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Abstract — For an optimal design of automotive electric system, it is important to have a reliable modeling tool to pre-
dict the charge-discharge behaviors of the automotive battery. In this work, a two-dimensional modeling was carried out
to predict the charge-discharge behaviors of a 12-V automotive lead-acid battery. The model accounted for electrochem-
ical kinetics and ionic mass transfer in a battery cell. In order to validate the modeling, modeling results were compared
with the experimental data of the charge-discharge behaviors of a lead-acid battery. The discharge behaviors were mea-
sured with three different discharge rates of C/5, C/10, and C/20 at operating temperature of 25 °C. The batteries were
charged with constant current of 30A until the charging voltage reached to a predetermined value of 14.24 V and then
the charging voltage was kept constant. The discharge and charge curves from the measurements and modeling were in
good agreement. Based on the modeling, the distributions of the electrical potentials of the solid and solution phases, the
porosity of the electrodes, and the current density within the electrodes as well as the acid concentration can be pre-
dicted as a function of charge and discharge time.
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Fig. 1. Schematic illustration of a lead-acid cell.
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Fig. 2. Input and output parameters for the modeling of the lead-acid
battery.
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Fig. 3. Finite element mesh used for the lead-acid battery.
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. 2
A : active surface area of electrode [cm%/cm?]
a : coefficient

. . . 9
A, :maximum specific active surface area of electrode [cm*/cm?]

c : concentration of binary electrolyte [mol/cm?]
Cr - reference concentration of the binary electrolyte [mol/cm?]
D : diffusion coefficient of the binary electrolyte [cm?/s]
: Faraday’s constant [96,487 C/mol]
g : gravitational vector [cm/s’]
iy : exchange current density [A/cm?]

: transfer current density [A/cm’]
: permeability [cm?]

: molecular weight of species [g/ mol]

: electrode capacity [Coulomb/cm?]

J

K

M

p : pressure [Pa]
Q

R : universal gas constant [8.3143 J/mol-K]
t

: time [sec]
ty" : transference number of H' with respect to solvent velocity
T : absolute temperature [K]

AUpyp,: equilibrium potential at ¢, for positive electrode [V]
% : velocity vector [cm/s]

X : distance from centre of positive electrode [cm]

kD‘f»ff : effective diffusion conductivity [A/cm]

J2|A 2K}

o : transfer coefficient

B : volume expansion coefficient [cm*/mol]

Y : exponent for the concentration dependence of the exchange

current density

r : diffusion coefficient
€ : porosity of electrode
& : exponent for charge dependence of the specific active

surface area
: electrode overpotential [V]
: electrolyte conductivity [S/cm]

: dynamic viscosity [kg/cm-s]

< T A 3

: kinematic viscosity [em*/s]
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i LR e I e
p - density [g/cm’]
c : conductivity of the solid matrix [S/cm]
D, : electric potential of solid phase [V]
o, : electric potential of liquid phase [V]
A&
eff : effective, corrected for tortuosity
O2H& X}
D : pertinent to diffusion
L : liquid solution
max : maximum or theoretical
o : initial value
Ref : reference state
S : solid phase
HD=3
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