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Study on the Flowfield Around Seawater Secondary
Battery Module Using Numerical Simulation
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ABSTRACT

Seawater secondary battery, one of the next-generation secondary batteries, is an eco-friendly technology, and various

applications have been suggested. In particular, since the seawater secondary battery is exposed to sea water, the performance

of that is naturally affected by the surrounding flow field. In this paper, a study for main parameters that can affect the

performance of a secondary battery was conducted based on the numerical simulation. Namely, it was examined how the

characteristics of the flow field change with respect to these paramters which are gap between secondary battery or inflow

velocities. And the results of this study would be applied as reference data for optimal arrangement of secondary battery.

.M E

ol AL B FRAE AL U 12 e
IRk s B0 LERNa")ol &S ol skl A7)
FBAL AFRAHE, CPESHAA ABA o] A
Z+Z)(ESS, Energy Storage System)o|t} A+ THO]
70 %5 A8k HithE o83 4= oU7] wizoll L &-§
2 ohoFobe w2 TS WL 9l ARG o)X A o)t
a4 Ho UEFES du= AMSH| izl 2§ AR B
aff g=rgo] A, vBlEAQl SHoA = fefsit ol 4
A& vio s 2T sfgrolabd x| disl EW2 A7k A2

= Aot} 53] ]*J% 5ol (Buoy)oll AAH=H, 30|

]5_5_ Ef;H 7\1,]‘ /\]OﬂE ;(]_/:\_140]
, 4l 5ol 7Fsslth, Al At
+= Kim 5] —)Fﬁﬂfi ol AP A Hge] AL Fdke
Z0] A ol 2= Q7] So] ARA|
w3 e 419 A %S 9B
4 9 sl S 71 SRol o) Bt 1T

F

Q. o mlm B

ox I

]

AL Agste] s Ae)sta, A7) of
A A, GRS AAT AAE B YAk
°|% ol wet V= A uh ek w3, MR
T AE At TofuA] WS THEA HFo] 7}
L35t uj24 gm0l Ao Wt A Vel v 2o At

o

o, W2 Alo] § Sl AAA 82 SRt Auelol
et A7 Fm SAw gt ST ol d ATES
Seeol Al AAel Aol 83 BRslo] 9
Aol SR B3 el A e A
Al glsie, S, Aol S50l EAfes 25y

S, se4lol whet shere] Age e 4 i) glonw 3
colAAIe] 8 0] Tt ololie B AAG A
A EA] Basit,

2 Qo)A ARG AIS) A (CFD) Y E

N

2 olgtof o}

Fob 271004 sholbAA] Y REHE ShAsk vl
stch, o) B SlRol A Fvie] 5ol ot o
AE=S ol 5 shpol A Agel] BgE A 3}

£ Zlo] 2 Qo] mxolet

* Shatsfoffj el RAGFAIA
& Ocean University)

B3+ (Division of Naval Architecture and Ocean Systems Engineering, National Korea Maritime

*F o ALY 24528t (Department of Naval Architecture & Ocean Engineering, Gyeongsang National University)

t WAIA A} E-mail : gisu,song@kmou. ac kr

2023 B2 MIIHE S StHE = 2E =2, 2023 78 52~72 7Y, BE LHA|O
The KSFM Journal of Fluid Machinery: Vol. 26, No. 6, December 2023, pp.57~68(Received 14 Jul. 2023; revised 28 Aug. 2023; accepted for publication 08 Oct. 2023)
SRRV HER] =28 H26H, MBS, pp.57~78, 2023(=2& =X} 2023.07.14, =28 LK 2023.08.28, AAIRZ XL 2023.10.08) 57



= o] sl srolAd A= Fig. 10f] UES

o} @He] shrol A S Aolet Holahiu, e B
|2 FLAAE sgo|A AR Ao) IRsk) EHisko s 7
2} vpaslo] qleh, BAHOE shrolxaAE 1079 Ao]
shbe] who PAE] glou, 7t Ae] FAL o], ko],
T €22 0,13m x 0,13 m x 0,015 mo|t},

F

J

2.2 £XSHM7IH HSE

sfrol2bA] = fE5ds Al EARE o oA, R
ARt fAIGEH EAS T E fe2 WA siAEe =
AA EAS Al AR =AM 7Y S P efstall st
R SbA At miel o] sfapolabx] Al oFe & §
gjo] SHAo]7] o] f-52] w7t ¢=urE 7FsAdel =
ohar AeskQleh, wheba] 2 ARl ARt Mixjvia f-F
2 Yu, Kareem©| A7-8F Z3J4|7} 1:1, 1:491 231 2|ALz¢
g Zajg ol f5Aoth O 59 whert £l
2 55 tiket sAjsledniet AgduL A Qlck®?
2 59 FAEA2 A4S A8 E]] STAR- COM+

Table 1, Numerical detail

Code STAR-CCM+ Ver. 15.06
Convection term 2" Upwind Scheme
k-0 SST model
Turbulent model Realizable k-¢ model
Grid system Unstructured

Wall treatment Wall function (Y,"=50)

Total number of Grid About 100,000
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(b) Aspect ratio 1:4

Fig. 2 Grid system for two geometries of prism
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Table 2 Comparison of Cp from present simulation and

previous study

Aspect Ratio 1:1
Method LES® Exp.® CFD-1 CFD-2
Co 2.01 - 2.07 1.77
Aspect Ratio 1:4
Method LES® Exp.® CFD-1 CFD-2
Co 143 1.4 1.30 1.20

1.5 O Experiment(Ohtsuki)
1 ® Experiment(Bearman]
o A Experiment(Lee)
Y]
t 0os ¥ R e LES Simulation[7]
3 ====2D Simulation
= 0 = - =3D Simulation
S Current Simulation
@ 0.5
£
3
2
¢ R T o
a
&
H 1.5
= .
5 ® od® ®o0 0?
7’ ~
-2.5
0 1 2 3 4
(a) k - ® SST model
1.5 R
O Experiment(Ohtsuki)
1 @ Experiment(Bearman)
& A Experiment(Lee)
e 0.5 =+ |ES Simulation[7]
8 —==-2D Simulation
z 0 =+ =3D Simulation
8 = Current Simulation
o -0.5
5
8
] -1k e secaceaaal
(-9
c -
s 85 R ?%?i%om, A
~ " e® ~oe
2 ". o0
g
-2.5
0 1 2 3 4

(b) Realizable k - & model

Fig. 3 Mean pressure coefficient distribution on 1:1 prism

Table 3 Comparison of St, number from present simulation
and previous study

Aspect Ratio 1:1

Method LES® Exp.t CFD-1 CFD-2
Strouhal Num. 0.14 0.13 0.13 0.15
Aspect Ratio 1:4

Method LES® Exp.b CFD-1 CFD-2
Strouhal Num. 0.15 0.135 0.136 0.106
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Fig. 4 Instantaneous pressure and vorticity contour on 1:4
prism with respect to two turbulent model

Table 4 Information of variation of simulation parameters

Item Value
Gap [m] 0.005 0.010 0.015 0.020
Inflow velocity [m/s] 0.5 1.0 1.5 2.0
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Fig. 13 Flow rate wake of seawater secondary battery
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Inflow velocity [m/s] Gap [m] Drag [N] Diff. [%)]
0.005 2.88 100.0
0.010 2.84 98.6
05 0.015 2.78 9.5
0.020 2.74 95.1
0.005 11.06 100.0 Gap 0.005 m
10 0.010 11.00 99.5 Voean/Vin
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000 | 1066 | 964 e B
0.005 24.60 100.0 Fig. 15 Time averaged flow field at block and gap 0.005 m
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. 0.015 23.96 974 Table 6 Drag and difference between gap 0.005m
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0.010 42.90 978 Inflow velocity [m/s] Gap [m] Drag [N] Diff. [%]
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