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Study on cooling performance and isothermal maintenance of cylindrical type
lithium-ion battery cell using phase change material

Jae Hyung Yoon, Su Woong Hyun", Hee Jun Jeong  and Dong Ho Shin’

Abstract When lithium-ion batteries operate out of the proper temperature range, their performance
can be significantly degraded and safety issues such as thermal runaway can occur. Therefore, battery
thermal management systems are widely researched to maintain the temperature of Li-ion battery cells
within the proper temperature range during the charging and discharging process. This study
investigates the cooling performance and isothermal maintenance of cooling materials by measuring
the surface temperature of a battery cell with or without cooling materials, such as silicone oil, thermal
adhesive, and phase change materials during discharge process of battery by the experimental and
numerical analysis. As a result of the experiment, the battery pack filled with phase change material
showed a temperature reduction of 47.4 C compared to the case of natural convection. It proves the
advanced utility of the cooling unit using phase change material that is suitable for use in battery
thermal management systems.

Key Words : Phase Change Material (¥13l=3), Li-ion Battery (2]F°]<> wlE]2]), Thermal
Management (€¥2]), Cooling material (*37} £72!), Numerical analysis (%14+3]4])
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Table 1. Specifications of Samsung INR 18650 - 30Q

Specifications Value
Diameter of cell 1833 0.07 mm
Height of cell 64.85 0.15 mm
Mass of cell 48 ¢
Nominal voltage 36 V
Nominal capacity 3,000 mAh
Charging temperature 0~50 7T
Discharging temperature 20 ~75 ¢
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Fig. 1. (a) Surface temperature distribution of battery
cells after 2C discharging with thermal imaging
camera and (b) Thermocouple points at battery cell
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Fig. 2. Images of battery pack filled with cooling
materials: (a) Thermal adhesive, (b) PCM, (c) Silicone oil
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Fig. 3. Schematic of experimental set up for battery test
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Table 2. Properties of cooling materials

Densi Specific heat Thermal
Material Ik g/mt{ capacity conductivity
[kl/kg*K] [W/meK]
780(Solid)
PEM 1 260(Liquid) 2 0.2
Silicone oil 970 1.6 0.16
Thermal
adhesive 3,000 - 3.6

Table 3. Experimental devices and resolution

Experimental Specificati Resolution
. pecification
device & error
Battery 001 V
discharger 30 V20 A +0.05%0.01 A
Battery charger 80 W/6 A -
o . +0.05%
Datalogger [-200 € ~ 1370 C or 1.0°C
Thermal imaging| 5, . _ 550 ¢ +0.5%
camera
o . +0.75%
Thermocouple [-270 € ~ 1372 C or 2.2C
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Fig. 4. Domain and boundaries of numerical setup
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Table 4. Boundary conditions in numerical set up

Boundary Condition Value
Volumetric heat Experimental
Battery wall source Data [W/m’]
Fixed temperature 20 [C]
Pack Wall i
Fixed heat‘transfer 4 [Wm*K]
coefficient
Initial Temperature of .
condition whole domain 201c]
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Fig. 5. Temperature of battery surface by time with
cooling materials during 2C discharging process

(a) Side view (b) Top view
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Fig. 6. Photos of PCM melting fraction in the battery
pack after 2C discharging process: (a) Side view and
(b) Top view
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Fig. 11. View of a grid, adopted for the computations
of the present study: (a) Front view; (b) Top view
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Fig. 12. Time step independence test for battery temperature
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Fig. 14. Numerical monitoring plane of PCM battery
pack: (a) Top view and (b) Side view
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Fig. 15. Numerical and experimental results of melting
fraction of solid PCM after discharging processe: (a)
Side view and (b) Top view
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Fig. 16. Numerical results of volume fraction of solid
PCM and tempeature scalar field after discharging
processe: (a) Side view and (b) Top view
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Fig. 17. Numerical monitoring plane of PCM battery
pack inside: (a) Top view and (b) Side view
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Fig. 18. Numerical results of volume fraction of solid
PCM in discharging processes of Top view
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Fig. 19. Numerical results of volume fraction of solid
PCM in discharging processes of Side view
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Fig. 20. Contours of the magnitude of the velocity and
streamlines for PCM battery pack
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Fig. 21. Contours of the temperature for PCM battery
pack
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