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Abstract

The introduction of the sector coupling concept has expanded the scope of ESS utilization, resulting in the importance
of thermal management of ESS. To ensure the safe use of the lithium-ion batteries that are used in ESS, it is important
to use the batteries at the optimal temperature. To examine the utilization of liquid cooling in ESS, numerical study was
conducted on the thermal characteristics of 21700 battery modules (16S2P array) during liquid cooling using Novec-649
as insulating fluid. The NTGK model, an MSMD model in ANSYS fluent, was used to investigate thermal characteristics
on the battery modules with liquid immersion cooling. The results show that the final temperature of the battery module
discharged at 5 C-rate is 68.9°C using natural convection and 48.3°C using liquid cooling. However, the temperature
difference among cells in the battery module was up to 0.5°C when using natural convection cooling and 5.8°C when
using liquid cooling, respectively, indicating that the temperature difference among cells was significantly increased when
liquid cooling was used. As the mass flow rate increased from 0.01 kg/s to 0.05 kg/s, the average temperature of the battery
module decreased from 48.3°C to 38.4°C, confirming that increasing the mass flow rate of the insulating fluid improves
the performance of liquid immersion cooling. Although partial liquid immersion cooling has a high cooling performance
compared to natural convection cooling, the temperature difference between modules was up to 8.9°C, indicating that the
thermal stress of the battery cells increased.
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0p,C,, T . . .
% —V . (kbv Tb): 04 | VQO+ | 2‘)0— | VSO— |2 + qEch + Qshort + Qabuse (1)

Cells

Dielectrlc fluid II

Inlet
Immersion level = ‘
Proportion of cells
immersed in fluid Outlet

Fig. 1. Schematic of simulation model for immersion cooling.

Table 1. Specification of battery cells and module

Parameter Specification Parameter Specification
Cell diameter [mm] 21 Cell height [mm] 70
Cell weight [g] 69.25 Nominal capacity [Ah] 4.85
Nominal voltage [V] 3.63 Chargecut off voltage [V] 4.2
Discharge cutoff voltage [V] 2.5 Cutoff current [mA] 50
Battery cell connection 16S2P
Voo (04 Vei)=— 1l 2
Vo (0-V )= jmen 3)

wjElelo] whed EAS mAR] g8 2ko] A7Istehibe mel olgsteirh. gto] A7|sehike mEle
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Fig. 2. Fitting curve of U and Y parameter according to DOD, (a) U parameter, (b).

Table 2. Coefficient of fitting function about U and Y parameter

Parameter Order Coefficient Parameter Order Coefficient
0 4.15698 0 3.670067
1 -1.787613 1 -117.6572
2 7.953208 2 385.8094

U Y

3 -27.59018 3 -295.6795
4 38.52444 4 -279.2029
5 -1.857010 5 326.7414

Fig. 2@k (b= Whelel W UFS Fof e UShY §polnd, Table 20 USH Y 45k wg3e]
A48 BolEr,
NTGK melollA] A ek H7]8k8t4] hgol ofeh vielel e, qpas B, ()2 EATIS)

Q5eh = JBen (U- V)~ T— Q)

Wi Ele] o) W2 SAo] ALEE Ml A Novec-649 o|th Table 38 3)4o] AH&El e elo}
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Wzt S H7HE A3 oA 240e HojEth

Table 3. Properties of 21700 battery and Novec-649

Property Battery active zone Battery tab Novec-649
Density (kg/m’) 2525.5 8978 1603
Specific heat (J/kg-°C) 928.8+1.409T 381 1102
Thermal conductivity Radial .: 1.36 Radial .: 1.36
(W/m-C) Tangc?ntlal 124 Tang?ntlal 124 0.05875
axial : 24 axial : 24
Viscositry (Pa-s) 0.0006288
Electrlca(lsc/;)s)ductlvny 3541107 1107
Table 4. Simulation conditions
Parameter Value
Dielectric fluid Novec-649
Liquid immersion level 0, 0.25, 0.5, 0.75, 1
Mass flow rate (kg/s) 0.01, 0.02, 0.03, 0.04, 0.05
Battery discharging rate (C-rate) L3,5
Inlet and initial temperature (°C) 20, 20

Fig. 3:& AtAth i W24k A7) Wzhe 28 A DOD|| W e 2] RE9| Bt 25 HojEr). viE 29
Hat = viE ] W £27F 1 Crateoll A 5 Crate= F7kgte]l whet A Uebdth o] e 2o WA
&7k F7kgte]l utet viE 219 ‘?z% o] Z7k5F%17] wiizolt}. 1 Corate, 3 C-rate, 5 C-rate 710l 4 AFAh 7
Wzke Abgstd ufEl g o] HFE Hik 2 34.4°C, 51.7°C, 68.9°CE AAtE] o] 2ol ujE 2] obd
A= 9191 15~40°CE f{}éﬂ l Fote Aoz gRlEginh ol AduF Y2t dif G AF7t
wrol uij e gfofl A AR P2 F5] AASHA] FstaL, viE 2l et do| A7) ufolc), v oy
Y2+-& A5 1 Corate, 3 Corate, 5 Crate 27104 WiE 2] HF Hat 2% 26.4°C, 35.6°C, 48.3°C=
AAF Yzl wiE e Bt 2w WA A St WA 7ol ERlE M ol= viE S
Eej A FA7F 7100 vl w2 89S 7H B F9] WEo] ZhssiAin, AR WA dd f:419
SEoz Qlsf vjE ol AR Fo] o] At Wre] Hsj &olstr] wizoltt. ShAN A &=rt
5 Crate®] 7~ wiE] 2] 9] Hat 25 wiE 2] b &4 2= WIS WEA7|A] Zetgl o, B e WA
EmolA e 25 P 2 2= yelollA BN fleide AR 7 Al HA fA1Y] fE
S7PFHad Ao s Aok
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Cooling method 1 C-rate 3 C-rate 5 C-rate [[__]Natural convection cooling
Natural convection [_]Full immerion cooling (m=0.01 kg/s)

Full immersed cooling (m=0.01 kg/s)
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Fig. 3. Average temperature variation of cells in module with Fig. 4. Temperature difference of cells in battery

natural convection cooling and liquid immersion cooling. module with natural convection and immersion
cooling.
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Fig. 5. Average temperature variation of cells in module liquid Fig. 6. Temperature difference of cells in battery
immersion cooling according to the mass flow rate. module according to mass flow rate.
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Fig. 7. Average temperature variation of cells in module liquid Fig. 8. Temperature difference of cells in battery

immersion cooling according to the immersion level. module according to the immersion level.
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