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Research on modeling and simulation of the thermoelectric cooling process of
semiconductor thermoelectric element in mini thermoelectric cooler
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Abstract: The effective heat dissipation of the global precision aerospace equipment, household appliances and
other microelectronic thermal management system control components reflects the important role of thermo electric
cooler. Based on the finite element multiphysics simulation software, the thermoelectric cooling process of TEC and
the Peltier effect in the working process of semiconductor thermoelectric elements is simulated, research shows:

The electrical power of the TEC is proportional to the current; The working temperature of TEC is affected by
the current intensity, when the working current is 3.2 ~3.4 A (working current range is 0.4~3.6 A), there is a
maximum temperature difference; The Peltier cooling effect will appear when the current circulates in the Bj,T,;
semiconductor thermoelectric element; A voltage of 50 V is generated at the connection point (P-N junction) of
the semiconductor element, and the minimum temperature is 60.9 K. The research content has high reference value
and guiding significance for the application, design and optimization of micro-thermoelectric coolers and their

thermoelectric elements in the thermal management of electronic devices.

Key words: thermoelectric cooler; semiconductor thermoelectric element; peltier effect; multiphysics; thermal
management
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Fig. 1 Thermoelectric cooler and unit structure diagram
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Fig. 2 Schematic diagram of the Peltier effect
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Fig. 4 Electrical model diagram of thermoelectric cooler in

steady state
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cooler in steady state

Wi TECRE T HoME, HHRARS
P B M dim 72 DA T R L 04 25 L I R E, WK

2022458 - | 49



MAHE |

Application Research

1, %R SR ZES R R ERER, K6,
E 7R,

®1 BEAREEERBRINENE

Tab. 1 Current and temperature difference and electric power value

T/ K A T/K LI P/W
3.6 323 250 73 5.71
3.4 324 249 75 4.828
3.2 324 249 75 432
3 323 249 74 3.84
2.8 323 250 73 3.388
2.6 323 251 72 2.938
2.4 323 252 71 2.544
22 323 254 69 2.2
2 323 257 66 1.84
1.8 323 259 64 1.512
1.6 323 263 60 1.216
1.4 323 267 56 0.952
1.2 323 272 51 0.72
1 323 278 45 0.52
0.8 323 284 39 0.336
0.6 323 292 31 0.198 912
0.4 323 301 22 0.089 656
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Fig. 6 Performance graph of temperature difference and current

between ceramic plates at both ends of TEC
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Fig. 7 TEC electric power and current performance graph
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