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Abstract

In the current work, the CAD model of
pistonhas been developed by using ANSYS
design modeler. The model has been
simulated using ANSYS software on steady
state thermal and static structural domain
15.0 workbench in order to observe various
parameters  effecting the temperature
distribution between different thickness of
thermal barrier coating. Four types of
configurations of coating thickness were
used i.e. 0.5, 0.7, 0.9, 1.2 mm. An optimized
model of pistonhas been developed as stated
configurations of coated piston. The
simulations have been performed at a
standard temperature that is the temperature
generated during working of internal
combustion engine. The simulation of the
optimized model gives lower value of
temperature distribution, thermal stress and
deformation. The results are validated with
reported existing previous work. The
configuration of thickness between 0.7 to
0.9 of thermal barrier coating coated with

sodium stannate material exhibits higher
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temperature  distribution compared to

titanium dioxide, zirconium and Ai - Si.
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1.1 Overview of my work
In present research work the temperature

effects in piston is improved by different
thermal barrier coatings with thickness, also
observations were made in favor of thermal
stress and deformation using finite element
method. The simulation was performed in
ANSYS package in coupled analysis of
steady state thermal and static structural
domain to predict the effect of temperature

distribution and stresses.

1.2 Function of piston
A piston is a moving disk enclosed of a

cylinder as is made gas-tight by means of
piston rings. The disk moves inner the pipe
as like a liquid then fuel inward the barrel

expands yet contracts. A piston aids within
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the change regarding heat electricity in
mechanical work yet stigma versa. Because
of this, pistons are an authorization element
concerning heat engines. [2] Pistons work
by way of transferring the force outturn
about an expanding gas between the tubes in
accordance with a crankshaft, which gives
rotational pace to a flywheel. Such a
dictation is recognised as much a
reciprocating engine.A piston must follow a
cyclical technique between order because of
such according to continually alter heat
power to work, and at that place are dense

methods according to whole that cycle.

1.3 OBJECTIVE &
FORMULATION

PROBLEM

Objective of present work

e The main objective of the proposed
research work is to validate the FEM
analysis of simulations result of
different configurations of piston
models by comparing the results of

research reported in the literature.

e To optimize the different
configurations of piston models with
thickness ranging between 0.5 — 1.2

mm.

Volume 13 Issue 10 2023

www.veredasjournal.org

e To analyze the performance
parameters temperature distribution

of piston models.

e To  predict the  temperature
distribution, thermal stress and
deformation on optimized piston
along the influences of different

thermal barrier coating thickness.

e The major objective of present work
is to investigate the temperature
distribution of piston with different

coating thickness.
Problem Formulation

The survey of different previous works we
predict the temperature is minimum as
compared to present study is shown in our
base paper. The purposes of this study
enhance the temperature distribution and
decrease the thermal stress and deformation
with different thickness of thermal barrier

coating.
1.4 RESULTS
Validation:

The effects of different thickness of coating
in piston and characteristics for temperature,
thermal stress and deformation are presented
below. The results have been compared with

previous research work present in literature
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of same parameter and also compare with
numerical model developed in present
analysis operating under similar operating

conditions to discuss the enhancement in
temperature distribution of piston with

different thickness coatings.

Table 1.1 Validation of results obtained for

uncoated piston.
Validation
Tempera
Deforma
ture Stress
Thickn tion
(degree (Mpa)
ess (mm)
celcius) (Validati
(mm) (Validati
(Validati | on)
on)
on)
0.5 496 2866.7 1.54
0.7 486 2696.5 1.48
0.9 479.6 2458.2 1.39
1.2 474.3 22459 1.32

0.00 70.00{mrm)
35.00

Figure 1.1 — Temperature distribution in

piston (Validation)
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0.029795
0.015058
0.00032 Min

0.00 70.00 (mm)
]
35.00

Figure 1.2 Heat flux distribution in piston

(Validation)

1495
1196.8
898.63
600.44
302.25
4.0518 Min

A

0.00 80.00 (mm)
]

40.00

Figure 1.3 thermal stress distributions in

piston (Validation)

Page No: 13



Veredas Journal | | ISSN:0874-5102

0.00

80.00 (rnm) A
7 X

40.00

Figure 1.4 Deformation in piston

(Validation)

1.5 Characteristics of Titanium dioxide

coated piston:

The effects of titanium dioxide coating with

different  thickness

in piston and

characteristics for temperature,
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thermal

stress and deformation are presented below.

The results have been compared with

validation result

of same

parameter

developed in present analysis operating

under similar operating conditions to discuss

the enhancement in temperature distribution

of piston with different thickness of titanium

dioxide.

Table 1.2 Results obtained for titanium dioxide coated piston.

Titanium dioxide coating

Temperature (degree | Stress (Mpa) | Deformation (mm)
Thickness (mm) celcius) (Titanium | (Titanium dioxide | (Titanium dioxide
dioxide coating) coating) coating)
0.5 420 4363.2 2.11
0.7 419.33 3925.6 2.9
0.9 411.25 3586.7 2.6
1.2 398.46 3010.9 2.2
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Figure 1.5 — Comparison of temperature distribution of piston coated with titanium dioxide with

respect to coating thickness
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Figure 1.6 — Comparison of thermal stress distribution of piston coated with titanium dioxide
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with respect to coating thickness
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Figure 1.7 — Comparison of deformation of piston coated with titanium dioxide with respect to

coating thickness

1.6 Contour plot obtained for Titanium

dioxide coated piston aossers
0:00060?‘i4Min

0.00 70.00 (mm) /L
| b2 %
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Figure 1.9 — Heat flux distribution of

titanium dioxide coated piston.
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40.00

Figure 1.8 — Temperature distribution of

titanium dioxide coated piston.
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4000 - Figure 1.11 — Deformation of titanium

dioxide coated piston.
Figure 1.10 — Thermal stress distribution of

titanium dioxide coated piston.

1.7 Overall comparison of coated piston with different thickness and materials:
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Figure 1.12 — overall comparison of thermal stress with respect to thickness
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Figure 1.13 — overall comparison of temperature with respect to thickness
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Figure 1.14 — overall comparison of deformation with respect to thickness
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Conclusion

The simulation model was developed
on ANSYS design modeler and
analysis was done using the ANSYS
software insteady state thermal and
static structural15.0 domain.
Temperature  distribution is the
fundamental parameter in the
performance of piston. The effect of
temperature in crown of the piston
will increase as the thickness of
thermal barrier coating is decreased.
In the study, the thickness of thermal
barrier coating between 0.7 to 0.9
exhibits better convergence in each
output parameters.
The minimum

temperature

distribution is found in sodium

stannate, thus existing material
shows better temperature distribution
in each proposed coating thickness.
The effect of thermal stress is found
to less in sodium stannate in every
coating thickness.

Further, zirconium and titanium
dioxide coating in piston also have
better temperature distribution with
stress  and

optimum  thermal

deformation.
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Deformation of sodium stannate

coated piston exhibits minimum

effect in each thickness.
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