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There are several methods for simulating internal combus-
tion engines. The computational fluid dynamics method is
the best way to simulate these engines because it can sim-
ulate the combustion process, which is a microscopic pro-
cess. In this study, the simulation of the combustion process
in a closed cycle in a diesel engine with a mixture of diesel
and hydrogen is done by AVL Fire software. In order to simu-
late the combustion in the Species and chemical transmission
section, a chemkin mechanism is coupled with AVL Fire soft-
ware. In this study, the effect of 10 % hydrogen fuel and 90 %
diesel fuel as well as the effect of nozzle holes (1, 3 and 6
holes) on the engine performance were directly investigated.
In order to validate the results of the pressure simulation and
the temperature inside the cylinder in the diesel fuel com-
bustion mode, at 2800 rpm and 100 % load, the data were
compared with the experimental data. The research also in-
cluded verification of the heat transfer coefficient (HTC) re-
sults with theoretical data obtained by Woschni and Ho-
henberg. To accurately simulate the combustion process, the
simulation data was validated by comparing the pressure and
temperature inside the cylinder at a specific operating con-
dition with experimental data. The results indicate that the
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maximum heat transfer coefficient is achieved at the angle of
maximum pressure, with the exhaust valve having the high-
est coefficient. The addition of hydrogen to diesel fuel results
in a 1.72 % increase in the heat transfer coefficient due to in-
creased collisions. In addition, the introduction of hydrogen
fuel increases cylinder pressure and engine power, while in-
creasing the number of fuel nozzle holes decreases the coef-
ficient and pressure, which affects fuel penetration and evap-
oration rate.
© 2024 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Using computational fluid dynamics to study renewable energy and fuel injection
methods in the combustion chamber.
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For collecting data, The process of mesh generation for fluid dynamics calculations
involves structuring the geometry, which involves dividing the combustion chamber
into different parts, such as the bed, valve seat surface, and exhaust and intake valves.
The mesh for each component is generated using commercial software, such as AVL
FIRE software and Chamber modeler, and then these meshes are joined together in the
model assembler section to complete the process.

The total number of mesh cells for the geometry was approximately 1220,000. The
number of cells in the BDC (bottom dead center) was 750,000, while the number in
the TDC was approximately 500,000. The total number of intake and exhaust outlet
cells was 120,000, and the intake and exhaust valves and their mobility are included
in the exhaust outlet passage, which had 350,000 cells.

For collecting experimental data, a magnetic dynamometer is used to control the
speed and load applied to the engine. The dynamometer applies an adjustable braking
force against the rotation of the engine output shaft. A 500 kg load cell sensor is used
to measure the torque, which is the rotational force generated by the engine. Also, an
AVL Indi modul 621 piezoelectric pressure sensor was used to measure the pressure
inside the chamber.

All data were collected during 2023 by AVL Fire software and experimental data were
collected at Ferdowsi University of Mashhad and de la Costa University.

First location was Department of Biosystem Engineering, Ferdowsi University of
Mashhad. Mashhad, Iran.

Second location was Energy Department, Universidad de la Costa, Barranquilla,
Colombia.

Repository name: Mendeley Data

Data identification number: 10.17632/6m4v5zc7v3.1

Direct URL to data: https://data.mendeley.com/datasets/6m4v5zc7v3/1

Javad Zareei and Jose R.Nuiiez Alvarez, Analysis of the effect of the number of injector
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1. Value of the Data

The data obtained from this study on the simulation of the combustion process in a diesel
engine with a diesel-hydrogen mixture using AVL Fire software is valuable for several reasons:

+ This dataset set is valuable due to simulation provides a detailed understanding of the com-
bustion process in a closed cycle of a diesel engine, especially focusing on the microscopic


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.17632/6m4v5zc7v3.1
https://data.mendeley.com/datasets/6m4v5zc7v3/1

J. Zareei and J.R. Nufiez Alvarez/Data in Brief 55 (2024) 110597 3

aspects. This insight is critical to improving the efficiency and performance of internal com-
bustion engines.

- This dataset can be used as a research reference because this information is valuable in as-
sessing the feasibility and potential benefits of alternative fuel blends in internal combustion
engines, contributing to ongoing efforts to reduce dependence on conventional fuels.

« This study response influence of nozzle orifice on performance, the effect of nozzle holes (1,
3, and 6 holes) on engine performance provides valuable data for optimizing fuel injection
strategies. Understanding how different nozzle configurations affect combustion can lead to
more efficient and cleaner engine designs.

» Dataset can be used for the development and validation of Experimental and Simulation

Data, Comparing simulation results to experimental data, particularly with respect to cylin-

der pressure and temperature, increases the reliability of the simulation. This validation is

critical to ensure that simulated conditions accurately represent real-world engine behaviour.

Dataset helps validate the simulation model and increases confidence in the accuracy of the

results obtained. Researchers can use this data to validate and benchmark combustion mod-

els, evaluate alternative fuel blends, optimize nozzle designs, and improve simulations. The
specificity of the data set allows direct application to studies focused on heat transfer, engine
performance, and optimization under similar operating conditions.

2. Background

Approximately one-third of the total energy input into the engine is lost to the environment
through heat transfer. Temperatures in the combustion chamber of an engine can rise to around
2700 K, and the materials used [1,2] to build the engine cannot withstand such high temper-
atures for long periods of time. Proper heat transfer is essential to maintain the function and
durability of the engine and to prevent degradation due to excessive heat.

Engine heat dissipation is critical to maintaining efficiency and longevity [3-5]. With a com-
plex heat transfer system, a detailed study is required to better understand it [6,7]. The subsys-
tems include the intake system, with variables such as the intake port, intake valve, and intake
manifold, which are critical even in the intake phase. During compression, heat is transferred
from the cylinder walls to the combustion gas [8-10]. At the point of combustion, the gas tem-
perature rises significantly and expands, increasing its velocity and decreasing its temperature.
This is when the rate of heat transfer is at its highest [3,11].

A study of the effects of injector hole number and injection pressure on diesel engines found
that the number of injector holes affects fuel atomization, engine efficiency and emissions. In-
creasing the number of holes improves fuel properties and engine performance [12]. Another
study [13], combining experimental and simulation approaches, showed that the number of in-
jector holes affects combustion rate, NOx emissions, and soot emissions. Higher hole counts can
result in increased soot formation. Overall, studies have shown that the number of injector holes
affects fuel distribution, combustion efficiency, and performance, and studying it helps optimize
engine performance and reduce emissions [14].

The novelty of this study lies in the use of dynamic grids in the chamber modeling section of
the AVL-Fire software to simulate the intake and combustion processes, comparing pressure data
with experimental results for different injector configurations. In addition, the effect of blending
hydrogen with diesel fuel on the heat transfer coefficient is investigated, addressing the need
for lower emissions and alternative fuel sources in diesel engines.

3. Data Description

This research investigates the effect of varying the number of injector holes on the heat
transfer coefficient and pressure within the combustion chamber of a hydrogen-diesel engine.
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Fig. 1. Combustion chamber geometry.

Fig. 2. Creating the mesh for the overlap state of the valves for the chamber geometry.

Using AVL FIRE software with a coupled Chemkin mechanism, simulations explore the effects
of different fuel compositions (10 % hydrogen and 90 % diesel) and nozzle configurations (1,
3, and 6 holes) on engine performance. AVL FIRE software is a powerful computational fluid
dynamics (CFD) tool specifically designed to simulate combustion processes in internal com-
bustion engines. It allows detailed analysis of combustion phenomena, emissions and perfor-
mance. Chemkin Mechanism is a software package that provides comprehensive chemical ki-
netic models for combustion simulation. It helps to accurately predict combustion behavior by
taking into account detailed chemical reactions and species interactions within the combustion
process. The integration of Chemkin mechanisms in AVL FIRE increases the accuracy and reli-
ability of combustion simulations for engine design and optimization. The study focuses on a
4-cylinder single-hole injector diesel engine to analyze how the number of injector nozzles af-
fects the cylinder pressure and convective heat transfer coefficient distribution. Dynamic mesh
generation for intake and exhaust ports, along with the combustion chamber using AVL-Fire’s
chamber modeller section, facilitates the simulation of intake and combustion processes. Pres-
sure data comparisons are made at 2800 rpm with different hole injectors, and the convec-
tive heat transfer coefficient distribution over the chamber walls is evaluated using a time step
method, comparing the results with experimental data from Woschni and Hohenberg.

3.1. Data set mesh generation

Meshing is an essential part of the computational fluid dynamics (CFD) process for simulat-
ing heat transfer in combustion chambers. The geometry is first structured into different com-
ponents, such as the bed, the valve seat surface, and the exhaust and intake valves. Meshes are
generated using commercial software, such as AVL FIRE and Chamber modeler, and then com-
bined in the model assembler. Figs. 1 and 2 show the geometry of the combustion chamber
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Fig. 3. Flowchart for the injection program.

and the mesh generation for the overlapped state of the valves. The total number of cells is
approximately 1220,000.

Fig. 3 shows Flowchart related to the fuel injection program in combustion chamber in a
diesel engine. It was incorporated with the main AVL Fire code to complete the multidimen-
sional model. Chemkin mechanism simulates the fuel injection process as a boundary condition.
Chemkin sets the inlet velocity to value from experimental tests at the beginning of fuel injec-
tion through the velocity open boundary.

4. Experimental Design, Materials and Methods

General research on combustion chambers indicates that variations in temperature and ve-
locity lead to uneven heat flux distribution on the chamber walls. Stable heat transfer within
the cylinder combustion chamber is governed by specific equations. While radiation plays a mi-
nor role in gasoline engines, it is significant in diesel engines. Total heat transfer is sufficient for
many applications, but understanding the instantaneous heat flux is critical for accurate simu-
lations. This highlights the importance of considering factors such as turbulence intensity at air
and fuel inlets, as they significantly affect temperature fields, radiative heat sources, and heat
transfer rates at chamber walls. Incorporating these findings into combustor design and sim-
ulation can improve efficiency and performance while reducing emissions [15]. The total heat
transfer is usually sufficient for certain applications, but the instantaneous heat flux is essential
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Fig. 4. Analysis of the agreement between the temperature and pressure results obtained from experimental data and
those obtained from numerical simulations.

for effective simulation.
QZQCv'f‘Qr:hc.g(Tg—Tw,g)+08(T7g4—ﬁ_g) (1)

This equation correlates the heat flux (q = %) with the measured temperature (Ty.g)

For the initial state, the temperature and pressure in the combustion chamber are assumed
to be the same as the ambient temperature and pressure (T =300 k, P = 0.957 bar). The pis-
ton is initially at the top dead center (TDC) point, and the flow turbulence pattern selected
for the simulation is the k-epsilon model, which takes into account the rotational flow and
the rapid movement of the piston. The initial kinetic energy in the chamber is set to 5 ’?—22
[16].

The first step in the mesh generation process for fluid dynamics simulations is to structure
the geometry of the combustion chamber by dividing it into different components such as the
bed, valve seat surface, exhaust valves, and intake valves. Meshes are then created for each com-
ponent using specialized software such as AVL FIRE software and Chamber Modeler. These com-
ponent meshes are then incorporated into the model assembler section to complete the mesh
generation process. This approach ensures that the geometry is accurately represented in the
simulation, allowing for detailed analysis of fluid-structure interactions. The use of dedicated
software tools helps to efficiently generate meshes tailored to each component of the combus-
tor, increasing the overall accuracy and effectiveness of the simulation.

The experimental validation process involves comparing pressure and temperature data in-
side the chamber with actual engine performance at 2800 rpm. The results show excellent pre-
ignition agreement, with less than 1 % deviation from experimental values. Fig. 4 illustrates this
comparison, showing pressure and temperature trends within the chamber. This meticulous val-
idation process ensures the accuracy and reliability of the software-generated data by closely
matching it to real engine operation. The validation process is critical to confirming the accu-
racy of simulation results against real-world engine performance metrics, thereby increasing the
credibility of the software’s predictive capabilities.

A temperature range of 670 to 850 °Celsius (50 °CA bTDC to 130 °CA aTDC) was selected for
validation. Initially, at the start of fuel injection at 51 °CA bTDC to produce a premixed mix-
ture, combustion is minimal, resulting in insignificant changes in the average heat transfer co-
efficient due to small temperature variations. Then, with the primary fuel injection at 18 °CA
bTDC, combustion is initiated at the outer edge of the sprayed jet. This sequential process high-
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Engine specification.
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Engine

Perkins 1103A-33TG1

Number of cylinders
Bore and Stroke (mm)
Compression Ratio
Displacement (L)
Maximum Power
Aspiration
Combustion system

4
102 x 120
17:1

3.922

47 kW
turbocharged

Cycle 4 Stroke
Length (cm) 124.25
Number of nozzle holes 1

Engine speed maximum 4000 RPM
Start of pre- injection 47 °CA BTDC
Start of main injection 18 °CA BTDC

direct injection

Table 2

The effect of nozzle hole number and diesel fuel on Heat transfer coefficient.

Crank angle

1-hole injector

3-hole injector

3-hole injector

330 1010 1012 1025
430 996 997 999

530 994.5 995 998

630 1154 1162 1167
695 8856 8761 8762
720 10,189 9845 9710
723 10,170 9890 9740
725 10,120 9832 9790
750 8140 8348 8040
790 1254 1254 1252
830 11 1132 1134

Table 3

The effect of nozzle hole number and diesel fuel on in- cylinder pressure.

Crank angle 1-hole injector(diesel fuel) 3-hole injector(diesel fuel) 6-hole injector(diesel fuel)
650 40.37 40.34 40.33
675 53.4 53.4 534
700 69.3 69.3 69.3
724 183 176 167
750 78.32 72.76 71873
775 38.2 38 3795
800 372 371 37
Table 4

Effect of number of nozzles on fuel spray penetration depth versus crank angle.

Crank angle

3-hole injector(H2+diesel fuel)

3-hole injector(H2+diesel fuel)

6-hole injector(H2+diesel fuel)

650 40.37
675 534
700 69.3
724 194
750 78.32
775 38.2
800 372

40.34
534
69.3
183.5
72.76
38
371

40.33
534
69.3
174.2
71.873
37.95
37

lights the importance of temperature control and injection timing in achieving efficient com-
bustion and heat transfer in CI engines, which is critical for model validation and performance

optimization.

The geometric specifications and working conditions of the simulated and experimented en-
gine are according to Table 1 (Tables 2-8).
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Table 5
The effect of nozzle hole number and diesel fuel and hydrogen on in- cylinder pressure.

Crank angle  1-hole injector(H2+diesel fuel)  3-hole injector(H2+diesel fuel)  6-hole injector(H2+diesel fuel)

650 0 0 0
675 0 0 0
690 0.0045 0.0035 0.0025
700 0.0235 0.02 0.017
710 0.0267 0.026 0.0251
720 0.0266 0.0264 0.0264
725 0.0266 0.0264 0.0264
730 0.0266 0.0264 0.0264
Table 6
The effect of nozzle hole number and diesel fuel on in- cylinder temperature.
Crank angle 1 hole injector 3-hole injector 6-hole injector
545 510 523 531
585 632 645 652
625 784 796 823
665 875 905 932
705 934 956 962
725 905 932 943
745 1856 1890 1910
785 1432 1510 1519
825 1234 1323 1341
Table 7
The independence of the results from the number of grid cells.
Time 1 million cell 1.2 million cells 1.4 million cells
12 1473 1483 148.49
14 152.37 154.78 154.9
16 1574 162.3 162.9
18 162.1 165.6 166.1
20 165.1 168.289 168.45
22 168.3 1713 1714
Table 8

The effect of the number of injector nozzles on the heat transfer coefficient (Maximum heat transfer coefficient
(W/m? k).

1-hole 3-hole 6-hole 1-hole 3-hole 6-hole

Nozzle(H2+diesel =~ Nozzle(H2+diesel = Nozzle(H2+diesel = Nozzle(diesel Nozzle(diesel Nozzle(diesel

fuel) fuel) fuel) fuel) fuel) fuel)

10,189 9870 9805 10,028 9720 9710
Limitations

Research limitations are primarily related to the fuel composition prior to injection, which
requires specific technology and equipment. In addition, limitations arise from the design and
positioning angle of the injector within the combustion chamber. In certain combustion cham-
bers, injector placement and angle are critical factors that are directly influenced by chamber
geometry. Therefore, by addressing these limitations during engine design, it’s possible to mit-
igate potential problems and anticipate the development of an optimal engine with improved
efficiency.
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