obtainedlte with the
eight aforementioned detailed kinetic mechanism presented
against recent experimental data available at iteeaiure for the
combustion of the hydrogen, natural gas (methaet)anol and
liquefied petroleum gas, respectively.

Hydrogen oxidation

The laminar burning velocity of hydrogen and airs Haeen

experimentally measured at ffdrent values of pressure and

equivalence ratio (Dowdy et al., 1991; Aung et B098; Tse et al.,
2000). Measurements of a hydrogen/air premixedamburning
velocity at moderate pressures (over 10 atm) areteafind due to
the limitations imposed by thermoffiisive instabilities (Tse et al.,
2000) arising as a consequence of the high Reymaldber at such
pressures.

Figure 1(a) depicts a comparison at ambient camuhti(1 atm

Orbegoso et al.

Figure 1. Comparisons among the simulated (lines) a  nd calculated (dots)
of the premixed laminar burning velocity, in the ox idation of the hydrogen
with air for (a) 1 atm and (b) 4 atm. — Li et al. ( 2004); - — O'Conaire et al.
(2004); — - — Konnov (2008); -+ GRI-Mech 3.0 (Smith et al., 1999); o Aung et
al. (1998); o Tse et al. (2000); and V Dowdy et al. (1991).

The GRI-Mech 3.0 (Smith et al., 1999) mechanisndijots a
maximum laminar burning velocity of 320 cm/sqat 1.7, slightly
superior than that obtained by the experimentallt@sWhen the
equivalence ratio is increased, the GRI-Mech 3.mifs et al.,
1999) predictions underestimate the Tse et al.qR@ad Dowdy et
al. (1991) data. None of the mechanisms analyzethig work
reproduces the Aung et al. (1998) experimentslithal rich region
of equivalence ratio.

Figure 1(b) shows the laminar burning velocity camigons of
the hydrogen/air combustion at ambient temperance4 atm. This
figure allows to verify that the Konnov (2008) medlism dfers a

and 280 K) of the laminar burning velocity, salculated by the use good representation of most of the measuremenfsrpeed by the
of the Li et al. (2004), O’Conaire et al. (2004)priov (2008) and  Aung et al. (1998) data, whereas the Li et al. @Gthd O’Conaire
GRI-Mech 3.0 (Smith et al., 1999) mechanisms, agdine freely et al. (2004) mechanisms predict values that agatst lower and

outwardly propagating spherical laminar premixedrfés data taken
from Dowdy et al. (1991), Aung et al. (1998) anat E$ al. (2000).
An important dispersion is observed by the mostmeexperiments
of laminar burning velocity, even at atmospheriaditons, which

maximum values range from 260 to 310 cm/s. Moreower

excellent agreement is obtained from the Li et (a8D04) and

O’Conaire et al. (2004) mechanisms against the raxpatal data
reported by Tse et al. (2000) in all equivalencéorsange. The
Konnov (2008) mechanism reproduces accurately the & al.

(2000) experiments only at lean mixtures, but ilds a good
representation of the Dowdy et al. (1991) data fre tich

equivalence ratio region.
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higher in the lean and rich regions, respectively.

The Li et al. (2004), the O’Conaire et al. (200d)d the GRI-
Mech 3.0 (Smith et al., 1999) mechanisms are a®ol o simulate
a situation similar to the experimental data of@eng and Dagaut
(2009), corresponding to the Jet Stirred React8RfJwith 1% of
hydrogen and oxygenpE 0.5) diluted with nitrogen at ambient
pressure and 800-1000 K. As can be seen from FtheZevolution
with temperature of the major species at the exé SR reported
by Le Cong and Dagaut (2009) is better predictedhgyLi et al.
(2004) and O’Conaire et al. (2004) mechanisms tharthe GRI-
Mech 3.0 (Smith et al.,, 1999) mechanism. This kastchanism
estimates 940 K for the combustion extinction, amtcast with the
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Li et al. (2004) and O’Conaire et al. (2004) medhans, which
estimate a combustion extinction (at about 890 dtpilar to the
experimental results from Le Cong and Dagaut (2009)
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Figure 2. Comparisons among the simulated data (lin  es) using several
mechanisms with respect to experimental data of Le Cong and Dagaut
(2009) of the combustion of 1% of H , with O, diluted on N », in a JSR for 1
atm of pressure, 0.5 of equivalence ratio and T = 120 ms. — Li et al.
(2004); — — O’Conaire et al. (2004); — - — GRI-Mech 3.0 (Smith et al., 1999);
and o Le Cong and Dagaut (2009).
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Natural gas oxidation

The analysis of the detailed chemical mechanisnis tlie
natural gas combustion is performed using expetiahetata related
to methane combustion. This usual procedure isfiptby the
large representativity of this alkane of the cherhi&inetics
description of the natural gas, and by the avditgbof a vast
amount of experimental information related to thembustion
kinetic of this hydrocarbon.

1.25 |l
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e |
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PRI |
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(b) 0.5 0.75 (}) L25 1.5
Figure 3. Comparisons among the simulated (lines) a  nd calculated (dots)

of the premixed laminar burning velocity in the oxi dation of the methane
with air for (a) 1 atm and (b) 5 atm. — GRI-Mech 3.0  (Smith et al., 1999); — -
San Diego 20051201, (Williams, 2005); o Rozenchan et al. (2002); V Gu et
al. (2000); and ¢ van Maaren and de Goey (1994).

Figure 3(a) presents the results obtained whengusia GRI-
Mech 3.0 (Smith et al., 1999) and San Diego 20051®Uilliams,
2005) mechanisms against the experimental repttddozenchan
et al. (2002) and Gu et al. (2000) measured in spleerically
expanding premixed flames, and the van Maaren amdGdey
(1994) data obtained using the heat flux methodgted to a
premixed laminar burning velocity of methane and ai ambient
conditions. It is important to mention the autharspossibility of
obtaining laminar flame solutions, due to problenetated to
numerical convergence, with the Konnov (2000) aeddong and
Dagaut (2008) mechanisms. Figure 3(a) shows treaGRI-Mech
3.0 (Smith et al., 1999) agrees with the measur&snehGu et al.
(2000) in all the equivalence ratio range, whertes San Diego
20051201 (Williams, 2005) mechanism reproduces#perimental
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results of the Rozenchan et al. (2002) and van &taand de Goey
(1994) only in the 0.8 and 1 region of equivalencio,
underestimating the experiments at the rich mixttegion. A
comparison between the GRI-Mech 3.0 (Smith et1899) and the
San Diego 20051201 (Williams, 2005) mechanisms aleva
discrepancy in the laminar burning velocity thaesimot overcome
the 15% for equivalence ratios spanning from 0.85 1t15.
However, this disagreement is reduced as the neixtnoves to
either the lean or to the rich regions.

For the purpose of extending these comparisongré&ig(b)
shows the laminar burning velocity calculated by @RI-Mech 3.0
(Smith et al., 1999) and San Diego 20051201 (Wilia 2005)
mechanisms and compared to the experimental resfuRezenchan
et al. (2002) and Gu et al. (2000) in the combustiba premixed
methane/air at 5 atm and ambient temperature.idnsifecific case,
the GRI-Mech 3.0 (Smith et al., 1999) and San Dieg651201
(Williams, 2005) mechanisms predict, with relatigecuracy, the
measurements of Rozenchan et al. (2002) and Qu(@080) in all
the equivalence ratio range (0.7-1.4), showingatéwis that reach
10%. A comparison between the GRI-Mech and the Bago
mechanisms reveals similar disagreements of thén&nburning
velocity at the vicinity of the stoichiometric regi. However, the
discrepancy does not overcome 7%, proving a gobch& in the

prediction of g for both mechanisms when the pressure is moderate.
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Figure 4. Comparisons among the simulated (lines) a
of the premixed laminar burning velocity in the oxi dation of the methane
with air for (a) 10 atm and (b) 20 atm. — GRI-Mech 3.0 (Smith et al., 1999);
— - San Diego 20051201 (Williams, 2005); o© Rozenchan et al. (2002); and V
Gu et al. (2000).

nd calculated (dots)
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Figure 5. Comparisons at the simulated data (lines) using several
mechanisms with respect to experimental data of Le Cong and Dagaut
(2009) about the combustion of 1% of CH 4 with O, diluted on N ,, in the
operation of a JSR for 1 atm of pressure, 0.5 of eq  uivalence ratio and T, =
120 ms. — Le Cong and Dagaut (2008); - — GRI-Mech 3 .0 (Smith et al.,
1999); — - — San Diego 20051201 (Williams, 2005); and o Le Cong and
Dagaut (2007).
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The GRI-Mech 3.0 (Smith et al., 1999) and San Diego
20051201 (Williams, 2005) mechanisms have also hessd to
determine s at high pressures, and the corresponding restdts a
shown in Fig. 4, where Fig. 4(a) reveals an exoellgreement
obtained from the use of both mechanisms agaimstrajority of
experimental data from Rozenchan et al. (2002) @uodet al.
(2000) at 300 K and 10 atm. However, as the pressuincreased
to 20 atm, significant deviations are obtainedhe $value by the
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use of the GRI-Mech (Smith et al., 1999) mechanigith respect
to San Diego 20051201 (Williams, 2005) mechanisims Tatter
mechanism is the one which better predicts the Rz et al.
(2002) experiments, as illustrated in Fig. 4(b).

counter-flow premixed laminar flame, etc., that led the
determination of s It is worth to emphasize that, with the exception
of the Bradley et al. (2009) and Meuwissen (200@gmsures, the
premixed laminar burning velocity for the ethanoinmbustion at

The experimental data from Le Cong and Dagaut (R007ambient conditions was estimated through extrapoiafrequently

corresponding to the Jet Stirred Reactor (JSR)git pressure has
been modeled as a means of comparing the GRI-MdxiiS3nith
et al., 1999), San Diego 20051201 (Williams, 20a856) the Le

by the use of power-law equations (Gulder, 198aplst al., 2007).
Regarding the comparisons depicted in Fig. 6, tmbzistion
mechanisms lead to an overestimation ohtsfuel-lean region that

Cong and Dagaut (2008) mechanisms. Figure 5 shdves tcan reach 25%, when the simulation results are eosdp to

evolution ofve the major species as a result ofabmbustion of
1% of methane with oxygen diluted in nitrogen, idet Stirred
Reactor at 10 atm and 120 ms of residence timén Fig. 5 it can
be noted with good estimate that the Le Cong angaDi&a(2008)
mechanism provides, when compared to
measurements. However, the GRI-Mech 3.0 (Smithl.et1899)

and San Diego 20051201 (Williams, 2005) mechanigiusrge

considerably from the Le Cong and Dagaut (2007)egrpents,

underpredicting the reactants concentrations angtestimating
from the combustion products formation.

The results underscore the inadequacy of GRI-Me@HSmith
et al., 1999) and San Diego 20051201 (Williams,5)@0echanisms
to the prediction of the thermochemical parametérthe methane
combustion in a PSR operating at higher pressureantrast to the
Le Cong and Dagaut (2008) mechanism, that is wiéd for this
kind of simulation.

Ethanol oxidation

The first comparison presented of available kinetachanisms in
the description of the ethanol combustion corredpoto laminar
flame simulations. Figure 6 shows the results ofk¢hcalculations
using three kinetic mechanisms, the Marinov (199B9), San Diego
20051201 (Williams, 2005) and Rohl and Peters (p0amd their
comparisons against experimental data of Gulder 82119
Egolfopoulos et al. (1992), Bradley et al. (2008d aMeuwissen
(2009) corresponding to the premixed laminar véjobiurning of
ethanol and air combustion at ambient conditionat(@ and 300 K).
An appreciable scatter pertaining to the experialeneasures of ss
observed. Note that this dispersion is more procednin the
equivalence ratio within the range of 0.8 to 1.2.

T T T T T T T T T

sof Ethano

P N ST SRR T |
5 0.75 1

o

Figure 6. Comparisons among the simulated (lines) a  nd calculated (dots)
of the premixed laminar burning velocity in the oxi dation of ethanol with
air at 1 atm and 300 K. — San Diego 20051201 (Willi ams, 2005); - — Rohl
and Peters (2007); — - — Marinov (1997, 1999); o Gulder (1982); o
Egolfopoulos et al. (1992); V Bradley et al. (2009); and ¢ Meuwissen (2009).

This kind of discrepancy may be a consequence efue of
different setups, such as constant volume combustianbbo
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experimental data. Nevertheless, the three meahanise able to
predict the laminar burning velocity for equivalenatios greater
than 1.2.

0.75 1 I

03

(b)

Figure 7. Comparisons among the simulated (lines) a
the premixed laminar burning velocity in the oxidat ion of ethanol with air at
358 K and for (a) 5 atm and (b) 7 atm. — San Diego 20051201 (Williams,
2005); — - Rohl and Peters (2007); — - — Marinov (1997, 1999); o Gulder (1982);
and V Bradley et al. (2009).

nd calculated (dots) of

Figure 7 shows the results obtained with Marind3(z, 1999),
San Diego 20051201 (Williams, 2005) and Rohl anei8g2007)
simulations, and their comparisons with the Guld®82) and
Bradley et al. (2009) experimental data, referringthe laminar
burning velocity of ethanol and air at pressures afhd 7 atm, and
358 K of temperature. Furthermore, a behavior sintib that seen
in Fig. 6 is found. This is due to the overestimatof the results of
s given by the kinetic mechanisms, for lean equivederatios, that
is smaller than 22%. Nonetheless, San Diego 2006{@0lliams,
2005) is the mechanism that gives a better estimiathe laminar
burning velocity at intermediate pressures, in ipalar, this
mechanism reproduces the experimental results ¢deG1{1982).
The common view shared by the San Diego 20051201ligkh’s,
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2005) mechanism and Gulder (1982) experimentsnigraxy to the Stirred Reactor at ambient pressure and 1056 Ks filire agrees
experimental data of Bradley et al. (2009), andd:be attributed to with the experiments on Aboussi (1991), of the mtémh of the
the neglected thermo-diffusivéfects in both the simulations carried C,HsOH, CO and C@species given by the Marinov (1997, 1999)

out in this work and the experiments of Gulder (108
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Figure 8. Comparisons of species evolution as funct ion of residence time,
given by: — Dagaut and Togbé (2008); - — Marinov (1 997, 1999); — - — San
Diego 20051201 (Williams, 2005); and — - — Cancino et al. (2009)

mechanisms, with respect to experimental data of Ab oussi (1991),
corresponding to the combustion of 0.2% of C  ,HsOH with 0.6% of O , and
99.2% of N, in a JSR operation at 1 atm of pressure and 1056 K.

The mechanisms of Marinov (1997, 1999), Dagaut Gogbé
(2008), San Diego 20051201 (Williams, 2005) and diam et al.

(2009) were used in computations of the ethanddation in a Jet

Stirred Reactor (JSR). Figure 8 presents the resiletime
evolution of ethanol, carbon monoxide, carbon diexiand
methane, obtained by the use of these mechanisnt, tlee

experimental data of Aboussi (1991) concerningh® combustion
of premixed ethanol and oxygen diluted with nitnogén a Jet

500 / Vol. XXXIII, No. 4, October-December 2011

and Dagaut and Togbé (2008) mechanisms, wheregstlomlSan
Diego 20051201 (Williams, 2005) mechanism corre@sfimates
the CO and C@concentrations. However, the results of Cancino et
al. (2009) mechanism present a contrary trend wberpared to the
results of Aboussi (1991). These discrepancieseass as the
residence time decreases, reaching up to two oafemsagnitude.
This is rather surprising, since this mechanisnbased on the
Marinov (1997, 1999) mechanism.
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Figure 9. Comparisons of species profiles as functi on of temperature,
given by: — Dagaut and Togbé (2008); — — San Diego 20051201 (Williams,
2005); — - — Cancino et al. (2009); and — - — Marinov (1997, 1999)
mechanisms, referring to experimental data of Dagau t and Toghé (2008),
corresponding to the combustion of 0.2% of C  ,HsOH with 1.0% of O , and
98.8% of Ny, in a JSR operation at 10 atm of pressure and 0.7 s of
residence time.
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Figure 9 shows the experimental results from DagadtTogbé
(2008) and the numerical simulations using the Nari (1997,
1999), Dagaut and Togbé (2008), San Diego 20051®dlliams,
2005) and Cancino et al. (2009) mechanisms, caoreipg to
temperature evolution of the molar fractions ofagibl, water vapor,
carbon monoxide, carbon dioxide, formaldehyde aredhame, of
the ethanol oxidation process at 10 atm in a Jee8tReactor. An
excellent agreement among the simulation usingbDhgaut and
Togbé (2008) mechanisms and the experiments deaetlbp these
authors is observed, whereas the San Diego 20050&@lams,
2005) mechanism gives good predictions of the dmpiof almost
all species. The Cancino et al. (2009) mechanistimates quite
rightly the variation of the majority of the spexieoncentrations at
temperatures about 950 K. However, the molar canagons of all
chemical species predicted by this mechanism shovinféection
point at the proximity of PSR operation temperatofe900 K,
reversing the trends of the chemical species ewolgxhibited by
the experimental data. Finally, the Marinov (199999) scheme is
unable to predict the evolution with temperatureatif chemical
species determined experimentally by Dagaut andé& ¢g008).

Liquefied Petroleum Gas oxidation

The comparisons of spherical bomb experiments lap let al.
(2004) and numeric simulations using the USC 2.Grf@/et al.,
2007) and Sung et al. (1998) mechanisms of thenamnurning
velocity of a characteristic LPG (0.02% ofHg, 0.92% of GHe,
27.65% of GHg, 1.72% of GHg, 25.68% of i-GHjo and 42.6% of
n-C4H10) with air at ambient conditions are shown in Hi@. In this
case, an excellent agreement inssfound by both kinetic schemes
when compared with the experimental data of Liaalet(2004).
This excellent agreement is guaranteed by the Saraj. (1998)
mechanism in almost the whole equivalence raticgearwhose
discrepancies with respect to the measured datsraedler than
10%. The USC 2.0 (Wang et al., 2007) mechanism npneidicts,
(i.e., up to 25%), the Liao et al. (2004) experitseas the mixing
composition moves away from the stoichiometry aretomes
richer in fuel.

50"'!"'!“‘I"I"'I"‘

10

Figure 10. Comparisons of the results obtained with
al., 2007) and Sung et al. (1998) mechanisms agains t the Liao et al. (2004)
experiments, in the determination of laminar burnin g velocity for the LPG
combustion (0.02% of C ,Hs, 0.92% of C3Hg, 27.65% of C3Hg, 1.72% of C4Hg,
25.68% of i-C 4Hyand 42.6% of n-C 4Hi0) with air at ambient conditions. —
Sung et al. (1998); — - USC 2.0 (Wang et al., 2007) ; and o Liao et al. (2004).

the USC 2.0 (Wang et

al., 2007) predicts a maximum value ofts be equal to 39 cm/s at
1.05 of equivalence ratio, whereas the resultsinédaby the Sung
et al. (1998) mechanism estimates a value of 42 daov the
maximum laminar burning velocity at 1.1 of equivale ratio,
which is the closest estimated to the Liao et2008) experimental
data (41.6 cm/s ai=1.1).
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Figure 11. Comparisons of the USC 2.0 (Wang et al.,
al. (1998) mechanisms against the Huzayyin et al. (
calculus of the laminar burning velocity for the co mbustion of a
characteristic LPG formed by 0.04% of C ,Hs, 26.41% of C3Hg, 26.31%
of i-C4Hio and 47.22% of n-C 4H;0. — Sung et al. (1998); - - USC 2.0
(Wang et al., 2007); and © Huzayyin et al. (2008).

2007) and Sung et
2008) data in the

Figure 11 depicts the laminar burning velocity oted through
numerical simulation using the Sung et al. (1998) dSC 2.0 (Wang
et al., 2007) mechanisms, against the cylindricathlaustion bomb
experiments of Huzayyin et al. (2008) for ambieamperature
combustion of another representative compositiobRis (0.04% of
C,Hg, 26.41% of GHg, 26.31% of i-GHyo and 47.22% of n—{E,g)
with air at 1 and 4 atm. In both cases, it can bedthat a large
difference exists among the USC 2.0 (Wang et al., 280F)Sung et
al. (1998) predictions and the Huzayyin et al. @0Measurements.
This marked dference indicates the necessity of further
developments by both experimental and numericakogopes in
relation to that fuel. For the experimental calse,existence of a large
dispersion in the laboratory data related to thmidar burning
velocity for LPG mixtures is evident. Another disgant issue, which
remains without proper explanation in the experit@envork of

From Fig. 10, a dference related to the estimate of thgy,;ayvin et al. (2008), is the displacement of ir@ximum value of

maximum value of the laminar burning velocity féor@mentioned
mechanisms could be noticed. The USC 2.0 mecha(iigang et
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§ to an equivalence ratio of 1.4.
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Figure 12. Comparisons at the simulated data (lines ) using the USC 2.0
(Wang et al., 2007) and Le Cong and Dagaut (2008) m echanisms with

respect to experimental data (symbol) of Dagaut and Hadj Ali (2003) about
the combustion of 1% of LPG (36.2% of C  3Hg, 24.8% of i-C 4H;0 and 39% of
n—-C4Hj0), in the operation of a JSR for 1 atm of pressure, 4,0 of
equivalence ratio and T, = 120 ms. — Le Cong and Dagaut (2008); - — USC

2.0 (Wang et al., 2007); and o Dagaut and Hadj Ali (2003).
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Figure 12 depicts the CO, G@nd Q evolution calculated by
the Le Cong and Dagaut (2008) and the USC 2.0 (W&inal.,
2007) mechanisms in comparison with the correspandi
experiment reported by Dagaut and Hadj Ali (2008); the
combustion with air and another specific LPG (cosgabof 36.2%
of propane, 24.8% of iso-butane and 39% of n-bytamea Jet
Stirred Reactor at atmospheric pressure and foivalgmce ratio
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4.0. In this figure, one can observe a strong djzmncy between
both the Le Cong and Dagaut (2008) and the USGVZdnhg et al.,
2007) kinetic schemes when compared to the expetahdata.

Both the USC 2.0 (Wang et al., 2007) and Le CordyBagaut
(2008) mechanisms reproduce tendencies simildnedagaut and
Hadj Ali (2003) experiments; however, these resatigespond to
an over-prediction that is, in cases, 10 timeswvilees reported in
the experiment. On the other hand, the USC 2.0 Warad. (2007)
mechanism exhibits a better prediction in Q®@mposition than Le
Cong and Dagaut (2008) whereas, the CO concentragicbest
estimated by the latter kinetic scheme. The inamuexhibited by
both mechanisms could be related to the lack obemental data
for the LPG combustion, and coupled with théfidulty in the
development of comprehensive mechanisms for trekdue to the
large number of species and reactions that demtredss correct
kinetic description.

Concluding Remarks

The present study presented a review of the mairestricted
access, detailed mechanisms for the oxidation ségas fuels that
are of practical interest. Some of these mechanisimilation
results were compared to recent experimental dategrder to
characterize their performance, in two simplifie@mbustion
systems, i.e., the freely propagating premixed t@mflame and the
Perfectly Stirred Reactor, in conditions rangingnfratmospheric to
the most stringent, high pressure ones.

Concerning the hydrogen oxidation, the results ok t
simulations indicate the Li et al. (2004) and O’'@wea et al. (2004)
schemes as mechanisms that generate the set of experimental
results. This conclusion is in agreement with thosported by
Strohle and Myhrvold (2006), which also establiskieat the Li et
al. (2004) mechanism presented a better predictiche hydrogen
oxidation over a broad range of thermodynamicabi@@ms.

For the natural gas case, it was observed that rge la
predictability range is obtained when the GRI-M&:B (Smith et
al.,, 1999) mechanism was used for the laminar bgrnielocity
calculations at atmospheric and moderate presstinesSan Diego
20051201 (Williams, 2005) mechanism is the suitaiie for the
laminar flame simulations when the pressure is alddvatm.

However, the inadequacy of the use of both mechaniwas
demonstrated when PSR simulations is considerectlatated
pressures. In this specific case, the use of th€dmg and Dagaut
(2008) mechanism is recommended.

In the case of the determination of the laminang velocity
of ethanol with air, the discrepancies among séwexperimental
data reach 30% at ambient pressure and temperatunditions.
Nevertheless, the San Diego 20051201 (Williams,5200as the
mechanism that best reproduced the experimentsrad|®y et al.
(2009), with discrepancies smaller than 18%. Tlseilte obtained
through simulation of PSR using the available ethamechanisms
show evidence of a good predictability of the Dagand Togbé
(2008) over the other mechanisms, when the forsvepmpared to
available experimental data. The Marinov (1997,9%hd Cancino
et al. (2009) mechanisms fail to predict the therhsmnical
parameters in the Jet Stirred Reactor experimehi®agaut and
Togbé (2008) and Aboussi (1991), respectively. Ttisability
suggests that the Marinov (1997, 1999) mechanisutddcbenefit
from updated kinetic data.

Finally, concerning the LPG case, a good agreenvess
exhibited by the USC 2.0 (Wang et al., 2007) andgSet al. (1998)
mechanisms in laminar burning velocity computatiasambient
conditions, whereas both mechanisms did not métehrdcent high
and low pressure experimental data of Huzayyin.€2808). When
a JSR is considered, both the USC 2.0 (Wang e2@d7) and Le
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Cong and Dagaut (2008) mechanisms provided estimaftethe
evolution of major species which present an ordemagnitude
discrepancy with respect to the experiments. Theselts highlight
the necessity of updating the existing LPG comlbusthechanisms
with the use of recent experimental results as wasl the
development of new comprehensive kinetic models.
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