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Abstract

The present numerical investigation on constant-volume premixed kerosene—air combustion
using the Species Transport model in ANSYS Fluent to examine how turbulence—chemistry
interaction (TCI) modeling and combustor wall thermal properties effect flame spread
between two different combustion methods. A two-dimensional combustible material testing
system which used an equivalence ratio of 0.8 to operate under fixed constant-volume testing
conditions. The study is conducted to predict performance of the Finite Rate (FR) and Finite
Rate/Eddy Dissipation (FR/ED) models using different wall materials such as aluminium
alloy, carbon—carbon composite, Inconel, and silicon carbide liners. The Finite Rate model
underpredicted the realistic flame dynamics which resulted in localized ignition-dominated
hot spots and fragmented flame structures and weak turbulence—flame coupling and persistent
unburnt fuel regions that demonstrated kinetically limited and incomplete combustion. The
FR/ED model succeeded in tracking turbulence-assisted flame propagation as it creates
continuous flame fronts with distributed turbulence kinetic energy and nearly complete fuel
consumption for all materials. The study found that aluminium alloy flame temperature
increased from 2036 K (FR) to 2105 K (FR/ED) at 100 mm from the inlet while maintaining
consistent thermal patterns for all liners. The wall lining materials analysis showed that
aluminium alloy burned with the fastest flame speed and highest combustion power while
carbon—carbon composite maintained stable combustion through its ability to minimize heat
loss and Inconel completely prevented flame spread through its capacity to absorb heat and
silicon carbide showed performance that fell between the two extremes. The results
demonstrate that constant-volume premixed combustion prediction requires both turbulence—

chemistry coupling and wall heat-transfer modeling while the FR/ED model provides
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advanced propulsion and compact combustor systems with better predictive accuracy than the

Finite Rate method.
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Introduction

The constant volume combustion process is employed in the propulsion system of many
small aircraft and Unmanned Aerial Vehicles (UAV). Small range aircraft such as jet trainers
and two to four-seater aircrafts use IC engines to generate propulsion force. IC engines are
employed in small aircraft because of its improved operability and specific fuel consumption
properties. Moreover, the constant volume combustion technique is employed in the pulse
detonation engines, which are of great importance in modern aerospace propulsion systems.
The constant volume combustion technique is also employed in Rotary Wankel engines,

which are largely used in many UAVs and MAVs.

Turbulent combustion reactions are basic to the functioning of propulsion and power systems,
and they pose serious modeling problems because of the complex interactions between
chemical kinetics, scalar mixing, and turbulence-chemistry interactions on widely disparate
scales.[1] The precise measurement of these interactions represents the highest priority
because partially premixed combustion systems require accurate modeling to handle localized

inhomogeneities and their complex flame patterns..[2]

Alam et al. [3] computationally studied the propagation of combustion waves in an obstructed
geometry with kerosene as fuel. They found that flame velocity for kerosene air mixture as
0.175 m/s which was lower as compared to premixed mixture. Miao et al. [4] experimentally
investigated premixed combustion in SI engine with multi-hole nozzle, and concluded that
when combustion chamber is straight port, soot formation found is least. Rashwan at al. [5]
numerically simulated combustion of methane with oxygen and added carbon dioxide and
predicted a temperature of 2000 °C with oxygen fraction of 27%, 2450 °C with oxygen
fraction of 40% and 2600 °C with oxygen fraction of 50%. Franzelli et al [6] numerically
studied the kerosene air premixed combustion with initial fresh air temperature of 473 K and
at 1 atm pressure conditions. Adiabatic temperature is found to be 2000 K and it increases

with stoichiometric ratio till it reaches peak at equivalence ratio 1.1 and then it decreases.
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Flame speed also followed the same pattern with different fresh air temperatures. Peak flame

speed is found to be 0.38 m/s for T=300 K, 0.82 m/s for T =473K and 1.8 m/s for T =700 K.

De et al. [7] simulated the Delft-Jet-in-Hot-Coflow (DJHC) flames with oxygen (7.6% and
10.9% by mass) using EDC model. They concluded that EDC model correctly predicted
flame lift off with the experimental conditions. The model also predicted too early ignition
which lead to a peak in the radial mean temperature profile at low axial distance. Westbrook
et al [8] numerically investigated the adiabatic flame temperature over different equivalence
ratios using laminar flame model. They investigated 1 step, 2 step and quasi-global
mechanism and found that the adiabatic flame temperature at stoichiometry in 1 step
chemistry as 2320 K, 2 step 2250 K and detailed mechanism is 2220 K for methane-air
combustion. They also investigated the comparison for isooctane and n octane and found that
the flame speed for isooctane was 0.36 m/s and 0. 4 m/s at stoichiometric mixture and at 1
atm pressure conditions. The rich flammability limit as found to be 3.6 and 4.25 for isooctane
and n-octane respectively. Saqr et al. [9] numerically simulated the diffusion flames with
eddy diffusion model of methane combustion and made a comparison of k epsilon standard,
realizable, and k-omega SST and k-omega standard models. It was found that standard and
realizable k epsilon model predicted local flame temperature correctly while standard k-
omega failed in predicting local flame temperature due to Reynolds number correction. Pupo
et al. [10] mathematically studied methane air combustion at different mole fractions for
calculation of adiabatic flame temperature, they found the peak temperature of 5004 OC at
0.35 moles of methane in the mixture. Strozzi et al. [11] numerically simulated kerosene,
C11H21 in their study of kerosene-air combustion in closed vessel with initial total
temperature and pressure of 320.5 K and 1.5 bar respectively. They found that the maximum
detonation temperature and pressure to be 5273 K and 14.5 bar respectively. Pascaud et al.
[12] simulated the kerosene combustion by multiphysics model and predicted the ratio of
maximum pressure to total temperature with different initial total temperatures. This was
validated with an experiment and the closes to the same ratio as of the simulation. Zeng et al.
[13] experimented and simulated the kerosene combustion for detailed chemistry and found
the peak temperature to be 2310 K for C12H23, the concentration of CO2 is high in the high
temperature region. However, when adopting fuel n-decane, the high concentration of CO2 is

only in the V-shape high temperature region.
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Akshata Mali et al. [14] numerically investigated unsteady premixed kerosene—air
combustion under constant-volume conditions and demonstrated that flame propagation
continues even after the ignition source is removed, indicating self-sustained deflagrative
combustion driven by chemical reactions and turbulent mixing. Their study highlighted that
constant-volume premixed combustion exhibits fundamentally different flame propagation
characteristics compared to open-flow premixed systems due to flow confinement,
volumetric expansion, and wall interactions. A comparative assessment of turbulence—
chemistry interaction models showed that the Finite Rate/Eddy Dissipation (FR/ED) model
predicted higher combustion temperatures and improved flame development compared to the
Finite Rate and Eddy Dissipation models. The Eddy Dissipation Concept (EDC) model was
observed to under-predict combustion completeness during the constant-volume phase, as

reactions could not fully develop within the limited available residence time.

Wall materials and liners affect flame dynamics by wall heat transfer, thermal inertia, and
catalysis (if applicable): for example, high-conductivity metals may increase wall gas heat
transfer and hence promote local reaction rates and turbulence, whereas insulating composites
and ceramic matrix composites will affect maximum temperatures, quench distances, and
strength; recent literature surveys on CMCs and aero-engine liners have summarized the
compromises between thermal properties, oxidation resistance, and mechanical constraints, as
applicable to combustor liners.[15] Although many studies have been conducted on
turbulence-chemistry interaction models and combustor materials separately, there are still
limited researches on the combined effects of models and materials on flame propagation in
constant-volume premixed combustion. The majority of the existing CFD simulations are
either on model comparison under fixed thermal boundaries or on material performance

without considering the effects of turbulence-chemistry coupling.

The current research fills this gap by carrying out a comprehensive numerical analysis of
constant-volume premixed deflagrative combustion, where the flame propagation process is
modeled using the turbulence-chemistry interaction approach instead of shock-driven
reaction kinetics. A constant-volume premixed kerosene-air combustion process is
numerically simulated using the Species Transport model in ANSYS Fluent. The Finite Rate
and Finite Rate/Eddy Dissipation turbulence-chemistry interaction models are compared to
assess their ability to simulate flame propagation, temperature distribution, turbulence, and

fuel consumption. Furthermore, the effect of combustor wall materials, including aluminium
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alloy, carbon-carbon composite, Inconel, and silicon carbide, is also investigated to quantify
the combined effects of turbulence, chemistry, and wall heat transfer. The results of this study
can be used as a guideline for combustion model and liner material selection in advanced

propulsion systems and compact combustors
3.0 METHODOLOGY
3.1 Computational domain and mesh generation

The constant-volume combustor was modelled as a two-dimensional rectangular domain of
dimensions 120 mm x 20 mm, representing a simplified planar combustion chamber and a
spark plug of diameter 0.5mm is placed at 20 mm from the inlet. The computational
geometry was created using ANSYS DesignModeler. A structured quadrilateral mesh was
generated using ANSYS Meshing to ensure numerical accuracy and stable resolution of steep

temperature and species gradients during transient combustion.

The final mesh consisted of 25,155 elements, with a maximum cell size of 300 pum. Mesh
quality metrics indicated excellent discretization, with a maximum skewness of 1.54 x 1073

and orthogonality close to unity, ensuring minimal numerical diffusion.

Fig. 1 shows the schematic of the computational domain, while Fig 2 presents the

corresponding structured mesh used in the simulations.

20mm R=0.25 mm

20mm

120 mm

Fig. 1. 2D Sketch of Combustion chamber

Fig. 2. Mesh of combustion chamber

3.2 Governing equations
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The reacting flow was modelled by solving the unsteady, compressible conservation
equations for mass, momentum, energy, and chemical species using the finite volume method
implemented in ANSYS Fluent. Turbulence effects were captured using the standard k—¢

model.

The transport equation [21] for the mass fraction of the ith chemical species, Y;, is given by:

a(pYy)
ot

+V-(puty) ==V J; + R ey

where pis density, uis the velocity vector, J;is the diffusive flux of species 7, and R;is the net

rate of production or consumption of species i due to chemical reactions.

The chemical source term is computed as:

where M;is the molecular weight of species i, v; ,is the stoichiometric coefficient, and w,is

the molar reaction rate of the rth reaction.
3.3 Chemical reaction mechanism

Premixed combustion of kerosene was represented using a single-step global reaction

mechanism involving five species [21]. The stoichiometric reaction is expressed as:

CyoHys + 17.75(0, + 3.76N,) - 12C0, + 11.5H,0 + 66.74N, 3)

The equivalence ratio of the premixed kerosene—air mixture was maintained at 0.8 for all

simulations.
3.4 Turbulence—chemistry interaction models

To evaluate the influence of turbulence—chemistry coupling on flame propagation, two

turbulence—chemistry interaction (TCI) models were employed.

3.4.1 Finite Rate (FR) model
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In the Finite Rate model [17], chemical reaction rates are governed solely by Arrhenius
kinetics, without any direct influence of turbulence. The forward reaction rate constant is
computed as:

k; = ATPexp ( —g—%) 4)

where Ais the pre-exponential factor, fis the temperature exponent, E,is the activation
energy, Ris the universal gas constant, and Tis temperature. This model assumes that
chemical kinetics control the combustion process and is typically applicable to laminar or

weakly turbulent flames.
3.4.2 Finite Rate/Eddy Dissipation (FR/ED) model

The Finite Rate/Eddy Dissipation model [17] accounts for both chemical kinetics and
turbulent mixing. In this approach, the net reaction rate is taken as the minimum of the
Arrhenius rate and the eddy dissipation rate. The turbulent mixing-controlled reaction rate is
expressed as:

Wgp = A%min (:_I;’%) ®)]
where kand eare the turbulence kinetic energy and dissipation rate, respectively, Yrand Ypare
the mass fractions of reactants and products, vgand vpare stoichiometric coefficients, and Ais

a model constant.

This model enables turbulence-assisted flame propagation by coupling chemical reaction

rates with local turbulent mixing.
3.5 Boundary and initial conditions

The simulations were performed as transient calculations with a time step selected to ensure

numerical stability and accurate resolution of ignition and flame propagation. The setup was

The inlet boundary was prescribed as a velocity inlet with a velocity of 60 m/s and
temperature of 650 K during the filling stage. The outlet was defined as a pressure outlet. All

walls were treated as adiabatic no-slip boundaries.
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A spark ignition model was used to initiate combustion. Ignition energy of 6 MJ was

deposited at a point located 20 mm from the inlet and 2 mm from the top wall for a duration

of 1 ms.

The overall details are provided in the Table 1.

Tablel: Details of setup

Inlet: Velocity Inlet (60 m/s, 650 K)
Outlet: Pressure Outlet

Top and bottom wall: Adiabatic wall

Turbulence: K- £ model (Standard)

Fuel: Kerosene (C12H23)

Mole fraction of C12H23: 0.0093

Mole fraction of O2: 0.2081

Equivalence ratio of premixed mixture: 0.8

3.6 Constant-volume combustion procedure

The constant-volume combustion procedure adopted in the present study was inspired by the
modelling approach described by Akshata Mali et al. [14] with appropriate modifications to

capture transient premixed flame propagation.
The combustion process was simulated using a four-stage transient methodology:

» Stage 1 (Filling stage): Premixed kerosene—air mixture enters the combustor for 4 ms.
* Stage 2 (Ignition stage): Ignition energy is introduced for 1 ms while the flow is active.
* Stage 3 (Constant-volume stage): Both inlet and outlet are closed for 3 ms, allowing self-
sustained combustion under constant-volume conditions.
» Stage 4 (Exhaust stage): Inlet and outlet are reopened for 3 ms to discharge combustion

products.

This staged approach ensures realistic representation of constant-volume combustion without

artificial pressure release.

3.7 Material modelling and thermal properties
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To evaluate the wall thermal properties, simulations and their results with four different
combustor liner materials which included aluminium alloy carbon—carbon composite Inconel
and silicon carbide. The researchers assigned material properties for thermal conductivity and
heat capacity according to NASA Technical Memorandum 4787 which they displayed in
table 2.

Table2: Thermo-physical properties of combustor wall materials

Material Thermal conductivity, & | Specific heat, Cp | Density, p
(W/m-K) J/kg-K) (kg/m?)

Aluminium alloy (e.g., | 201-218 ~900 ~2698

AA6063)

Carbon—carbon ~10-233 ~710-850* ~~1800

composite (in-plane)

Inconel 718 ~33 (=77 BTU/ft-h-°F) ~435 ~8180

Silicon carbide (SiC) ~3.8-20.7 ~510-650 ~3160

5.0 RESULTS AND DISCUSSION

The section analyzes numerical results which were obtained through the constant-volume
combustion framework by examining how turbulence—chemistry interaction modeling and

wall thermal properties control flame spread and combustion processes.
5.1 Transient temperature evolution and flame propagation

The FR/ED model produced instantaneous temperature contours which Figure 3 presents for
all materials during the ignition and constant-volume combustion phases from 4 to 8.5
milliseconds. The flame front begins its continuous movement through the combustor length
at 4 to 4.5 milliseconds because this period marks the start of stable premixed combustion
where main focus was on chemical kinetics and turbulent mixing. The highest flame
temperatures which aluminium alloy produces together with its fastest flame expansion make

this material the most effective among all tested materials. The material's behaviour results
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from its high thermal conductivity which improves wall-gas heat exchange while maintaining

elevated gas-phase temperatures that boost reaction speeds.

The carbon—carbon composite material demonstrates peak temperature results which are
lower than its maximum temperature yet maintains a continuous flame front during its
constant-volume burning period. The material's low thermal conductivity characteristic
prevents wall heat transmission which leads to ongoing combustion activity. The Inconel
material displays its lowest flame temperatures while experiencing delayed flame
development because of its high thermal resistance combined with its capacity to store heat
which prevents gas-phase temperature increase. Silicon carbide exhibits double behavior
patterns because its high-temperature stability feature prevents excessive temperature rise

which results in controlled flame propagation.

The Finite Rate model in Fig.6 shows temperature contours which display a completely
different pattern of flame behavior. The combustion process stays concentrated at the ignition
zone while all materials display high-temperature areas that exist in broken and uneven
patterns. The flame fails to travel across the entire chamber because aluminium alloy which
produces the highest peak temperature in the FR case cannot achieve this result. The evidence
shows that flame propagation under constant-volume conditions requires more than

chemistry-only modeling because turbulence-induced mixing dominates the process.
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Fig. 3. Temperature contours for different combustor wall materials (1) aluminium alloy, (2)
carbon—carbon composite, (3) Inconel, and (4) silicon carbide obtained using the Finite
Rate/Eddy Dissipation (FR/ED) model.
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Fig. 4. Turbulent Kinetic energy contours for different combustor wall materials (1)
aluminium alloy, (2) carbon—carbon composite, (3) Inconel, and (4) silicon carbide obtained

using the Finite Rate/Eddy Dissipation (FR/ED) model
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Fig. 5. Mole Fraction of kerosene contours for different combustor wall materials (1)
aluminium alloy, (2) carbon—carbon composite, (3) Inconel, and (4) silicon carbide obtained
using the Finite Rate/Eddy Dissipation (FR/ED) model.
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Fig. 6. Temperature contours for different combustor wall materials (1) aluminium alloy, (2)
carbon—carbon composite, (3) Inconel, and (4) silicon carbide obtained using the Finite Rate

(FR) model.
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Fig. 7. Turbulent Kinetic Energy contours for different combustor wall materials (1)

aluminium alloy, (2) carbon—carbon composite, (3) Inconel, and (4) silicon carbide obtained

using the Finite Rate (FR) model
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Fig. 8. Mole fraction of kerosene contours for different combustor wall materials (1)
aluminium alloy, (2) carbon—carbon composite, (3) Inconel, and (4) silicon carbide obtained

using the Finite Rate (FR) model
5.2 Quantitative temperature comparison at a fixed axial location

The quantitative study to investigate TCI model and wall material interaction and their
performance through their analysis of line-weighted average temperature measurements that
were taken from a 100 mm distance to the inlet at 8.5 ms time mark and presented in Fig. 9.
The average temperature for aluminium alloy materials increases from 2036 K (FR) to 2105
K (FR/ED), it indicates that turbulence-assisted reaction mechanisms lead to higher
combustion intensity in this material. The carbon—carbon composite demonstrates almost
identical temperatures in both models as its insulating properties make it less responsive to

turbulence—chemistry interactions.

Inconel records the lowest temperatures for both models, decreasing slightly from 1689 K
(FR) to 1661 K (FR/ED), confirming that wall heat absorption dominates over turbulent
enhancement effects. Silicon carbide shows the largest reduction when turbulence—chemistry

interaction is included, with temperature decreasing from 1858 K (FR) to 1519 K (FR/ED).
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Enhanced turbulence in the FR/ED model causes thermal energy redistribution toward the

walls, that results in increased heat loss and decreased gas-phase temperature.
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Fig. 9. Line-averaged temperature at 100 mm from the inlet (8.5 ms) for different wall

materials using FR model (left ) and FR/ED model (right)

Table 2 : Line weighted average of temperature values of different materials

Materials Temperature (in K) Temperature (in K)
Finite Rate Model Finite = Rate/ Eddy
Dissipation Model
Aluminium Alloy 2036.45 2104.57
Carbon -Carbon Composite | 1904.38 1904.90
Inconel 1689.13 1661.12
Silicon Carbide 1857.80 1518.85
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The results show that wall material properties control the maximum flame temperature which
the wall materials produce. The FR/ED model demonstrates better physical consistency

because it uses turbulence to assist heat and species movement through the system.
5.3 Turbulence kinetic energy distribution

The FR/ED model calculates turbulence kinetic energy through its contours that display
turbulence creation throughout the area after ignition because hot gases create volumetric
expansion. Aluminium alloy exhibits the highest turbulence intensity, consistent with its
higher temperature rise and stronger density gradients. Carbon—carbon composite and silicon
carbide exhibit moderate turbulence, that spreads throughout their materials to maintain
steady flame movement. Inconel produces the weakest turbulence field because its thermal
expansion remains restricted. The FR model produces results which demonstrate turbulence

in Fig 7 because it exists only in specific areas close to the ignition zone.

Gas expansion generates turbulence; however, it does not improve combustion because
chemical reaction rates remain constant regardless of turbulent mixing. The FR simulations
showed limited flame spread and fragmented temperature fields because turbulence did not
affect chemical reactions. The FR/ED approach demonstrates that turbulence needs proper

chemistry interaction modeling to become an active factor in flame propagation.
5.4 Fuel consumption and combustion completeness

The kerosene mole fraction contours for the FR/ED model in Fig 5 show that all materials
undergo fuel consumption at a constant rate throughout their entire area. The aluminium alloy
shows the quickest reduction of fuel consumption, while carbon—carbon composite and
silicon carbide follow behind, and Inconel shows a slower rate of consumption because its
reaction speed has diminished. The complete combustion of all fuel materials under
turbulence-assisted conditions appears confirmed by the absence of unburnt fuel pockets

which persist into later periods.

The Finite Rate model displays unburnt fuel areas that extend throughout the chamber until
8.5 milliseconds. The fuel consumption pattern shows that it stays near the ignition point
while moving at a sluggish pace through the rest of the area, which demonstrates that

combustion exists within kinetic limitations. This behaviour matches previous research, it
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showed that premixed kerosene—air combustion produces incomplete combustion when

scientists fail to study turbulence—chemistry interactions. [1,5,8].
5.5 Comparative evaluation of material performance and TCI models

A direct comparison between FR and FR/ED models shows that explicit turbulence—
chemistry coupling is necessary for accurate prediction of constant-volume premixed
combustion. The FR model fails to account for combustion completeness, overestimates
localized temperature peaks, and underestimates flame propagation. The FR/ED model, on
the other hand, generates consistent fuel consumption, realistic turbulence distribution, and

continuous flame fronts.

Because of its strong coupling between wall heat transfer, turbulence generation, and
chemical reaction rates, aluminum alloy stands out as the best material for attaining high
flame temperatures and quick flame propagation. Carbon-carbon composite is appropriate in
situations where thermal insulation is required because it provides stable combustion with
minimal heat loss and moderate flame temperatures. Although silicon carbide is thermally
stable, it shows increased heat loss under turbulence-enhanced conditions, and inconel,
despite its structural robustness, suppresses combustion intensity due to excessive heat

absorption..

These results are consistent with earlier numerical and experimental investigations that
emphasize the role of wall thermal properties in regulating flame dynamics and the
significance of turbulence—chemistry interaction in premixed combustion modeling
[1,3,5,7,11,14]. By showing that wall material effects only become physically significant
when turbulence—chemistry coupling is sufficiently represented, the current results expand on

these findings.
CONCLUSION

Finite Rate (FR) and Finite Rate/Eddy Dissipation (FR/ED) turbulence—chemistry interaction
models for various combustor wall materials were compared in a numerical analysis of

constant-volume premixed kerosene—air combustion using the Species Transport model in

ANSYS Fluent.

* The Finite Rate model demonstrated kinetically controlled and incomplete combustion

under transient constant-volume conditions by producing localized temperature peaks,
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fragmented flame structures, weak turbulence—flame interaction, and persistent unburnt fuel

regions.

* Turbulence-assisted flame propagation was captured by the Finite Rate/Eddy Dissipation
model, which produced continuous flame fronts, dispersed turbulence kinetic energy, and

consistent fuel consumption throughout the combustor.

* When turbulence—chemistry coupling was taken into account, wall material thermal
properties had a significant impact on combustion behavior; quantitative analysis at 100 mm
from the inlet revealed that FR/ED raised the average flame temperature of aluminum alloy
from 2036 K to 2105 K while providing physically consistent temperature trends for all
materials. Silicon carbide performed moderately, Inconel suppressed combustion intensity
because of excessive heat absorption, aluminum alloy showed the highest flame temperature
and fastest propagation, and carbon-carbon composite showed stable combustion with less

heat loss.

The findings demonstrate that the FR/ED model outperforms the Finite Rate model in
applications where accurate prediction of flame propagation in constant-volume premixed
combustors necessitates coupled treatment of chemical kinetics, turbulent mixing, and wall

heat transfer.
References

1. Oefelein, J. C., et al. “High-fidelity simulations for clean and efficient combustion of
alternative fuels.” Journal of Physics: Conference Series 180 (2009): 012033.
https://doi.org/10.1088/1742-6596/180/1/012033

2. Lomada, S., M. Pfitzner, and M. Klein. “Flame surface density and artificially thickened
flame combustion models applied to a turbulent partially premixed flame.” Flow,
Turbulence and Combustion 112 (2024): 729-750. https://doi.org/10.1007/s10494-023-
00477-4

3. Alam, N., K. M. Pandey, and K. K. Sharma. "Numerical investigation of combustion
wave propagation in obstructed channel of pulse detonation engine using kerosene and
butane fuels." J Appl Fluid Mech 12, no. 3 (2019): 883-890.

4. Miao, Xuelong, Guiyang Zhang, Yusheng Ju, Xianyong Wang, Jian-hai Hong, Jin-bao
Zheng, Xingi Qiao, and Zhen Huang. "Study on premixed combustion in a diesel engine

with ultra-multihole nozzle." Journal of Combustion 2011 (2011).

Received: Aug 04, 2025 2878


https://doi.org/10.1088/1742-6596/180/1/012033
https://doi.org/10.1007/s10494-023-00477-4
https://doi.org/10.1007/s10494-023-00477-4

International Journal of Applied Mathematics

Volume 38 No. 11s, 2025
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)

5.

10.

11.

12.

13.

14.

15.

16.
17.

Rashwan, Sherif S., Medhat A. Nemitallah, and Mohamed A. Habib. "Review on
premixed combustion technology: stability, emission control, applications, and numerical
case study." Energy & Fuels 30, no. 12 (2016): 9981-10014.

Franzelli, B., E. Riber, M. Sanjos¢, and Thierry Poinsot. "A two-step chemical scheme
for kerosene—air premixed flames." Combustion and Flame 157, no. 7 (2010): 1364-
1373.

De, Ashoke, Ernst Oldenhof, Pratap Sathiah, and Dirk Roekaerts. "Numerical simulation
of delft-jet-in-hot-coflow (djhc) flames using the eddy dissipation concept model for
turbulence—chemistry interaction." Flow, Turbulence and Combustion 87, no. 4 (2011):
537-567.

Westbrook, Charles K., and Frederick L. Dryer. "Simplified reaction mechanisms for the
oxidation of hydrocarbon fuels in Copyright © 2020 by NAPC

Saqgr, K. M., and M. A. Wahid. "Comparison of four eddy viscosity turbulence models in
the eddy dissipation modeling of turbulent diffusion flames." International Journal of
Applied Mathematics and Mechanics 7, no. 19 (2011): 1-18.

Pupo, Rebeca. "Adiabatic Flame Temperature for Combustion of Methane."
Undergraduate Journal of Mathematical Modeling: One+ Two 3, no. 2 (2011): 6.

Strozzi, Camille, J. M. Pascaud, and P. Gillard. "Combustion of Kerosene-Air Mixtures
in a Closed Vessel." In Proceedings of the COMSOL Conference, Paris. 2010.

Pascaud, J. M., Philippe Gillard, and Nicolas Gascoin. "Simulation of the combustion of
kerosene vapors by a multiphysics model." (2009).

Zeng, Wen, Shuang Liang, Hai-xia Li, and Hong-an Ma. "Chemical kinetic simulation
of kerosene combustion in an individual flame tube." Journal of advanced research 5, no.
3 (2014): 357-366.

Akshata Mali, G., et al. (2020). Numerical investigation on unsteady combustion of
premixed kerosene—air mixture under constant volume conditions. Proceedings of the
National Aerospace Propulsion Conference (NAPC 2020), Paper No. NAPC-2020-116.
Karadimas, G., & Salonitis, K. (2023). Ceramic Matrix Composites for Aero Engine
Applications—A Review. Applied Sciences, 13(5), 3017.
https://doi.org/10.3390/app 13053017

Carbon—carbon composite thermal conductivity data, NASA Langley Report (1997).
ANSYS Inc., ANSYS Fluent Theory Guide, Release XX.X, ANSYS Inc.

Received: Aug 04, 2025 2879



International Journal of Applied Mathematics

Volume 38 No. 11s, 2025
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)

18.

19.
20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

Versteeg, H. K., and Malalasekera, W., An Introduction to Computational Fluid
Dynamics, Pearson.

Turns, S. R., An Introduction to Combustion, McGraw-Hill.

Magnussen, B. F., and Hjertager, B. H., “On mathematical modelling of turbulent
combustion...”, Proc. Combust. Inst., 1977.

Franzelli, B. et al., Combustion and Flame, 2010.

ANSYS Inc. ANSYS Fluent Theory Guide. Canonsburg, PA, USA: ANSYS Inc., 2016.
Casey, M., and T. Wintergerste. “ERCOFTAC special interest group on quality and trust
in industrial CFD: Best practices guidelines.” European Research Community on Flow,
Turbulence and Combustion, 2000.

Mahafty, J., B. Chung, C. Song, F. Dubois, E. Graffard, F. Ducros, et al. “Best practice
guidelines for the use of CFD in nuclear reactor safety applications.” Organisation for
Economic Co-operation and Development, 2007.

Launder, B. E., and D. B. Spalding. Lectures in mathematical models of turbulence.
London: Academic Press, 1972.

Sarkar, S., and B. Lakshmanan. “Application of a Reynolds stress turbulence model to
the compressible shear layer.” 4144 Journal 29, no. 5 (1991): 743—-749.

Spalding, D. B. “Mixing and chemical reaction in steady confined turbulent flames.” In
Proceedings of the Symposium (International) on Combustion, Elsevier, 1971, pp. 649—
657.

Dinkelacker, F., and S. Hoélzler. “Investigation of a turbulent flame speed closure
approach for premixed flame calculations.” Combustion Science and Technology 158, no.
1 (2000): 321-340.

Biagioli, F., and V. L. Zimont. “Gasdynamics modeling of countergradient transport in
open and impinging turbulent premixed flames.” Proceedings of the Combustion Institute
29, no. 2 (2002): 2087-2095.

De, A., P. J. Smith, and S. K. Fletcher. “Large eddy simulation of turbulent combustion in
a model gas turbine combustor.” Combustion and Flame 158, no. 4 (2011): 642—659.

Received: Aug 04, 2025 2880



