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Numerical Study of Optimal Positions of Inlet and Outlet
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ABSTRACT

In this study, CFD simulations were conducted to investigate the impact of the positions of the battery inlet and outlet on
the cooling system of a battery pack. Several cases with varying positions of the inlet and outlet in the battery were compared.
The maximum temperature in the battery, which mainly depends on the positions of the inlet and outlet, was predicted using
SMF optimization techniques, and the optimal positions were determined. The lowest maximum temperature was obtained when
both the inlet and outlet positions are located near the center, which makes the temperature decrease by approximately 1°C than
that of the reference case. Furthermore, the sensitivity analysis was performed to compare the maximum temperatures according
to the inlet and outlet positions of the battery pack to investigate the dominant factor. The results indicate that the outlet

position is the dominant factor, significantly affecting the maximum temperature.

o}, E5 NMC HE2le the 2E-ole wEe T AR
ofm) 41 %717} A3 o4 Wist etk BV AR of

.M E

=AAR1 &7 A1 S7Het e e dofl iRt S = 2l
off 34 AR thA] olvA &2 gk oq Aol thgt =27}t
S7ketaL qick, Z1of wheba] 7]&9] AsA; TR 7] ol
A A7|AsAY, stolBe| = ARs A} ol tiet =27t STt
I Ak olef wet A7|AREAY] Ae] FTkshE FAE
Holat glef 2

A7|A 2k 58S fl8 ZEE AR, BE 5S
S ALY AAZ i) wig S ARRE Y #7) AEAt
| =2 ARE= v 2ol wiE PR, w2 olvA
U=, 71 o] S 2 Qi 2lE—ol g 7t
5t AsfRle] E2o wel Lithium Cobalt Oxide(LCO),
Lithium Manganese Oxide(LMO),
Cobalt(NMC) o2 &7 4= it gE-o|= HiEg+=
7129 Nickel Cadmuim (NiCd), Nickel—-Metal(NiMH) Hj|

Elglof mlal =2 ofyA] Lot ot 2 FIE A=

2

.

Nickel Manganese

23t o2 NMC HjE]e]2] AMS-S H T2 02 Ji Folrt,
A7) A5k vl e F2 ujEe|e] 7ty 1
o] Fa3%t FE A|5tar 9k, i gl A7 AHsAF v
9] 40 %5 2HA|5tH wiEg|e] 7HAS W3l S e
59 ATE FAEL 3 Aol di-s3l A71AHs A W
A7) 2AHEAE dqiAISH ] 8l Fasict
E-ol v e e et £ As 2kl 9Y
ech 2§02 sigEls & et 2= HHE Y
U sApstoh sliE el o] st o] 48] AstE 4=
o}, g o] o] AF &k W= 25~40 CE, 3
LroA] 943 A5t S AT 4 AT, §8 7S
gt AF 2= HeE 20~60 C2, g 2= HHE 9o
Aok wijEe]e] deat o] F45HA Askd 4= it
kA ol fl3f wiEE|e] s AF 2% WY YE &
Asfjoksict, shA|TE £ A3tol| whet vjE]g] Q] 2= A7)

s

0 2o

r ool

* Srt7| & n S8kl 7| A 3-8 (School of Mechanical Engineering, Korea University of Technology and Education)
¥ Zoltstnl 7] A-&st}(Department of Mechanical Engineering, Dong—A University)

T WAIAA}L E-mail : jiholl25@koreatech,ac. kr

The KSFM Journal of Fluid Machinery: Vol. 27, No. 6, December 2024, pp.87~92(Received 24 Jul. 2024; revised 01 Oct. 2024; accepted for publication 07 Oct. 2024)
SRRV HES =28 H27H, MBS, pp.87~92, 2024(=2 &+ 2 X} 2024.07.24, =2+-F UKL 2024.10.01, MARZ LR 2024.10.07) 87



b
Y

RN

~
off
o

0C opom A5 4= 9lon, o= wigze 4
| Aol 2 ofujel of =52 ol S,
opIet % e, olof uie} v
Al2~8l(Battery Thermal Management
System, BTMS)o] £Q3F 98-S sic} vijglg] & T A
zae dEEle] RS 25 2 Wel Yz $sto] e
2] Y Aes SR viEE @ #e] AJAEE
Active BTMSQ} Hjglg] @ FHoOR Z7|E £3AY|=
Passive BTMSZ s 3= Qlth© Active BTMSE Wz of
W 22 el AE Sl S8 A 420 43
FAAA v s FAR
T el Wt o)
o) by BRH A Holrt.”
2 dAtollAE 719 A e Wz Ala"olA ¢
o} 2] 917]o] WFE Wrke] ATE Blskr] 915) CFD
2 Bgslol Yk 5L RS, wele Be Au e
7} 60 Cof| =dah= HaFS Astal 4 glehylet, =
o FUT 2AolN viele) W] Aol B0l 9AIE s
AlA viEE] H o] 21 REE W 4 %S Surrogate
Management Framework(SMF) Z|Z3} 7|HH-& o]&3}o] Hj|
eje) We] et E7] HH 9IS Ageksic

ke
nUE

, _IF&l off
)
N
o
)

o,
>

i)

il

2. AEdold 43
2,1 H{E{2| ™ =AY

B oA Jindal S®0] 913} Nickel Manganese
Cobalt(NMC) 2% o2 ujE|z] Hojl thgt sfiAls 2g)sk3l
o}, wiE P HE s ffsl ARgRE @l wiE 2] Adat el
g HWo| 5452 717} Table 13} Table 20f UeEhHIc
Fig. 12 WElz] Be) AN B 9 o BT WS
RHojzo}, bjgg] 92 277 X 66,7 X 123,75 mme] F7]
2, T07he] BElz) Ao] »oR 140, - 5NN 22t
weiElo] glonl, 7t wjEle) Aol (AL Al FalemRy
22t B 1T, B 19,5 mmo.2 Ase] ek, of
P42 Jindal 50| ATE FElRA, £ =RoME
reference case®@ X|AEC} Fig, 204 HolFEo] H o
To A= Poly—hexcore AA} 25 ARSI oM, HiE 2]
Az ) Aol $58 HeEl BABIES A7 F4ek

Table 1 Specifications for NMC cells

Parameter (unit) Value
Cell dimension (mm) 64.85 x 1835 x 66
Density, p (kg/m’) 2247
Dynamic viscosity, u« (Pa sec) 5
Specific heat at constant pressure, Cp (J/(kg K) 785
Thermal conductivity, £ (W/m K) 30
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Table 2 Specifications for battery pack
Parameter (unit) Value
Number of cells/packs 70
Nominal battery pack voltage (V) 50.4
Nominal battery capacity (Wh) 730.8
Nominal discharge power (W) 693

Outlet

Inlet

Pack

Fig. 2 Mesh configuration near battery cell
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Table 3 Temperature—dependent physical properties of
50/50 EG/water used for cooling of the battery module

P t . . T tul
ararr}e . Equations as a function of T(K) ermperatire
(unit) range
P _ 203.15 K< T
(kg/m) 0.615x T+1259.5 = 315K
u 2.48x107 1 x 73+2.47 x 1078 x 7° 277.15K < T
(Pa sec) | —8.22x107 6 x 74+9.2x107* < 353.15K
| 203.15K< T
(ke K) 3.06 < T+2574.8 CsI5K
k —2X10 X T3 4+2 X 1077 X T —4.8% | 203.15 K< T
(W/m K)|10™* X 7+0.538 < 353.15K
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Fig. 3 Parameter description near outlet region
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Table 4 Optimal parameters and the resulting value in
two—parameter optimization

Case Filling Method x| temp;\r/iz;e ©
1 Reference case 0.35 0.35 60.05
2 LHS 1 0.67 | 0.16 60.32
3 LHS 2 0.89 | 0.56 62.46
4 LHS 3 040 | 0.89 63.30
5 LHS 4 0.18 | 0.74 62.51
6 minimum point 1 0 0 59.03
7 space-filling point 1 0.8 1 64.32
8 minimum point 2 0.15 0 59.13
9 space-filling point 2 1 0.1 60.84
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Fig. 5 Maximum—temperature contour predicted by SMF
technique

minimum point 1 0] 210} $-4=35}7] W&o darejFo] &
REQc) o] HFEEL Case 6-9% UE T LHS AW
g 9 SMF 7|H& 53 diSd wige] A Hi1L%+ Fig.
50 UeRIQIL Fig, 5% A w7l ¥4 F7tol disl &3
SRS o &3 AoR 4¥E SMF 2T HolZEt) o2
=3 7ot o] YA 2 1 o] BRI E Flsh
o Utk

S Fig. 69 YeElHSIch Fig. 6=
oMol 2% ExE ettt Fig. 6(a)+= case
L B, A YAt el YAE Rde] 2

S AblY 2E7F 7 w2 S o 4 Aok Fig
6(b)= case 902, &9 YA|7} Foof] YIX|gE ndo] 2
5 ot 7)2e] wejel et el 270 AT
T Fool 7HE g9 dooln 58W el Ao 2
7} 7V =t} Fig. 6(c)+= case 6] A2 A], SMF 7|Ho
2 d5E 2F 9 dufolrt, et S BT Sl A
A A3 LEA NG e AL A, 7|20 )
FepA 50 A A2e] Geto] A BE LEE Ueh
Tk, S QIR 68W A O] 2=r) gt

o}

Borl

S=ERHIIHEE

=28 272, N6, 2024



FR[GIME 0|8t 2lF Ool2 ezl Y7ot &7 fIXIQ xHa AT

(a) case 5

(b) case 9

(c) case 6 (optimized case)

Fig. 6 Top view of temperature contour at y =25 mm
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