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Abstract: Lithium-ion batteries are commonly employed in hybrid electric vehicles (HEVs), and achieving high energy
density in the battery has been one of the most critical issues in the automotive industry. Because liquid cooling
containing antifreeze is important in automotive batteries to enable cold starts, an effective geometric configuration for
high-cooling performance should be carefully investigated. Battery cooling with antifreeze has also been considered to
realize successful cold starts. In this article, we theoretically investigate a specific property of an antifreeze cooling
battery system, and we perform numerical modeling to satisfy the required thermal specifications. Because a typical
battery system in HEVs consists of multiple stacked battery cells, the cooling performance is determined mainly by the
special properties of antifreeze in the coolant passage, which dissipates heat generated from the battery cells. We
propose that the required cooling performance can be realized by performing numerical simulations of different
geometric configurations for battery cooling. Furthermore, we perform a theoretical analysis as a design guideline to
optimize the cooling performance with minimum power consumption by the cooling pump.
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Fig. 2 Numerical calculation domain
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Table 1 Design specifications
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Table 3 Boundary conditions

Properties Value
Battery cell thickness [mm] 0.25
Width [mm] 160
Height [mm)] 200
Coolant channel thickness [mm] 1
Coolant channel width [mm)] 20
Coolant Channel wall width [mm] 2
Heat conductivity [W/m-K] 202
Heat capacity [J/kg-K] 871
Density [kg/m’] 2719

Inlet temperature [K] 313.15 7
Representative flow rate [L/min] 0.0175
Outlet Pressure outlet
Inward heat flux [W/m?] 500 W/m®

External walls Adiabatic condition

Table 2 Properties of coolant at 295 K

PG content [wt %] 0% 50 %
Heat capacity [J/(kg'K)] 4181 3633
Density [kg/m'] 999 1053
Viscosity [10” Pa-s] 8.9 1900

Thermal Conductivity [W/(m'K)] 0.59 0.34
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Table 4 Flow characteristics for desired cooling
performance
Case Flow rate AP Pump power
[L/min] [kPa] [W]
Case 1 4.15 200 12.73
Case 2 4.17 218 13.93
Case 3 4.11 315 19.86
Case 4 4.09 396 24.89
Case 5 4.08 498 31.16
Case 6 4.06 584 36.37
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Fig. 7 Maximum temperatures for the simulated cases
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