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Development of a Hybrid Cooling System Combining Thermoelectric
Modules and Phase Change Materials for Battery Temperature Control

Sung Kyu Chung®*, Yonggeon Jin*, Donghoon Kang**', Kyungwho Choi*’

ABSTRACT: As CPU performance increases and lithium-ion batteries are increasingly used in electric vehicles, the
demand for effective thermal management has become critical. Excessive heat can degrade performance and shorten
system lifespan. To address the limitations of conventional air and liquid cooling methods, this study proposes a
hybrid cooling system combining thermoelectric modules (TEMs) and phase change materials (PCMs). The TEM
enables active cooling via the Peltier effect, while the PCM passively absorbs heat through latent heat storage.
Experimental results show that the proposed system effectively delays temperature rise and maintains thermal stability.
The system also benefits from enhanced natural convection in the liquid PCM phase, providing improved heat
dissipation compared to air cooling.
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Table 1. Properties of PCM

Meltin Specific Kinematic
i
Material ) 8 Density Heat Viscosity
Point
[)/g] [mPas]
PARAFOL 20Z | 35°C | 0.789 200 5.3
PARAFOL 22-95| 44°C | 0.777 220 4.4
TEC1-12715

Battery Cell Simulator
Al 6061

Location of
Temperature Measured

Fig. 2. PCM Container with Fins

Fig. 3. System used in this paper
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Table 2. Cases of Experiments in this Paper

Filled with Parafol 20Z at the 1st floor, and

1
Case the upper layers were filled with air.
Filled with Parafol 20Z and Parafol 22-95 on
Case2 the 1st and 2nd floors respectively, and the
upper layers were filled with air.
Filled with Parafol 20Z, Parafol 22-95, and
Case3 Parafol 20Z on the 1st, 2nd, and 3rd floors

respectively.

Only the Fin structure functioning as heat-
dissipating section, without removing the
front surface plates.

Special Case 1

Only the Fin structure functioning as heat-

Special Case 2 | dissipating section, with removing the front
surface plates.
Both the heat-dissipating section and the
. thermalelectric modules were removed, and
Special Case 3

the system was directly heated using a Heat
film.
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Fig. 5. Comparison of temperature profiles of case1 and special

case 2&3
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Fig. 6. Temperature Profile of Case2
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