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ABSTRACT

The present work describes an experimental investigation of the performance and emissions of a diesel
engine with different combustion chamber profiles. The internal flow characteristics of the working
medium depend on the shape of the combustion chamber. Parameters such as squish, tumble, and flow
patterns vary with different combustion chamber profiles, which significantly affect the combustion
process. Combustion efficiency was correlated with indicated thermal efficiency and the emission of
unburned hydrocarbons in the exhaust gas. Emission parameters, including CO, CO2, NO, and NOx,
were compared for four different piston crown profiles. The Rankine half-body profile exhibited the
best flow pattern for efficient combustion. However, this profile is not currently used in internal
combustion engines, as it is neither a hemispherical profile nor a standard design. Among the four
piston profiles tested, one was identified as providing superior performance compared to the others.
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1. Introduction

Engine performance indicates the degree of success in converting the chemical energy contained in
the fuel into useful mechanical work [1 - 3]. To achieve better performance, numerous numerical,
theoretical, and experimental investigations are still ongoing. A brief review of previous studies is
presented here before delving into the current work. The numerical simulation of different combustion
chamber profiles began in the late 20th century, but detailed experimental records for similar profiles
are limited. The effect of combustion chamber geometry on engine performance and exhaust emissions
has been extensively investigated by researchers [4 - 8]. Proper combustion chamber design can offer
significant benefits in reducing pollutant emissions without severely compromising engine
performance. Recent studies have continued to explore the optimization of combustion chamber
geometry to enhance diesel engine performance and reduce emissions. Advanced computational
methods, such as CFD have been instrumental in these investigations. Prasad et al., [9] investigated
the impact of re-entrant piston bowl geometries on pollutant emissions in a diesel engine using detailed
CFD simulations. They identified an optimal geometry that enhances in-cylinder swirl and turbulence,
with emission reductions primarily attributed to the use of a sac-less injector. Punukollu et al., [10]
employed surrogate model-driven multi-parameter optimization to assess four distinct piston bowl
designs. The research demonstrated the effectiveness of CFD in optimizing piston bowl shapes to
improve combustion efficiency and lower emissions. Another recent experimental investigation by
Temizer et al., [11] introduced a novel combustion chamber geometry and compared it with a standard
design under various operating conditions. The findings indicated that the new geometry reduced
hydrocarbon (HC), carbon monoxide (CO), and soot emissions, although nitrogen oxide (NOXx)
emissions saw a slight increase. Additionally, Guo et al., [12] focused on optimizing piston bowl
geometry for heavy-duty diesel engines using CFD-guided design optimization. The research aimed
to achieve low emissions and high efficiency, underscoring the critical role of piston bowl design in
engine performance. An extensive literature survey on engine performance and emissions reveals that
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most studies utilized CFD to simulate flow patterns, while some researchers focused on engine
parameters for performance analysis. However, the use of piston profiles as a variable has been rare.
Therefore, this study investigates performance and emissions using four different combustion chamber
profiles, all with the same volume.

2. Experimentation

A single-cylinder compression ignition engine was used to generate the test data. This directly injected
4-stroke diesel engine, equipped with fixed valve timing and speed control, was coupled to a
mechanical dynamometer for testing. The experimental program was divided into four categories,
where the engine was loaded using the dynamometer with loads incrementally increased from 0 kg to
15 kg in steps of 5 kg, and the engine speed was varied from 1100 rpm to 1500 rpm in steps of 100
rpm for each load condition. In the first category, the engine was fitted with a double-convex profile
piston and operated under normal conditions. In the second category, the hemisphere profile piston
was installed, and the engine was run with varying loads and speeds under typical conditions. In the
third category, the elliptical profile piston was used, and the engine was operated in a similar manner.
Finally, in the fourth category, the ellipsoid profile piston was fitted, and the engine was tested under
normal conditions. For all test conditions, various performance parameters and emission values were
recorded, and the engine specifications are listed in Table 1.

Table 1: Specification of the engine

Engine Parameters Value
No. of Cylinder One
Bore (mm) 85
Stroke (mm) 110
Speed (rpm) 1500
Connecting rod length (mm) 235
Compression ratio 18:1
Intake pressure (bar) 1
Intake temperature (K) 300

3. Results and Discussion

The performance and emissions of an engine depend significantly on the combustion process, which
is influenced by injection parameters, fuel type, operating conditions, and the physical geometry of the
piston crown, where the combustion chamber is formed. In this study, all conditions except the
combustion chamber profile were kept constant, making the influence of other parameters negligible.
The air/fuel ratio for different piston engines, as shown in Figure 1, indicates that the hemispherical
piston engine draws in more air or less fuel under no-load conditions. However, at load conditions, its
air/fuel ratio becomes similar to that of other engines. The specific fuel consumption (SFC) for all
piston profile engines, depicted in Figure 2, shows that the hemispherical piston engine consumes more
fuel than the others at the same power rating. The ellipsoid piston engine consumes the least fuel, while
the elliptical and double-concave piston engines fall in between. The economic speed of the elliptical
and ellipsoid piston engines is higher than that of the hemispherical and double-concave piston
engines, as illustrated in Figure 3. The starting specific fuel consumption of engines with Rankine-
type profiles, such as elliptical and ellipsoid pistons, is lower compared to other engines.
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Figure 3. Comparison of economic speed of Figure 4. Comparison of Brake Thermal Efficiency
various piston engines for different piston engines

The brake thermal efficiency of all pistons, shown in Figure 4, reveals that the ellipsoid engine has the
highest efficiency, while the hemispherical engine has the lowest. This is notable even though the
ellipsoid engine's fuel consumption is lower, and the hemispherical engine's is higher. The indicated
thermal efficiency of the ellipsoid engine is also higher than that of the other engines, as depicted in
Figure 5. The mean effective pressure and mechanical efficiency differences between the piston
engines are minimal, indicating that all engines meet external power requirements with a stipulated
minimum combustion process while overcoming mechanical friction. The variation in SFC and brake
thermal efficiency underscores the influence of piston profile on the combustion process. The ellipsoid
piston engine satisfies power requirements with minimal fuel utilization due to its superior air-fuel
mixing capability. The inherent steep walls of the ellipsoid design force the air-fuel mixture into a
downward spiral around the cylinder axis during compression. This reduces the squish area, violently
thrusting the trapped mixture from the thin to the thick end of the chamber, leading to better
combustion and improved mixing of residual charges.
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The CO: emissions, shown in Figure 6, are slightly higher for elliptical and ellipsoid piston engines
due to their better combustion efficiency, which results from their geometric shape and profile. The
NOx emissions for all piston engines, depicted in Figure 7, are lowest for the ellipsoid engine, as its
SFC is lower than that of the other engines. The remaining piston engines emit higher NOx levels
because they consume more fuel for the same indicated pressure. This increased fuel consumption
raises air intake, and the excess air and higher temperatures favor NOx production.

CO emissions, shown in Figure 8, indicate the level of unburned hydrocarbons in the exhaust gas.
Elliptical and ellipsoid piston engines release less CO compared to other piston types. In contrast,
double-concave and hemispherical piston engines exhibit incomplete combustion due to unfavorable
flow conditions within the chamber during the combustion process.

4. Conclusion

Persistent and comprehensive efforts are being made in internal combustion engines to reduce
emissions without introducing additional components while simultaneously improving performance.
The combustion chamber and operating parameters play a dominant role in the functioning of internal
combustion engines. This study focuses on the automotive sector, aiming to reduce emissions through
modifications to integral components and enhance engine performance. The research involved
modifying the combustion chamber with three different piston profiles and investigating the resulting
performance and exhaust emission changes, comparing them with the existing hemispherical piston
profile. The key findings are as follows:

UGC CARE Group-1 186



Industrial Engineering Journal
ISSN: 0970-2555
Volume : 54, Issue 1, No.2, January : 2025

e Under normal operating conditions, the ellipsoid piston engine demonstrated superior
performance, consuming 12.75% less fuel for the same specific power output compared to the
hemispherical piston engine. The elliptical piston engine consumed 3.92% more fuel than the
ellipsoid piston engine but still less than the hemispherical engine.

e The indicated thermal efficiency of the ellipsoid piston engine was significantly higher, being
12.2% greater than that of the hemispherical piston engine. The elliptical piston engine, another
modified Rankine profile model, achieved an efficiency that was 3.73% lower than the ellipsoid
piston engine, attributed to its improved combustion profile compared to other piston types.

e The NOx emissions from the double-concave piston engine were 13.62% higher than those from
the ellipsoid piston engine and exceeded the emissions of both the elliptical and hemispherical
piston engines. The rate of internal heat buildup in the walls and interior of the chamber for the
double-concave piston engine was also higher than for other piston profiles.

e Overall, the results indicate that the elliptical and ellipsoid piston engines produced better
performance and emission outcomes compared to the other piston profiles.
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