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A Study on the Thermal Stress Analysis of a Piston

in a Turbocharged Diesel Engine

Z %9
Jongyoung Kuk

ABSTRACT

We determined the heat transfer coefficient through the analysis of three dimensional
temperature distribution in comparison with the measured temperature on the piston in the
turbocharged diesel engine. And we analyzed the thermal stress and the thermal deformation
with that heat transfer coefficient by using finite element method.

According to this results, we found that maximum temperature range of the piston appeared
at the upper part of the piston crown and that the heat transfer coefficient of the upper part of
the piston is smaller than that of the lower one. It showed that the maximum thermal
deformation is shown at the edge of the upper part of piston and that the maximum thermal
stress was shown on the lower part of the piston crown.

Finally, we defined the method of determination of a piston heat transfer analysis by using
measured temperature on the piston and analyzed temperature with finite element method.

T8 7]% 8] : Heat transfer(d {g), Thermal stress(E -8 3), Thermal deformation(d ¥ &),
Diesel engine(t} d ¢l ), Piston(3] 2 &), Heat transfer coefficient(d A& A 4)
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Fig. 1 3-Dimensional finite element
grids of the piston
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Heat transfer coefficient .
Temperature(C)
( W/ K)
h 2850
gml 980
N gng 1800
n 3100 150
hy 2900
ha 2650
Ay 2900
hs 900
110
hg 1500
hq 2700
hg 2400
hy 250
h 200
10 100

Fig. 2 Heat coefficient distribution on the piston for analysis
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Table 1 Material properties of the piston

Material propeties Property value
Thermal conductivity, W/m - K 241
Young's modulus, Pa 6.66x 10
Poisson’s ratio 0.33
Mass density, kg/m’ 2677
Specific heat, J/kg + K 963
Thermal expansion coefficient,2/K 2.1x 10 7%

Intake temp coutiolies
An flow weter
Innamometer

1 aokhng watey

cantiolier K::Im( onsphon

1 ! Fuel tewyp contiolie

Suioke meter /D

Fig. 3 Schematic diagram of experiment apparatus
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Table 2 Specifications of experiment engine

Items Specifications

Type Diesel, 4-cycle

No. and arrangement of cylinders |4-cylinder, in-line

Displacement volume 2701cc

92.0x101.6 mm

Cylinder bore X stroke

Type of combustion chamber | Swirl floor type

Compression ratio 2151
Fuel injection timing ATDC 2°
Firing order 1-3-4-2
Idling speed 650~700 rpm
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Fig. 4 Pressure transducer mounting instruction
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Fig. 5 Installed position of templug in the piston
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(unit: T)
Point | Analysis Experi-
ment
1 439 447
2 414 412
3 349 343
4 286 271
5 253 256
6 223 218
7 206 214

Fig. 6 Comparison with temperature results of the

piston for analysis and experiment
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Fig. 7 Temperature distribution of a piston(Unit: T)
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Fig. 8 Thermal stress distribution of a piston(unit:MPa)
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