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ABSTRACT

Article history:

A numerical simulation for evaluating thermal performance was performed to

November 2020 determine the possibility of replacing existing lead-acid 12 V batteries with

lithium-ion batteries. In batteries used for starting vehicles, low-temperature
(=<-20°C) starting performance and lifespan decrease significantly. Therefore,
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a lithium iron phosphate (LFP) battery system with a relatively high energy
density at low temperatures was studied. A system for self-energy heating was
designed to improve operability under cold-weather conditions. In particular,
the battery pack case, battery cell array, and heating system of the proposed
system were designed to be compatible. Furthermore, a thermal performance
simulation was performed using computational fluid dynamics and heat

Low-temperature startability transfer techniques based on the estimated thermal properties of each

component. The results showed that the self-heating LFP battery pack system
reached its startable temperature (—3°C) after 75 s when 249 W of power was
applied in a low-temperature (—20°C) environment.
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Fig. 1 LFP 34600 battery cell (provided by Bexel Co., Ltd.)
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(b) Self-heating system of LFP battery pack
Fig. 2 3D modeling of LFP battery pack
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Engine room

Fig. 3 3D modeling of engine room

Fig. 4 Numerical model of LFP battery pack
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(a) Heating pad and controller of self-heating system
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(b) Power consumption of self-heating system

Fig. 5 Power consumption measurement of self-heating system
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Fig. 6 Temperature distribution of LFP battery pack after 2,500 s
of self-heating system power application
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Table 1 Minimum/Maximum temperature of LFP battery pack
after 2,500 s of self-heating system power application

Max. Temp (°C) [Min. Temp (°C)
Battery pack External 36 139
case surface
Section 3.0 -13.7
Center of cross -
section Inside of 30 64
cell
Center of Section 37 -134
longitudinal Inside of
section cell -1.0 59
End of Section 33 -13.5
longitudinal Inside of
section cell -13 -6.0
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Fig. 7 Temperature distribution of LFP battery cell after 2,500 s

of self-heating system power application
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Table 2 Minimum/Maximum temperature of LFP battery cell
after 2,500 s of self-heating system power application

Max. Temp (°C) | Min. Temp (°C)
Total of cell 0.5 -7.8
Top surface -1.0 -3.6
Top surface of
upper cell | Center of 1.0 2.0
cell
Bottom 49 7.8
Bottom surface| surface
of lower cell
Center of 49 26
cell
Temperature (Battery pack case)
g Temparre
15 Max, Temparatura

Temperature [°C]

1500 2000 1500 3000

Physical time [s]

Fig. 8 Temperatures of battery pack case at 1.5 C discharging
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Heat Transfer rate
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Fig. 9 Heat transfer rates of battery pack case and cell at 1.5

C discharging rate
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