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ABSTRACT

Purpose: To secure efficient thermal management technology for Li-ion batteries, the applicability of
the system applied with single-phase immersion technology was checked through an experiment.
Method: Using JH3 pouch cells produced by LG-Chem, Korea, A 14S2P module was manufactured
and immersed in a vegetable-based cooling fluid produced by Cargill, USA, and then charged and
discharged at a rate of 0.3C to 1C to check the heat distribution. Result: It was possible to manage and
there was no change in the molecular structure of the immersion solution. Conclusion: It was confirmed
that the immersion cooling method can be applied to the thermal management of Li-ion batteries.
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Fig. 1. Single-phase, liquid immersion cooling Fig. 2.Two-phase liquid immersion cooling
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Table 2. Potential candidate of immersion coolant

THEAL A= sFehk-eA4d 28 Hof H| 12
FHA Crud Oil e 18 AC 717]
e 427 Bio ol 2
Phase _ s 1%+ AC/DC 7171 87 A5+
ol H| A Hfo] @A o9 s
Two EF024 ¢ -2 Data Center
Phase PCMZA| w7 &= T =0
Methodology

A[RFEX| 24|

Aol AR 22 LGt JH3 ke AR8SE1. o™ TH3 T High ABtRt Al Table 301 LERIT: A2iAl= JH3
0] 148 2 5ot Sub-TE s AlAsE 0 o] Fefli=Fig. 3o Helteh o] Aee]o) 7lo| = EE]O]% Alsted
2S5he FHIE ARSI F 7He] Sub-REs AEAE oo AU 42~58.8V, LT 126AhE Bms AASHA

om Y|Pzt -gellof] 9] g dolle dF ke 2ol AT FHSI3T Fig. 4, 5O AR A 0411]4 ng=

AATK Park et al., 2013).

Fig. 4. Immersion cooling test specimen  Fig. 5. Top view of heat dissipation heatsink

Fig. 3. Sub-module shape
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Table 3. Specification of LG chem Li-ion battery JH3 cell

Classification Unit Value Remark
Nominal Capacity Ah 63
Nominal Energy Wh 233 @LGChem
Nominal Voltage \" 3.7 I Hm——
Enegry Density Wh/L 412
Specific Energy Whikg 198 _—
Voltage Range \Y% 3.0~4.2
Storage Temperature C -30~60 . 3525mm .
Weight g 1,175 T 0 T
Volume mL 565 toozm | [ ] e ]
Dimension (W/L/T) mm 100.2/352,5/16.0
. + NMC 16mm ] ——H = =
Chemistry - Graphite

Table 4. Properties of coolant specification

Immersion Coolant Specification Value
molecular weight 337
specific gravity (15/4°C)kg/m3 875
kinematic of viscosity (40°C)mm2/s 5.734
boiling point T 350
pour point. T 275
flash Point T 362
corrosiveness Cu, 140°C, 19H -
specific heat Kjkg'K) 2.106
thermal conductivity W/(m-K) 0.124
permittivity 80°C) 2.94
volume resistivity 80C) Q-cm 8.5x1013
dielectric Breakdown (2.5mm)kV 78
water contents ppm 9

Fig. 6. Forced air cooling test specimen Fig. 7. Temperature measurement method
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Result & Discussion
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Table 6. Comparison of heating trends for charging and discharging

S HE(%) 1C HA(C) 1CEA(0) 1C B/4H 293}
0 23.2 22.7
9 26.4 25.0
18 28.6 26.3
27 30.1 27.7
36 312 29.4 gavc... o
45 322 30.6 --1c:=2-7§
54 33.1 31.8
63 33.8 32.9
72 34.8 33.8
81 36.1 34.6
90 37.6 34.7 s/auE
100 39.0 34.3 Fig. 11. Comparision Temperature Curve.

Table 7. Vertical heat distribution inside the module

AHE) _CcliBE AR meAw m—
0 19.3 19.0 19.0 s
10 21.6 22.6 233
20 232 25.6 26.9 o0
30 26.2 28.1 29.7
40 28.3 29.8 31.1
50 30.7 314 33.0
60 33.9 333 35.0
70 35.6 352 36.9
80 352 33.8 353
90 34.7 32.8 342
0o w2 200 33 T
110 33.7 314 32.6
120 33.3 31.1 32.1 Fig. 12. Temperature Curve Inside Module.

170 KOSDI



Woonhak Kim et al. | 4 Study on Heating Characteristics of Li-ion Battery Applicated Single-phase Immersion Cooling Technology

Sl H x| SHR] 2= T WhEA] Wolx| 1 BE . oF0] 2L 7} 7P =] 2Tt oA 1 £ A =017
£ 23 gRlsto] Ax|H o] o] A6t Q- SRISHILY. Fig. 80l K9l Z3Al 8y whAla} vl w gt uff Fibito]] A]
Zro] § AQ =11 olo]| thgh Heto] Waghe 3216ttt Table 79} Fig. 1201 1 A7kS Yehyigich

HAN0] Yk go] S S4SEIRE Liion 4 9 R Al AaSe] ofg BelsalA wige] el deieiv
BT LAl sl ok Pwﬂﬂ qagﬂuiwﬁmmwammwgaﬂaﬁz

S 2T 5L A 10 23] el el s 7)Aol

L =
& ARSI (Fig. 13). © Li-ion 2gol ARS-E= AHmadt A et §e T8 QL A o= Ak

o] 7Ks5HE 212 OISR A0 AR ALE WHgo dhste] AL ARl utet 71271 W astt

V.
I VA

i U -

3751 3501 3351 3001 2751 2501 2351 2001 1751 1501 1251 1001 751 501 251

P — ———

Fig. 13. Changes in molecular structure according to immersion time

Conclusion
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