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Abstract

The piston is considered as most important part of L.C engine. High temperature produced in an 1.C engine may contribute to high
thermal stresses. Without appropriate heat transfer mechanism, the piston crown would operate ineffectively which reduce life
cycle of piston and hence mechanical efficiency of engine. The literature survey shows that ideal piston consumes heat produced
by burnt gases resulting in decrease of Engine overall Efficiency. In this project work an attempt is made to redesign piston crown
using TBC on piston surface and to study its Performance. A 150 cc engine is considered and TBC material with different thickness
is coated on the piston. 3D modeling of the piston geometry is done 3D designing software Solidworks2015. Finite Element analysis
is used to calculate temperature and heat flux distribution on piston crown. The result shows TBC as a coating on piston crown
surface reduces the heat transfer rate within the piston and that will results in increase of engine efficiency. Results also show that

temperature and heat flux decreases with increase in coating thickness of YSZ.
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1. Introduction

An Internal Combustion Engine is that kind of prime moverthat
converts chemical energy to mechanical energy. In 1.C Engine,
engine can be called the heart of a vehicle and the piston may be
considered the most important part of an engine. Itis the moving
component that is contained by a cylinder and 'is made gas-tight
by piston rings. In an engine, its purpose is to transfer force from
expanding gas in the cylinder to the crankshaft via a piston rod.
Piston in an IC engine must possess the Strength to resist gas
pressure, Must have minimum weight, Must be able to recipro-
cate with minimum noise, Must have sufficient bearing area to
prevent wear, Must seal the gas from top and oil from the bot-
tom, Must disperse the heat generated during combustion, Must
have good resistance to distortion under heavy forces and heavy
temperature.

2. Piston Terminology

1. Crown: It is top surface of piston which is subjected to tremen-
dous force and heat during normal engine operation.

2. Piston ring: It is part on piston having ring shape which seals
the gap between piston and cylinder wall.

Piston Crown

Totallength

Wrist pin boss

3. Skirt: It is portion of piston closest to crankshaft that helps
align the piston as it move in cylinder block.

4. Wrist pin boss: It is bore that connects the small end of con-
necting rod to piston by a wrist pin.

5. Total length of piston: Total length of piston is the length from
piston crown to bottom of piston. It is sum of Top land length,
length of Ring section and skirt length.

6. Ring land: It is reliefs cut into the side profile of piston where
piston ring sit

7. Ring Groove: An area located around the perimeter of the pis-
ton that is used to retain the piston ring.

8. Top land: The portion from piston crown to top ring land is
called top land.
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3. Selection of IC Engine 2) Designiof plston ring
Radial thickness of piston ring,

Different two wheeler IC engine pistons are studied for its per- <equaiton not proper in MS word>

formance and Durability. In this project work two wheeler 150cc cylinder wall, o,= Permissible tensile strength Assume, P, =
Honda Unicorn Engine is considered. 0.025 MPa
g, =110 N/mm?
Engine type = air cooled 4-stroke <equaiton not proper in MS word>
Take, t, =2 mm
Bore x Stroke (mm) = 57x58.6 Axial Thickness
t,=(0.7 to 1)t,
Displacement = 149.5CC Take,t,=0.8t = 1.6 mm

Maximum Power = 13.8bhp at 8500rpm
3) No of piston rings

Maximum Torque = 13.4Nm at 6000rpm D2
Compression Ratio = 9.35/1 57

1.6 =10 xn n=3.56
Mechanical Efficiency = 80% Taken =4

4) Width of top land

4. Piston Geometry Design h = (11012 8= 1144904 mm

5) Width of ring land
h,=(0.75to 1 )2
0.8 12 = L.28 mm

6) Radial depth of piston ring groove
bl=04+t=2.4mm

'7) Maximum thickness of piston barrel at top end
t,=0.03D + b +4.5

Figure 1. Piston terminology. =8.61 mm
Figure 2. Detail view of cross sectional piston. 8) Thickness of piston barrel at open end
t,=(0.25t00.35) t,
Mechanical Efficiency, = B.PLP =0.25t =1.827 mm
B.P =2nNT = 2 x x6000 x13.4 = 8.420 KW 60 60
I.P=8.420=10.52 KW 9) Piston pin dia.
0.8 l:li =0.03D=17.1 mm

ILP=PxAxLxN,
10.52 x 103 = P x 4 (0.057)2 x 0.0586 x 26000x60 P = 14.06 ~ 10) Outer diameter of piston pin

x 10° N/m* F=Pbxdox/l
Max pressure = 10 x P Where, Pb = bearing pressure in bush at small end of con-
10 x 14.06 x 10° necting rod
14.06 MPa Assume, Pb =30Mpa I1 = (2 to 2.5) d0 Take, I1 = 2.5d0
Assuming piston material as Aluminum Alloy Steel F =Pb x d0 x 2.5d0
= (100 to 160) N/mm* Take, 0, = 160 N/mm* do=+2.5 FxPb =21.87 mm

1) According to Grashoff’s formula 11) Diameter of piston boss
Thickness of piston head d=14xdo =30.62mm

<equaiton not proper in MS word>
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12) Length of piston pin in the connecting rod bushing 11 = 45%
of the piston diameter = 25.65 mm

13) Length of skirt

L =006t 1.1)D

=0.6 x 57=34.2 mm

The center of the piston pin should be 0.02 D to 0.04D above
the centre of the skirt.

14) Total length of piston
L = Top land + ring section + skirt length
hl +4t2 +3h2 + Ls
8.04+4x1.6+3x1.28+342
52.48 mm

5. Modeling of Piston

From all the geometries calculated for piston Design are mod-
eled using Solidwork 2015.Designing and modeling of flywheel
is done using SOLIDWORKS 2015. Solidworks is a solid modeler
that makes use of parametric feature-based approach for creating
models and assemblies. The following figures show the present as
well as re-designed geometries of flywheel.

Figure 4. Meshing of IC Engine Piston.

6. Coating Material Selection

Thermal Barrier Coatings are used to provide a barrier to the flow
of heat. Thermal Barrier Coatings (TBC) performs the important
function of insulating components such as gas turbine and aero
engine parts operating at elevated temperatures. Different TBC
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materials are short listed and best one is selected using weighted
residual method. In Yittria Stabilized Zirconia (YSZ) is stands at
the tops in terms of Low thermal conductivity and High Young’s
Modulus.

The thickness coating on piston crown increases from 0.2
mm to 0.6mm to study nature of study at different coats.

Table 1. Material properties of TBC

Materials  Thermal Modulus Coefficient Melting
conductivity of of Thermal Temperature
(W/m k) Elasticity ~Expansion (k)

(GPa) (1/k)

Zirconates  2.17 21 15.3x 10 2973

Yittria 212 40 10.7x 10™° 2973

Stabilized

Zirconia

Alumina 58 30 9.6x 10 2323

7. Finite Element Analysis

L1} LLY
—

Figure 5. Temperature and heat flux distribution of uncoated
piston.

Figure 6. Temperature and heat flux distribution of 0.2 mm
coated piston.

8. Results and Conclusion

Amount of heat transfers through piston is calculated by using
Finite Element Analysis software. ANSYS 15.0 is a Finite Element
Analysis tools used to study the performance of the component.
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In this project, focus is study the amount of heat transfer and
Temperature variation throughout piston surface. Finite element
analysis is done on both uncoated piston and coated piston with
different thickness. Define element size as lmm for meshing
of piston. Boundary conditions are Provide 600°C temp on top
surface of piston crown and convection along remaining surface
with film coefficient of 0.0002w/mm?*C and ambient tempera-
ture as 29°C.
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Figure 7. Temperature and heat flux distribution of 0.4 mm
coated piston.

Table 2. Temperature and heat flux distribution on piston
crown

Piston Geometry Temperatureattop  Heat flux at top
land ( °C) land ( W/mm?)

Uncoated piston 600 0.95

Piston with 0.2mm 560 0.74

coating thickness

Piston with 0.4mm 500 0.65

Coating thickness

Piston with 0.6mm 473 0.467

Coating thickness

Finite Element analysis results on piston crown with
uncoated surface subjected to 600 c® and coated piston crown
surface subjected to lesser temperature. As the amount of coat-
ing increases temperature at the piston crown surfaces decreases.
From the result it is concluded that the piston having YSZ coating
on piston crown has less temperature and heat flux at top land as
compared to uncoated piston resulting in saving in amount of

heat which loses through piston. This saved energy increase the
overall performance of the engine.
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