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Thermal Deformation Analysis of a Scroll Compressor
for Automobile according to the Change of Materials
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Abstract : An inverter scroll compressor is used for the air conditioning in cars. Scrolls would be changed from
the aluminum material to the magnesium material in order to satisfy the light weight trends of cars. The material
changing influences on the scroll dimensions particularly the gap between two scrolls. Since the larger gap
declines the performance of the compression, the gap between wraps of scrolls or the gap between wraps of
scrolls to the plate of the opposite scroll is regarded as an important design variable.

This paper is focused on the effects of the thermal stress due to the materials changing. The temperature
difference between the inlet and the outlet is about 60 degrees and the highest operating temperature in the
compressor is less than 110 degrees. The level of thermal stresses in the magnesium scroll is less than the result
from aluminum one. The trend of the deformation is revealed that the normal directional deformation is 2 times
lager than the in—plane directional deformation. Therefore the gap between the top of the wrap to the plate of the
opposite scroll become more important than the other gaps. The orbiting scroll deforms larger than the fixed scroll
by the thermal stresses. The deformation of the magnesium scroll is about 10% lager than that of the aluminum
scroll. This value is similar to the ratio of the coefficients of thermal expansion of two materials. At the initial

design stage, the results give many useful guides to engineers to propose gaps between parts.
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Fig. 1 Designated measuring points for temperatures
of the scroll compressor at the reference (7
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Table 1. Comparisons of main dimensions of scrolls

Reference .
Dimension (C. Lin%) Thl[sm il:udy

[mm]
Outer radius of base plank 92.0~96.0 @ 87.0~102.0
Thickness of base plank 7.0~8.0 75~10.0

Height of scroll wrap 25.0 20.3
Thickness of scroll wrap 2.6 2.7~39
Pitch of scrolls 12.96 13.0 (a) Temperature imposing points
Temperature Boundary Condition
Y 12 C. Lin9 =874 23594357 -
%
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_ N _ g 600 - Lo
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baZzsssedesh 285 $3$g ZEONEER
2~AE 79 Eolo FhAeF e E -
Base Points from outlet toinlet Base Points  Wrap Point Frame Point

S 4 REom PEIYI, nAAAZI
M3 A2 FuRF oA} o] A= oA (b) Temperature distributions
X—*,P_i 1‘1—74-3]'} E}. Fig. 2 Temperature boundary conditions of scrolls
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(b) orbiting scroll
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(a) fixed scroll

the Aluminum and Magnesium of this study

Table 2. Mechanical and thermal material properties of

%)

Mg Ratio
AIB01IT4 poiruded (Mg/Al

Material
Properties

]

1.74E-6 -35.6%

2.7TE-6

[kg/mma3]

Density
Conductivity

+3.2%
+10.6%
+14.4%
-36.1%
+6.1%

159.0
26.1
1025.0
44,000
0.35

154.0
236
896.0
63,900
0.33

[W/m K]
CTE
[(um/m)/°C]
[J/kg °Cl
Young’s Modulus
[MPal]
AAGAGFE= 32% AE vpavge] o =2y
10.6%7} =7] o

Specific Heat
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