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Abstract

In a context of growing level of environmental awareness, emission from aviation are the subject of in-
creasing scrutiny. This situation poses important challenges because, due to safety, practical and economic
factors, aero-transportation technologies are not likely to undergo rapid paradigm shifts. An area where
important innovations are being introduced is fuel technology: fuels from alternative processes, potentially
from renewable sources, offer the opportunity of limiting the carbon footprint of transportation, moreover,
a better control on fuel quality can contribute to reducing emissions.

Hydro-treating of oil based fuels can reduce their sulfur and aromatic content promoting a cleaner com-
bustion. In order to better understand the impact of hydro-treating on emissions of PAHs and soot from
jet fuels, new speciation data covering oxidation intermediates and soot precursors were measured in a flow
reactor for a standard jet fuel and its hydro-treated counterpart. Using a detailed kinetic mechanism and
complex surrogate blends mimicking the composition of the real fuels, the speciation data from the flow
reactor were simulated. Additionally, soot formation trends were calculated and compared with previously
published data. Using the kinetic model, which is based on mechanistic principles, it was possible to separate
the relative contribution of different processes and, for the fuel blends of interest, the role played by specific
components in the PAHs and soot formation. The results obtained provide useful information towards more
effective fuel formulation strategies and fuel blends modeling.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The Combustion Institute.
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1. Introduction

Emissions from the aviation sector are receiv-
ing increasing attention due to increased environ-
mental awareness. This situation poses important
challenges because, due to safety, practical and
economic factors, aero-transportation technologies
are not likely to undergo rapid paradigm shifts.
An area where important innovations are being in-
troduced is fuel technology: fuels from alternative
processes, potentially from renewable sources, offer
the opportunity of limiting the carbon footprint of
transportation, moreover, a better control on fuel
quality can contribute to reducing emissions.

A common step in the production of alterna-
tive jet fuels is the hydro-treating process: hydro-
treatment of fuels from renewables is used to re-
duce their oxygen and to get rid of unsaturated
molecules that affect negatively both the fuel oxida-
tive stability and its propensity to form gums which
are detrimental to fuel systems in aircrafts. Hydro-
treating can also be applied to conventional fuels
to reduce their sulfur and aromatic content, with
beneficial effects on emissions control. In order to
better understand the impact of hydro-treating on
PAHs and soot emissions from jet fuels, a flow re-
actor equipped with a molecular beam mass spec-
trometer was used to measure the formation of soot
precursors from a standard jet fuel and its hydro-
treated counterpart and detailed chemistry calcula-
tions were performed to interpret and extend the re-
sults. Blends mimicking the real fuels were applied
in combinations with the detailed kinetic mecha-
nism to reproduce both the speciation data from
the flow reactor and previously published soot data.
The use of oxidation models based on fundamen-
tal chemistry allows to separate the relative con-
tribution of different processes and, in the case of
mixtures, of specific components to PAHs and soot
production. This features allowed to design a tar-
geted parametric study aimed at better define the
role of mono- and di-aromatics on soot emissions
from jet fuel combustion and to obtain insights that
are useful for fuel formulation strategies and fuel
blends modeling.

2. Experimental set up

Quantitative species profiles for a standard Jet
A-1 fuel (A1) and its hydro-treated version (A1.3)
have been measured in the DLR high tempera-
ture flow reactor [1] using a molecular beam mass
(MBMS) spectrometer. These data provide useful
information about the chemical evolution of the fu-
els along their combustion process and are valuable
validation targets for the detailed chemical kinetic
fuel models used in this work. Since comprehensive
recent literature on the applied experimental setup
is available [2-4], only a brief description is given
here.

Table 1
Inlet conditions and H-content. 17.64 g/min Ar diluent
added at all conditions.

Fuel Al Al.3

Hydrogen [wt%o] 14.022 14.428

Uncertainty (SD) [wt%o] 0.024 0.016

Fuel [mg/min] 31.16 31.31

0O, for¢p =0.8 [mg/min] 132.60 134.00
[

O, forgp=1.2 mg/min] 8840  98.40

The system can be divided into two segments:
first, the high temperature laminar flow reac-
tor including gas supply and vaporizer system
and second, a molecular beam mass spectrome-
try (MBMS) time-of-flight detection (TOF) sys-
tem. The reactor exit is positioned to the sampling
nozzle of the MBMS-TOF system and gas is sam-
pled directly from the reactor outlet and transferred
to the high-vacuum system of the TOF-MS.

The reactor itself features a ceramic tube
(40 mm inner diameter, total length of 1497 mm).
Premixed laminar flowing gasses are fed highly di-
luted (over 99% Ar) into the reactor to suppress sig-
nificant heat release and a self-sustaining reaction.
The fuels are pre-vaporized using a commercial
system (Bronkhorst, CEM) with a pneumatically
driven fuel supply equipped with a Coriolis flow
meter (Bronkhorst, Mini Cori-Flow M12). All in-
put streams are metered in high precision (accuracy
+0.5%) by Coriolis mass flow meters. Complete
evaporation was ensured by the small fuel fraction
and the low partial pressure needed (typically be-
low 100 Pa). Conditions are designed to yield con-
stant carbon flow at slightly rich (¢ = 1.2) and
lean (¢ = 0.8) conditions respectively. The oxidizer
(0,) is adjusted according to the desired stoichiom-
etry. For adjustment of the respective stoichiom-
etry, the hydrogen content of the fuels was deter-
mined in high precision by low resolution pulsed
NMR (ASTM D7171), heteroatoms are neglected
and the corresponding carbon content is assumed
as the remainder. The obtained H-content is sum-
marized in Table 1 with the respective mass inlet
flow conditions.

Gasses were sampled at the reactor exit, trans-
ferred to high vacuum (10~ mbar) by a two-stage
differential pumping system. Due to this rapid ex-
pansion chemical reactions are quenched immedi-
ately and the composition of the gas sample, in-
cluding reactive species, is preserved. The species
are detected by an electron impact (EI) time-of-
flight (TOF) mass spectrometer (Kaesdorf, mass
resolution R=3000). The MBMS-TOF system is
capable to determine the elemental composition of
combustion intermediates within a C/H/O system.
To avoid species fragmentation at the ionization
process, soft electron energies are applied (10.6eV).
Additionally, a residual gas analyzer (RGA), i.e. a
quadrupole mass spectrometer, was placed in the
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Fig. 1. Major species profiles (H;, H,O, O,, CO,, CO) measurement (Symbols) and simulation (Lines) . Left panels: A1,
¢ = 0.8 (top), ¢ = 1.2 (bottom). Right panels: A1.3, ¢ = 0.8 (top), ¢ = 1.2 (bottom).

ionization chamber (off beam) and operated at a
higher electron energy (70 eV) allowing for tracking
the major species simultaneously to the MBMS-
TOF measurements. Details on the experimental
setup, including schematic and its instrumentation
may be found in previous publications [1,2].

The measurements were performed at constant
inlet mass flow with a monotonically decreasing
temperature ramp (—200 K/h) applied to the oven.
The temperature range is chosen from 770 to
1200K to cover the regime from unreacted fuel to
full conversion to thermal equilibrium as it occurs
in common combustion processes. Flow conditions
are in the laminar regime for all temperatures and
previous studies have successfully reproduced the
experimental results applying a zero dimension (i.e.
plug flow) kinetic model calculation [1,5] using a
predefined temperature profile. Axial profiles for
any oven temperature are known and can be used as
boundary condition for the kinetic model simula-
tions. Axial temperature profiles are provided in the
Supplementary Material. Quantitative evaluation
was performed following well established methods
described in previous publications [1,6,7].

For the two fuels, the standard and the hydro-
treated one (Al and Al1.3) at $=0.8 and ¢ = 1.2
a total number over 500 quantitative species pro-
files could be obtained and reported. Fig. 1 sum-
marizes the major species (product and reactants)
for all measurements. The two fuels exhibit similar
behavior, a feature shared by several other aviation
fuels and many pure constituents the technical fu-
els: the major species profiles are a close match to

the ones measured in published [8,9] and unpub-
lished works on similar fuels [10].

3. Kinetic model and surrogate formulation: the
fuel model

This work aims at analyzing, experimentally
and numerically, the combustion behavior of two
full blend fuels. In order to capture the combus-
tion behavior of these complex blends we adopted
the CRECK kinetic model developed at Politec-
nico di Milano. Typically, jet fuels include 100 s of
components from many classes (n-alkanes, isoalka-
nes, cycloid-alkanes, aromatics, di-aromatics) with
a number of carbons in the C;—Cjs range [10].
The CRECK model accounts for the combustion
chemistry of a variety of species relevant to avi-
ation fuels, including C, n- and isoparaffins, de-
calin, tri-methylbenzene, methyl-cyclohexane and
a-methylnaphthalene, enabling the simulation of
complex blends [11,12]. The modular structure of
the CRECK model allows to seamlessly couple a
discrete sectional soot formation model, also devel-
oped at CRECK [13-15]. The model thus obtained
constitutes a suitable tool for the analysis of com-
positional effects on the formation of soot.

At the core of the kinetic models is the Aramco
Cy—C, mechanism from Metcalfe et al. [16] and
the C; subset from Burke et al. [17]. Minor up-
dates from [18] have been incorporated in the Cy—
C; chemistry. A discussion of the low- and high-
temperature combustion mechanisms and of the



526 M. Pelucchi, P. Ofiwald and W. Pejpichestakul et al. | Proceedings of the Combustion Institute 38 (2021) 523-532

Table 2

Composition of jet fuel surrogates tested in this study.
Mole% (Al) (A1.3) (A1-ND) (A1.3-WD)
l’l-Clezf, 20 21 21 21
Iso- C12H26 22 22 22 22
Iso- CjgHag 8 10 8 8
Methyl-cyclohexane 21 28 22 28
Decalin 10 10 10 10
Tri-methylbenzene 17 17 9
a-methylnaphthalene 2 0 2
Molecular Weight (MW) 147.1 147.7 146.9 146.1
H/C Ratio 1.96 2.03 1.98 2.00

general principles used to represent heavier compo-
nents can be found in Ranzi et al. [12]. Recent up-
dates to mono-aromatic and poly-aromatic hydro-
carbons are reported in [19,20]. The global high and
low temperature mechanism, excluding the soot
module, consists of 488 species and 17,193 reac-
tions. For flames simulation, the low temperature
chemistry can be excluded. Adding the soot mod-
ule an overall mechanism of 451 species and 23,480
reactions is obtained. Both the models with ther-
modynamic and transport properties are reported
in the Supplementary Material.

As mentioned, jet fuels are complex blends of
100s of components and the CRECK model in-
cludes some of them, but not all. A common prac-
tice in the simulation of complex fuels is to adopt
simpler mixtures, defined as surrogates, to emu-
late their properties. From a chemical standpoint,
the key to a successful surrogate formulation is to
choose a subset of fuel components that capture
the relative content of specific moieties in the target
fuel [21]. In this work, which focuses on the simula-
tion of simple 1-D combustion systems, there were
no constraints on the number of components to be
used, therefore, an extended palette containing up
to 8 components was defined. In order to better ac-
count for the distribution of molecular weights and
moieties in the real fuel, more than one represen-
tative for each of the component classes were in-
cluded. The combination of the fuel surrogate and
of the kinetic model constitutes the fuel model.

The selection of the surrogate components and
of their relative content is often treated as an
optimization problem targeting compositional in-
formation, distillation curves, average molecular
weight, H/C ratio, derived cetane number, etc. Since
the focus of this work is on the compositional ef-
fects, and a detailed hydrocarbon analysis of the
fuels performed at IFPEN through GC x GC tech-
nique was available [10], a direct approach where
the fuel components types and quantity was closely
matched was preferred. Table 2 summarizes the sur-
rogate selection.

Two surrogates, one for fuel A.1 (the standard
Jet A-1 fuel) and one for fuel A.1.3 (the hydro-
treated fuel) were formulated based on the GCxGC
analysis, weighting both the relative content of

family of compounds and their molecular weight.
Two representative species were included to rep-
resent the cyclic compounds and isoalkanes, the
two most abundant families of fuel components.
Notably, the hydro-treated fuel contains about the
same amount of bicyclic alkanes (e.g. decalin) but
significantly different amounts of single ring sat-
urated species (e.g. methyl-cyclohexane). The dif-
ference is mainly resulting from the hydrogenation
of the single ring aromatic species in the initial
fuel. A minor compositional difference that have
important implications, as explained later, is also
the total absence of di-aromatic species (e.g. «-
methylnaphthalene) in the hydro-treated fuel. The
GCxGC data used to support the surrogate selec-
tion and the computed value of some relevant sur-
rogate properties are available as Supplementary
Material.

Two more surrogates were also formulated: one,
labeled A1-ND, is a fuel containing the same
amount of single ring aromatics as the stan-
dard Al, but without any di-aromatic species,
the other, labeled A1.3-WD, is analogous to the
hydro-treated fuel surrogate but with a 2 mol%
a-methylnaphthalene added. These two surrogates
do not correspond to any of the real fuel tested
but, having intermediate compositional features
between the two original surrogates, they allow to
isolate in our computations the contribution of sin-
gle and double rings fuel components on PAHs for-
mation.

4. Results

The first step of this investigation is the analysis
of the soot precursor measured in the DLR flow
reactor.

Fig. 1 already introduced some modeling re-
sults. In general terms, it is possible to observe
a good agreement between model and the mea-
surements. The two fuels show similar reactivity
in terms of major species profiles (Fig. 1), with
some minor differences highlighted for intermedi-
ate and product species originating from the dif-
ferent compositions. The different hydrogen con-
tent clearly results in a ~20% difference in the
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Fig. 2. Soot precursor species measured at rich conditions (& = 1.2) for the tested fuels Al (Hydrogen [wt%]=~14.0,
Table 1) and A1.3 (Hydrogen [wt%]=~14.4, Table 1). Panel d) shows trend of cumulated peak concentrations of increas-

ingly heavier PAHs.

asymptotic value of H,. The same reason lies be-
hind the difference in H,O formation (~10%). The
model properly predicts the reactivity i.e. the tem-
perature range of conversion for both stoichiome-
tries. However the CO to CO, conversion at tem-
peratures around 1100 K is not well reproduced at
the ¢ = 1.2 condition. More specifically, in the pre-
dictions, the conversion of CO to CO, appears to
be significantly faster, resulting in an under predic-
tion of the CO peak. This issue is prevalent only at
the mildly rich conditions and temperatures around
1100 K, after all the major oxidation and pyroly-
sis intermediates have already peaked. At this stage
of the oxidation process the oxygen concentration
is significantly lower and the OH production pro-
cesses are less effective and, because of the rela-
tively low temperature of the reactor, any exter-
nal agent that favors their termination has a great
impact on the CO/CO,; rate of conversion. It is
well documented that interactions with solid walls
such as probing cones and reactor walls, as well as
any non-ideality in the system (it should reminded
that the plug flow assumption made in the calcu-
lation is a simplification of a more complex fluid-
dynamics) can contribute to the local quenching
(either chemical or thermal) of the reactive mix-
ture [22]. It should be noted though, that the rate
of fuel consumption up to 1100 K is very well cap-
tured and that all the major species relevant to the
formation of soot are formed and mostly consumed
in this early phase of the oxidation and are largely
unaffected by this phenomenon.

Figure 2a, b and ¢, summarize some of se-
lected soot precursor intermediate species: benzene
(C¢Hg), indene (CyHg) and naphthalene (CioHs).
Note that naphthalene is also a constituent of fuel
Al and therefore it starts with a non-zero concen-
tration. Fig. 2d) highlights the differences in the
peak amounts formed by the two fuels for aromatic
species with increasing molecular weight. As can be
expected, soot precursor species are more abundant
for the A1 fuel, due to its higher aromatic content
(or, in other terms, lower hydrogen content). This
is consistent with previous results that point to the

hydrogen content as a useful indicator of sooting
propensity in technical combustors such as jet en-
gines [23]. Interestingly, the trend here shown, indi-
cates that both fuels form similar amounts of sin-
gle ring aromatics, and the PAHs formation process
starts differentiating only from double ring struc-
tures on. Indeed a correlation of single ring species
and the Hydrogen content or the index of hydrogen
deficiency [24] can be drawn for many fuels. The ex-
perimental examination of a large number fuels in
the Jet A range at the same conditions as invigilated
herein indicates a disproportionate impact of the
fuels naphthalene content to the higher multi ring
soot precursor species [10]. The detailed kinetic ex-
amination of a large number of fuels is beyond the
scope of the Present work but the present exam-
ple highlights the high value of detailed speciation
data, which allow to isolate unexpected behaviors
as the one just mentioned.

The next step is the validation of the proposed
fuel models and the interpretation of the data. All
the simulations performed in this work were carried
out using the OpenSMOKE++ framework [25].

Intermediate species, however, are predicted
properly. Fig. 3 compares experimental measure-
ments and model simulations for the two main fuels
analyzed in this study (fuel A1, the standard Jet A-
1, and fuel A1.3, the hydro-treated fuel). It is worth
noting that acetylene peak concretions are remark-
ably small at the investigated conditions and a sec-
ond raise at high temperatures is observed at rich
conditions. The raise of C,H, at high Temperatures
represents the onset of pyrolytic processes of the
remaining hydrocarbons at rich conditions. This is
seen for C,H, for all fuels measured at these condi-
tions and originates form small amounts of remain-
ing C,Hy. Details have been examined for very rich
conditions [4]. Once again, deviation of the model
prediction may be related to the limitations of the
ideal plug flow assumption that predicts a complete
C,H,4 consumption (consistently with the enhanced
CO to CO; conversion) while traces remain in the
experiment. Prediction of C,H, at the lean condi-
tions is, however, in good agreement.
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Very similar yields are observed for the remain-
ing species (C2H4, CHzO, CH4, C3H4, C3H6, C4Hg,
C5H10, CH2CO, CH3CHO, C4H4, C6H6, toluene-
C;Hg), exception made for some mono-aromatic
and poly-aromatic hydrocarbons. Indeed, signifi-
cant differences can be observed for xylene, styrene,
phenyl-acetylene, naphthalene and indene.

The fuel models (i.e. the combination of the
kinetic and the surrogate models) reproduce cor-
rectly not only the onset of reactivity and its overall
development, but also most of the differences ob-
served experimentally between the two fuels, both
qualitatively and quantitatively. Beside more or
less significant deviations in terms of absolute
concentration, which could be imputed to the sim-
plified composition, the fuel models are capable
of reproducing all the significant trends in a semi-
quantitative, if not exact, manner. For instance, it
is possible to reproduce features such as the similar
amounts of benzene formed and the significant
decrease in naphthalene, xylene, phenylacetylene
and indene yields in the case of the hydrotreated
jet fuel A1.3. Additional comparisons for the lean
case (¢=0.8) are reported in the Supplementary
Material showing similar of agreement.

Using the model, a rate of production anal-
ysis (ROPA) allowed to link the poly-aromatic
species earlier discussed to the fuel components
from which they originate. Fig. 4 summarizes the
results by indicating which fuel species contribute
the most to the formation of PAHs with increasing
molecular weight.

The analysis showed how decalin, a bi-cyclic
saturated species, plays an important role in the
formation of 1 and, to a minor extent, 2 rings
aromatic species, which are formed by partial de-
composition and dehydrogenation reactions, but,
do not contribute much to the formation of larger
aromatics, since its oxidation is highly competitive
with the pyrolytic pathways. On the other end, tri-
methylbenzene, the species representing the single
ring aromatics in the fuel, sees its methyl groups ox-
idized to form benzene ring but it’s also susceptible
to growth reactions from additions on the stable
benzylic radicals. The multiple methylations make
tri-methylbenzene prone to the formation of multi-
ring species. Finally, the di-aromatic ring present
in the A1 fuel is too stable to be effectively attacked
by oxygen and ends up contributing greatly to the
formation of naphthalene and heavier aromatic
species through radical addition processes.

Taking advantage of the successful validation
shown in Fig. 3 and interested in probing the
interpretation provided by the ROPA, additional
simulations were carried out with the two inter-
mediate surrogates (Table 2) to assess the effective
impact of di-aromatic and mono-aromatic con-
tent on the formation of soot precursors. Fig. 5
compares the simulations from the four different
surrogates, in terms of 2-, 3- and 4- aromatic rings
(and larger) compounds formation. These profiles

Al
Al3

T=1025K

Decalin
~

a-methylnaphtalene

CygHyo isomers

" BIN1A Gty
BIN1B CyoHi

Fig. 4. Schematic representation of the genealogy of
PAHs relevant to soot formation. Blue lines refer to Fuel
A.1, red lines refer to fuel A1.3. The thickness indicates
relative contributions, dashed lines represent indirect con-
tributions (fuel partial decomposition followed by growth
by addition.

have been obtained by summing the computed
yields of naphthalene, indene, biphenyl, bibenzyl
and diphenylmethane in the case of 2-rings PAHs.
The major contribution to the total amount of
2-rings PAHs is provided by naphthalene and
indene. In an analogous way 3-rings PAHs contain
acenaphthylene, phenanthrene, antracene and
fluorene while 4-rings are the sum of pyrene, Cyg
and Cyy lumped PAHs components [19].
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Fig. 5. predicted 2-, 3-, 4-rings PAHs from model simulations with the four different fuel surrogates. Blue: A1, red: A1.3,

green: A1-ND, black: A1.3-WD (Table 1).
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Fig. 6. Comparison of experimental measurements (black symbols) of mobility volume fraction of nascent soot formed
in the stretch-stabilizedflame doped with Jet A [26] with model results.

Beside the relatively small absolute concentra-
tions, motivated by the specific conditions at which
the DLR flow reactor is operated (i.e. ¢ = 1.2, high
dilution and relatively low temperatures), the se-
lection of the fuel surrogate has a strong impact.
From Fig. 5itis evident that the removal of 2 mol%
of di-aromatic species from the reference Al surro-
gate (blue lines) strongly impacts soot precursors
formation, decreasing the amount of 2-, 3- and 4-
rings species by a factor of ~3, ~2 and ~4, respec-
tively. Trends are covered by the experimental find-
ings up to the 3 ring PAHs while higher species can
not be detected due to the bad S/N ratio. Overall,
the behavior of the A1-ND surrogate (green lines)
approaches, in terms of soot precursors formation,
that of the hydro-treated fuel (A1.3) (red lines). As
a further proof, the addition of di-aromatic com-
ponents to the hydro-treated fuel A1.3 leads to a
significant increase in PAHs formation. The forma-
tion of 2-, 3- and 4-rings aromatics from A1.3-WD

fuel (black lines) approaches that observed in the
Al fuel (blue lines).

Saggese et al. [20] recently discussed the vari-
ation of the sooting propensity of jet fuels as a
function of distillate fractions and examined the
validity of a surrogate fuel in reproducing soot
production from real fuels. Soot volume fractions
were investigated in a series of laminar premixed
stretch-stabilized ethylene flames doped with a Jet-
A fuel (POSF 10,325, MW = 158.6, H/C=1.91)),
and a surrogate fuel (MURI, MW 138.7,
H/C=1.96) proposed by Dooley et al. [27]. To
extrapolate the effects of the di-aromatic content
on soot formation, we compared the results from
our surrogate models with the soot volume fraction
measurements of Saggese et al. [26]. Temperature
and axial velocity profiles are computed in the sim-
ulations. Fig. 6 compares mobility volume fraction
measurements from [26] and results from model
simulations, for the 7260 ppmw jet fuel doping case.
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The fuel models here proposed compare reasonably
well with the data in [26] but still underestimate
the soot volume fraction by 3 folds at the lowest
velocity (40 cm/s) or the highest residence times.
This could be due to the too slow surface growth
reactions in the soot sub-mechanism under these
conditions. However, it should be noted how the
discrete sectional soot model here used has been
validated over a wide range of sooting conditions
[19], with different fuels, and possible improve-
ments to the soot module are outside the scope of
this paper. Very good agreement is observed for
50 cm/s and 45 cm/s cold gas velocities, conditions
that, due to shorter residence times, are more sensi-
tive to the production of nascent soot particles. The
difference between the 4 surrogates investigated in
this study becomes evident at the highest velocity
of 50 cm/s, where the residence time in the flame
are the shortest. At this conditions the trend in the
sooting tendency previously highlighted for PAHs
is conserved (A1.3 < A1-ND < A1.3-WD < Al).

5. Conclusions

This work analyzes the combustion behavior
of two jet fuels: a standard, Jet A-1 fuel and a
hydro-treated Jet A-1. The two fuels differ mostly
in the relative content of aromatics, a feature that
reflects in a different propensity to form PAHs and,
consequently, soot. New sets of speciation data
were measured in a flow reactor, confirming the
expected trends in the formation of poly-aromatic
species. Fuel models based on a semi-detailed ki-
netic mechanism and composition based surrogates
were validated against the data and used to inter-
pret them. Additional calculations allowed to con-
clude that fuels containing even a small amount of
di-aromatics can produce significant amounts of
PAHs, despite having a lower total aromatic con-
tent (and a higher H/C ratio). Further calculations
extended these findings to soot formation. It was
also shown that short contact time exacerbate the
compositional effects.

These findings have several important implica-
tions on both fuel optimization strategies and sur-
rogate fuels formulation:

1. A simple correlation between the hydrogen
content of a fuel and its PAH and particulate
formation propensity is not universally appli-
cable. The quality of the aromatic content in
the fuel has an important role in determining
the sooting behavior.

2. When the goal of a fuel formulation is to re-
duce particulate emissions, limiting the con-
tent in di-aromatics could be the most effec-
tive way to curb soot formation.

3. When considering soot formation processes,
surrogate fuels used in simulations need
to account for the presence of di-aromatic

species, even when they are present in small
amounts. This issue is closely coupled with
the selection of appropriate representative
species to be used in the surrogate palette.

4. Based on the simulations, when exploring
the fuel effects on sooting propensity, short
residence time experiments have an edge in
discriminating among fuels. This aspect be-
comes paramount when the focus is on prac-
tical systems, where the gas velocities, com-
pared to the volumes at play, are significant.
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