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Research of shape optimization for High-Efficiency Electronic cold
modules taking into consideration thickness and thermoelectric element
mounting position
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Abstract The demand for user convenient devices in automotive applications are fast growing, mainly driven by the
customer’s requirement for higher efficiency and more features. In important such feature is the cold module for cars,
which are convenient luxuries that warm or cool drinks placed in the cup holder by means of a thermoelectric
element. In present study, we would like to find out the optimal thickness of the cup holder and mounting position
of the thermoelectric element through experiments under various testing conditions and thermal analysis. The resulting
thermal distribution of the primary area of thermal analysis was found to be lowest when the thickness was 2.5 mm.
The temperature distribution was also lowest when the thermal element was positioned underneath the holder (A-type).
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Fig. 1. The basic figure of electronic cold module in
this study
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Table 2. The condition of Finite Elements Analysis
accordance with the tickness and position of
temperature measurement

Fig. 2. Thermal image of after image summation
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Table 1. The results of the two point temperature
measurement on the mock-up of cold
module after 30 minutes

Time . . . 5
(min.) A point B point C point D point Iq
0 254 252 252 252
2.5 52 (AT 54 (AT 5.6 (AT
30
(AT 22.91) 20.0 ) 19.81) 19.6 )
(EJI,EE) E point F point G point <Temperature measurement points on the sides>
0 25.1 259 25.8 unit: C | Center
33.0 (AT 31.3 (AT
30 6.4 (AT 18.71) 7171 551)

<Temperature measurement points on the bottom>

Fig. 3. The position of temperature measurement 3. 3")5! 7E4.ﬂ|.
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Fig. 4. Result of temperature measurements per thickness

and contour distribution of temperature without
considering the heat of the heat sink
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Fig. 5. Result of temperature measurements per thickness
and contour distribution of temperature
considering the different density of cold module
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A Type

-From the bottom surface of the cup 2mm

B Type

-From the bottom surface of the cup 11mm

C Type

-From the bottom surface of the cup 21mm

|
f

D Type

-From the bottom surface of the cup 3.8mm

Section A
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N I N

Fig. 6. The temperature distribution analysis with position of peltier element
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o 10 20 30 40 50 60
min. min. min. min. min. min.
_ S1| 2294 21.06 19.29 17.75 16.57 14.94
E’ 35 1 S2| 22.84 20.97 19.07 17.56 16.36 14.86
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Position of temperature measurement
Table 4. The mesh statistics and size
Property Value Property Value
Min. element quality | 6.4x109 Edge element 6596
JAverage element quality| 0.5013 Vertex element 246
A type B type Tetrahedral elements | 533882 | Max. element size | 9.74mm
Triangular element 148882 | Min. element size | 0.146mm

C type D type

Fig. 7. Result of temperature measurements per thickness
and contour distribution of temperature
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Fig. 8. In case the temperature distribution analysis
conditions for adding soda
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Fig. 9. Temperature distribution of cup holders when
adding a soda
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