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Abstract — A three-dimensional modeling was carried out to investigate the effects of operating conditions, ambient condi-
tions, and design factors on the thermal behavior of an electric-vehicle(EV) battery. Thermal citieduativarious com-
partments of the battery were estimated based on the equivalent network of parallel/series thermal resistances of battery
components. Heat generation rate was assumed to be uniform throughout battery electrodes. The maximal temperatures within
the battery at various operating conditions were calculated in order to check whether the operating temperature ofithe battery
within acceptable range. In addition, the relation between the surface temperature of the specific region and the maximal tem-
perature of the battery interior was obtained so that the measurement of the surface temperature may be used to predict the
maximal temperature of the interior. The results of this study may be useful for the optimal design of the thermal management

system of an EV battery.
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Fig. 3. Equivalent thermal resistance networks (a) for the serial resist-
ances and (b) for the parallel resistances.
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Table 1. Parameters used in calculations

p[&%ﬁ} Cp[g%.(} k[crxvljl(} References

. Tab 8.91 0.4605 7.931x 107 9,12
- Ni electrode 3.097 1550  2.028x 1072 2,9
- MH electrode 4.800 3199 1.634x102 2,912
. Vent(Al) 2.7C 09025 273 9

H,(1 atm) 8974x 105 14.304 1722102 10,11
. Separator 1.107 3161 5.323x10° 2,9,12
. Casing(SUS) 0.93 2301 3.287x10° 2,912
- Interior coating  1.35 1.674 2077x10° 2,912
- Exterior coating  8.027 0502 1.630x10t 2,9
u(Or k) = AA”(“ABA”(“AC”‘C ©)
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Fig. 4. Schematic diagram of a module.
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Table 2. Maximal and minimal temperatures of a cell for various heat
generation rates and air temperatures

Heat generation Air temperature Max. temperatureMin. temperature

rate[W/cnd] [°C] of a cellPC] of a cellPC]
g=0.01 T=10 323 17.2
T=20 41.0 27.2
T=30 52.3 37.2
g=0.02 T=10 54.6 24.3
T=20 64.6 34.3
T=30 74.6 44.3
g=0.04 T=10 99.3 38.7
T=20 109.3 48.7
T=30 119.3 58.7
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A1

A : heat-transfer area [fh

a, . interfacial area of solid-phase particles per unit volume of porous

anode [M/m]

=N s interfacial area of solid-phase particles per unit volume of

porous cathode [Am’]
: geometric electrode surface area per unit volume of c8tinfin
C : cell heat capacity at constant pressure [JKD

anode [A/nd]

cathode [A/n]
i : applied cell current per unit area of projected electrode JA/m
: thermal conductivity alongrdirection{=x, y, z) [W/n?- K]
Q : heat-generation rate per volume of the cell {361

r : reaction rate per unit volume of the cell [maol/rs]
U, : local enthalpy potential of anode [V]

U, : local enthalpy potential of cathode [V]

\% : cell potential [V]

V. : volume of the cell [f}

J2(0|Aa 2Kt

OH,,, :heat of reaction;2.89x 1¢° [J/mol]

P : cell density [kg/mi]
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=

. local interfacial current per unit area of solid-phase particle for

. local interfacial current per unit area of solid-phase particle for

5.

6.

10.

11.

12.
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=Ry
a :anode
c : cathode
X : X-direction
y :y-direction
z : z-direction
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