Cooling System Anaysis of LFP Prismatic Battery
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Abstract : Li-ion battery is regarded as one of the most suitable for electric vehicle. For driving range of electric
vehicle, more battery energy to be filled in the pack is required. Compact pack structure induce temperature deviation
between batteries Optimal operation temperature of battery is between 20 to 45 degrees Celsius and high temperature
deviation induce performance differences occur for each battery cell. These issues are related to the thermal
management system. The main goal of this paper is to present a comparison of two cooling systems(liquid cooling for
active cooling, and phase change material based cooling for passive cooling)of LFP prismatic battery module. The
temperature rise and temperature deviation are mainly analysed for two types of battery cooling systems.
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Alul[;nnu Copper Acryl Jelly roll
Heat
capacity 900 385 1470 975
(kg - K)
Density
2 11
(k) 700 8950 90 2560
Thermal
Conductivity | 238 400 0.18 30.8
(W/m « K)
Table 1 Thermal model material properties
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Material LFP Graphite LiPF6

Table 2 Material of battery cathode, anode and electrolyte
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Fig. 1 Geometry of battery cell
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g. 2 Studied battery module

148 < 26.5 X 91 mm
(Length X Width X Height)

Dimension of cell

Table 3 Dimension of battery cell
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Fig. 3 1D battery heat generation model



Parameter(unit) value
Solid phase Li-diffusivity of positive 110~ 13
electrode (m%/s)
Solid phase Li-diffusivity of negative 39510~ 14
electrode (m%/s) )
Particle radius of positive electrode (m) 12.5x107°
Particle radius of negative electrode (m) 8x107°
Electrolyte phase volume fraction of
o 0.444
positive electrode
Electrolyte phase volume fraction of
. 0.357
negative elcetrode
Electrode phase volume fraction of
o 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 pahse concentration of nagative 31.370
electrode (mol/m’) i
M lid ph: ion of positi
ax solid phase foncentratlon of positive 22.806
electrode (mol/m”)
Initial concentration of negative active 14.870
electrode material (mol/m®) i
Inital concentration of positive active 14.870
electrode material (mol/m?) i
Solid phase conductivity of negative 100
electrode (S/m)
Solid phase conductivity of positive 18
electrode (S/m) )
Bruggeman coefficient 1
Initial electrolyte salt concentration 1000
(mol/m3)
Thickness of negative electrode (:m) 55
Thickness of separator (p:m) 30
Thickness of positive electrode (pm) 55

Table 4 Electrochemical model properties
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Coolant
Heat

capacity (J/kg + K) 33

Density (kg/m”) 1050.44
Thermal
.. 0.3
Conductivity (W/m - K)

Dynamic viscousity (Pa « s) 0.001538

Table 5 Thermophysical properties of the coolant

Paraffin
Paraffin wax wax(OP44E)
Solid | Liquid | Solid | Liquid
Heat
capacity (J/kg - K) 1905| 2318 2000 2000
Density (kg/m®) 920 795 880 770
Thermal
Conductivity (W/m « K) 0.21 0.2
Melting point (C)H 40 40.6
Latent heat (kJ/kg) 233 248

Table 6 Thermophysical properties of PCM

Fig. 5 Cooling fin and flow channel geomery




HHEWJA ”?ﬂﬁkﬂr th_o}ﬂ H 3l 3,000s2] 314

ARFO.E SEAZE F2E 3k BT 5

(Fig. 6) o] &% 3|44 72} v w3t

J

L L

[s=4 1 [

[ [ [ eo!

[l L] ]

. ]

[ [ [

® 22 L L |

[_] 1 ]

[ 1] [ ] [ o2
Fig. 6 Measuring poing arrangement
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Fig. 7 Comparison temperature at measuring point
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Fig. 9 Battery module temperature with liquid
cooling(max/min/average)
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Fig. 10 Battery module temperature with PCM based
cooling(max/min/average)
Max Min Average
temperature | temperature | temperature
battery
module 99.97 82.32 92.28
o
C)
Liquid
o 4714 37.08 44.87
cooling (C)
Cooling with
o 64.90 63.95 64.43
PcM (C)

Table 7 Summary of measure max,min
temperatures of three battery module

and average
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Fig. 11 Battery module temperature with two different PCM
based cooling(average)

Max Min Average
temperature | temperature | temperature
Paraffin
Wax(OP44E)|  63.27 62.07 62.55
)
Para({ﬁé‘ )Wa" 6490 | 6395 | 6443

Table 8 Summary of measure max,min and average
temperatures of two different PCM based cooling
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