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Abstract

Large Eddy Simulations of the realistic liquid fueled gas turbine combustor LOTAR operated at ONERA are
performed for two fuels; a conventional JetA-1 and an alternative alcohol to jet fuel At-J, each modeled by a 3-
component formulation. JetA-1 is composed of n-dodecane, methyl-cyclohexane and xylene each corresponding
to the major hydrocarbon families found in real fuel. At-J is a synthetic drop in fuel composed of only branched
chain alkanes, iso-octane, iso-dodecane and iso-hexadecane. Analytically reduced chemistry and multicomponent
spray evaporation model coupled to the dynamic thickened flame turbulent combustion model are employed to
understand the processes involved in turbulent spray flames in the LOTAR configuration. The objectives are to
predict and understand the potential effects of staged vapourisation and consumption of the fuel components, and
their impact on the spray flame structures. Simulations confirm the role of preferential evaporation in establishing
and stabilising the reaction zone. JetA-1 evaporation zones extend deep into the rich burnt gasses resulting in
a combustion regime with the possibility of droplet clusters burning individually. At-J which is more volatile,
leads to complete combustion with the majority occurring due to the premixed lean reactions of the smaller py-
rolysed components. The need to further include models capable of identifying and handling combustion regimes
encountered in such spray flames is hence highlighted. This work is intended as a starting point for improving
multicomponent spray modelling and requires additional experimental data for validation.
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1. Introduction

Detailed modelling and simulation techniques are
an invaluable tool complementing other design strate-
gies to understand the various sub-processes occur-
ring in combustion systems. At present, the state-of-
the-art gas turbine combustors use complex liquid in-
jection and combustion strategies for efficient energy
conversion [1]. Simultaneous occurrence of mecha-
nisms over multiple length and time scales which in-
clude gaseous and droplet combustion are widely re-
ported in literature [2]]. Simulations of various scales
of configurations have successfully captured these
multiple combustion regimes present in spray flames
[3H6].

Commercial fuels contain hundreds of components
belonging to multiple families of hydrocarbons [7],
each with their own combustion and vapourisation
characteristics. Further with the push towards Sus-
tainable Aviation Fuels (SAFs) in the transition to
net zero emissions, additional components are being
introduced to the already existing pallet [8]. SAFs
refers to renewable hydrocarbons produced from a
range of sustainable raw materials whose properties
match the standard aviation fuels. These can then be
blended with traditional fossil fuels or be utilised di-
rectly in existing infrastructure earning them the name
“drop-in” fuels. Developing models and simulations
methodologies to understand the combustion of mul-
ticomponent Jet fuel, SAF and their blends in existing
gas turbine architecture is therefore the first step to-
wards such a successful transition.

Literature on swirled multicomponent spray flame
simulations of jet fuels is limited [9}[10]. The detailed
study by [10] of a lab scale burner with a multicom-
ponent fuel representation indicate the rate control-
ling effects of preferential evaporation and highlight
its advantages in the pollutant predictions. The ap-
proach used was to couple a Continuous Multicompo-
nent Model (CMC) with detailed chemistry. CMC ap-
proach requires accurate fuel composition data which
may not be always available, and in their work each
fuel group ultimately collapses to a discrete represen-
tation in the gas phase reactive calculations. Addi-
tionally, the flame was fully resolved with a fine mesh,
which while being accurate makes it impractical for
applications towards large scale industrial configura-
tions.

The standard validated approach of using Large
Eddy Simulation (LES) with a Dynamically Thick-
ened Flame (DTF) model is extended in the present
work by coupling it with a Discrete Multicomponent
(DMC) evaporation model. In the DTF-LES, the re-
active front is scaled by a factor F so as to be able
to track it on a relatively coarse grid. The scaling is
applied only in regions where a flame is detected by
the sensor S. The flame front S is identified by the
progress of the fuel-oxidation reaction (global chem-
istry) or fuel consumption rate (multi-step chemistry)
[[L1], and in its original formulation needs calibration
using pre-computed 1D laminar flames. In case of

two phase flames the constantly varying equivalence
ratio, composition and liquid loading makes the cali-
bration space difficult to be pre-defined. To overcome
these issues a generic flame sensor based on purely
geometric considerations and no pre-calibration has
been utilised here [12].

The first objective of the work is combining state
of the art modelling approaches to simulate multi-
component spray flames on a large scale configura-
tion. The “Liquid fueled Onera Thermo-Acoustic
Rig” (LOTAR) setup chosen for this work is unique
due to its proximity in complexity to a realistic indus-
trial case [13[]. The major parameters of the configu-
ration are shown in The second objective is
understanding the effects of fuel composition by com-
paring the swirled spray flames of standard jet fuel
(JetA-1) and an alternative alcohol to jet fuel (At-J)
in the LOTAR configuration under identical operat-
ing conditions. The differences in spray flame struc-
tures, observed regimes and the influence of preferen-
tial evaporation are highlighted.

Parameter Value

Reynolds number O (10°)

Density ratio O (10°%)

Stokes number 3-13

Thermal power 200 kW
Table 1: Major parameters of the LOTAR configuration
comparable to an industrial case [14].

2. Numerical Setup and modelling

Details of the experimental setup are available in
literature, which primarily focussed on self sustained
instabilities [13]. The computational domain of in-
terest shown in is the water-cooled combus-
tion system 0.515 m long, separated into an upstream
plenum and a downstream chamber (0.12m x 0.12m
cross section) separated by a specially designed fuel
injector and perforated plate. The injection sys-
tem (Fig. 1b) consists of two counter rotating axial
swirlers to break up the central pilot jet. This is sur-
rounded by a radial swirler through which bulk of the
injected air passes. Additionally, 6 multipoint injec-
tors are present in the radial swirler. The unstructured
mesh used for the LES is composed of 32 million
tetrahedrons with a refined swirler region shown in
Fig. 1c) The smallest mesh size of about 0.2 mm is
used in the injector region.

Cold flow simulations done at 1 bar, Tg;» = 298 K
and 7h4ir = 100 8/s were used to validate the numeri-
cal approach. The reactive simulations are targeted to
study the set of experiments performed at a pressure
of 1bar and an over lean global equivalence ratio of
around 0.6 . For both the reactive cases discussed, the
inlet air mass flow rate is 7244 = 100 8/ at a temper-
ature T,ir = 450K. The corresponding liquid fuel
injection rate is ;g = 4.558/s at liquid injection
temperature 77,, = 298 K.
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Fig. 1: Computational details of the setup.

The simulations have been performed using the 3-
D fully compressible reactive flow solver AVBP [13]].
The second-order accurate Lax-Wendroff convective
scheme [[16]] is used with an explicit Runge-Kutta time
stepping. The subgrid-scale closure for turbulence is
addressed using the SIGMA model [17]. The flame
is thickened on 5 mesh points with an efficiency func-
tion to account for the subgrid-scale turbulent interac-
tions [18]]. The flame front is detected using a generic
self-adapting sensor based on purely geometric con-
siderations, and is identified by concave shape of the
chemical activity (heat release) with the complete de-
tails and implementation given in [12]. A constant
heat flux of —75000.0 Jm~2s™* is imposed on the
chamber walls based on experimental measurements.

The liquid phase is modelled using the Lagrangian
point particle approach and the particle evolution is
tracked in the Eulerian gas phase. The evaporation
is modelled according to the Abramzon-Sirignano
model considering infinite conductivity, mass diffu-
sivity inside the droplet [19]. The source terms for
mass, momentum and energy from the liquid phase

are distributed to the nearest nodes in the Eulerian gas
phase to handle the two-phase coupling. The readers
are referred to the prior works [6] for the further
details and validation of the liquid phase modelling
on multiple configurations.

The liquid injection profile is chosen considering a
fuel split ratio (FSP) of 100%, i.e., all the fuel is in-
jected through the pilot injector. A hollow cone spray
is modelled using the semi-empirical FIM-UR model
and a Rosin-Rammler droplet diameter distribu-
tion having a Sauter Mean Diameter (SMD) of 30 um
and a shape parameter q=1.7 is injected. Droplets im-
pacting the inner walls of the injection system form
a liquid film. A separate film atomisation model has
not been included in the present study.

Two fuel compositions each having 3 com-
ponents are considered.  JetA-1 surrogate con-
sists of n-dodecane (NC12H26), methyl-cyclohexane
(MCYC6) and xylene (XYLENE) representing three
common families of hydrocarbons found in commer-
cial fuels, i.e., straight chain alkanes, cycloalkanes
and aromatics respectively. JetA-1 surrogate has an
average molar mass of 142.8¢mol and a H/C ra-
tio of 2.0. An alternative to the petroleum based
JetA-1, Alcohol-to-Jet Synthetic Paraffinic Kerosene
(AtJ-SPK) is produced from pathways where sugars
and starches are fermented and processed. At-J is
composed of only branched chain hydrocarbons iso-
octane (IC8H18), iso-dodecane (IC12H26) and iso-
hexadecane (IC16H34). The average molar mass and
H/C ratio of At-J is 170 ¢mot and 2.17 respectively.
Further details about the fuels, their properties and
experimental data on gas turbine engines have been
reported in literature [22]]. The volatilities of the fuel
components in terms of the normal boiling point is
given in which indicate that MCYC6 and
IC8H18 are the most volatile components of the JetA-
1 and At-J respectively.

The corresponding Analytically Reduced Chem-
istry (ARC) schemes have been derived using the
code ARCANE [23]. The major details of the ARC

are given in and provided as supplementary
material.

NCI12H26 MCYC6 XYLENE

Mole fraction (X) 0.6 0.2 0.2
Normal Boiling Point 489.48K 374.09K 413.82K
Transported Species  QSS species  Reactions

ARC 36 16 543

(a) JetA-1 composition and ARC A1.36_543_16_QC.

IC8H18 IC12H26 IC16H34
Mole fraction (X) 0.08 0.84 0.08
Normal Boiling Point 372.45K 450.95K 513.2K
Transported Species  QSS species  Reactions
ARC 31 24 394

(b) At-J composition and ARC B1_31_394_24_JW.
Table 2: Details of multicomponent fuel composition and
ARC.



O Expt. JetA-1
0.5 1 =@~ AVBP. JetA-1
O Expt. At
—@— AVBP. At

0 1 2 3 4 5
t/d2, (s/mm?)

(a) Evolution of the normalised diameter [24].

el NC12H26
= @= MCYC6
me{mm XYLENE

t/dZ, (s/mm?)

(b) Vapour flux composition for JetA-1.

1.01 @ Ew
.-“.‘- ..'~. /
Q .t
S Y i [C8H18 P ¢
>* 0.5 futen2 9t = @ IC12H26 'A
=== IC16H34 2
-t
0.0 — =
0 1 2 3 4 5

t/d2, (s/mm?)

(¢) Vapour flux composition for At-J.
Fig. 2: Evaporation and vapour flux composition data for a
freely falling droplet validating the multicomponent evapo-
ration model and fuel.

The Abramzon-Srignano [19|] evaporation model
has been extended to the multicomponent fuels by
considering the phase change of each individual com-
ponent. The resulting model termed the discrete mul-
ticomponent model (DMC) has been validated pre-
viously and used to study the propagation of lam-
inar spray flames of JetA-1 [25]. For the present
study, validations against experimental data of a
freely falling droplet [24] are shown in[Fig. 2} Though
JetA-1 is lighter in comparison to At-J, a negative cor-
relation of the mean liquid molar mass and the evapo-
ration rate is observed in[Fig. 2] with At-J evaporating
15% faster than JetA-1.

A feature of evaporation of real fuels is the con-
stantly varying evaporation flux through the droplet
lifetime. The most volatile components evaporate
first, followed by the heavier components which can
be observed for both cases in[Fig. 2} In addition to the
different evaporation rates, the evolution of the vapor
flux composition shows completely different behav-
iors due the varying concentrations of liquid species
present in each fuel (Table. 2).

Since At-J has a single dominant species IC12H26
(X = 84 %), its effect on the vapor composition is
clearly reflected with contribution from the volatile
IC8H18 only present in the initial stages
bottom) and negligible contribution from the heavy
IC16H34 until close to the end. In the vapor flux com-

position of JetA-1 middle), two stages can be
identified where for the first quarter of the droplet life-
time, the volatile MCYC6 dominates, with the final
half consisting only of NC12H26.

The DMC model can be easily integrated with
ARC for two phase reactive calculations. The pref-
erential vapourisation trends shown in [Fig. 2] can
give rise to an inhomogeneous and stratified mixture
composition over the combustor domain as the spray
evolves. This effect is enhanced in the presence of
evaporating droplets entering a flame front [25] and
the ARC must be valid over a wide range of mixture
compositions. The ternary plots in show the
sensitivity of the ARC to the possible changes in com-
position space by plotting the laminar flame speeds at
stoichiometry. The variations are moderate and simi-
lar trends are seen for both rich and lean mixtures (not
shown) indicating that the chemical scheme handles
all possible effects of preferential evaporation and
mixing. JetA-1 shows a larger variation with lower
speeds in regions dominated by XYLENE while At-J
has a lesser flame speed variation due to its composi-
tion dominated by IC12H26.

0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
NC12H26 (X%) IC12H26 (X%)
0.66 0.69 0.72 0.660 0.675 0.690 0.705  0.720
sP, ¢=1.0 T=450K sP, ¢=1.0 T=450K
(a) JetA-1. (b) At-J.

Fig. 3: Flame speed variation across range of compositions.
Black pointer indicates liquid composition given in[Table. 2]

3. Results

3.1. Validation of the numerical setup

A comparison with experimental data for gas and
droplet statistics for JetA-1 is shown in[Fig. 4} The ax-
ial gas velocities are measured at cold flow conditions
and the droplet statistics are obtained in a reacting
environment. The sections where measurements are
made is shown in[Fig. 1c] The presence of a large fuel
injection stem in the inlet plenum, causes an asymme-
try in the axial gas velocity profiles with a maximum
of 50m/s in the lower branch and 30 ™/s in the up-
per one. This difference and opening of the jet is well
captured by the simulations across both sections, seen
in[Fig. 44

The profiles obtained for the average droplet diam-
eters (d10) and the axial velocity match the trends ob-
served in the experimental data, seen in[Fig. 4b] Large
droplets are present in the central recirculation zone
(CRZ) and their sizes are underestimated by 10%,



which lead to a slightly narrower spray opening an-
gle in the chamber. The injected values of the droplet
diameter distribution is slightly smaller than ones in
the experiments (data made available after starting the
simulations), therefore the particles relax fast to the
gas velocity, finally leading to a slight over predic-
tion of the droplet velocity and spray angle. Overall,
the setup captures the major features measured in the
experiments and due to the FSP=100% operating con-
ditions chosen for the simulations, the differences do
not alter the global flame shapes and structures dis-
cussed hereafter.
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Fig. 4: Comparison of the cold flow LES (solid line) gas
and reacting flow droplet properties with experimental data
(symbols) at various axial locations.

3.2. Global evaporation, heat release trends

The differences in composition of the two fu-
els have a significant effect on the overall evapora-
tion zones, leading to different flame structures and
regimes. In the total evaporation fluxes in the
mid-plane averaged over 6 ms is shown for JetA-1
and At-J respectively.
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Fig. 5: Comparison of the time-averaged field of total evap-
oration rate in the midplane for both fuels.

JetA-1 having a longer vapourisation timescale
(Fig. 2] top), is present deep into the combustion
chamber, peaking in the region around z = 0.24 m.

—60
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A weaker zone in the burnt gasses is also observed
post + = 0.3m. NCI2H26 being the heaviest
component which remains in the liquid fuel, con-
tributes completely to the total evaporation in this
downstream region. Contrarily, At-J with a faster
vapourisation timescale completely evaporates over a
shorter distance with negligible evaporation rate be-
yond z = 0.24m bottom). The dominant
species IC12H26 (84%) closely follows the complete
evaporation trends across the chamber. Large droplets
do not reach the downstream regions as observed in
the case of JetA-1.
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Fig. 6: Comparison of the time-averaged field of heat release
rate in the midplane for both fuels.
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Fig. 7: Cross sectional average consumption rates of the fuel
components along the chamber.

The time-averaged fields of Heat Release (HR)
rates for JetA-1 and At-J are shown in The
swirl induced on the incoming flow results in the for-
mation of a large CRZ containing hot combustion
products. This CRZ serves the dual purpose of both
stabilizing the flame and promoting quick evaporation
and mixing of the injected liquid fuel to sustain the
flame. The CRZ is identified as the region bounded
by the black dashed lines of zero axial velocity. The
flame base for both cases lies inside the injector at
z = 0.2m along the marked CRZ highlighting this
stabilizing mechanism.



Also plotted in are the cross sectional av-
erage consumption rates of each fuel component and
the heat release along the combustion chamber axis.
For both fuels two regions of peak heat release can be
observed. The first peak around z = 0.2 m is due the
reactions in the injector where the flame stabilisation
and initialisation occur. For JetA-1 this HR peak coin-
cides with the consumption of MCYC6. For At-J, the
initial increase in heat release is associated with the
evaporation and consumption of IC12H26, the domi-
nant fuel component.

Further downstream the heat release patterns for
the fuels show a considerable change. As seen pre-
viously, the evaporation zone of JetA-1 continues fur-
ther in the domain. Inside these high temperature re-
gions, the evaporation, consumption and heat release
patterns follow each other indicating significant con-
tribution of the heavier NC12H26 to the reactions in-
side the combustion chamber. For At-J, the secondary
heat release peak follows the consumption profiles of
IC12H26 with a spatial delay, and shows complete
combustion before the chamber exit.

3.3. Flame structures for JetA-1

Instantaneous snapshots of heat release displayed
in|Fig. §|clearly mark the three observed separate fea-
tures. Region I, extending from the flame base in the
injector bowl into the chamber is a continuous reac-
tive zone, where the evaporated components mix with
the incoming air and are consumed. A part of this
continuous reaction zone is dominated by MCYC6
inside the injector and NC12H26 in the combustion
chamber.
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Fig. 8: Instantaneous heat release rate field (top) and Flame
Index (botttom) for JetA-1.

A visual representation of this is presented by plot-
ting the evaporation and consumption of MCYC6 in
Fig. 91 High vapourisation rates inside the injec-
tor mainly correspond to the preferential release of
the volatile MCYC6 vapour. The weaker evapora-
tion zone of MCYC6 observed inside the chamber
is due to the larger droplets and enhanced evapora-
tion in the unsaturated regions further downstream.
This MCYC6 vapour mixes with the fresh incoming
gases and its consumption region overlaps with the

high heat release rate region observed in [Fig. 7] in-
dicating the role of volatile components in flame sta-
bilization. NC12H26 vapour is released in the latter
stages of the droplet lifetime. This evaporation and
consumption are responsible for the latter half of Re-
gion I inside the chamber. These zones of evaporation
and consumption of NC12H26 are shown in[Fig: 10}
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A wide turbulent flame brush with two regions of
fuel combustion can be observed, delineated approxi-
mately by the recirculation zone, with the inner zone



marked as Region II. Large droplets with ballistic tra-
jectories cross Region I and enter the CRZ. These
are visualised through the scatter plots of the droplet
and gas axial velocities projected at the particle loca-
tions in[Fig. T1} The droplets that enter the recircula-
tion zone are associated with regions of negative ax-
ial gas velocity and high temperature, marked by the
blue dashed ellipse. The high relative velocity and
high temperature promote rapid evaporation of these
droplets. This quick phase change, immediate con-
sumption and heat release in the rich regions appear
as the discrete spots, marked as Region II in[Fig: 8]

Further downstream in regions of low droplet den-
sity one observes a reaction zone with multiple com-
bustion modes marked as Region III. The vapour-air
mixture is diluted by the burnt gases here which man-
ifests as an extension of the continuous reaction zone.
The large droplets which reach the high temperature
downstream zones burn individually. Such behaviour
was already observed in earlier studies [6] and indi-
cates the need for isolated droplet burning models to
be incorporated in such simulations. Since the evap-
oration zone is extending towards the combustor exit
and the vapour flux is mainly NC12H26, it leads to
the possibility of incomplete combustion.

The combustion regime can be analysed using the
Normalised Takeno Index (TI) defined using the mass
fraction Y as:

VYrVYo.

TI= —_FY 0v
IVYr| VYo

ey

Opposing gradients leading to 7'/ = —1 are an indi-
cation of non-premixed combustion while premixed
zones have T'I = +1. The presence of multiple
combustible species necessitates an altered definition
of [Eq_1] [20]. For the present work, the index is
reconstructed for post priori analysis using Yr =
Ynci2m26 + Ymcoyce + YxyLene. The Tlis then
conditioned using the wyc12m26 to get the flame in-
dex (FI) as FI = T1I |wnci2m26|, and used to see
individual flame regimes. This makes sense because
it is the dominant component in the liquid fuel and
its presence throughout the reactive zone from point
of injection to the downstream regions was seen pre-
viously. FI for JetA-1 fuel is plotted in The
Region I is seen as a premixed region, where the
highly turbulent flow from the radial swirlers enhance
the mixing resulting in a wrinkled flame. In Region
IT and Region III, where droplet groups are more
probable to burn as individual particles or small lo-
calised clusters, non premixed combustion modes are
prominent. Such behaviours were also observed in
the multicomponent simulations using a similar fuel
composition [10]], in the near wall regions where hot
gasses were trapped. It is not possible to resolve the
flame around a droplet in a Lagrangian point particle
setup as mesh sizes are of the same order as the fuel
droplets. The challenges in modelling such a com-
bustion regime lies in identifying regions where the
inter-droplet spacing Sq is more than the diameter of

the flame d; around a single burning droplet. This
is then followed by identifying the correct time-scale
for the auto-ignition [26]. Additionally, in case of a
multicomponent droplet one needs to account for the
changing evaporation flux [Fig: 2]and the source terms
to the gas phase.

3.4. Flame structures for At-J
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Fig. 12: Instantaneous heat release rate field (top) and Flame
Index (bottom) for At-J.

For At-J, an instantaneous snapshot of the heat re-
lease identifying three distinct zones are shown in
Region I is the flame base inside the in-
jector, where the premixed combustion of the volatile
species with the incoming air initiates the flame. This
is similar to the previous JetA-1 case, however along
with IC8H18 (most volatile), the dominant IC12H26
is also playing a role in flame stabilization ( averaged
consumption rates not shown).

Similar to the case with JetA-1, the TI in this case
is constructed using Yr = Yrci2m26 + Yicsmis +
Y1016H34 in The FI for At-J obtained
by conditioning the TI with wrci2m26 as FI =
T1 |érciz2mas] is visualised in The choice
of IC12H26 is straightforward because of the At-J
composition. The entire reaction zone can be char-
acterised as a continuous premixed flame. Individ-
ual droplet combustion regions appearing as spots are
insignificant compared to JetA-1 and are observed
mainly in the downstream region where the occa-
sional large droplets exist. Due to the quick evapo-
ration, the number of ballistic droplets that cross over
into the recirculation zones are reduced.

The evaporation zone ends at the point x = 0.24 m
and results in a concentration of fuel vapour just
above the injector exit. This overlaps with a region
having discernible negative heat release marked Re-
gion II that can be observed in both the instantaneous
and time-averaged fields. This pool of vapour comes
in contact with the hot recirculation gasses and un-
dergoes dissociation into smaller components which
explains the negative heat release that is observed. As
an example two of the smallest pyrolysis components
C>H> and C'Hy are visualised in[Fig. 13]by the solid
iso-contour corresponding to Y = 0.01 and coin-
ciding with Region II. Here, some of these compo-
nents react with the rich recirculation zone as seen by



a thin heat release region. Also a weak zone of non-
premixed reactions can be observed in[Fig. 12]towards
swirler exit, which however is very insignificant.
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Fig. 13: Time averaged fields in the mid plane of the pro-
duction and consumption rates of pyrolysed components.
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Fig. 14: Probability density plots in the temperature- mix-
ture fraction space for the At-J flame.

A probability map of Region II is shown in
[Fig_T4a] with the dark regions indicating higher prob-
abilities. The dashed and dotted lines represent
the stoichiometric and global inlet conditions respec-
tively. It is very clear that increasing fuel concentra-
tion due to quick evaporation of the At-J followed by
its dissociation increases the local equivalence ratio
leading to a rich reactive zone.

The incoming fresh gases from the radial swirlers
(green arrows[Fig. 13)) under turbulent conditions pro-
mote quick mixing and ignition of the smaller pyrol-
ysis components. This mixture ignites further down-
stream in Region III causing the sudden increase in
the thickness of the reaction zone and intense heat
release rate. This also explains the delay between
the consumptions of IC12H26 and the secondary heat
release peak observed in The consumption
rates for the same smallest components C2 H2 and
CHy are also plotted in The regions of
production (red) and consumption (blue) correspond
exactly with Region II and Region III respectively.
Since little fuel evaporation is observed in Region III,
it corresponds to a premixed prevapourised combus-
tion regime and is not directly affected by the liquid
phase. Probability density plot for Region III shown
in[Fig. T4b]also validates the lean premixed combus-
tion resulting in the main heat release zone for At-J.
However, it can also be noticed that mixture is highly
stratified over a wide range of equivalence ratios.
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The existing methodologies for detecting flame
regimes from detailed experiments and resolved sim-
ulations [27] can be used and integrated into the LES
framework to capture and model the flame regimes
observed for both the fuels.

4. Conclusions

The large-scale realistic configuration LOTAR op-
erated at ONERA was chosen as a simulation test case
to understand the mechanism and structures of tur-
bulent multicomponent spray flame. A dynamically
thickened flame model integrated with a generic-self-
adapting sensor and a discrete multicomponent evap-
oration model was successfully used compare the
combustion behaviour of two fuels: multicomponent
surrogate of standard JetA-1 and a sustainable avia-
tion fuel At-J.

Differences in the vapourisation time scales be-
tween the two fuels lead to an extended evaporation
zone for JetA-1 inside the combustor and a signifi-
cantly shorter evaporation zone for At-J in the react-
ing conditions. These changes in the fuel and vapouri-
sation behaviour are associated with corresponding
differences in the flame structures. The volatile com-
ponents for both fuels help in stabilizing the flame by
initiating the reactions. Three different regions were
identified for both fuels, each associated with differ-
ent combustion regimes. The evaporation, reaction
region of JetA-1 extending into the rich downstream
regions of the combustor can indicate the possibility
of unburnt hydrocarbons exiting the domain. In case
of the At-J bulk of the heat release is associated with
premixed combustion of a stratified mixture of pyrol-
ysed fuel components, with negligible influence of the
liquid phase.

In summary, the state-of-the art in terms of sim-
ulating realistic and alternative jet fuels in practical
configurations has been demonstrated. However, the
work raises issues about modelling challenges and
uncertainties which can affect the discussed results.
The highlighted outcomes of the simulations must be
compared with additional detailed experimental data,
to validate the distribution in the vapour phase due
to preferential evaporation. Inclusion of secondary
breakup models, film atomisation to better match the
droplet profiles will improve confidence of the ex-
isting simulation strategy, especially when looking
at more realistic operating points where the multi-
point injections in the radial swirlers are also utilised.
The use of conjugate heat transfer coupled with de-
tailed Lagrangian spray-wall interaction modelling
would be especially useful in understanding the flame
regimes near the wall, especially for JetA-1. The
challenges and immediate need to focus on improv-
ing spray flame simulations by developing models to
identify multiple regimes and implementing strategies
to handle single droplet combustion have also been
discussed. The ideas will be explored in the future
works.
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Supplementary material

Chemical_mechanisms.xlsx contains the two
chemical mechanisms used and comparisons with
the detailed mechanism. Supplementary_1.pdf con-
tains additional details of the preferential evaporation
across the domain. These are distribution of evapo-
ration source terms, liquid droplet compositions and
gaseous mass fractions of the fuel components.
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