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The Effect of Design Parameters on the Energy Efficiency
of a TEM Refrigerator
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Abstract

To present the design direction of the thermoelectric module (TEM) refrigerator, analysis of the effect
of the design parameters on the energy efficiency and performance of the refrigerator is performed.
The design parameters considered are the cooling capacity of the TEM and the heat transfer
performance of the heating and cooling surface of the TEM. The heat transfer performance is the most
effective design parameter for improving cooling power. The smaller AT and cooling capacity of the
TEM make the higher efficiency of the refrigerator.
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Fig. 1. Schematic of the TEM refrigerator.
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Table 1. Refrigerator operation conditions

Max. Power
Parameter thermal load consumption
condition  test condition
Environment Temp., 7, °C 43 25
Refrigerator Temp., 7;, °C 1 5
Thermal Load, Q;, W 13 6.2
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Table 2. Design parameters of TEM cooling system of the refrigerator

Case 1 Case 2 Case 3 Case 4
Parameter (Baseline) (Enhanced (Enhanced (Enhanced TEM
TEM) Heat transfer) & Heat transfer)
Seeback coefficient, o, V/K 0.054 0.054 0.054 0.054
Electric resistance, R,, Q 2267 1.1335 2267 1.1335
Thermal resistance, R, K/W 1.765 0.8825 1.765 0.8825
Figure of merit, Z, 10°/K 227 2.27 227 227
Max. current, ., A 6.0 12.0 6.0 12.0
Max. voltage, Viaw V 17.5 17.5 17.5 17.5
Max. temp. difference, AT, K 72 72 72 72
Max. cooling capacity, Q.. max, W 57 114 57 114
Cold side heat transfer performance, U.4., W/K 4.608 4.608 9.216 9.216
Hot side heat transfer performance, U,4,, W/K 7.200 7.200 14.40 14.40
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Fig. 2. The variation of cooling capacity of TEM with
applied voltage at max. thermal load condition (Case 1).
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Table 3. Effect of on cooling mechanism of TEM

T, 0. iaT, —% PR, - %TT—C
0°C 124W  822W  -359W -33.9W
10°C 19.3W 874w  -38.1W -29.9W

Difference  7.0W 5.1W -2.2W 4.0W
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Fig. 3. Thermal load of refrigerator and max. cooling

capacity of TEM at T,=43°C.

Table 4. Cooling power (lowest 7;) of refrigerator at

1,=43°C
Case 1 2 3 4
T; 0.9°C 0.6°C -3.5°C -6.7°C
Improvement - 0.3°C 44°C 7.6°C
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Fig. 4. Variation of cooling capacity with applied voltage
at power consumption test condition.
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Fig. 5. Variation of COP with applied voltage at power
consumption test condition.
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Table 5. Operation voltage and COP at power consumption
test condition

Case 1 2 3 4
Voltage, V 453 4.01 426 3.71
(0(0) 0941  0.635 1.060  0.742
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