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This study numerically investigates the effect of varying the surface
area to volume ratio of the piston crown on the performance and
emissions of a Homogeneous Charge Compression Ignition (HCCI)
engine using a methane-diesel fuel blend. Four different piston crown
geometries (Models 1-4) with a compression ratio of 18:1 were
analyzed and validated against experimental data from a TD43
laboratory engine. The results show that reducing the surface area to
volume ratio significantly increases in-cylinder temperature, with
Model 1 (highest ratio) reaching approximately 1800 K and Model 4
(lowest ratio) reaching up to 2200 K, an increase of 400 K. This
temperature rise enhances heat release rates, which can improve
thermal efficiency but may also lead to knocking if not properly
managed. NOx emissions increase with decreasing surface area to
volume ratio, with Model 1 producing nearly zero NOx emissions,
indicating a major advantage. Soot production remains largely
unaffected except in Model 4, where it increases by up to 50% due to
incomplete combustion. CO emissions decrease with lower ratios,
while CO, emissions initially increase at higher ratios before dropping
beyond a certain threshold. Significant oxygen consumption was
observed, suggesting that exhaust gas recirculation (EGR) could help
dilute the homogeneous mixture and control combustion phasing.
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EXTENDED ABSTRACT

Introduction

A heat engine is a machine designed to convert energy into useful mechanical motion. This
research will examine internal combustion engines that produce motive power. In an internal
combustion engine, fuel (usually a fossil fuel) is premixed or injected into a combustion chamber
with an oxidizer (usually air) by an electric spark or increased pressure, and in the process
produces mechanical power. Homogeneous compression ignition (HCCI1) is a promising
alternative to combustion in gasoline and diesel engines that has received serious attention from
automakers [1]. The fact that fossil fuels provide a large part of the energy demand. The use of
hydrogen, which is a clean energy source,. This study concluded that the energy ratio of hydrogen
should be between 5 and 20% and the combustion chamber should be designed taking into
account the combustion characteristics. The main objective of this study is to highlight the
performance of using hydrogen in dual fuel mode in compression ignition engines and to be a
resource for researchers who will work on this topic [13,14,..17]. The availability (exergy) of a
system in the thermodynamic state, can produce maximum useful mechanical work as a thermo-
mechanical system and establish chemical equilibrium with its environment through reversible
processes [18,19].

Methodology

The simulation of the sample engine is examined by AVL Fire software. Of course, considering
that the dimensions and geometry of the combustion chamber are of great importance in the
simulation, the shape of the piston crown of the sample engine is simulated and studies are
carried out. therefore, the modeling of IV, I1], I, I engines is carried out according to these studies.
To prove the correct operation of simulated engines, the behavior of the pressure-degree-of-crank
curve of the simulated model must match the behavior of the experimental pressure-degree-of-
crank curve of the prototype engine. If such a match exists, it can be said that the simulated engine
behaves like the prototype engine and all the results obtained from it also occur in the prototype
engine.
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Figure (7) shows that with a decrease in the surface area to volume ratio of the piston crown,
the temperature inside the cylinder increases significantly. Research shows that in model 1, which
has the highest surface area to volume ratio, the cylinder temperature is about 2200 K, while in
model 4, the temperature inside the cylinder is about 1800 K. Therefore, for a 7-unit increase in
surface area to volume ratio, the temperature inside the cylinder increases by 400 K, which is a
significant amount. Such a temperature difference can cause a sharp increase in the production
of hazardous pollutants. Point 1 of Figure (8) shows that in Model No. 4, heat release starts earlier
than in other models. This phenomenon can cause heating of the homogeneous mixture before
the main combustion and thus produce a desirable combustion. According to this figure, the
highest amount of heat release occurs in Model 4, so by reducing the surface area to volume ratio,
the heat release rate increases. The increase in the heat release rate resulting from the reduction
in the surface area to volume ratio can have a positive effect on the thermal efficiency of the
engine.

Figure (9) shows the changes in NOX emission in each of the simulated engines. According to
part a of this figure, it can be said that reducing the surface area to volume ratio of the piston
crown has a direct effect on increasing NOX emission in the engine with methane as the primary
fuel. Also, according to this figure, NOX emission in model 1 is almost zero, which is a major
advantage for this engine. The small difference in NOX emission in model 2 and model 3 is due to
their small difference in surface area volume ratio.

Conclusions

Changes in the surface-to-volume ratio of the piston crown in the range of 55 to 60 have no
noticeable effect on the pressure inside the cylinder, but when this range is crossed, the pressure
inside the cylinder drops sharply. By reducing the surface-to-volume ratio of the piston crown,
the temperature inside the engine cylinder increases significantly. Such a temperature difference
can cause a sharp increase in the production of hazardous pollutants. On the other hand, by using
this increase in temperature, by preheating the homogeneous inlet mixture or by equipping the
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engine with an EGR system, the engine output power can be increased. The increase in the heat
release rate, which is caused by the decrease in the surface-to-volume ratio, can have a positive
effect on the thermal efficiency of the engine. Reducing the surface-to-volume ratio of the piston
crown has a direct effect on increasing the production of NOX pollutants. Reducing the surface-
to-volume ratio does not have a significant effect on the amount of soot emitted from the cylinder,
but excessively reducing the surface-to-volume ratio of the piston crown causes a sharp increase
in the amount of soot produced. This phenomenon can be due to incomplete combustion inside
the cylinder. This function is independent of the type of fuel. Therefore, the effect of changes in
the surface-to-volume ratio of the piston crown on soot production in these types of engines is
insignificant, and its amount is also very small. The low amount of soot emitted from the engine
indicates complete combustion inside the cylinder. Reducing the surface-to-volume ratio reduces
the production of CO pollutants in the engine with fuel. At high surface-to-volume ratios in the
engine, the amount of CO2 produced is significantly high, but at the same time, after reducing the
surface-to-volume ratio from a certain value, its production rate decreases sharply. The amount
of 02 remaining from the combustion process is significant. Therefore, using the EGR system can
also dilute the homogeneous inlet mixture.
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