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Analysis and Experiment Verification of Heat Generation Factor of High
Power 18650 Lithium-ion Cell

Taewoo Kang!, Kisoo Yoo!T, and Jonghoon Kim*T

Abstract

This study shows the feasibility of the parameter of the 1st RC parallel equivalent circuit as a factor of the

heat generation of lithium-ion cell.

The internal resistance of a lithium-ion cell consists of ohmic and

polarization resistances. The internal resistances at various SOCs of the lithium-ion cell are obtained via an
electrical characteristic test. The internal resistance is inversely obtained through the amount of heat generated
during the experiment. By comparing the resistances obtained using the two methods, the summation of ohmic
and polarization resistances is identified as the heating factor of lithium-ion battery. Finally, the amounts of heat
generated from the 2C, 3C, and 4C-rate discharge experiments and the COMSOL multiphysics simulation using
the summation of ohmic and polarization resistances as the heating parameter are compared. The comparison
shows the feasibility of the electrical parameters of the 1st RC parallel equivalent circuit as the heating factor.
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Fig. 2. Discharging voltages and temperatures with various

C-rates. (2C, 3C, 4C)
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Fig. 3. Cell's surface temperature during discharging from
fully-charged state to fully-discharged state with various
C-rates. (2C, 3C, 4C)
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(b) Enlarged figure of the circled voltage part

Fig. 4. Cell's surface temperature with respect to the
discharging voltage during 1C-rate OCV test
enlarged figure of voltage part.
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Fig. 5. Cell's surface temperature with respect to the
discharging voltage during OCV test.
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TABLE I
Air velocity (Ud) RELATION BETWEEN C AND n ACCORDING TO
W s REYNOLDS(Re)
Re C n
Length(L) 0.4~4 0939 0.330
4~40 0911 0.385
40~4000 0683 0.466
Diameter (D) 4000 ~40000 0.193 0618
40000 ~400000 0.0266 0.805
(a) Air circulation structure (b) Forced convection condition
in the chamber of a lithiumion cell
TABLE 1T
Fig. 6. Scheme of air circulation of chamber and forced AT VALUES OF FIG. 4(a) AND FIG. 5(a), (b)
convection condition of a lithium-ion cell.
sSoC 2C[C] 3CIC] 4C[C]
e nAEE EAL 7] wio] A3s e = 100% — 95% 1.78 2.29 2.54
A4S gate] W& SOC TAHSOC 10%~2%, Section 9% = 9% 1.92 248 2.73
#2)0 4 SOC 29% 7HA oz WAL Fasladr)y w5 vl 90% — 85% 1.81 2.40 2.60
2wk SOC 2%l M ASIE AL 25V WAL sy oo > 80% L7 229 239
. 2 4@, 5@), (b 7247 2C, 3C, 4Ce] WAdR S ™% | LT 221 233
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Atk WA Al AF7E A7 E = AR A7bEE AIRE T 53 509 531
o Wrdo]l HPHS Hola 3tk SOC 10%~SOC 559 5% 173 599 a1
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TABLE II
THERMAL PROPERTIES OF LITHIUM-ION CELL AND AIR
Density [kg/m”’] 2669.5
Battery Specific Heat [J/kgC] 950+20
Thermal Conductivity [W/mK] 3
Kinematic Viscosity, v [m*s] | 0.00001568
Air Thermal Diffusivity, a [m%s] | 0.00002207
(at 25C) | Thermal Conductivity, k [W/mC]| 0.02624
Air Velocity, Uy [m/s] 3
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Fig. 7. Comparison between the direct resistance and heating
based resistance at variable SOC points.
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Fig. 8 3D plots of the simulation results
generation with various C-rates during discharge.
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