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Coupled Thermal-Stress Analysis of Scrolls in Automotive Scroll Compressor
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Abstract : A scroll compressor used in the air conditioning in automobile consists of the fixed scroll and the orbiting
scroll. Temperature gradient in the scroll compressor during the operation induces the thermal expansion of two scrolls.
Therefore, the gap between scrolls in the initial stage is regarded as an important variable in structural design of the
scroll compressor. The coupled thermal-stress analysis was carried out for the scrolls of a scroll compressor. The
temperatures of major points of two scrolls in the steady states were referred by the literature of C. Lin. The sequentially
coupled thermal-stress analysis is utilized to the heat transfer analysis and the thermal expansion analysis. In the thermal
expansion analysis, the contact analysis was considered between the fixed and the orbiting scrolls in order to obtain the
penetration distance and the contact pressure between two scrolls. The range of deformation was from 44 to 764m
according to the height of the scroll. The maximum penetration distance of 60gm occurred at the top surface of the fixed

scroll in the center of the scroll parts.
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Nomenclature

e : strain, mm/mm
a : coefficient of thermal expansion, (um/m)/°C
© : temperature, °C
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Fig. 1 Finite element modeling results

Table 1 Mechanical and thermal material properties of
Aluminum and Magnesium

Material Properties Al6011T4
Density [kg/mm’] 2.7E-6
Conductivity [W/m K] 154.0
CTE [(pm/m)/°C] 23.6
Specific Heat [J/kg °C] 896.0
Young’s Modulus [MPa] 68,900
Poisson’s Ratio 0.33

base Wrap l | Frame

Fig. 2 Temperature measuring points by C. Lin et al.
(2005)
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Temperature Boundary Condition
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Scroll Base vs. Wrap(h/2) Temperature
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Fig. 3 Temperature boundary condition and related
positions
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Fig. 4 Temperature distribution from the heat transfer
analysis



Coupled Thermal-Stress Analysis of Scrolls in Automotive Scroll Compressor

£, Mipmn
(Mg TSR]
+3.1160 402

+1. 03 Fe 0,
47 7?U+H‘l
n.. » |

h'l Ol."'...- n D

Fig. 5 Distribution of von Mises stress after the thermal
expansion analysis
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Fig. 6 Distribution of displacement according to the
height direction of the scroll warp
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Fig. 7 Distribution of the gap open and the contact
pressure
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Gap Distance between Fixed and Orbit Scrolls
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Fig. 8 Gap distance between the fixed and the orbiting
scrolls

Table 2 Maximum values of important properties in
analysis with respect to the materials

Variables (Maximum value) Aluminum
Penetration [pm] 59.67
Contact pressure [MPa] 471.4
von Mises stress [MPa] 311.6
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