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Abstract The life of lithium-ion batteries decreases because of high heat generation during discharging
at high temperatures. Lithium-ion batteries need to maintain an optimal temperature using an effective
cooling system. Recently, indirect cooling using cold plates has been employed, but there are
disadvantages to this cooling, such as an increase in thermal resistance and coolant leakage.
Accordingly, research is being conducted on the direct oil cooling of lithium-ion batteries to overcome
these drawbacks. In this study, numerical analysis was conducted to analyze the oil cooling performance
and pressure drop characteristics for different fluid flow arrangements. The electrochemical heat
generation of a cylindrical lithium-ion battery was calculated using the NTGK model in ANSYS Fluent
commercial code. The Y and U parameters of the NTGK model were obtained through a constant
current discharge experiment at five discharge rates, and the numerical analysis results were verified at
a 2C-rate. Numerical analysis was conducted considering four inlet and outlet cases for a cylindrical
lithium-ion battery pack. The results showed that the cooling performance and pressure drop are
affected by the battery busbar, and the proposed optimal fluid flow arrangement showed the maximum
temperature and temperature difference of 32.41°C and 5.15°C, respectively.
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2.1 HiE2] WX A1

NTGK(The Newman, Tiedemann, Gu, and Kim)
model® Y, U parameter 24& 93t A F 94 4
T2 1,15, 2, 2.5 4 3C-rate YHEE 274 A
ot o, A% 272 Table 10 vt Witk

Table 1. 18650 Battery discharge experiment condition

Discharge current (A) 3.5, 5.25, 7, 8.75, 10.5
Ambient temperature (C) 25
Discharge cut off voltage (V) 2.5
Charge cut off voltage (V) 4.2
Charge cut off Current (mA) 50
FHE HAT-PAYCC-CV) 4L Agsjgon],
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Table 2. Experiment device specification

Device Specification Accuracy
1to 150 V
0,
TLF1200 DC loader 0 to 240 A £0.1 %£48.0 mA
CC mode
0 to 1200 W
0to 30V
TS3010A-1 DC supply 0to 10 A +0.1 %
0 to 300 W
0 to 50 V +0.1 %
GL7000 Data logger
-100 to 400 T +0.05 %
Constant temperature and| 30 to 60 T #$3Carl5C
humidity chamber 30 to 95 %RH +5 9%

e 2= MJ1 18650 €53 el Al AREsI2
o, 38 AYL Table 39| LFEhHATHIL.

Table 3. 18650 Battery specifications

Nominal energy 3500 mAh
Nominal voltage 3.653 V
Diameter 18.4+0.1/-0.3 mm
Height 65.0+0.2 mm
Constant | Constant | Cut off
Standard charge current | voltage | current
1700 mA | 4.2V 50 mA

2.2 B{E{2| =X[oHA

2.2.1 MSMD battery model

i g S S S AZE0]
ANSYS fluent®] MSMDMulti Scale Multi Domain)
battery model& ARESIGITE UF dto] §le A%
Hig2] A AALoA HiEY 2= 9 A7 A
Eq. (D~(3) ol-&sto] AtgitH10].
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where p, denotes battery density, 7, denotes

battery temperature, C,, denotes battery specific
heat o, denotes electrical conductivity of the
denotes  electrical

positive  electrode, o_

Vo,
denotes phase potential for positive electrode,
vV ¢

electrode, ¢g, denotes electrochemical reaction

conductivity of the negative electrode,

denotes phase potential for negative

heat, jg, denotes volumetric current transfer rate

NTGK model2 A4l H7|5e} wrgnds M5
AEET jg ol Hall Eq. (92 EFFHCTH10].

. Qnominal

Jan = m YUV 4)
where @,,mina denotes battery capacity in Ampere
hours, @,.; denotes battery capacity used in the

experiment U and Y denote fitting parameters

g mgiE U, Y& HiE29 I287k& Rdol=
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Fig. 3. Case of fluid flow arrangement
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Table 4. Properties of battery and working fluid

[11,12]
. . Specific Thermal Electrical
rosotlelrdtlies ae?zgg heat conductivity | conductivity
prop s (/kgk) | (W/mK) (s/m)
1.12 8.3ex105
Battery active (Radial) (Positive)
zone 1939.64 | 1387.96 24.72 1.67% 106
(Axial) (Negative)
Negative tab 2719 871 202.4 3.54x107
Positive tab 8030 502.48 16.27 8.33x106
Liquid Densit Specific Thermal Dynamic
o qerties (k /m;; heat conductivity |  viscosity
prop 8 (/kek) | (W/mK) (m2/9)
BE5-TM410 805 2100 0.14 1.94x10-7

222|842 Reynolds 4= 2300 o312 22nge
ARE3I9IT) 09 Si4] AAZAL Table 59 YeRfS
.

Table 5. Boundary conditions

Inlet flow rate (mLPM) 250
Inlet fluid temperature (C) 25
Outlet pressure (Pa) 0

Eq. (5)

Laminar flow

Battery heat source

Turbulence model
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& 5o 2 HPHZ AL Fig. 49 Jehidct oy ket
HE U, Y42 DODY] 5x1822 YeH o, Eq. (6),
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Fig. 4. Constant current discharge curve
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Fig. 5. Validation of air cooling simulation at 2C
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Fig. 9. Pressure drop for fluid fluid flow arrangement
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