Cooling Analysis of LFP Prismatic Battery
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Abstract : As the demand of the electric vehicle increased, the importance and demand of the ion lithium battery also
rised. The battery mounted in electric vehicle can cause thermal runaway which can intimidate the driver’s safety. For
preventing the fire issues from battery, cooling device for batteries is required. There are several methods to control the
temperature of battery. In this study, LFP prismatic model is simulated by COMSOL Multiphysics and two method of
cooling method is used, active cooling and passive cooling. In active cooling, cooling pins are arranged between the
battery cells and in passive cooling, the battery module is covered with PCM(Phase Change Material). As a result, the
performance of active cooling was better than passive cooling, and the cooling performance would be better if the
thinkness of PCM increases but the number of battery will be decrease because of the volume of PCM.
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M Agsilc

Aluminum | Copper Acryl Jelly roll

Heat
capacity 900 385 1470 975
(Jlkg - K)

Density

; 2700 8950 1190 2560
(kg/m’)

Thermal
Conductivity 238 400 0.18 30.8

(W/m - K)

Table 1 Thermal model material properties
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Material LFP Graphite LiPFo6
Table 2 Materials of battery
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Fig. 1 Geometry model of battery cell

3D melel djslet WS AN $18A
COMSOL Multiphysics®] Lithium ion battery
modules AFEE] 1D RS w53, wjE]E] Q)
A, S, Fele] 2AE Fshm, o) W
A715eH A =S diYdste] BEFS 3D 2

S EDEEES

Positive electrode

Megative electmde separator

Fig. 3 1Dimension model

Parameter(unit) value
Solid phase Li-diffusivity of positive Lx 10~ 12
X
electrode (°/s)
Solid phase Li-diffusivity of negative e
2 3.9% 10
electrode (m°/s)
Particle radius of positive electrode (12) 12.6x10° 8
Particle radius of negative electrode () 5x10°6
Electrolyte phase volume fraction of
.. 0.444
positive electrode
Electrolyte phase volume fraction of
. 0.357
negative elcetrode
Electrode phase volume fraction of
.. 0.297
positive electrode
Electrode phase volume fraction of
. 0.271
negative electrode
Filter phase volume fraction of positive
0.259
electrode
Filter phase volume franction of negative
0.172
electrode
Max solid phase concentration of negative 31370
electrode (mol/m*) ’
Max solid ph: tration of positi
solid pl ase;:onoen ation of positive 22.806
electrode (mol/m”)
Initial concentration of negative active 14.870
electrode material (m0l/m®) ’
Inital concentration of positive active
. 3 14,870
electrode material (mol/m”)
Solid phase conductivity of negative 100
electrode (S/m)
Solid phase conductivity of positive 38
electrode (S/m) ’
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Initial electrolyte salt concentration

5 1000
(mol/m")
Bruggeman coefficient 1
Thickness of negative electrode () 55
Thickness of separator () 30
Thickness of positive electrode (1) 55

Table 3 Electrochemical properties of battery

2.3 Active Cooling
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Coolant
Heat
capacity (J/kg + K) 3.3
Density (kg/m®) 1050.44
'1.“h.ermal 0.3

Conductivity (W/m « K)

Dynamic viscousity (Pa « s) 0.001538

Table 4 Properties of coolant

Fig. 4 Geometry model of coolant channel
2.4 Passive Cooling
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Fig. 5 Geometry model of PCM

Parafin
wax(OP44E)
Solid | Liquid | Solid | Liquid

Parafin wax

Heat

capacity (J/kg + K) 1905 | 2318 | 2000 | 2000

Density (kg/m”) 920 | 795 | 880 770

Thermal
Conductivity (W/m « K) 021 0.2
Melting point ('C ) 40 40.6
Latent heat (kJ/kg) 233 248

Table 5 Properties of PCM
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Fig. 6 Temperature of battery module without cooling device
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Fig. 7 Locations of five points
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Fig. 8 Temperature of battery module with liquid cooling
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Fig. 9 Maximum, minimum and average temperature of
battery moudle with liquid cooling
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3.2 Passive Cooling Z1}
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Fig. 10 Maximum, minimum and average temperature of
battey module with PCM cooling
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Fig. 11 Temperature of battery module with different PCM

Max Min Average
temperature temperature temperature
Paraffin
Wax(OP44E) 63.27 62.07 62.55
©
Paralfin Wax| 6490 | 6395 | 64.43
)
Table 6 Maximum, minimum and average temperature of
battey module with PCM cooling
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