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Abstract : This study investigated the coupled thermal—electrical behavior of a 21700 cylindrical lithium-ion battery under
high-power operating conditions using a multiphysics framework integrating an equivalent circuit model (ECM) with a three-
dimensional computational fluid dynamics (CFD) thermal model. Temperature-dependent ECM parameters were identified
through hybrid pulse power characterization (HPPC) tests conducted at 0 °C, 25 °C, 40 °C, and 45 °C, coupled with the CFD
model to simulate internal heat generation and temperature evolution. The developed multiphysics model demonstrated high
predictive accuracy, with root mean square errors of 0.018 V for voltage response and 0.13 °C for temperature distribution
when compared with experimental measurements. Parametric analyses revealed strong nonlinear thermal behavior under
high C-rate discharge conditions, where temperature-dependent resistance and polarization losses significantly influenced
heat generation characteristics. Furthermore, enhanced convective cooling conditions effectively reduced peak cell
temperature by up to 18 %. Generally, the results indicate that battery thermal risk is governed not solely by current magnitude
but also by temperature-dependent electrochemical losses, highlighting the necessity of coupled electro-thermal modeling
for advanced battery thermal management system design.

Key words : Lithum-ion battery(2] & ] A]), 21700 cylindrical cell(21700 €15 & ), Equivalent circuit model(5 7}
3] = 2 dl), Multiphysics analysis(Th% & 2] 3]4]), Battery thermal management system(¥l ] 2] & #2])

Nomenclature Subscripts
Veen :terminal voltage, V NCM : nickel-cobalt-manganese
Uyey :open circuit voltage, V RH : relative humidity
I : applied current, A CC : constant current
Ry : ohmic internal resistance, Q CV : constant voltage
Ah : battery capacity Ch : charge
S : time, sec Dis : discharge
Te.enn : cell temperature, °C SOC  : state of charge
d : cell diameter, mm EV : electric vehicle
h : cell height, mm DoD  :depth of discharge
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Fig. 1 (a) Cell geometry with positive and negative tab, (b)
Three-dimensional CFD mesh model

Table 1 Boundary conditions

Item Value
5,10,15W/m? - K
0°C,25°C,45°C
0.3C, 0.5C, 0.7C
1C, 2C, 3C

Heat transfer coefficient

External temperature

Charge c-rate

Discharge c-rate

Table 2 Effective thermophysical properties of the INR21700

MS50-LT
Item Value

Density 2702 kg/m?

Cell Cp(Specific heat) 902 J/(kg - k)

Thermal conductivity 15 W/(m - k)

Density 1555 kg/m?
Nef;give C, (Specific heat) 1437 (kg k)
Thermal conductivity 1.58 W/(m - k)

Density 2895 kg/m?
P"ts;g"e C, (Specific heat) 1270 (kg - k)
Thermal conductivity 1.04 W/(m - k)
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Fig. 2 Comparison of experimental and numerical results during
charging at 25 °C : (a) voltage response, (b) temperature
evolution

Transactions of the Korean Society of Automotive Engineers, Vol. 34, No. 10,2026 1103



Seong Yeong Kim - Min Jun Jeon + Sung Chul Kim

gl o & Q= 3t Al 2 XHRoot Mean Square
Error, RMSE)Z o] &-3}o] A&k o 2 7}3}% t}. RMSE

a9k AN Sk o) o PEE FFA

H
oz wredahs A X2, mae] 1Y) % A o 3 45
2 AwH o PFakt o BESTh AP AN L

o3 o] Aol H.

RMSE = \/m ©)

A7NAM die A gy = TR dE53k N Ho]
B 7E 9 ]‘&D}RM E 7 7} Table 39 2]}l o
], T 2dA A =9 eak= 747} 0.018
0.13 °C& WERkaL, Hhd 27 o A= 2124 0.118 V, 0.49 °C

4.8

Voltage(V)
w w w » »
w [} © N [,
L 1 L L I

w
o
1

Experimental work
Current simulation work

I
3
N

T T T T T T
0 500 1000 1500 2000 2500 3000
Time(s)

Environment temperature: 25°C
Discharge: 1C
30 qn=5 W'k

28

26

Maximum surface temperature (°C)

24 4

Current simulation work|
(I) 5(‘)0 10‘00 15‘00 20‘00 25‘00 30‘00
Time(s)
Fig. 3 Comparison of experimental and numerical results
during discharging at 25 °C : (a) voltage response, (b)
temperature evolution

Table 3 RMSE of Voltage and Temperature

State Value

Charge voltage 0.018
Charge temperature 0.13
Discharge voltage 0.118
Discharge temperature 0.49
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