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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 conductivities of various 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 of the battery is

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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01 k�� : "'. Ni/MH NH�� 56 lead-acid NH�� �0

� tu+& �� d� e�� [' ��i� u�P ��& �� !

"'[3].

� ����# H� ���R NH�� ui �w. � ��
 �

: "# simulation program �t.  �( %0!, � ¡ ¢£ Y�

(� cell� module� �
�# 3�¤ 
¥. ¦
 Ni/MH NH� y

8� z� v�1 k�0� §� :¨i ©ª. 	�0«'. ¬��­

C� ^W0� Hg©Q1 :V0«!, H� ®8v� NH�� ]!z

�o� l��� �¯°1 	�±>(² H� ®8v� z�1 �%0

# jE>(� NH�� ]! z�1 k�� : "³ 0«'.

2. �� ��

� ��# 90Ah́ Ni/MH( �w� battery pack y� z�v�1 ©
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<̀ Â �Á� 56: kY>

R=RA+RB+RC (1)

(2)

(3)

<ÄÂ �Á� 56: kX, kZ>

(4)

(5)

x
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-----
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kA

-----
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-----
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kC

-----+ +=

kY

xA xB xC+ +( )kA kB kC⋅ ⋅
xA kB kC xB+ kC kA xC kA kB⋅ ⋅+⋅ ⋅⋅ ⋅
---------------------------------------------------------------------------------=

1
R
---- 1
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------ 1
RB

------ 1
RC

------+ +=

A kX or kZ( )⋅
L

------------------------------
AA kA⋅

L
---------------

AB kB⋅
L

---------------
AC kC⋅

L
----------------+ +=Fig. 1. Schematic diagram of a cell.

Fig. 2. Schematic of multilayer casing.

Fig. 3. Equivalent thermal resistance networks (a) for the serial resist-
ances and (b) for the parallel resistances.
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'¾n cell Ã module� z�v�1 �0� §0� QR� ��s
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Table 1. Parameters used in calculations

References

• Tab
• Ni electrode
• MH electrode
• Vent(Al)
• H2(1 atm)
• Separator

8.91
3.097
4.800
2.700
8.974�10−5

1.107

0.4605
1.5590
3.1990
0.9025

14.30400
3.1610

7.931�10−1

2.028�10−2

1.634�10−2

2.73
1.722�10−2

5.323�10−3

9, 12
2, 9

2, 9, 12
9

10, 11
2, 9, 12

• Casing(SUS)
• Interior coating
• Exterior coating

0.93
1.35
8.027

2.3010
1.6740
0.5020

3.287�10−3 
2.077�10−3

 1.630�10−1

2, 9, 12
2, 9, 12

2, 9

ρ g
cm3
--------- CP

J
g K⋅
---------- k

W
cm K⋅
---------------

Fig. 4. Schematic diagram of a module.

Fig. 5. Finite element mesh of a cell.

Fig. 6. Finite element mesh of a module.
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é�ó �� �0� »w # �n �ç� � {|& �� �>å(

� È�1 ?vü !b� : "�· 0«'. �gn SUN UltraSPARC

143 Workstation�� :V0«>~, ­� # CPU timen cell� 56

1.5v, module� 56 36v&S'.

4. 
� � ��

Single cell. Hg©Q0#¸ Ü�� ��i� �:# H���� t

u+� NH�1 ���� Ï8 =�� z�&'. H�� tu+n N

H�� À�à �� ��� èé� ßé�³ �'. èé� � ���

�# Ý (9)(89 �� 1C( sH� e� tu+. �/(≅0.01[W/cm3])
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�� z�# ��� èé �&
 �å( 20oC1 �/ z�( 0 

10 oC, 30oC� 56� !b0� Hg©Q1 $�0«'. &e QR�

NH� Ï8����� �� uHß �:ìn 0.0005[W/cm2rK]&'[9].

Fig. 7��# �aL ��0�� %ll¹� �ß�. e� z�v�

1 TÛë j&'. �
�� [� ¼ : "Õ& NH�� ]!z�#

H��& ©�"# ,� 0Y8�� »w # j. � : "'. �P

! cell� l8��# :­��� {|. }_ H��
 Ën H�®.

èé l8( u& Hß . ¼ : "'.

Fig. 8��# � cell y�� � Ns|>( z� ��
 a!³ »w

 #�1 � TÛy /'. (a)� 56# XN s|>(� z���1

TÛë j&'. "6� p�� ¾�� ;�& �( 'ê� e�� :

qi>(# Uo� �&1 [&T �#. &$S! � �&# <��

E0«'. YN s|� z���1 TÛë (b)� 56# %%ü "6 �

#. &$S!, ZN s|� (c)��# :­��� {|. }_� 5.5 cm

8^�� ]! z�1 »w0«! H�& ïT# �Z� 13.4 cm 8^

��# l& ù��� �� z� ��1 [«'.

Table 2# tu+& 0.01, 0.02, 0.04 W/cm3Ç e �� ¬�� z�


�� 10, 20, 30oC� 56 cell y� ]! ]� z�ì& a!³ »w

&  #�1 TÛë j&'. tu+& �n 56�# ��,�� ���

&� wx�0J& QR� : "�E tu+& ' 56�# single cell

Ç�é� (�� ��. !b
 �� �>� §)0'# j. *³ k

�� : "'.

Module� 56� single cell� 56à ��
�( 0.01[W/cm3], 20oC

1 �/>( z�à tu+. ùúa 
~ Hg©Q1 :V0«'. �üFig. 7. Isothermal surfaces distributions at steady state.

Fig. 8. Isothermal surfaces and temperature distributions along x, y and
z directions in a Ni/MH cell.
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module� 56 pÔ ï� ß* su�� cell� cellQ&� \?. §0

� QR # òé�ó � e�� »w # �& H� z�v��� a
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�� z�v�1 TÛë j&'. -� su�� È�1 +,[�, Fig. 9
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20# j>( TÛ0'. $	( module�� ]! z�Zn '3, �

3 ¢£ cell�� TÛT# j. !b
 � e � su�� §q# i

40� �'# j. ¼ : "'. z�� ÆÇw. �&� §
�# (

�� sC& �2 aA � j>( �Y�'.

'¾>( òé�ó �� �
� »w # �� È�1 +,[�, �

· 1 mm X� D # �n �&�E � ÷. ¦
 �- # u+n

�� �¾. ¼ : "'. Fig. 9�� 6��& GzK& ��¤. »w

0� �! l@ü ç565� j. � : "#¸, &# òé�ó ��

�# uHß& �7 ä�� ���# ����� �
� u& 89T


� e�&'. �� Fig. 9�� cell� cellQ&�� z� ��
 »w

 # %�1 [!� � È�� %�1 ¼_ � : "'. 

NH�� z�
 �� z� :§1 ;a
� �³ ¬���b� NH

�y8� ]! z�1 �%
A �'. �Ø¸ <Vü� ]! �n z

�
 »w # �Zn H�� y8, ,� 0Y8&'. & 8vn cell

� y8&� e�� z� �%& W� <
x0'. èé� cell� y8

z�� �% �=� Ï8� �% 8v� z�1 thermistor1 &R0�

�%±>(² y8� »w # ]!z�1 ¬>� : "�· 0# j

& Ü�0'. Ï8� z�1 �%0# 8vn cell� case ,� 0Y8

T H� ®8v& K%h : "'. � ����# H� ®8v� z�

à ]! z�
 ?@0# �Z� YN s|� z� v�1 Fig. 10�

¿& ��±>(² ®8v� z�T �%8§� ��z�1 �%0#

jE>( moduley��� ]! z� v�1 k�� : "�· 0«'.

& �A# NH�� �?H� ´ sH� Y�oy� dn p� tu(

�
 ��z� :§1 ;að 56 NH�� :B �0
 A� � �

�· NH�1 	a� : "# �M�A( QRh : "'.

5. 
 �

H����R NH�� ui W�. k�0� §0� cell Ã module


¥. §� simulation program& �t S'. Cell� module� 56

# 3�¤ ¬��­C& QR S>~, NH�� ui �w. ?vü T

Ûy�� �g� QR # ¬� �­� :1 �&� §0� �À NH�

�w�­� uH� �Á& `Â Ã ÄÂ( �Å� j>( o�0«'.

&�� 
¥. ¦0� NH�� ?rsHC� ¿n ����� ��� =

� z�à ¿n ��ç& NH�� ui W�� 3q# {|. �Q0«

'. � ����# 'p� �� ��� èÓ ]�r]­ z�1 	�±>

(² cell& ����z� :§y�� ��0#� �81 �Y� : "�

· 0«>~, Ü�� èé (�� ��Öq� 8.�81 !b� : "

³ 0«'. ��, �%0� Dî H� y8� ]!z�1 ® 8^EF

�%& R&� Ï8� �%8v� z�E. �%±>(² NH����

]!z�1 k�� : "³ 0� z�	a� Ü�� �M�A( &R�

: "³ 0«'. �� $)� QR� module�� su�� §q# u.

È�i>( 	W
��# 0T ]!z�
 module ,�8v� »w #

j>( !b
� e u� vg�# � §q
 i40� �¾. ¼ :

"S'. & ��� Å�# H� ���R NH�� ]i u�P �� �

t� ¬R� �M�A( GRh : ". j>( �Y�'.

Table 2. Maximal and minimal temperatures of a cell for various heat
generation rates and air temperatures

Heat generation 
rate[W/cm3]

Air temperature
[oC]

Max. temperature 
of a cell[oC]

Min. temperature 
of a cell[oC]

q=0.01 T=10 32.3 17.2
T=20 41.0 27.2
T=30 52.3 37.2

q=0.02 T=10 54.6 24.3
T=20 64.6 34.3
T=30 74.6 44.3

q=0.04 T=10 99.3 38.7
T=20 109.30 48.7
T=30 119.30 58.7

Fig. 9. Surface temperature distribution of a module at steady state.

Fig. 10. Maximum temperature distributions along Y axis and corre-
sponding temperature of tabs.
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����

A : heat-transfer area [m2]

aa  : interfacial area of solid-phase particles per unit volume of porous

anode [m2/m3]

ac : interfacial area of solid-phase particles per unit volume of

porous cathode [m2/m3]

acell : geometric electrode surface area per unit volume of cell [m2/m3]

Cp : cell heat capacity at constant pressure [J/kg� K]

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

anode [A/m2]

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

cathode [A/m2]

iapp : applied cell current per unit area of projected electrode [A/m2]

ki : thermal conductivity along i-direction(i=x, y, z) [W/m2
� K]

: heat-generation rate per volume of the cell [J/m3
� s ]

r : reaction rate per unit volume of the cell [mol/m3
� s]

Ua : local enthalpy potential of anode [V]

Uc : local enthalpy potential of cathode [V]

V : cell potential [V]

Vcell : volume of the cell [m3]

���� ��

∆Ηrxn : heat of reaction, −2.89�105 [J/mol]

ρ : cell density [kg/m3]

���

a : anode

c : cathode

x : x-direction

y : y-direction

z : z-direction

����
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