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ABSTRACT

Jet fuels currently in use in the aviation industry are
exclusively kerosene-based. However, potential problems
regarding security of supply, climate change and increasing
cost are becoming more significant, exacerbated by the
rapidly growing demand from the aviation sector. Biofuels
are considered one of the most suitable alternatives to
petrochemical-based fuels in the aviation industry in the
short to medium term, since blends of biofuel and kerosene
provide a good balance of properties currently required from
an aviation fuel. Experimental studies at a variety of
stoichiometries using a flat flame burner with kerosene and
kerosene/biofuel blends have been performed with product
analysis by gas sampling and laser induced fluorescence
detection of OH, CO and CO,. These studies have been
complemented by modelling using the PREMIX module of
Chemkin to provide insights into and to validate combined
models describing the oxidation chemistry of surrogate fuels
depicting kerosene, fatty acid methyl ester biofuels and
Fischer-Tropsch derived fuels. Sensitivity analysis has
identified important reactions within these schemes which
where appropriate have been investigated by molecular
modelling techniques available within GAUSSIAN 03.

INTRODUCTION

The recent concerns over the disadvantages of fossil
fuel for air transport, of which the most important concern
their contribution to greenhouse gas emissions and their
security of supply, have raised the need to look at alternative
fuels as a new source of energy. To that end, potentially
sustainable and environmentally friendly fuels are being
considered. Bioliquid fuels derived from renewable energy
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sources are one of the alternatives. Beside the fact that
biofuels are renewable, research has also shown that diesel
engines operating with biodiesel produce less CO, unburned
hydrocarbons and particulates [1]. Moreover, the
combustion of alternative biofuels can be considered to be
carbon-neutral since their carbon content is derived from
CO, which previously existed in the atmosphere. A widely
used biofuel is biodiesel which typically consists of mixtures
of saturated and unsaturated methyl esters produced through
a transesterification reaction between a lipid source and an
alcohol, as shown in Figure 1.

'H,00CR, H,0H
CHOOCR, -+  3CH;0H —— 3CH,00CR -+ CHOH
CH,00CR, CH,OH

Triglyceride Methanol Fatty Acid Methyl Esters ~ Glycerol

Figure 1. Transesterification reaction between a lipid
source and an alcohol;

Fatty acid methyl esters (FAMEs) with the general
formula R-C(O)O-CHj; with carbon chains of 12 to 22 atoms
in length are the foremost constituents of biodiesel [2]. The
chemical structure of biodiesel is considerably different in
comparison to traditional fuels and therefore there is much
need of fundamental studies to generate the basic data with
regard to their oxidation mechanism. To date, only a few
studies have been made to predict the combustion of
biodiesel type aviation fuels using detailed chemical kinetics
comparing to other hydrocarbon fuels.
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Modelling the combustion of methyl esters has
become an interesting subject in the past few years, because
of the potential of replacing fuels based on petrochemicals
with biodiesel, a complex mixture of FAMEs derived from
vegetable oil. Mixtures of 80% kerosene and 20% FAMEs
were widely considered as a possible option to be used in
aviation, however, because of the physical properties of
FAMEs and their levels of metallic contaminants this is no
longer an acceptable option and in practice, only synthetic
Fischer Tropsch derived fuels have a future as a kerosene
replacement. Few studies have investigated the oxidation
chemistry of oxygenated compounds, such as acetic and
propanoic acids [3, 4], followed by detailed chemical
reaction mechanisms for small fatty acid methyl esters as
biofuel surrogates [5-10]. Dagaut et al. [11] developed a
model for the combustion of biokerosene basing it on
previous studies [12] which showed that the biofuel portion
(typically rapeseed methyl esters, RME) could be well
represented by hexadecane. The model showed overall a
good agreement with experiments, although it did not
consider the chemistry of the methyl ester group and the
influence of the presence of oxygen in the fuel on the overall
stoichiometry.

A reaction mechanism for the oxidation of
biokerosene (AFRM v2.0) [13] has been previously
developed by the authors using methyl butanoate (MB,
CHj;3(CH;),C(O)OCH;) as FAMEs’ representative in the
biofuel. One of the initial studies on MB was carried out by
Fisher et al. [5]. They developed the first detailed chemical
kinetic model for the combustion of MB. Since then a
number of additional experimental and theoretical studies
have been carried out on MB. Gail et al. [6] validated
Fisher’s MB oxidation reaction mechanism in a jet stirred
reactor and an opposed-flow diffusion flame, resulting in
some modification to the initial reaction mechanism.
Metcalfe et al. [7] studied the oxidation of MB and ethyl
propanoate (EP) under high-temperature in a shock tube.
They found the ignition of EP to be faster than that of MB,
and also improved the existing chemical Kkinetic
mechanisms. In addition to the experimental studies a
number of computations including molecular modelling
studies have been carried out to investigate the different
pathways of decompositions of MB at high temperatures. El-
Nahas et al. [8] used a Complete Basis Set (CBS) method to
evaluate the properties of unimolecular and bimolecular
reactions of MB. Huynh and Violi [9] also used a theoretical
approach to estimate the rate constants for various
decomposition channels. Recently Dooley et al. [1] used
both an experimental and theoretical approach to study the
autoignition of MB in a shock tube which resulted in a
number of reactions to be added to the MB reaction
mechanism. They found that the autoignition of MB follows
Arrhenius-like temperature dependence.

Although MB has the essential chemical
characteristics of typical FAME biofuels, its relatively high
oxygen content leads to a lower energy density than would
be the case for real fuels, therefore there is a need to address
this problem by increasing the carbon and hydrogen
composition by extending the carbon chain. Herbinet et al.
[10] investigated methyl decanoate with the formula

CH;(CH,),C(O)OCHj3; as the surrogate. Their work includes
developing an oxidation mechanism for biodiesel fuels
which have been validated against experimental data and
shows the early formation of carbon dioxide in the
combustion of biofuels.

In this study a methyl ester with a carbon chain of
thirteen carbon atoms has been chosen, methyl tridecanoate
CH;(CH,),;C(O)OCHj;, for the biodiesel surrogate. As a
result of their physical properties and the complexity of their
reaction pathways, from an experimental perspective it is
difficult to study the reaction kinetics of such heavy
molecules using classic techniques. However, it is
recognised that many important combustion phenomena
such as ignition, pollution and efficiency cannot be modeled
unless there is a detailed chemical kinetic reaction
mechanism available. Therefore, a detailed chemical kinetics
mechanism was developed and tested against experimental
data for both a blend (20% biofuel, 80% kerosene)” and pure
kerosene, under a range of conditions in order to validate the
mechanism. The required kinetic data for the development of
the mechanism were obtained through quantum chemistry
calculations. The reaction mechanism for the oxidation of
kerosene and methyl tridecanoate (MTD) was initially
developed using the AFRM v2.0 [13] as a base, and as a
result of sensitivity analysis has been optimized based on
data reported in the NIST chemical kinetics database [14]
and the review of Baulch et al. [15] to improve the fit with
the experiments.

a. This research was performed prior to the decision on lowering
the FAMESs percentage in aviation fuels.

EXPERIMENTAL SET UP

The kerosene burner used to perform the experiments
was designed by Kyne [16] to produce a flame
approximating to a laminar premixed flame; a schematic
diagram is shown in Figure 2. The combustion performance
of liquid fuels can be enhanced by atomizing the fuel prior
to vaporisation. However, the stability of the resulting flame
is very sensitive to the atomization process. In the kerosene
burner, the volume of the atomizing section is adjustable in
order to obtain optimal conditions for the atomization
process to achieve a stable flame. The fuel is forced through
a pipe to reach the atomizing section, where the liquid
encounters a high-pressure jet of air consisting of about 30%
of the total air. The kinetic energy of the air generates
atomization by breaking the liquid into droplets exiting via a
small nozzle. The size of the droplets depends on the
velocity of the atomizing air, and therefore on the internal
configuration of the burner controlled by the position of the
adjustable block which differs according to the type of the
fuels used and the stoichiometries. After atomization the fuel
spray enters a chamber heated to 463K where it vaporises.
At this stage the final mixing process occurs by introducing
the residual 70% of the air into the chamber where a series
of metal shavings and honeycomb straighteners enhance the
mixing process while ensuring a uniform flow field prior to
the fuel/air mixture reaching the burner surface. The burner
matrix consists of a 2.5cm diameter disc of thickness 3mm,
drilled with 130, 0.5mm diameter holes. The fuel is
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delivered and metered using a Brooks Instruments mass flow
controller model 5881, while the atomizing and secondary
air arrive via Hastings model HFC-202 mass flow
controllers. The mass flow controllers are set to flow rates of
the fuel and air between 0.1227 to 0.1374 gs' covering
stoichiometries from 0.79 (lean) to 1.14 (rich). A 75um
diameter quartz probe placed above the burner is used to
sample the flame via a water trap to a system of gas
analysers connected to a data logging system. A ‘Servomex’
paramagnetic O, analyser was used to measure the % mole
fraction of oxygen in the sample. CO, and CO
concentrations were measured using infrared analysers, a
Hartmann and Braun Advanced Optima URS14 analyser
was used in measuring CO, while a Signal series 2000
instrument was used for CO,. A Signal series 4000-
chemiluminescence analyser was used to measure the
concentration of NO in the gas sample. Temperature
measurement of the flame is performed by a silica coated
type R fine wire thermocouple corrected for radiation losses.
Relative OH concentration profiles are obtained via the
technique of planar laser induced fluorescence (PLIF).

A Nd:YAG (Continuum Surelite III) pumped dye
laser (Sirah Cobra-Stretch) is used to generate tunable laser
radiation at 283.011nm to excite the Q1(6) transition of OH
A*TF v=1)« X? II(v” = 0). Light sheet optics generate a
laser light sheet of approximately 2 cm diameter, and the
resulting fluorescence from OH in the flame is imaged via a
UV lens through an interference filter centered at 308nm
onto a high speed gated image intensifier (Hammamatsu
C9546 03) with detection by a Dantec Dynamics HiSense
Mk I CCD camera. A schematic diagram of the laser
experimental setup is given in Figure 3. For the quantitative
determination of the concentration of OH a number of
manipulations had to be made. To correct for variations in
power accross the laser sheet, a quartz cuvette filled with
water is used previous to each measurement, to produce a
correction factor for the OH signal collected from the flame.
Background noise is also subtracted from the data.
Calibration is performed via comparison with a premixed
methane laminar flame. For this purpose, experiments were
run using a McKenna burner; and for the simulations the
well validated GRI v 3.0 mechanism for methane was used
[17]. Data processing is performed with Dantec Dynamics
DynamicStudio V2.30 for analysis of the fluorescence data,
and the gas sampling and the temperature data is transferred
to PC via analog to digital converters and processed with
ChartView.

THEORETICAL STUDIES
Electronic Structure Calculations

All quantum chemical calculations were performed
using the Gaussian 03 program [18]. The first step to obtain
the required data is to optimize the structures of the
reactants, products and the relevant transition states (TS).
These optimized structures are then used to execute the
frequency calculations. Contributions to the thermochemical
properties for the reactants and products are computed based
on the vibrational, electronic, rotational and translational
motions of the atoms in the molecules. Obviously the results
obtained from these procedures will be dependent on the

particular methods used. Here the geometries of the
reactants, products and transition states involved in the set of
studied reactions were optimized using Density Functional
Theory (DFT) [19] at B3LYP [20-23] level (Becke 3
parameter exchange, Lyp, Yang and Parr correlation). The
basis set applied was 6-311G(d,p). The estimated mean
average error in atomization energy using this method is
~4.5 kcal mol' [24]. These optimized geometries were
followed by energy and vibrational frequency calculations
using the same level of theory. Contributions from these
harmonic vibrational frequencies results in the final
thermodynamic quantities of the reaction components. A
scaling factor of 0.9877 has been recommended for
B3LYP/6-311G(d) calculations which was also applied to
the calculations in the current study [25].

Rate Constant Calculations

The unimolecular decompositions of C-14 methyl
ester involving rupture of a bond and formation of unstable
radicals along with H-atom abstractions are studied in the
present work. For the cited unimolecular reactions there are
no obvious transition states since there is no well-defined
potential energy maximum along the reaction path [26]. For
the unimolecular decompositions the rate constants at a
given temperature are calculated using RRKM theory as
implemented in KHIMERA [27, 28]. Applying this method
it is possible to interpolate the required kinetic and
thermochemical data along the reaction coordinates based on
the electronic structure data for the reactants, products and a
few additional points. The energy dependent rate coefficients
are given by Equation (1):
k(E) _ (m*ag;) N*h(E—EO)

p(E)

where the rate constant k is written as a function of energy,
m* and m are the number of optical isomers, ¢* and ¢ are the
external symmetry numbers, g*, and g, are the electronic
degeneracies of the transition state, N*(E — Ej) is the sum
of ro-vibrational states of the transition state (i.e. the total
number of states with energy < (E — Ej)), p(E) is the
density of ro-vibrational states of the reactant, E, is the
threshold energy for the reaction, and finally % is the Plank
constant. As there is no barrier height for such reactions the
structure of a semi-transition state should be inserted in the
input file to make it possible for the program to follow the
reaction path. The collision model for downward energy
transfer used for master equation calculations is the
exponential-down model as shown in Equation (2):

exp (|E’;E|) (E' > E) )

where P;(E,E) is the probability of downward
(deactivating) collisional energy transfer from internal
energy E' to E, N(E") is a normalisation factor, and « is a
constant equivalent to the average transfer energy of a
deactivating collision (4E); at moderate-to-high energies.
(AE)4 was set to 500 cm™. This value is almost half way
between a weak inert gas collider (~100 cm™) and a strong
collider (~1000 cm’ or greater) and is sufficient for most
practical applications [28-30]. Nitrogen was chosen as the

ey

mo*ge

1
N(E")

P;(E,E") =
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bath gas since it is the major component in air, the function
of the bath gas is to facilitate energy transfer by collisions
and energise the reacting molecule. This energized molecule
may then react to form products, or alternatively be de-
energized by further collisions. From the corresponding
unimoleular decomposition reactions the rate constants for
the recombination reactions were estimated using Equation

3):
ky = kg/Keq 3)

where k, is the recombination rate constant, K,, is the
equilibrium constant and k; is the decomposition rate
constant. The unimolecular decomposition and their
corresponding reverse reactions were studied over the
temperature 500-1500 K.

Bimolecular reactions include the hydrogen
abstraction reactions by flame reactive radicals. Usually
such reactions possess considerable barrier height and a
clear structure for the transition state which clarifies the
reaction path. The electronic structure data obtained through
Gaussian 03 was imported into the KHIMERA program to
calculate the forward rate constants for these reactions. For
calculating these rates the Transition State Theory (TST)
was applied [31]. The restriction of this method is that
temperature is bounded from above by the requirement that
the potential barrier heights for the reactants in the direct and
reverse reactions are much higher than thermal energy. It is
also bounded from blow with the assumption that the
101 N L N
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Figure 2. Schematic diagram of kerosene burner;

tunneling effect can be neglected. In addition, TST is used
for the calculation of the isomerisation reactions’ rates.

For the forward reactions the reaction rate is
calculated from Equation (4):

k(T) =

# #)_ B
B(T)eXp [_ (Eel‘l'Ez) (Eel,X‘;l;z_x) (Eery+Ezy)

(C)

where k is the reaction rate, B is the pre-exponential factor,
E,; and E, are the electronic energy and zero-point correction and
R is the ideal gas constant. The # sign highlights the transition
state, while X and Y represent the reactants. The pre-exponential
factor is calculated using Equation (5):

kgT anxmkaT]_3/2 g# Q#

B(T) = NAT (mx+my)h? 9x9y QxQy

&)

where Ny, kg, T, h, m, g and Q are Avogadro’s constant,
Boltzmann constant, temperature, Plank constant, mass of
the particle, degeneracy of the particle and the partition
function respectively. The bimolecular reactions and their
corresponding reverse reactions were studied over the
temperature 300-2500 K. To express the temperature
dependence of a reaction rate constant at a desired range of
temperature the modified Arrhenius equation, Equation (6),
can be fitted to the results obtained.

k(T) = AT"exp (— %) ©6)

.- Flame

ICCD camera
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I
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Figure 3. Schematic diagram of laser experimental setup;
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where A is the pre-exponential factor, 7 is the temperature, n
is the term describing the temperature dependence of the pre-
exponential factor, E, is the activation energy and R is the
ideal gas constant. The extracted rate expression parameters
were used for the simulation of the proposed mechanism
performance.
Development and Oxidation
Mechanism

Detailed chemical mechanisms consist of entire sets of
reactions occurring in a combustion system for which the rate
coefficient parameters are often stated in the form of the
modified Arrhenius Equation as shown in Equation (6). The
reaction rates are either obtained through direct
measurements or estimated from theoretical considerations.
There are three distinct ways of estimating reactions rates,
including:

Modelling the

1. Using analogies between similar types of reactions.
2. Applications of theories of rate processes in a
conventional manner.

3. Modern quantum chemical calculations.

A detailed chemical reaction mechanism for an
asymmetric long chain molecule, such as MTD would
contain several thousands of reactions for hundreds of species
if approximations were not considered. In addition,
considering the difficulties involved in the experimental
studies of possible individual reactions for MTD, theoretical
investigations represent the best option.

In quantum chemical calculations, to predict
thermochemistry and reaction rate parameters, the total
energy of a molecular system must be determined as a
function of its geometrical configuration in space, which
requires resolving the interactions between all the atoms
comprising the system. Thus, a stable structure refers to the
configuration with the lowest energy. A chemical reaction
represents the path from one stable structure (reactant) to
another (product) linked together (often) through an unstable
structure called the transition state (TS). The barrier height
corresponding to the TS structure is the activation energy to
the reaction.

Due to the very similar structures of MTD and MB, as
shown in Figure 4, it is sensible to assume that the
degradation process of MTD can be described in a similar
way as for MB. We have previously developed an oxidation
mechanism (AFRM v2.0) to investigate the performance of
the surrogate fuel, MB [13]. Therefore, AFRM v2.0 [13] was
chosen as the starting point in the development of the new
mechanism for those reactions involving the carbons up to
position 4. Figure 5 presents a schematic representation of the
oxidation process, from the parent molecule to smaller
species. The final mechanism consisted of 321 species, 101
irreversible and 1538 reversible reactions, and includes
kerosene, MTD, NOx, SOx and PAH oxidation chemistry.
The rates for reactions related to carbons 1 to 3 were kept
unchanged from the parent mechanism AFRM v2.0 [13],
except for the classes of reactions listed in Table 1. For these
specified reactions, reaction rate parameters were calculated
using molecular modeling techniques as described before. In
order to reduce to a minimum the steps for the breakdown of

the MTD and keep the mechanism relatively simple, the
reactions of H-atom abstractions or C-C bond dissociation
involving carbons 5 to 14 were omitted, assuming that the
subsequent chemistry that would arise (alkyl radical
decomposition) can be encapsulated in the already existing
alkyl radical breakdown reactions within the mechanism. In
selecting a C-14 FAME the additional CH, groups introduced
compared to MB are sufficiently removed from the ester
group such that the influence of the ester group on the
chemistry is negligible, and therefore the additional thermal
decomposition and hydrogen abstraction data obtained are
equally valid for the additional CH, groups introduced in
extending MB to a C-14 FAME.

/3\/&
o~
4 2

Methyl Butanoate (MB)

Methyl Tridecanoate (MTD)

Figure 4. Methyl butanoate and methyl tridecanoate molecular
structures;

For the breakdown of long chain hydrocarbons (i.e.
CoHss, Ci1Hy;) the rates already contained in AFRM v2.0
[13] for the decomposition of C;oH,; were used. The
thermodynamic data of the new species introduced in the
mechanism were taken from the work of Herbinet et al. [10]
for the hydrocarbon species: CoHy9; CoHjg; CgHy7; CgHig;
Cg¢Hyp; CsHyo. For those species whose thermodynamic data
were not available, the program THERM (Thermo Estimation
for Radicals and Molecules) [32] was used to produce an
appropriate set of NASA polynomial coefficients. The
calculations of the thermodynamic data were based on the
Benson’s group additivity method [33] for gas phase radicals
and molecules. The NOx chemistry section is taken from the
Gas Research Institutes Mechanism version 2.11 [34]. The
mechanism was then extended by the addition of sulphur and
polycyclic aromatic hydrocarbon (PAH) chemistry. The SOx
chemistry section describes the chemistry of simple sulphur
species; based on the work of Hughes et al. [35].

KINETIC MODELLING TOOLS

The perfectly stirred rector simulations and the
laminar flame species profile simulations were performed
using the PSR and PREMIX components of CHEMKIN™
[36], a FORTRAN computer program that predicts the
steady-state temperature and composition of the species in a
perfectly stirred reactor. The perfectly stirred reactor consists
of a small, thermally insulated chamber that has inflow and
outflow, with the assumption that the mixing process is
infinitely fast and thus that the rate of conversion from
reactants to products is controlled by chemical reaction rates
and not by mixing processes. Therefore complicating factors
that would be caused by spatial temperature and
concentration gradients are avoided. Additionally, the
SPRINT FORTRAN code [37] was setup to perform identical
simulations to PSR, and also if required homogeneous static
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reactor simulations, with the advantage that it could be
manipulated to aid in the sensitivity analysis by the use of
automated scripts to systematically vary the rate coefficient
of individual chemical reactions and explore the response of
the system to these variations.

Table 1. List of the new reactions added to AFRM v2.0 [13].

No. Reactions

(1) MTD = MP3J + C;oHy,

) MTD = TDAOJ+ CH;

(3) MTD = ME2J+ C;1Hy;

4) MTD = CH;0CO + C,H»s
) MTD = CH;0 + C;,H,5CO
(6) MTD2J = C,;H,;CHCO + CH;0
(7) MTD2J & MP2D + C,oH,,

(8) MTD2J = MTD2D + H

) RO+MTD2J = R+ MTD20 ®
(10) RO+MTD3J = R+ MTD30 ©
(11) RO+MTD4J 2 R+ MTD40 ©
(12) RO+MTDM]J = R+ MTDMO ©
(13) MTD3J = MTD2D + H

(14) MTD3J = MTD3D + H

(15) MTD3J = MB3D + CoH,y
(16) MTD4J = C,H,, + ME2J
(17) MTD2D+R = MTD3D2J + RH @
(18) MTD3D+R = MTD3D2J + RH ©
(19) MTD3D2J = C,,H, CHCHCO + CH;0
(20) C,H2,41CO = CHspy(CHCO + H®
(21) CoH2,41CO = CH,CO + CpoHopms
(22) C,Hs,:10 2 CHopy i CHO + H®
(23) CoH,0CHCH, = C;Hy + CoHjg
(24) CioH,0CHCH, = C3H4(A) + CoH o
(25) CoHag1 = CoHy + ClHyy ©
(26) CHy1 — CsHe + C Hapu ©
(27) CoHzq1 — C4Hg + CHypy ©
(28) Cqqu g C3H5 + CpH2p+1 ©
(29) C,H,, — C3Hq + C,H,,
(30) CiiHyo — CsHy(P) + CsH6 @
€1)) CyHy — C3H; + CsHyy @

@R refers to OH, HO,, H, CH; and O.
®n=9to0 12; m=n-1.

© q=8to 12; 1= ¢-2; p=q-3; r = q-4.
@ For C()H]O

RESULTS and DISCUSSIONS

Initially the performance of the mechanism was tested
using experimental data of Dagaut et al. [11] for the oxidation
of a blend of 80% kerosene, with 20% RME (rapeseed
methyl esters) in a Jet Stirred Reactor for a lean (¢ = 0.5) and
a stoichiometric (¢ = 1.0) flame, and the results are shown in
Figures 6 and 7. In both lean and stoichiometric cases the
results indicated the same type of discrepancies between
simulations and experiments. The main problems occurred in
the CO-CO, conversion, which was too high at low
temperature, as well as in a severe underprediction of CO at
high temperature. In order to improve the performance of the

mechanism, sensitivity analyses were performed by
sequentially varying individual reaction rate coefficients by a
fixed factor, which allowed the identification of the most
influential reactions responsible for the concentration profiles
of each particular species at defined temperatures. The results
of the sensitivity analysis are shown in Figure 8 for 850K and
figure 9 for 1200K.

As expected the main reaction controlling the

conversion of CO to CO, either at low and high temperature
was the oxidation of CO with OH which produces CO, and
H. Second in importance at low temperature was the reaction
of CO with HO,, while at high temperature the branching
reaction between H and O, leading to O and OH radicals was
also prominent, as was the case for the CH, concentration
profile at high temperature. The importance of these three
reactions is related to the fact that they govern the OH levels
in the mixture; therefore modifications applied on these rates
had a massive impact on the performance of the mechanism.
It was observed that a reduction of the rate of these reactions
would allow better prediction of CO,, CO and CH,. Other
reactions were slightly modified to achieve a better fit with
experiments also for minor species. Particularly interesting is
the modelling of C,H, because of its role of precursor in the
PAH formation. All the modifications in the rates were
performed keeping the values consistent with the ranges
reported in the NIST database [14] and the review of Baulch
etal. [15].
The optimized version of the mechanism was called
AFRMv2.1, and the performance was tested against the same
experimental data for biokerosene as before and the previous
version. The results are shown in figures 6 and 7.

Significant improvements were achieved in the overall
performance, especially for main species such as CO, CO,,
CH,, but also for minor species. Additional experimental data
were produced in this work. Premixed laminar flames of
kerosene and biokerosene were studied and the data compared
with the optimized mechanism AFRM v2.1. In Figure 10 the
results for stoichiometries 0.96 and 1.14 are shown. The
model shows overall a good agreement with the data, although
it seems to slightly under estimate the production of CO,,
compensated by an over production of CO in the area closer to
the burner. However the major species are reasonably well
represented. OH profiles present a different trend. Kerosene is
in fact well modelled in the case of the rich flame, while in the
lean case it is under predicted. Whereas, biokerosene OH
profiles are over-predicted in both cases, as shown in Figure
11. A comparison of the lean flames of both the fuels also
shows that while experimentally the peak OH value for
kerosene is higher than that reached by biokerosene, the model
shows a different trend, with biokerosene reaching higher
levels of OH then kerosene (Figure 12). This indicates that
although progress has been made in optimisation of the model
with respect to many of the major species, questions remain to
be solved with respect to important intermediates such as OH.
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Figure 5. Schematic representation of decomposition and oxidation of Methyl Tridecanoate (MTD)
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CONCLUSIONS

A previously developed reaction mechanism to model
biofuel/kerosene mixtures was extended to model a C-14
FAME, methyl tridecanoate, that is more representative of
real biofuels in terms of its molecular weight, oxygen
fraction, and hence energy density. Molecular modeling tools
were used to investigate and calculate rate coefficient
parameters for 31 of the additional reactions associated with
the MTD oxidation mechanism. The resulting mechanism
was validated against literature experimental data obtained
from jet stirred reactor studies, along with new data reported
in this paper for species profiles measured in a burner
approximating to a laminar premixed flame. Sensitivity

12

analysis was used to identify important components of the
mechanism, which were then tuned within acceptable limits
to improve the predictions of the mechanism such that
reasonable agreement between experiment and simulation
was obtained in most cases, although unresolved questions
remain in some cases, specifically the trends in OH
predictions.
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