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Abstract- Motors, pumps, and gasoline compressors all use cylinders as parts that respond to orders. In a
motor, the function of both a cylinder bar and an auxiliary bar is to transfer the restriction from expanding
fuel in the chamber to the crankshaft. In addition to a cylinder's life and wear capacity, its warm extension
qualities are determined by the materials that go into making it. It is constructed gas-tight to piston rings and
housed inside a cylinder. Iron barrels contain aluminum cylinders, which are found in most car engines. The
coolant that flows through the engine square typically has a temperature of around 90°C (363°F), whereas
the cylinder crown of a gas engine typically operates at 300°C (573°F). This article investigates the thermal
expansion properties of a piston using a variety of materials, including cast iron, aluminum alloys 6061-T6,
and 7075-T6. We created two models of the flat head and piston rings using Catia software, and we used
Solid Works simulation to do a thermal analysis on them. For both the piston and the piston ring, the total
heat flux and the directional heat flux were found.
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Introduction

Among other related devices, a piston is a part of reciprocating engines, reciprocating pumps, gas
compressors, and pneumatic cylinders. It is the moving part that is enclosed by a cylinder and has piston rings to
seal it off from the outside. Its function in an engine is to use a piston rod or connecting rod to transfer force
from the expanding gas in the cylinder to the crankshaft. In order to compress or expel the fluid in the cylinder,
force is transferred from the crankshaft to the piston in a pump, reversing the function.

In certain engines, the piston covers and uncovers apertures in the cylinder wall to function as a valve
as well. An illumination An engine is any mechanism or engine that produces mechanical works of art by
controlling heat through the ignition of gas or another source. A Exhaust Combustion One type of heat engine is
an engine. Engines with Internal Combustion (1.C.E.) (I.C.E.) Similar to a steam engine, which uses the heat of
ignition to create steam that powers a cylinder within a barrel, gas combustion occurs outside of the chamber in
the external combustion engines scenario. Oxygen from the air ignites the gas within the engine's barrel.
Engines with inward ignition consist of gas engines, which use mixtures of air and burnable gases, oil engines,
which employ heavier fluid powers, and diesel engines, which use oil pressure or lighter fluid gasses. Internal
combustion engines appear to be straightforward devices, but they are actually highly intricate systems. Yield
vitality requires numerous components to neatly fulfill their respective roles.

Literature Review

Ekrem Buyukkaya, Muhammet Cerit (2007) and colleagues evaluated a conventional (uncoated) diesel
piston made of aluminum silicon alloy and steel in a study of the literature on increasing the heat transfer rate
for multi-cylinder pistons and piston rings. To perform thermal tests on pistons coated with MgO- ZrO2
material, he utilized a commercial programmer called ANSYS. Finally, the results of four different pistons are
compared. The effect of coatings on piston thermal behaviour is investigated. K. Bala Showry, Dr. A. V. S.
Raju, Dr. P. Ravinder Reddy (2012) et al. presented a research on using Ansys to evaluate the stress distribution
in various parts of the piston to identify the stresses caused by variations in gas pressure and temperature. The
gasoline engine piston was subjected to a three-dimensional definite element analysis utilising the definite-
element analysis software. Using the thermal boundary condition, the stress and deformation distribution

3302



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

conditions of the piston under the coupling impact of the thermal load and explosion pressure were calculated,
providing a reference for design improvement. The findings show that temperature is the main cause of piston
safety, deformation, and excessive stress, and that by optimising the piston structure, the piston temperature may
be lowered even further. U. I. Sjodin, U.L. O. Olofsson (2003) et al investigated early sliding wear on a piston
ring in a radial piston hydraulic motor. The mass change and surface roughness of the initial sliding wear of a
piston ring during run-in were investigated. The down motion test rig was developed. The two types of wear are
mild wear and severe wear, with mild wear having a softer, smoother surface than the original and severe wear
having a more forceful surface than the original. The piston ring wears the most at the asymmetric topmost at
the outside surface contacting the cylinder bore. As a result, the roughness amplitude decreases rapidly at
initially, and after a 10-meter sliding distance, it has decreased by one-third. The mass loss increased as the
sliding distance grew, as seen in the graph. By adding material hardness data to the model, it may be utilized in
the piston ring/cylinder bore system. The experiment resulted in the creation of a three-body abrasive wear
model based on a laboratory simulator for simulating the wear development of the piston ring/cylinder bore
system during steady state operation.

A. Mohammadi, M. Yaghoubi, M. Rashidi (2007) and colleagues published a study on heat
transmission and combustion in a four-stroke single cylinder engine with a pent roof combustion chamber
geometry and two intake and two exhaust valves. With regard to crank angle position, heat flux and heat transfer
coefficient on the cylinder head, cylinder wall, piston, intake and exhaust valves are calculated. The total heat
transfer coefficient of the cylinder engine is compared to the available correlation provided by experimental
measurement in the literature for a given situation, and close agreement is observed. The local value of the heat
transfer coefficient was discovered to vary significantly in various sections of the cylinder, although they follow
a similar pattern with crank angle. New correlations are proposed based on the findings to estimate the
maximum and lowest convective heat transfer coefficient in a SI engine's combustion chamber.

PISTON
A piston is a component of gasoline compressors, pumps, and reciprocating engines. With the help of
piston earrings, it is put within a cylinder and sealed against fuel.

Figure 1- Piston samples

The purpose of a connecting rod or piston rod in an engine is to transmit pressure from the cylinder's
expanding fuel to the crankshaft. By covering and exposing openings within the cylinder wall, the piston in
certain engines also functions as a valve. The cylinder/piston fit is one of the most critical factors governing the
fulfillment of a home-built model engine. Material selection sensible, the house constructor has a number of
selections however every has their very own characteristics, advantages, and downsides. The most common
selections, in ascending order of revel in required, are:

1. Steel liner, Cast Iron piston

2. Cast Iron liner, Cast Iron piston

3. Steel liner, Steel piston

4. Steel liner, Aluminium piston, and Cast Iron ring

Thermal Analysis Of Flat Head Piston By Applying 6061-T6 Alloy
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For the thermal assessment of the flat head piston, 6061-T6 alloy is applied, the flat face of the piston is
heated to 800 K, the convection coefficient is 22 W/m2 K, and the bulk ambient temperature is 300 K. Convex
head piston thermal study using 6061-t6 alloy material Using 6061-T6 alloy, a temperature of 800 K on the
piston's flat face, a convection coefficient of 22 W/m2 K, and a bulk ambient temperature of 300 K, the thermal
study of the convex head piston is now complete. Convex head piston thermal study using 6061-t6 alloy
material The 6061-T6 alloy, a temperature of 800 K at the piston's flat face, a convection coefficient of 22
W/m2 K, and a bulk ambient temperature of 300 K are now used in the thermal analysis of the convex head
piston. Thermal study of a convex head piston using material made of 6061-T6 alloy: The convex head piston's
thermal study is now being conducted using 6061-T6 alloy, a temperature of 800 K at the piston's flat face, a
convection coefficient of 22 W/m2 K, and a bulk ambient temperature of 300 K.

Figure 2- Flat Head Piston

A number of empirical correlations have been developed during the past forty years to estimate heat
fluxes from internal combustion engine combustion chambers. In order to calculate the Nusselt number for
forced convection in turbulent flow inside circular tubes, several of these equations rely on correlations.
Convection and radiation are often included in a single term in correlations used to forecast in-cylinder heat
fluxes; but, in certain instances, an extra term is included to account for the radiation component (Stone, 1999).

Heat Transfer Correlations Used In Internal Combustion Engines

Instantaneous coefficients are used in predicting power output, efficiency and exhaust emissions, for
which the temporal variation of heat flux is needed, while the spatial distribution is less important. Time-
dependent heat losses are necessary for the calculations of net heat release, which is used for emissions analysis.
The accuracy required for the instantaneous spatially-averaged heat flux to the chamber walls is not necessarily
very high. As reported by Stone (1999), engine performance parameters are not very sensitive to heat transfer
predictions. A 10% error in the evaluation of in-cylinder heat transfer leads to a 1% error in the predicted power
and efficiency. However, emissions are sensitive to temperature; in particular NOx formation depends on gas
temperature and NOx emissions are known to increase with combustion chamber surface temperature (Stone,
1999). Likewise, the prediction of surface temperature within the chamber is also affected by the heat flux as
well as by the coolant heat fluxes. Instantaneous coefficients are used in predicting power output, efficiency and
exhaust emissions, for which the temporal variation of heat flux is needed, while the spatial distribution is less
important. Time-dependent heat losses are necessary for the calculations of net heat release, which is used for
emissions analysis. The accuracy required for the instantaneous spatially-averaged heat flux to the chamber
walls is not necessarily very high. As reported by Stone (1999), engine performance parameters are not very
sensitive to heat transfer predictions. A 10% error in the evaluation of in- cylinder heat transfer leads to a 1%
error in the predicted power and efficiency.

However, emissions are sensitive to temperature; in particular NOx formation depends on gas
temperature and NOx emissions are known to increase with combustion chamber surface temperature (Stone,
1999). Likewise, the prediction of surface temperature within the chamber is also affected by the heat flux as
well as by the coolant heat transfer coefficient. Local heat fluxes are required for the thermal analysis of engine
components as well as engine modelling and they need to be accurately predicted. Given the ever-increasing use
of computer programs in heat transfer simulation, there is a corresponding demand for knowledge of the
boundary conditions essential for solving the relevant equations within the combustion chamber. The thermal
evaluation, in particular, demands a detailed distribution of instantaneous as well as time-averaged local heat

3304



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

fluxes, in order to prevent thermal failure at critical locations, for instance exhaust valves and valve bridges,
piston crowns, and spark plug locations in conventional gasoline engines. An accurate prediction of the
temperature distribution in the engine block and cylinder head is required to improved engine designs in terms
of bore distortion; this means less friction losses and blow-by, with consequently reduced fuel consumption and
improved durability.

Conclusion

Using Pro/Engineer, a 3D modeling program, we hypothetically created a piston and piston rings for a
Toyota Car 86's multi-cylinder petrol engine. The compression ratio in use right now is 10:1. By adjusting the
compression ratios to 14:1, 15:1, 18:1, 20:1, and 25:1, we are using mathematical correlations to calculate the
temperatures created in the multi-cylinder gasoline engine in this thesis. Furthermore, we have computed the
pressure generated by adjustments to the compression ratios. Applying the temperatures determined for each
compression ratio using two materials Aluminum Alloy 6061 and Cast Iron we have transient thermal analysis
on the piston. By applying calculated pressures, we have also performed dynamic analysis on the piston. In
addition, static analysis with the highest pressure is performed.

We constructed a piston and piston ring assembly. Three materials were examined: cast iron, aluminum
alloy 6061-T6, and aluminum alloy 7075-T6. For this project, a 3D model of a flat head piston and piston ring
was created using CATIA software. ANSYS is used to do the Finite Element Analysis and mesh the model.
Estimating the overall heat flow, the directional heat flux, and other parameters was accomplished using the
thermal study of the piston and piston rings.
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