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Abstract : This study investigates a CFD modeling of the charge-discharge behavior due to heat
generation during charge-discharge cycles of a Li-ion secondary battery(LIB). Present LIB sys-
tem adopted a current-density equation, heat and mass transfer governing equations upon the
1-dimensional system to the thickness direction for the rectangular pouch configuration. Accord-
ing to the 3-kinds of the charge-discharge current densities of 1C(17.5 A/m?), 3C(52.5 A/m?)
and 5C(87.5 A/m?) subject to a 3 V of cut-off voltage, a constant-temperature system at 298 K
and three different heat generating systems were analyzed with comparison. Battery capacity
decreases with increment of charge-discharge densities not only at the constant-temperature sys-
tem but also at the heat-generating system. The time for charge-discharge cycles increases at
the heat-generating system compare to the constant-temperature system. These trends are con-
sidered that the increase of temperature due to heat generation causes the decrement of equi-
librium potential of electrodes and the increment of diffusivity of Li ions. Furthermore, cooling
effects were discussed in order to control the influence of heat generation due to charge-dis-
charge behavior of a Li-ion secondary battery.
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Fig. 1. Structure of a pouch-type Li secondary battery.
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Table 1. Parameters of CFD modeling for a lithium-ion single cell

Unit Negative Separator Positive
Initial electrolyte concentration mol/m’ - 2000 -
Max solid phase concentration mol/m’ 26390 - 22860
Active material density kg/m? 5032 - 2292
Porosity of region - 0.471 82218;2%; 0.297
diffusion coefficient m%/s Eq. (13) Eq. (12) Ix10M"
Electronic conductivity S/m 100 - 3.8
Transference number - 0.363 -
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Fig. 2. Geometry and boundary conditions for present CFD modeling.
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Fig. 3. Charge-discharge characteristics of the lithium ion
battery under constant temperature condition at T=298 K.
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Table 2. Cycle time with respect to different heat transfer coefficients

o 1C 3C 5C
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0 4550 4120 4120 1270 1000 1000 560 460 467
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