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Abstract: Considering the micro-channel liquid cooling thermal management system (TMS) of EV battery packs,
a thermal model was established for a battery module consisting of 71 sections 18650 lithium-ion batteries. In this
model, the thermal-lumped treatment was implemented for each single battery and the heat generation of a single
battery was determined based on experimental measurements. In particular, heat conduction between neighboring
batteries was considered. The battery module’s thermal behavior, and investigated effects of the discharge C-rate,
the liquid flow rate, the heat exchange area between neighboring batteries, and the interfacing area of the battery
and the shell of micro-channel were numerically studied relying on the developed model. The simulated results
corroborated the effectiveness of the micro-channel cooling system. It was found that: 1) increasing the discharge
C-rate led to higher temperature and worsened the temperature uniformity in the battery module; 2) increasing the
liquid flow rate can significantly lower the maximum temperature and improve the temperature uniformity in the
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battery module; 3) increasing the exchange area between neighboring batteries slightly improved the temperature
uniformity in the battery module, but only had limited effect at lowering the maximum temperature in the module;
4) increasing the interfacing area of the battery and the shell of micro-channel can significantly lower the

maximum temperature in the battery module, but worsen the temperature uniformity in the module.

Key words: lithium-ion battery; thermal model; microchannels; computer simulation; heat transfer
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Table 1 Thermo-physical properties of battery materials and geometric parameters of battery?.3-32
Parameter Can Electrolyte Copper foil Anode Separator Cathode Aluminum foil
thickness/pm 300 10 87 22 92 10
height/mm 65 57 53 59 53 55
porosity 0.59 0.42 0.54
density/kg-m—3 7800 1290 8933 2660 1200 1500 2702
thermal conductivity/W- m=-K-* 16.8 0.45 398 5 1 5 238
specific heat capacity/J-kg—-K* 478 133.9 385 14374 700 700 903
HL A B T R R AR B
- @

1 18650 %5 NMC 4 &1 Hiith &5 44
Fig.1 Inner structure of 18650 lithium-ion cell
with NMC cathode
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Table 2 Governing equations in sub-domains

Equation Battery

Shell Liquid

mass continuity equation N/A
momentum conservation equation N/A

energy conservation equation

Ve(pc,uT) =0

NIA %pw-(pu) -0 @)

N/A %(pu) +Ve(pu) = VP Ve(uVU)  (4)

g(pcpT) FVa(pe,UT) =V+(KVT)+Q  (5)

Ve(pc,uT) =0 Q=0

Q=0
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