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In this study, the temperature, heat emission per unit time, and thermal stress
or deformation of a radiator fan made of polyethylene or aluminum are
analyzed for investigating its strength durability. Heat transfer in the case
of the aluminum radiator fan is better than that in the case of the polyethylene
radiator fan. Further, heat emission in the case of the aluminum fan is poorer
than that in the case of the polyethylene fan. Moreover, because the thermal
deformation of aluminum is much smaller than that of polyethylene, the
thermal durability of the aluminum fan is better than that of the polyethylene
fan. In an open space in front of the radiator and the closed space of the
engine behind it, the thermal cooling effect of the polyethylene fan is better
than that of the aluminum fan. Further, since polyethylene is lighter in
weightthan aluminum, polyethylene, as a nonmetallic plastic, is more suitable
as a material of an automotive radiator. However, because of the higher
strength durability of the aluminum fan, it is better than the polyethylene
fan under high-temperature conditions or in the case of a complex pipe.
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(b) Radiator cover

Fig. 2 Constraint condition of radiator fan
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Table 1 Material properties

(a) Polyethylene

Structural property

Young's modulus 1.1 10° Pa
Poisson's ratio 0.42
Density 950 kg/m3
Thermal Expansion 23%10™ /C
Tensile Yield Strength 25X 10" Pa
Compressive Yield Strength 0 Pa
Tensile Ultimate Strength 33x10" Pa
Compressive Ultimate Strength 0 Pa
Thermal property
Thermal Conductivity 0.28 W/mTC
Specific Heat 296 J/kgC
(b) Aluminum
Structural property
Young's modulus 7.1x10" Pa
Poisson's ratio 0.33
Density 2770 kg/m’
Thermal Expansion 23%10° /C
Tensile Yield Strength 2.8 10° Pa
Compressive Yield Strength 2.8 10° Pa
Tensile Ultimate Strength 3.1 10° Pa
Compressive Ultimate Strength 0 Pa
Thermal property
Thermal Conductivity 0.28 W/mC
Specific Heat 175 JkgC
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(a) Polyethylene
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(b) Aluminum

Fig. 3 Temperature contour at initial condition of radiator fan
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(c) Elapsed time of 1,800 second

Fig. 4 Temperature contour at elapsed times of 600, 1,200 and
1,800 seconds of polyethylene radiator fan
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Fig. 5 Graph of temperature due to elapsed time at polyethylene
radiator fan
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(a) Elapsed time of 600 second

Temperature
Type: Temperature
Unit: «C

Tirne: 1200

a0
73,667

54,667
46,383 Min

(b) Elapsed time of 1,200 second
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(c) Elapsed time of 1,800 second

Fig. 6 Temperature contour at elapsed times of 600, 1,200 and
1,800 seconds of aluminum radiator fan
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Fig. 7 Graph of temperature due to elapsed time at aluminum

radiator fan
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Fixed Support
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Fig. 8 Fixed condition

Total Deformation
Type: Total Deformation
Unit: m
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(b) Aluminum

Fig. 9 Thermal deformation contours at elapsed time of 1,800
second of polyethylene and aluminum radiator fans
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Type: Equivalent (von-Mises) Stress
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(a) Polyethylene
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(b) Aluminum

Fig. 10 Thermal equivalent stress contours at elapsed time of
1,800 second of polyethylene and aluminum radiator
fans
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