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Abstract

This paper presents a comprehensive one-dimensional simulation study of a diesel engine using Diesel-
RK software to evaluate engine performance and combustion characteristics. The simulation model
integrates detailed representations of fuel injection, combustion kinetics, and heat transfer processes,
enabling the prediction of key parameters such as engine performance, combustion characteristics and
emissions. Results from the simulation were rigorously validated against experimental data across a
range of operating conditions, demonstrating excellent predictive capabilities. The findings reveal that
the Diesel-RK model accurately captures the complex interplay between design parameters and
combustion dynamics, offering a reliable tool for optimizing engine performance and improving
emissions control. This study underscores the robustness of one-dimensional simulation techniques in
diesel engine analysis and provides valuable insights for future engine development and advanced
combustion strategies.
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1. Introduction

Diesel engine performance and emissions are critical research areas for improved efficiency and
environmental sustainability. This study presents a comprehensive one-dimensional simulation of a
diesel engine using the Diesel-RK software, a robust tool renowned for its detailed modelling of
combustion phenomena. The simulation framework integrates the complex dynamics of fuel injection,
heat transfer, and chemical kinetics, thoroughly examining the combustion process under various
operating conditions. Previous studies have shown that one-dimensional simulations can accurately
represent the main characteristics of diesel engines in analyzing performance and emissions. This is
particularly evident with software such as Diesel-RK, which has been widely applied in combustion
process optimization studies [1-4].

The simulation model was developed by incorporating detailed sub-models that capture the essential
processes within a diesel engine. In particular, the Diesel-RK software was utilized to simulate the
intricate interplay between in-cylinder pressure variations and the progression of the combustion
process [5-8]. By carefully calibrating the model parameters with experimental data, the study ensured
that the simulated results mirrored real-world engine behaviour, affirming the simulation framework's
reliability. Model calibration based on experimental data is essential for improving simulation accuracy,
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particularly in predicting cylinder pressure variations and combustion dynamics. This enables a more
in-depth and realistic engine performance analysis [9-13].

The results obtained from the simulation indicate that the Diesel-RK model delivers excellent predictive
capabilities, accurately forecasting key performance indicators such as peak in-cylinder pressure, heat
release rates, and exhaust emissions. A rigorous validation compared the simulation outcomes against
experimental data, confirming the model’s precision across load and speed conditions [14-17]. The
study highlights how subtle changes in operating parameters significantly influence combustion
characteristics, providing valuable insights into engine optimization and emissions reduction strategies.
Simulation using Diesel-RK can predict key performance indicators and the influence of operating
parameters on combustion and emission characteristics with high accuracy under various engine
operating conditions. These findings are consistent with previous studies [18-21].

In conclusion, this research underscores the effectiveness of one-dimensional simulation techniques in
analyzing and predicting diesel engine performance. The successful application of Diesel-RK validates
its capability as a reliable simulation tool and opens new avenues for the detailed study of engine
dynamics. Future work may extend this approach by incorporating multi-dimensional effects and
exploring advanced combustion strategies, further enhancing our understanding and optimising diesel
engine performance. Several studies recommend further development by integrating multi-dimensional
simulations and advanced combustion strategies, such as low-temperature and alternative fuels. These
recommendations aim to reduce emissions further and improve diesel engine efficiency [22-25].

This study aims to conduct a one-dimensional simulation on a 4M50 industrial diesel engine using
Diesel-RK software to evaluate engine performance and combustion characteristics. Specifically, this
study focuses on the analysis of the relationship between engine rotation speed and essential parameters,
such as maximum cylinder pressure, ignition delay, specific fuel consumption (BSFC), torque, and
brake power, through a model calibration process with experimental data to ensure the accuracy of
simulation predictions under various operating conditions. This study's novelty lies in applying one-
dimensional simulation using Diesel-RK in detail on a 4M50 industrial diesel engine, which has not
been widely studied in previous literature. This study provides new contributions in the form of a
comprehensive analysis of the sensitivity of operational parameters to combustion dynamics and engine
performance at high speeds, as well as model validation that shows a high level of accuracy against
accurate experimental data, thus strengthening the use of Diesel-RK as a design optimization tool and
emission control for industrial diesel engines.

2.  Methodology

The simulation study used the Diesel-RK one-dimensional engine simulation software, specifically
configured to model an industrial diesel engine model 4M50. This engine was selected due to its
relevance in industrial applications and the availability of detailed specifications and an engine layout
image (provided below). The first step involved gathering all pertinent engine parameters, including
geometrical dimensions, thermodynamic properties, and operational characteristics. As detailed in
Table 1 and illustrated in Figure 1, these specifications were used to define the engine’s configuration
within the simulation environment accurately.

Once the engine geometry and operating conditions were established, the Diesel-RK software was
employed to develop a comprehensive model of the 4M50 engine. The model incorporated critical
processes such as fuel injection, atomization, vaporization, combustion, and heat transfer. By
discretizing the engine cycle into fine time steps, the simulation captured transient phenomena,
including the evolution of in-cylinder pressure and temperature profiles throughout the combustion
process. Detailed sub-models representing the chemical kinetics and thermodynamic behaviour were
integrated to ensure that the physical and chemical interactions were well represented.

Calibration of the simulation model was a pivotal aspect of the methodology. Initial simulation outputs
were compared with available experimental data and manufacturer’s performance curves. This iterative
calibration process involved adjusting key parameters such as fuel injection timing, spray
characteristics, and heat loss coefficients to align the simulation results with empirical observations.
The calibration not only validated the accuracy of the Diesel-RK model but also provided insights into
the sensitivity of engine performance to various operating conditions, ensuring that the simulation could
reliably predict the behaviour of the 4M50 engine across a range of scenarios.
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Finally, a series of simulation runs were performed under varying speeds to assess the engine’s
performance and combustion characteristics comprehensively. The analysis focused on critical
performance metrics, including peak in-cylinder pressure, combustion duration, and exhaust emissions.
A sensitivity analysis was also conducted to examine the effects of variations in fuel injection
parameters and ambient conditions. The results from these simulations demonstrated excellent
predictive capabilities, thereby affirming the robustness of the Diesel-RK model as a tool for both
engine performance evaluation and the development of optimized combustion strategies for the 4M50
diesel engine.

Figure 1: Industrial inline-four diesel engine (Model 4M50)

Table 1 presents the technical specifications of the 4M50 inline four-cylinder diesel engine, which has
an engine capacity of 4.9 liters. This engine has a cylinder diameter (bore) of 114 mm and a piston
stroke (stroke) of 120 mm, which indicates a large stroke to cylinder diameter ratio to improve thermal
efficiency. The compression ratio of this engine is 17.5, which is a common characteristic of diesel
engines to ensure optimal fuel combustion. In addition, this engine has the same intake and exhaust
valve diameter, which is 38 mm, which contributes to the efficiency of air flow in the combustion
chamber. With a fuel injection pressure of up to 500 bar, this engine is designed to produce better
combustion and improve fuel efficiency as well as reduce exhaust emissions.

Table 1: Specifications of an inline-four diesel engine

Specification Description

Engine 4M50 in-line four diesel engine
Engine capacity [L] 4.9

Bore [mm] 114

Stroke [mm] 120

Compression ratio 17.5

Intake valve diameter [mm] 38

Exhaust valve diameter [mm] 38

Injection pressure [bar] 500

3.  Results and Discussions

Figure 2 shows the relationship between engine speed and Brake Mean Effective Pressure (BMEP).
BMEP increases as the engine speed increases from 1000 rpm to a peak of around 6.85 bar at 2000 rpm.
This increase indicates optimal combustion efficiency in the range of rotation, where the air and fuel
supply are in ideal conditions to produce maximum adequate pressure in the cylinder. After passing
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2000 rpm, BMEP decreases even though the engine speed increases. This decrease is caused by a shorter
time for the combustion process due to the high engine speed, so the combustion gas expansion process
is less than optimal, which causes a decrease in the average adequate pressure in the cylinder. This
phenomenon is common in diesel engines, where volumetric efficiency and optimal injection timing
are reduced at high speeds.

Figure 3 shows a graph of the relationship between engine speed and Brake Power (BP). Unlike BMEP,
Brake Power consistently increases as engine speed increases from 1000 rpm to 2400 rpm. This increase
indicates that the higher the engine speed, the greater the mechanical energy the engine produces to do
real work, which is transferred through the output shaft. This increase in Brake Power is due to the rise
in engine work cycles per unit time at higher speeds, so the energy produced in a particular time
increases even though the effective pressure efficiency begins to decrease at high speeds. This confirms
that the power output of a diesel engine can still increase to a certain extent even though BMEP
decreases, as long as the fuel supply is adequate and the injection system can meet the combustion needs
at high speeds. However, it is essential to note that Brake Power can begin to decrease at speeds higher
than 2400 rpm due to limitations in airflow and volumetric efficiency.
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Figure 2: Brake means compelling pressure Figure 3: Brake Power

Figure 4 shows the relationship between torque and engine speed. Torque increases with increasing
engine speed from 1000 rpm to a peak of around 266 Nm at 2000 rpm. This increase in torque occurs
because, in this rotation range, the air and fuel filling process is in optimal condition, resulting in more
efficient combustion and maximum thrust on the piston. After 2000 rpm, torque decreases even though
the engine speed increases. This decrease is caused by reduced volumetric efficiency at high speeds,
where the cylinder filling time becomes shorter so that the amount of air and fuel entering is reduced,
causing a decrease in the thrust generated in the combustion chamber. This phenomenon illustrates the
general characteristics of diesel engines, where maximum torque is usually achieved at medium speeds
and will decrease at high speeds due to limitations in the filling and combustion processes.

Figure 5 shows a graph of the relationship between Brake Specific Fuel Consumption (BSFC) and
engine speed. BSFC describes the engine's specific fuel consumption in kg/kWh units, where the lower
the BSFC value, the more efficient the engine is in producing power. This graph shows that BSFC
decreases from around 0.233 kg/kWh at 1200 rpm to the lowest value of around 0.227 kg/kWh at 1800
rpm. This lowest value indicates the most efficient engine operating point because there is an optimal
balance between fuel supply, combustion pressure, and gas expansion process at that speed. After
passing 1800 rpm, BSFC increases again to around 0.231 kg/kWh at 2400 rpm. The increase in BSFC
at high speeds is caused by the growing need for fuel to maintain combustion stability, but with
decreasing thermal efficiency due to the less-than-optimal air-filling process and shorter combustion
time. This confirms that diesel engines have an efficient operating range at medium speeds, an essential
reference in optimizing performance and fuel consumption.
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Figure 6 shows the relationship between engine speed and ignition delay period in crankshaft degrees
(°CA). The higher the engine speed, the ignition delay period tends to increase, starting from around
5°CA at 1000 rpm to more than 10°CA at 2400 rpm. This increase in ignition delay occurs because, at
higher engine speeds, the absolute time (in seconds) for the air and fuel mixture process becomes shorter
due to the high frequency of the engine cycle. In addition, the time available for the increase in
temperature and pressure in the cylinder before ignition is also reduced, causing the mixture to require
more crankshaft degrees to reach autoignition conditions. This condition can affect engine performance
because an ignition delay that is too long can cause a sudden increase in peak pressure (premixed
combustion), which has the potential to produce engine vibration and increase NOx emissions.

Figure 7 shows the relationship between engine speed and maximum cylinder pressure. The graph
shows an increasing trend of maximum pressure as engine speed increases, starting from around 98 bar
at 1000 rpm to more than 106 bar at 2400 rpm. This increase indicates that the amount of fuel injected
per cycle increases at high speeds. The combustion process occurs more intensively, producing greater
heat energy and growing pressure in the chamber. However, there is a slight plateau or stabilization of
pressure between 1800 rpm and 2000 rpm, which is likely due to the interaction between the increasing
ignition delay and the increasingly limited combustion time at these speeds. This increase in maximum
pressure is essential to produce greater engine power. Still, it also needs to be controlled not to exceed
the design limits of engine components to prevent mechanical damage and maintain engine life.
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Figure 6: Ignition delay period Figure 7: Maximum cylinder pressure

4. Conclusion

This study successfully demonstrated the application of Diesel-RK for one-dimensional
simulation of the industrial diesel engine model 4M50. By incorporating detailed engine
specifications and calibrating the simulation model with experimental data, the research
confirmed that the Diesel-RK framework accurately predicts key engine performance metrics
such as in-cylinder pressure, heat release rates, and exhaust emissions. The high level of
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agreement between simulated outcomes and real-world data underscores the robustness of the
modelling approach and its potential utility in engine design and optimization.
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