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ABSTRACT

The impact of the transport sector on climate change and carbon dioxide emissions into
the atmosphere can be decreased by the utilization of biofuels and e-fuels. The chemical kinetics
for calculating the combustion process of new biofuels and e-fuels is often excessively
computationally demanding for numerical simulations, leading to the development and
employment of combustion models, such as flamelet models. Such models require
precalculated data of laminar flame speed and autoignition timing. The developed procedure in
this work scrutinizes available reaction mechanisms of several fuels with the validation against
existing experimental data of autoignition and laminar flame velocities, aiming for the
generation of lookup databases. The autoignition of fuel/air mixtures for different conditions is

pre-tabulated from nondimensional calculations of constant pressure reactor. Simultaneously,
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the laminar flame speed is pre-tabulated from premixed freely propagating reactors, for which
calculation chemical kinetics software are applied. The ignition delay of cold flame and primary
ignition was calculated using inflection point criteria implemented in the proposed method. The
developed imputations method is based on the lognormal distribution for laminar flame speed
in equivalence ratio direction and exponential functions for pressure, temperature, and exhaust
gas recirculation directions. The laminar flame speed and autoignition databases generation
procedure was demonstrated on prospective e-fuel three-oxyethylene dimethyl ether (OME-3)
fuel by validating the available mechanism against the experimental data. Finally, the generated
databases are implemented into the computational fluid dynamics software and verified with

the detailed chemical mechanism of OME-3 fuel.
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1. INTRODUCTION

One way to mitigate the transport sector's impact on climate change and carbon dioxide
emissions into the atmosphere is the utilization of biofuels and e-fuels in the transport sector
[1]. Therefore, the implementation of biofuels [2] and e-fuels [3] in conventional internal
combustion engines is of great importance to accelerate the transition of the transport sector to
renewable energy sources. One approach to achieving greener transport [4] and the energy
sector [5] is the application of biofuels. The impact on the generation of emissions such as
nitrogen oxides is still not fully explored. Therefore, numerous researches are conducted to
obtain biofuel impact on emissions when they substitute conventional fuel in existing
combustion systems [6]. Other modern approaches are the implementation of alternative fuels,

such as ammonia and its blends with natural gas [7], synthesized kerosine from coal [8], and
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gasoline substitutes like ethanol in passenger car engines [9] and marine engines[10], and
toluene reference fuel [11].

There are already numerous biofuels and e-fuels, some similar and some less to
conventional petrol and diesel fuels, but each with different physical properties, chemistry
kinetics, and combustion characteristics [12]. In order to predict the fuel combustion under
different fuel/air mixtures, loads, and temperatures, Computational Fluid Dynamics (CFD) with
the chemical kinetics or combustion models are commonly employed [13]. The chemical
kinetics is often too computationally demanding for numerical simulations, leading to the
frequent use of combustion models, such as coherent flame models [14]. In coherent flame
models, ignition delay and laminar flame velocities for different operating conditions must be
precalculated in the form of a database or correlation formula [15]. The standard correlations
for new biofuels and e-fuels are not accurate enough to validate their combustion process,
primarily the low-temperature auto-ignition phenomenon [16]. In [17], the correlation functions
between autoignition timing and flame speed propagation were developed based on the
temperature gradients measured from the rapid compression.

Correlation functions for the autoignition of biodiesel fuels that feature ignition of fuel-
air mixtures at high temperatures and their validation with the chemistry kinetic mechanisms
were presented by the authors in [18], where the excellent agreement between the previously
published mechanism was achieved. The dependency of autoignition timing and pollutant
emissions results was demonstrated in [19], where the convenient diesel fuels with some
percentage of biodiesel were observed at high-temperature conditions. The investigation results
are that the rise in the ambient temperature lowers the ignition delay for all diesel fuel, which
was expected. Recent publications have also investigated the investigation of biodiesel fuels
produced by different sources [20]. For example, the autoignition delay of microalgae biodiesel

blends was investigated numerically to determine combustion efficiency and pollutant
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emissions [21]. Additionally, an experimental autoignition investigation of biodiesel produced
from the plant oil and its impact on the combustion process inside a compression ignition engine
was observed [22]. The results showed that the biodiesel blend at 20% of the content exhibited
better combustion performance and emission characteristics than other blend proportions.

In [23], the authors performed an experimental optical study of biodiesel ignition delay,
where the correlation between autoignition timing and combustion process was demonstrated.
A similar approach for determining the influence of pollutant concentrations of nitrogen oxides
and carbon monoxide on autoignition timing under different exhaust gas recirculation (EGR)
mass fractions was examined by the authors [24], where the diesel fuel with a small share of
biodiesel was used. For the internal combustion engine operating conditions, a numerical
method named spherically expanded flames was used to determine the autoignition and laminar
flame speed propagation for a different share of e-fuel (dimethyl-ether), air, and helium [25].
The simulation results adequately captured the physics of unsteady flame propagation,
autoignition, and the controlling reactions, but not at the early ignition stages.

Lately, the penetration of machine learning techniques has accelerated enormously in all
science areas, so in this area too. Rahnama et al. [26] proposed the machine learning neural
network for fuel consumption reduction in internal combustion engines, where the start of
injection and its influence on autoignition timing was observed. Deep neural networks for
internal combustion engines were also employed to determine emissions from the biodiesel
combustion process [27]. In [28], the authors published the results of dual-fuel autoignition,
which were predicted by the machine learning technique. The sensitivity analysis showed that
the fuel ratio between the primary and secondary fuels has the most significant effect on dual-
fuel ignition. Furthermore, an exciting approach, similar to the developed procedure in this
work, was published by the authors of [29], where the calculation of the autoignition and

laminar flame speed was modeled by ignition to propagation reduced scheme, which was
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upgraded to additionally calculate the autoignition timing. Another approach that aims to obtain
laminar flame speed with general formula is presented in [30]. The authors introduced a term
that depends on polynomial, exponential factors, with additional constant defined from the
precomputed database. Additionally, the same procedure was applied for obtaining
ethanol/gasoline blends databases, where high accuracy in correlation is achieved [31]. Other
researchers tend to determine laminar flame speed correlations for a single fuel. In [32], the
authors proposed correlation functions for surrogate gasoline fuels as an exponential function
in temperature and pressure direction. An exceptional scientific contribution was conducted to
developing correlation functions of hydrogen fuel for spark ignition operating conditions [33].
Furthermore, additional research has been undertaken to develop correlation functions capable
of describing hydrogen mixture with gasoline [34] and methanol [35] for combustion inside
spark-ignition engines.

In this work, the effects of complex chemistry kinetics are reproduced by developing
efficient database creation consisting of the relevant ignition data used by existing combustion
models. In the pre-processing stage, available reaction mechanisms of several fuels were
investigated and validated against existing experimental data of autoignition and laminar flame
velocities. The autoignition of fuel/air mixtures for different conditions is pre-tabulated from
nondimensional constant pressure reactor calculation. At the same time, the laminar flame
speed is pre-tabulated from premixed freely propagating reactors, for which the LOGEsoft™
and Cantera open-source software were used. The ignition delay of cold flame and main ignition
was calculated using the inflection point criteria presented in [35] and implemented in the
proposed method. The data imputation and extrapolation method was developed as a general
fuel-independent function. The nonlinear least squares algorithm was employed to fill the

unsuccessfully calculated points of databases in the post-processing.
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In this work, the novel general, fuel-independent procedure is developed and implemented into
CFD software based on the lognormal distribution for laminar flame speed in equivalence ratio
direction and exponential functions for pressure, temperature, and exhaust gas recirculation
directions. Three parameters are used to determine the dependence of the laminar flame speed
or autoignition results on pressure and equivalence ratio directions. Additionally, the method is
also applicable to dual-fuel combustion. The ignition delay and laminar flame speed values of
fuel blends are described with the additional parameter of the fuel composition. Finally, the
database implementation is verified with the detailed chemical mechanism of complex internal
combustion operating case in computational fluid dynamics and validated with experimental

data.

2. MATHEMATICAL MODEL

In this section, the mathematical model for calculating the correlation function and models
used in the validation and verification are presented. For chemistry calculation, commercial
LOGEsoft™ and Cantera open-source software were used, while for CFD simulation AVL

FIRE™ was used.

2.1. Laminar flame speed

For the definition of the correlation function of the laminar flame speed points, firstly, the
calculation on chemistry solvers was performed. The chemistry solver calculations were defined
with the four-dimensional grid: temperature, pressure, equivalence ratio, and EGR. The
calculations were performed on premixed freely propagating reactors, where each combination of
four previously mentioned parameters was calculated as a separated reactor. The raw calculated

data were sorted in the five-dimensional matrix, on which the correlation function is performed.
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Figure 1 shows the procedure of the developed method for the generation of a laminar flame speed

database for the coherent flame models.
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Figure 1  Flowchart of the developed procedure for generation of laminar flame speed and

autoignition databases

The correlation function was tuned for calculated data, which was defined as the lognormal
distribution for equivalence ratio (¢) and as the exponential function for the pressure (p) direction.

The tuning equation has the following form:

3 1 (Ing — p)? p \f
S.(D, @) = Spref LWT% exp (‘ 257 )l (pre) (1)

where u and o are two tuning parameters that are calculated for each combination of the
temperature and EGR. For the calculation of u and o parameters that have the lowest disagreement
with the raw computed data, the nonlinear least-squares method was employed with the
Levenberg-Marquardt algorithm. p,.r is reference pressure of 0.1 MPa, while S, ... is referent
laminar flame speed at selected calculated point, which was in this case at equivalence ratio 1, and

pressure 0.1 MPa. The algorithm was based on SciPy open-source package and its function
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scipy.optimize.least_squares that accounts for the optimized parameters of general function for
each temperature point. In order to obtain the optimized parameters, the objective function is

defined as:

m

fs, = min > [S1, = S.(u 0] @

i=1
where S, ; is the calculated laminar flame speed from the chemistry solver, and m is the number of

points used for obtaining the formula of laminar flame speed. The objective function is
approximated by the linearization in each iteration step. The ¢ is changed with the estimation ¢ +

&, and to determine 6 the following term has to be calculated:

95, (pi, @)
fou = Su(po @i+ 0) + —75 =8 ®3)

2.2. Autoignition timing

For the definition of the correlation function of the autoignition points, firstly, the calculation
on chemistry solvers was performed. The chemistry solver calculations were also defined with the
four-dimensional grid, where the parameters were temperature, pressure, equivalence ratio, and
EGR, the same as in the laminar flame speed calculations. The calculations were performed on
nondimensional, perfectly stirred reactors, where each combination of four previously mentioned
parameters was calculated as a separated reactor. The raw calculated data were sorted in the eight-
dimensional matrix, where the four additional output parameters were autoignition timing, cold
flame autoignition timing, released heat, and heat released by cold flame. The procedure of the
developed method for generating the autoignition (z) database is similar to the laminar flame speed

database for the coherent flame models.
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where a and S are two tuning parameters calculated for each combination of the temperature and
EGR. For the calculation of « and $ parameters that have the lowest disagreement with the raw
calculated data, the nonlinear least-squares method was employed with the Levenberg-Marquardt

algorithm. The objective function is defined as

m

fo=min ) [t = (o 9O ©)

i=1

Where the objective function is approximated by the linearization in each iteration step. The ¢ is

changed with the estimation ¢ + &, and to determine § the following term has to be calculated:

ot(pi, ¢;)
fr zT(Pi,¢i+5)+#5 (6)

As in the case of the laminar flame speed algorithm was set to bisquare robust regression.

2.3. Coherent flame model - ECFM-3Z

An alternative to modeling combustion via chemical kinetics is using a coherent flame
model suitable for simulating combustion inside diesel engines. One of such models is the
extended coherent flame model in 3 zones (ECFM-32). It has a decoupled treatment of chemistry
and turbulence [36].

In the model, the following equation is solved for the flame surface density X:
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where t is time, x; are Cartesian coordinates, u; is averaged velocity in Cartesian coordinates, v,
is the turbulent kinematic viscosity, Sc is unidimensional Schmidt number, and Sy is the source
term in which laminar flame speed contribution is added through three phenomena, flame

propagation, flame destruction and flame straining. In the model, transport equations for the

following species are solved: Oz, N2, NO, CO, CO, Hy, H20, O, H, N, OH:

apYy  0pi;Yy d (H Mt > oYy -

ot T Towm ax \\se T e ) T ®)
Where @y is the average combustion source term and ¥y is the average mass fraction of species
X, while p is averaged density. The fuel is divided into two parts: the unburned (Y%,) and burned

(Y2)) fuel. For both of them, additional transport equations are solved:

6,5171}114 aﬁﬁl?ﬁu a U ‘ut a?];iu . _ B
=3\t HSY = U _ = u-b 9
ot + 0x; dx; (Sc + Sct) ax; + pSpy + Wry — Wpy, 9)
apYh, oapu; ¥R, 0 [/run pe\OVE, ] ~ ~
=5 \\e- T HSb b = u—b 10
ot + 0x; dx; (SC Sct) 0x; + pSpy + WEy + Wy (10)

where §},-‘u is a source term representing fuel evaporation. @}, and @2, represent oxidation of
(un)burned fuel, while @ ¥,’? represents fuel mass transfers between various zones. p and y, are
laminar and turbulent dynamic viscosity.

The combustion area can be divided into three zones: a pure fuel zone, a pure air plus possible
EGR zone, and mixed air and fuel zone. The model describes autoignition and premixed and

diffusion flames. A schematic showing these zones is shown in Figure 2 [37].
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220 Figure 2  Schematic of the ECFM-3Z model cell [37]
221
222 3. VALIDATION
223 For the validation of the calculated data from chemistry solvers, four mechanisms of e-fuel

224  OME-3 were compared with the experimental data: Cai et al. [16], Ren et al. [38], Sun et al. [39],
225 and Linetal. [40]. Figure 3 shows the calculated laminar flame results at a pressure of 0.1013 MPa
226  and temperature of 408 K, and with four previously mentioned chemical mechanisms, where good
227  agreement was achieved with all data.

228
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Figure 3  Comparison of calculated laminar flame speed with four chemical mechanisms and

experimental data at 0.1013 MPa and 408 K

For the exact mechanism, the validation of results was performed on the autoignition results, where
the best agreement with experimental data was achieved with the Lin et al. mechanism. The
autoignition results were performed in Figure 4, where the results are shown at the pressure of 2
MPa for equivalence ratio values of 0.5, 1.0, and 2.0. The experimental autoignition results are
taken from [16]. According to the performed validation, the Cai et al. chemical mechanism was
selected to further investigate the correlation function since it features the highest number of

chemical reactions and chemical species.
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242 Figure4  Comparison of calculated autoignition data with four chemical mechanisms and
243 experimental data at 2 MPa for equivalence ratios: 0.5, 1.0 and 2.0
244
245 4. NUMERICAL SETUP
246 This chapter presents the numerical setup of the verification case for generated laminar

247  flame speed and autoignition tables of OME-3 fuel. The verification case was performed on
248  Volvo I5D engine, for which the detailed description of mesh dependency is available in [13].
249  The engine and injector data are shown in Table 1.

250

251 Table 1 Engine and injector specifications

Engine data
Bore 81 mm

13
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Stroke 93.15 mm
Connecting rod length 147 mm
Compression ratio 165:1
Displacement 2.4 dm3
Number of cylinders 5

Injector data |

Number of nozzle holes 7

Spray cone angle 145°

Flow rate (at 100 bar Ap) 440cm®/30s
The shape of the nozzle dome Micro Sac

The calculation of a moving computational mesh shown in Figure 5 was generated with the
defined boundary selections. Due to the cyclic symmetry, the computation mesh is the cylinder
part that features a single nozzle hole. Mesh details, like volume and number of cells, are given

in Table 2. In Table 3, the boundary conditions of the engine operating cases are shown.

Head
Liner
Axis
Cyclic
segment
Compensation
Piston volume

Figure 5 Boundary selections of the computational mesh

Table 2 Mesh details

Top Dead Centre | Bottom Dead Centre
Volume, cm? 4.67 75.88
Number of cells 54 663 112 854

14
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Table 3 Boundary conditions for the verification operating case

Face selection Boundary Condition
Piston Type: Wall
Temperature: 473 K
Liner Type: Wall
Temperature: 423 K
AXxis Type: Symmetry
Segment Type: Inlet/Outlet
Compensation volume | Type: Wall, Mesh movement
Head Type: Wall
Temperature: 443 K

In Table 4, injection parameters for two observed operating cases are shown. Two cases that
feature single and multi-injection strategies are selected in order to prove the capability of valid

autoignition and combustion process modeling for both modeling strategies.

Table 4 Injection parameters for the verification operating cases

Multi injection Single injection
Injected mass 0.4,04,5.8,0.8mg 4.12 mg
Injection timing 683.9 - 740.7 °CA 718.2 - 731.3 °CA

For the time discretization, an automatic time step was used, where the maximum value of the
local CFL number was set to 1. For the calculation of the spray process, the Euler Lagrangian
model was used [41], with the Wave breakup model [42] and Abramzon evaporation model [43].
The CFD verification simulations are performed using the AVL AST software package, which has
implemented the ECFM-3Z model and detail chemistry solvers. In Table 5, the grid definition of

generated lookup databases for CFD implementation is given.
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Table 5 Grid definition for laminar flame speed and autoignition timing databases

Laminar flame speed | Grid points

Temperature, K 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1250
Pressure, MPa 0.1,0.2,0.5, 1, 2, 5, 10, 15, 20, 25, 30

Equivalence ratio, - 0.2,04,06,08,09,1,1.1,1.2,14,16,18,2,3,4,5
ECR, - 0,0.2,04,0.6

Autoignition Grid points

Temperature, K 600, 620, ..., 740, 760, 800, 840, ..., 1400, 1440, 1500
Pressure, MPa 0.1,0.2,05,1, 2,5, 10, 15, 20, 25, 30

Equivalence ratio, - 0.2,04,06,08,09,1,11,12,14,16,18,2,3,4,5
ECR, - 0,0.1,0.2,0.3,04,605,0.6,0.7,0.8

5. RESULTS AND DISCUSSION

In this section, the results of the developed correlation functions and calculated data were
compared on three-dimensional and two-dimensional diagrams. Figure 6 shows the calculated and
tuned laminar flame speed results with the correlation function in Equation (1) at 1100 K with Cai
et al. chemical mechanism. The a) diagram of Figure 6 shows the surface of raw data calculated
from the chemistry solver, which is tuned with the correlation function, and where the results at

the b) diagram of Figure 6 are obtained.

Temperature 1100 K, no EGR 6 Temperature 1100 K, no EGR 6
6. 1 6 — 1
@ 2
E 5 s E; 5
gl il
3 o
(% 4. . (% 4 .
Q3 Q3
= £
) 3 3
w 2 w 2
T &
£ 4 2 S 2
£ | €
© ©
— ol o

3

Pressure, Pa Equivalence ratio, - Pressure, Pa

Equivalence ratio, -

Figure 6  Calculated chemistry solver results (a) and laminar flame speed results with the

correlation functions (b) at 1100K
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Figure 8 shows the calculated results from the chemistry solver used as input to obtain the shape
of laminar flame speed data and the shape obtained by the correlation function procedure on four
parameters: temperature, equivalence ratio, pressure, and EGR mass fraction. The calculated
laminar flame speed data is shown as the black dots, while the surface shows the results with the
correlation function in Equation (1). From Figure 8Pogreska! I1zvor reference nije pronaden., a
good trend is achieved between calculated results and the results obtained from the general
function approach. For the highest temperature, 1250 K, only 6 points are obtained from chemistry
solver reactions, compared to the lower temperatures where the chemistry solver is more stable.
The general function approach shows a robust extrapolation solution for such cases since it only
needs 3 points to determine the whole laminar flame speed shape in pressure and equivalence ratio
directions. In Figure 8, the same results for different pressure values. It can be seen that the
agreement between the general function approach and calculated data using the conventional
Gulder approach for extrapolation [44] is better for the lean mixtures and around the stoichiometric
equivalence ratio. At the same time, a more significant discrepancy was achieved for the fuel-rich
region.

Figure 9 shows the same results as in Figure 7 for temperature of 800 K, at different pressure
values. Additionally, the number of successfully calculated data from the chemistry solver (red
circles) is reduced with pressure and equivalence ration increase. Nevertheless, as shown, the
general function method shows good robustness with fewer obtained points. Additionally, the
method was also validated against calculated laminar flame speeds at different EGR values in
Figure 10. With increased EGR, a more significant discrepancy with chemistry solver data is
obtained, which has unexpectedly high values in fuel rich regions. Such high values can also be
attributed to the drawback of a chemical mechanism not intended to calculate the laminar flame

speed for such conditions or to chemistry solver converging deficiency.
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Lminar flame speed results with the correlation functions at 300, 800 and 1250 K

and without EGR
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Figure 10 Chemistry solver results and laminar flame speed results with the correlation
function at different EGR values

Figure 11 shows the coefficient of determination (R?) values between the chemistry solver
results and general function at different temperatures and EGR values. It can be seen that the best
agreement between chemistry solver results and general function is obtained around 500 K. the

correlation decreases markedly with the increase of EGR and at high temperatures.
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Figure 11 Coefficient of determination values between chemistry solver results and general

function for different temperature and EGR values
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Pogreska! Izvor reference nije pronaden. Figure 12 shows the calculated and tuned laminar
flame speed results with the correlation function in Equation (4) with Cai et al. chemical
mechanism. For most autoignition delay time representation, a logarithmic scale is used in order
to emphasize that the order of magnitude is sufficient for valid autoignition modeling. In Figure
12, the linear scale emphasizes a good agreement with the chemistry solver results at temperatures

1000 K and 1200 K.
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Figure 12 Calculated (black dots) and autoignition timing results with the correlation functions

without EGR at 1000 and 1200 K

Figure 13 shows the same results as Figure 12 for 2D cuts at different pressure values. It can be
seen that the agreement between the calculated data and obtained results is better for the points
around the stoichiometric equivalence ratio and around the fuel-rich region. In contrast, additional

efforts are required for the lean air-fuel mixtures and the fuel-rich region at higher pressures.
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Figure 13  Chemistry solver results and autoignition results with the correlation function

In section 4., the operating conditions and numerical setup for the calculation are presented,
for which the results are shown. The performed engine operating point features a multi-injection
strategy of four separate injections, where the OME-3 fuel was injected at 20 °C. Figure 14
compares the most detailed chemistry mechanism of OME-3 fuel, Cai et al., and ECFM-3Z
combustion model with implemented autoignition and laminar flame speed databases for two
operating injection strategies shown in Table 4. A good trend was achieved for the temperature
results, while the ignition timing was slightly delayed for the simulation of ECFM-3Z. That can
also be attributed to the autoignition parameter for ECFM-3Z calculation, which was not calibrated
but used as a default value of 1. The same ignition delay is observed for the rate of heat release
results, while the peak of released heat is achieved with the same value. As seen from RoHR
diagram, ECFM-3Z combustion is not so pronounced as with Cai et al. For the late-stage
combustion, the biggest discrepancy is achieved, which can be mainly attributed to the simplified
chemistry in the combustion model does not account for such detailed carbon-based reactions. A
better agreement is reached for the single injection case than in a multi injection strategy with four

different injections, which calculates autoignition delay based on the whole chemistry reactions
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rather than on interpolated conditions based on four parameters from the generated database. The
ECFM-3Z in combination with the developed method for database generation of autoignition and
laminar flame speed has correctly described the ignition of each injection and its ignition and
combustion process with significantly simpler chemistry and decreased computational demand.
The computational discrepancy between the ECFM-3Z model and Cai et al. mechanism can be
attributed mainly to the simplified chemistry description in the ECFM-3Z model, which accounts
for transport equations for a dozen chemical species. In contrast, Cai accounts for transport
equations for 322 chemical species. Finally, the computational time was decreased approximately

20 times with the ECFM-3Z model.
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Figure 14 Comparison of temperature and rate of heat release results between detailed

chemistry mechanism by Cai et al. and ECFM-3Z combustion model
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6. CONCLUSIONS

The procedure of general functions for the generation of databases required for combustion
modeling in the coherent flame models is developed in this work. The procedure is general and
applicable to every fuel, and this work was mainly focused on the generation of laminar flame
speed and autoignition databases for OME-3 fuel. Additionally, the developed procedure showed
a good potential for reducing the number of required grid points since a reasonable agreement can
be achieved with a few calculated points around stoichiometric values of equivalence ratio. The
procedure validation was performed on generated laminar flame speed and autoignition database
for OME-3 fuel, where a good agreement was achieved compared to the available experimental
results. For the engine operating cycles, verification was made compared to the most detailed
chemistry mechanism available in the literature, Cai et al. The verification results showed a great
agreement in the trend and autoignition timing between mean in-cylinder temperature and rate of
heat release curves for both single and multi injection strategy. In combination with coherent flame
models, the developed method represents a robust and computationally low demanding procedure
for accurate ignition and combustion process calculations of new biofuels and e-fuels. Although
not presented in this work, the procedure was also developed for fuel blends, dual fuel, and
multiple fuel combustion, where the additional fuel composition parameter was added as the fifth
grid parameter. Therefore, the future work investigates the obtained databases for dual fuel and

the impact of generated databases on the whole operating cycle in CFD software.
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