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Inner Temperature Distribution by Two Appearances of Series—Cell
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Abstract

Given that lithium-ion batteries are expected to be used as power sources for electric and hybrid vehicles,

thermodynamics experimentation and prediction based on experimental data were performed. Thermal,

electrochemical, and electrochemical/electrical - thermal models were used for accurate battery modeling. Various

applications of different battery packs were demonstrated, and thermal analysis was performed using the same

experimental conditions for square and rectangular battery packs. Accurate thermal analysis for a single cell

should be prioritized to determine the thermal behavior of the battery pack. The energy balance equation, which

contains heat generation and heat transfer factors, defines the thermal behavior of the battery pack. By

comparing battery packs of different shapes tested under the same condition, this study revealed that the

rectangular battery pack is superior to the square battery pack in terms of the maximum temperature of inner

cells and temperature variation between cells.
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Fig. 1. Equivalent circuit model of lithium-ion battery.
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Fig. 2. Resistance of lithium-ion battery.

ojmgtty. W74 F7hs]E¢] getbnE F, OCV(Open
Circuit Voltage)= @ Ao AA] &S 7|Hto= g
SOCel m& Rest o]F A77F A7be A 2 wfe] <t
Aotd Aes guet. RE 249 A3 (Ohmic
Resistance) 2.2 92 AZndo|x] vtk )3t 713+
& AFol R 9 C = 247 = A& (Polarization
Resistance) @} 7] ¥ A ¥l 2~ (Polarization Capacitance)=
Uepdth Ak R do)A FEs9 oM HdFTE <
7h A o s er sk Ak AsE Fdtd R,
A

sisle] A slofo} gt o]
0 9 BAE 9 £

|Zo] %

Heat,,, = Heat;, —Heat,,, + Heat,, — Heat, (2)
2 (2)& HHﬂ—J 7124 Q1 dyA #d wAAE Y
T} Heat;,> HFE3} 2ol vig g Wiolx dof
gkg-o] obd, 9] ol A 7P:6HX]% d AJUAE v
. Heat, = Tﬂ S Aol A wig e W9
17]3F8k4] ukg-o 2 AA = Fol| x| (Heat generation)
yeltdtt, Heat,,, o Heat, ,© 18 7FA 719
Zd (Cooling)oltt #AHAA 1 4 WAk 5 wlEE] oF=
w7k delluAE vebdnh wiE e o] A Al o
U A & o5 WHel A o)A = Heat;, o
Heat, °l A Heat,, 3 Heat,, = W #Ho=
B gy Aol 2 LAFS o Sstal 94 A
& Bl AhgdE & Atk gE ol wiEy Y 2T
= 2 QA = 5 ARl 7H9AR] EAR A=
A w7 ARl AR UEe 92 yEid ¢ 9l

e Cq
_\1r1r e

N

o

PN
F

e
T



410 The Transactions of the Korean Institute of Power Electronics, Vol. 23, No. 6, December 2018

Seperator

A t '{.
C!]unl;: Polanizaii[a
\} e

Fig. 3. Principle of heat generation[5].
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Fig. 4. Principle of heat transfer'”.
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TABLE II
REACTION CONSTANT USED IN COMSOL

Reaction Constant
(Negative electrode)

2% 10*11

Reaction Constant
(Positive electrode)

5% 10*11

1. Derivation of internal resistance
according to lithium—ion battery based
on electric equivalent circuit model

4
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4. Thermal analysis of the variable shape
of a serial battery pack using Comsol

Fig. 7. Flowchart of heat analysis.
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