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Abstract ! Previous studies on battery cooling systems have focused on optimizing cooling plate geometry and flow paths for
passenger vehicles. However, when applied to large electric trucks, the much longer cooling plates in a single-channel design
often cause a sharp decline in heat transfer performance toward the mid and end regions, leading to thermal non-uniformity
and reduced battery reliability during continuous high-power operation. To overcome these limitations, this study introduced
a dual-channel cooling plate with a bidirectional inlet-outlet configuration, designed to distribute coolant more evenly and
enhance overall heat removal across the plate. The proposed design’s thermal and fluid characteristics are quantitatively
evaluated through CFD analyses, and the results offer guidance for optimal cooling system design in electric trucks. CFD
results show that the S-shaped multi-loop geometry provides the highest cooling performance, and Model 3 offers the best
overall balance between cooling efficiency and pumping power.

Key words : Battery cooling system(HE]2] W2z} A]AH)), Electric vehicle(Z]7]&5-2}), Cooling plate design(\dz} Zdo]
E 44)), Flow channel(-3-&), CFD analysis(CFD &} &), Large trucks(t| & E&)

Nomenclature 1L.AZ2
v velocity 71 2A-E 2K Electric Vehicle, EV)2| X.5-0] Stjg
p  :density w2} wee]e] date] Al ~E)(Battery Thermal Mana-
e gement System, BTMS)el] tgt 1517} Ehibs] 718 =5
p  :pressure Jerl uig g s F - 9 A Gl 48 &9
K,_;; : effective thermal conductivity Ao 2 AloetA] R A, As A} FH G5 &
T :temperature £ ohiA EAE 8 5 k2 olol| et ¥z A
h  :enthalpy < 17| 918 v Bz A 23 AT A
J :diffusion flux t=lo] gtom, 7|E BTMS ¥l A& A/ 974 %
S, :heat source term 20 Pzt 72 HA3 7 lse s sk 32k
A thermal conductivity vkl SH A= ¥4, PCM 7|9k 3zt 3 A w3zt
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HRY -0 - YUY - YTE - BEY - RIY - Y=

ol H|i - BA o, a5 1M A YL EVE
Fgaell A 7Hg @A) o HJriE o] g
23 A7 S Bzt S0 E e 42 g4,
A 1H4, 2719 9 A 58 JH s dAdE A
T FIAN7IE A7 F2 o] Fo| A o] e AT
EL2 Al F oA e Edg e 3, HE Y
A, F2 Ul 2k E4Y HA2d 52 T8 582 3
Aok ey gy g E L g g] Al2Ee]
735, 97t Zeo)EQ] HA dol7t &4} ] P A 3]
Ao A A fArk(Fig. 1) ol=2 &) ¥z} FA47F FY 7ol
A FT2 olF 3l Bt AR 2xIt A5, E¥o]
E N 2 Ui x G Aol 343 AskE
E AL SR o] 3l 2= B AR
o] 275 tig A7)l A viEje] A 1F A}
Z7h &8 Ad dFF 91894 T2 olojd = itk
o= viE e o= 3 f= HZH 3} A7
g ayo] A7|= L o, e A7t 84 F
Ao o]FojA] glo] Fio|E Ho| F7IE QUF F3
5 d&d BAE ddstes 28 J2e 83 UE
2| A] gkkr), olol whe} 71E e A 7Nk AA=ZE
g sle viEje] Al2glolA 8 7EE B e 2 &
= 7IAE gusy) ojgths 474 - A T
ZAFL. 0123w A S vl s B Ao dY
37t ZYolEdA A= T I EAE 2
Aoz sds7] g8 g Q- EF T+2E =Y
slal, ZH 0| EE 29 A 9] o]F f=(Dual-channel)=
&8s AA AE L Alteteh o8 @ P2 W7 &
A7t FEFNA] FAlel FeEo] TEHA whis ¥
HZ, 71E 9 f2 7= oy 1o} Y3 = F¥9)
G AT I 71T 5 Aok =& AlkE T+
z9] 4 75 548 4§39 3KCFD, Computational
Fluid Dynamics) 142 53 &8 o2 #4530y
A71EY wigE)g ¥z A2 a84 AA W
2 2 A3} Whobe- Al A sharA} ok

2105mm

2705mm

Fig. 1 Comparison of battery pack lengths between passenger
cars and commercial vehicles
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2. 42} S20|E A U =YY

48 A7|EQS viE g9 582} tiu] WZE o]
E Zo|7} A7) wjEel|, ©d H = (Single-channel) 7%
E A4S AL SO 484 57 BAHA e A
A, g 9zt s A, agan I 54 719

& FA7F 2AE 7FsAdo) Ank® o) d F2A j
AE NAst7] 218 AA 3§ E L vig e §4
I XFE 7gte g, W7t f2 P4 Ast 4 #e A
Toll HlAE dae AAH o= BAE) ¢4 9
2 7]de] A 71A] 7]2 AAIQ] UE T 3] 2 (Model
2), SAHE t}53] 2(Model 4), 24 ¥E FZ(Model 6)
E dAEI o, o) % Z} 72 & Fi - A E -
(Model 1 & 3 & 5)2.2 E3}o] F oAl 71x] YZH&9
olE mdlS FAEIIT) (Fig 2012 & AA =82 #
T Bule] 743l Ede WA g, 2= Ax A4 E
A7) 9% EA L k3 ok Zh ARk | -
5 548 AFdez nus] S8 AigAgs
CFD 7|4t 814 & 3)8le, W7t fr= 3ol mE 5
2o & AAH o2 grlsch

21 4z} E20|E 4|

WZhE ol B g4 HAAE 48 EY g9
24| Z71(A 2] 2,705 mm, & 360 mm, 77| 8mm)E 7]F
o2 FYPHY fF2 W I4FA7 284
FojEy, dAG A o E A £ 9=
E AAEReH, SH0)E A 2 3 2% B
HA81E ER 2 35 53] U8 ZHcEY A W
Zh5A7F 98 AF & dido] dojyar o]
E 5304 o]l 5357 4 5ol o], A= A
Al A F5 Bl #2U4 (Flow distribution uniformity) < 5=
8 842 T} ol & S8l v dA o] obd ALY
(Serpentine), 7] (Parallel), &3 (Counterflow) &
ot S 283l F A 71A 9 {=E A4S ]
oo 2 AAsgen, 8 X¢E -8 EY vjEE]
9] A A7) v]&el 9 X5-& A Ak (Fig. 3)
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Fig. 2 Flow channel geometry of the cooling plate
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Table 1 Six cooling plate design configurations

Model Description

A single serpentine flow-channel configuration
with a large U-tum that redirects the flow in the
Model 1 & 2 | opposite direction, characterized by an extended
overall channel length and a single continuous
flow path.

A flow-channel design in which a dense S-shaped
pattern is repeatedly distributed over the entire
Model 3 & 4 | plate, featuring short bending intervals and a
significantly increased surface area to enhance
heat transfer performance.

A straight, parallel flow-channel configuration
with minimal bending sections, representing a
simplified design focused on minimizing pressure
loss.
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Fig. 3 Key geometry parameters of cooling plate flow
channels
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B AT A AHEE YZtEEclEx UiE AV|EY
vjelgl o] AFZE yyto 2 AAEA viEE] 2
52 9] 7] oF 174 x 53.7 x 207 mmo] 1, A A]
2¥e F 92719 HEIFE(LiFPOy) A= T35
ek Z+ Ao AdZ Qs glon, F e 51e
EEE 725 vixE) 2k 2F shdel= Y&
o|E7} A HEZIEE AA Ho], AdA dhs= I
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Fig. 4 Schematic of heat transfer between battery cells and
the cooling plate

£ B8R AAY T UEF 53t ¥ A2 )
- 7% 2] (Bottom-cooling type) 2= A& =l on], o] =
2 AREe] S UAska A o] 2HAE
=Y F SUth(Fig H9FAE FdRelA SHolE
Wie] Fr2E wet S8y, dAE HE T8 AdA
UAAF A wEA) -2 &) 53] P st o)
HE FRAAE A F 2k 87 o] T 452
2, ZHE YR {2 G EX 7YY HRE F
$x02 Teiste] AT

31 A3 43 ¥ 243 12

WZHE Y o) E Al F-2 2 H[$18] 2 ~%(Stainless Steel)
S Fg3lgion, ol 48 H7EY] &3 A
SFEE & WA, 7148 A=, U748 52554
717] W&ot} 8=} viEg] Al='E F7|F 1EY
I AE A =EHBE, T2 Ao Frd AF
Aego] A5 elr), g2 22 4FuFE gy
GHEgo] sto] Aukz o 2 G Al 5ol 4] Bt
T B7HE BAgL Ay - 7AA Ax - 34 AP
ZHoA] g8 YA EYolE AR FEI AHS
7HA L9 3 2 LFP(LiFePO4) & NCM Al s Eg] & &
F 58] 3= 2 A5 B /i 7] Eo] FEE A,
A 24A| o] whd gFo] 7HA4slar, SR H A G WE g
ARG Folx]a 9le], "0 AH]QlEA 2o &
Atozx aiga] g @& dAA=E £33 5 %)
e 3 =3 A5 A9 a3 2AV Y. €H=
£o) X ARE AT A5 A} YZE 0 E Alo]
o] 2E 27} x| AR = Ao] of ks 87 &
Ageh, AAZE GFuE dv] @A g0l 3 AL AL
Ao, £ Ao A nE g Y7z} 2 2E g A
A7 BzE ol B} A 2 sHE A E 2 (Bottom-
cooling type)°] ™, E-33t U5 F2& B8l EAAFE
ayd oz ugA)7] s A4 A 885 4%
u)E tjy] 54| - 8] 8 - @57 EFo)E0E HA|

A AR AR nHHUT. LFUES HEE
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Material Property Comparison : Aluminum vs. 304 Stainless Steel

=y 1| Conduetivi

[ — AU
s 304 Stavinkess Steel

Yield gth

Density

Fatigue Resistance

Fig. 5 Comparative material property profile of Aluminum
and Stainless Steel
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o] 8l Agolel= FH ] I, 83} 3
MeE 52 AT, €71, 72 84 A7t =E5u=
2y g BAo Hoks 4 it vbA 2EQlEl s
29 B F7te AEn] dgolzEle dol AR,
A1 LA EE FE B FAESF ¥ 8 FF,
WA 8E WzkEgolE Wy ukx] SHojA] o] A%
g+ A 8olth(Fig. 5) 53] EAE ol =234 A
Moz FE3 drd & dvhs AL Aekshd, 2H
¢lgla 2" e FHAQ Al2dW JZPE A=
gzt viElE] ol A el A de o2 fioke)

B Ao A 3% CFD a Aol = WA, 3=
do|E(zHRlE s 2g), 2 uige] Ao g4 43
£ Table 20 A&t Wzh-fAle B3] Fi 9
E3lo] Yol A ztgel ALRE & dEdZEFZ A
Aatelon, Y&yl ES ARE VAA Axe U
2140 3% 2HYlE & 29 & ARS8, ol A
£ E9 80N 7= TS ety A48
t}. viE]g] Ae] B4 %] CATLND-3.2 V 202 Ah LiFePO,
Alo) A APl 7]ukste] Ao sl A E3d
S 57} o] (Anisotropic) 574 & 7R B2, A FAA] vk
EHAx=4 Wm - K)Z ¥ e A,, A z=22 Wm -K)
o MZ & @ ALk ol A YR AF AF
TF22 Q8 dAdE = WIE gdg 548 ukgs)
Agtolet. g Aol A AF, S 2= 5 A
718 - d3 54L& AzALe] o] A E(Specification)
E VFo ARSI AR AA W A28
o] &8 7S sty Aoieh? YRAL J+
o= AR 0.1 kg/sE FBE91oH, 75 Alo)A
&9 7] 0 Paz2 AA3ISITE YT WA 25220 °C
2 A3l A FeelA e dAd 5A4E Hrlsle
= 313t} wiE ] AojA] wAsh= Ul SdEe 1C

H

656 RSB =RY A34A A6, 2026

Z - 2708 7|Fo 2 ARtk B AFaE
vjej 2] o] Gubalo] F2 Ui A g 2§t S(Joule) ¥
Holl 9)& Aujglciar 7Hgskelom, vjE ] AzAl
A Algehs A714 sebu g 5 ud A gk 83t
of wd=2 AAkEln). F, viE g o] Bd=e A Fet
W A gke] BA ] 713 Q= PRED S A8 4t
Aatglon, olg wige Ao AHoF AHitslst
4430.228 W/m*e] A|A WEEZ AT A UE
2L A8 AV EYe] u4s &4 4L i &
ol 1C 25 vhdsl gho 2 vzhE o) E & Al u}
£ d3e 4% vl A3 48 2002 AR EHNA
o}, B doA ARE B4 X 9 AAIZA-L A uiE
2] Al2Ele] 8 2AE g NS s, Tt
F2 AARF I EAE 2 75 549 v} B EsiA

Table 2 Thermal physical properties of cooling plate and

battery
Value Coolant | Plate Battery
Density(kg - m?) | 1,065 | 8,030 2130.12
Viscosity(Pa - s) |0.00315| - 2
ific heat
Specificheat | 5 104 | s02.48 1,000
(J-kg” -K7)
Thermal
s Ax =4 (thickness rection)
ducti 0419 | 16.27
onductivity Ay= A_z=22 (othersides)
(Wem -K") -

Table 3 CATL ND-3.2 V 202 Ah LiFePO. cell specifications

Parameter Value
Model ND-3.2 V 202 Ah
Chemistry LiFePO,
Nominal voltage 3.2V
Standard capacity 202 Ah
Size 174 > 53.7 » 207 mm
Weight =4.12kg
Charge voltage (max) 3.65V
Discharge cut-off voltage 20V
AC internal resistance (typ.) 0.16 m&
AC internal resistance 021 mg&
Standard charge current 05C
Max charge current 1:C
Standard discharge current 05C
Max continuous discharge current 1.C
Max pulse discharge current 3C
Operating temperature (charge) 0to 55°C
Operating temperature (discharge) -20to 60 °C
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32 £3| 343 ¥ CFD 293 43

£ dFox= CFD 84 A3 M A
gralr] 98 42 5948 AF, F9 71 24 A, 9y
A BEY(EFA) AE, 18] 3L Reynolds 5= 7|9k Hf
2d A9 342 A A FH oz et dA 4] &)
Ao] =94 &1 E 918 @A} 7] K Residual-based)
71531 ZUE ¥ 7]¥KMonitor-based) T8 7|52 ¥ 3
sted A-83k3Att. olv =] WA 2] RMS A= 10 ©]
8f, &5 2 A% WA 29 RMS A== 10°€ ol 7
23S o 13 £ 210 E S 2o 2 gdEgi
F7HE o2 e 31 B Ao R%(T,,,), &8 A8t
(aP), Q] - E7 % AHEF BE 227 =3 A
StE| =R & #R1ete AF 1 oF-E udsligltk 4
FAEIIA BEA) AFES Sl CFX  Solver®
Normalised Imbalance SummaryE 31 A38}31om, F4] 4
% o] H-Energy imbalance”} 0.5 % 1]+ o o1 %] B&
o] 35 A= T3k -5 Bl AL Yzhx)
do] EXFE AHEShe] Al Reynolds 8 7]49Ee.
2 AR on, E AT E ALY & w=184 mm,
#0°] h=8.7 mmE &3} t].(Fig. 6)

WZEF-A)(20 °Col 4] p = 1065 kg/m?, p = 0.00315 Pa - s)
o] EAE 7|NteE 71F AFFF m = 0.1 kg/soll A H
T 752 2Fu=~0.587 m/s, Reynolds = Re =~ 232102
2FA =) o1, o] FF/- - # o|(Transitional) %3 <ol
siggich 2eju & A7 YAEHIEE v FF
5 87] - 3R, 28 HE R 2EE B3R 8
do=, Ig Wl o FRAH o= £t FIlekaL
22} F-%-0] WAt FH Reynolds 7+ FT 5 2
ot o3 75 5A4E AgeA mdgEr] g8, £
AToNA = Mol FYelAE AR Fo] Thsd
SST k-0 i EEE Aesigion, B 2X 9 Gi
E48 AA3] §14517] 98] Automatic wall function=

ARG 3, 2 AT BA4EY 0 E 4 WSt

Fig. 6 Representative flow channel dimensions (shared by
inlet and outlet)
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g 55 549 4d vag 5oz 34 7]
Z ATEA, viE g Ad JZhE ol E Alele] HELS
A4 AF 202 7HAska M o] HE EA ¥ (Contact
thermal resistance) 222 2 838}4] Rt} o] = HE R
del 3L AF 21 E R o2N, HE 219 F
& glo] 2 B3 ¥istol 2 W7t %5 Aol & FA3)
Al Bliskz] f1gelc), &5 A A viEi ] Wz Al2~8 7|
M E HE EAYE TS o AU =Y
& Hg3la, B AFoAN & AP Te] g F
8 s g g3 Alg ot o]} FL HAE
), ¥ Aol A =333 CFD A3 E2A g4
FXAH A0l FREASFE I = £ A
FME A Ul 5 58S AFH = Frishr] 9
] Reynolds 5= 2Hgol| A1-8-¥ 7] X|uj 2] & olefje} 2
o] A&t F532 i AF-E BAHSH= Reynolds
FRe)= FA1S] B9 div] 3] v E YehiH,
Wz de] g X(FE A4 DyE &3t vt
ol At

ey e )
He=pfh )

A7NA (pr BAHAS] DE, (u) & BE H5, (u)
= A Eolu, AFhHm) o 2R e Pt f4L vhet
2ol Ay,

: m
m=p-1;-A:>'u=p—A 2)
Agel Flateta B4o) wgEE +HARL e
o] Aejg.
_44_2-w+sh

AT P w+h

3.3 CFD S48 iU A

W&ol E U] d B 5 54& £437] 9
8 S frES 7S 72 A 22 (Single-phase
homogeneous fluid model)& #-8-8}31 o1, & A52] CFD
3142 ANSYS CFX (ANSYS Inc., Release 2025R2)E A}
B3to] FAsIdt. AL WAL FA FF BHE
(Mass conservation) & YERE= 7] WA o= Wiz}
EHolE IR 52= WZHA 9] 4k Wsirt A3k
3 FNA AE5EE FA TR E8F 9nE 7]
ot & AFA 283 YAFAE S ugsHdeR
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7] whol, A% AN K53 RelA A7
AAG FH A ks 208 7% 8,

ap .
—i Ve () =0 @

EFF AL FAVE S I BEE vEhid,
B2 WA 9] & Ful(vpyet ARV - 1)
o] f&l vAE 9% nH T 2 WAL v
o] - 22 E = 2~(Navier-Stokes) FEI= 745, Y274
ZF AR 2 FAE nel 8 of BAsks ok At
(AP) & 75 AFL dSshs o A HEE
th 53] 2 =25, 271, ¥ 5 T2A Aeld e =

T R S0l WA oz A ET.

Z(pp) 4V + (ppv) =V P )

AR WAL WA Sk Wstet d5ES
%k Al Aupgg Aoltk. B AFdlN s o 7
A FAE 7HAsa ZAdE 22 (Steady-state) S A&
sel, Alzkol uhE Ui oA Wa} Be AAsSIc
3 A 24 dspt elonz (i Sihil)g A
gF3laL, $5oluA 3o = Yoz o} o] &
AT 71 A3 oA WA AL dFel 0% A
F Hpcpv-VT), AEY(keffv2T), 121 bl
BlE] AR 2E s YehE 49 (S h)e= 744
E oeste YE2 BT 5 Aok o8 B9 ISy
olE W 4% T 4E AG A% ur) Pis
A shetd & dolom, 53 f2 Yol e g 2
¥ 9 A 579 xlol& AFA o A1 5 A
=3

V e (pepT)=V « (K VT)+S, (6)

Z YA A& FAQ] ey A (), Lol o I
(P p), 1AL FNHA] (av2)E £ FH=
T89t) ol WA HF2E olFsaA AP
£ 93 Wste} A5ty Wslrt FAlo aed FeluA
HEHo|h & A4 F AUA= FH0lE sH-&
BEEYAFALN D - ET 2% AT in, T_out) & &
23] Albela, Ot f2 72 2 GAA s B nE
T35k d F881h?

-
E=h-— %4-% %)
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4. CFD 3 £4 U A 45 EE

Fig. 69 2% ¥ ¥ A& E3] 941 71X & o)
E 2 d(Model 1~6)2] 32zt A58 AFH o2 v w3}
Aok £ Aol A B2z S0l E g4 Mt g e
W7t A E AI2E G 80 1= G2 FrrEhr] 96
wee] A B H 3 L5(7,,), <% 7Y S YeR
EHu e ar=T,, —T,) 2831 I35 ¢ -
T 48 B aP=P,-P,)EFL W AER
ARt =3 I e 75 ALE T 28

32 A HF F AT & (W=aP D)

o2 Aojsle] FHA EAlo] B8t AARH S
= Model 37} Model 47+ 7Hg W& (T, )& FA181 -
T QT A5 S BYE F 2E 2R sA gE e o
T 2T HEE Y, fEo) BV F2E net 52
WA W A A A7 E3 o (Vortex) 7| LA gE
t}. o] @ fF T2E FZRAIL W Alo]o] Y
AeE A FIAA, ARH =R (T,,,) A7 &3}
2l Ao = sjaidr}.

& 54 SN = FLI A 3ol ER1E ) Model
3&4E 7 2 (AaPE B2, 21 0HE3-8 Model 5 &
6, FFA 92 2 Model 1 & 2 wolAth &3 ¢Fo] =
old4E A -9 I =7 Sk, o= Wi
dAe] EXEE FFoR ooz ¥z Aol 7 -

Temperature
Contour 1

30.83
29.75
28.66 Y 9 -
27.58
26.50
2542
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2325
2217
21.08
20.00

[C]

Model 5 &

Fig. 7 Temperature contowrs (°C) of Model 1 ~6 cooling
plate
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48 F£23 JPH o2 ABFEE B A o
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(Model 1 & 3 & 5)& #1A4] vie|g] JHolA| v)lad #d
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9] 7§ TAHNA ZHAQ 2 FGo] AAHAE
dl, ol UAL ) F2oA = F4 ol S8 Iz
ZFo] E=@3dx] £a17] wiEoltk. 5, 2l wel A
o7t EYsid A5 o =22 sdete 54 9
Ao W7} J5o] AstE = &S HojFEr) vhi, 87}
tE3] 2 FE(Model 3 & 4= 7HE (1,9 AL
(ADE BAl9 @8t AA 2 5 7P $578
7} 235 & JeRd. o) F3o| BoldE f50] A
44 o 2 WiEke A ¥ a1, o] Tl A o A
AEgto] R EHA] wlx] vl A B(Fin)T FAEE G-
g 3 a7t dAdE] WiEelt d9Eo 2 g7 o
FTIZ F2EHE FEEHe HE Y 5L IF 54
TAlel grsle, i3 vieie]¥e] s Wzl 7 &=
2l TS RIS FHAHE L RE S E
= SAF U538 2 72 (Model 3 & 4)7} 24 24 3 7}
A e due] A4S AFels, 1 HEE yEy
(Model 5 & 6), T2 UAFE](Model 1 &2) 202 A%50] WL
Wk (Fig. 7) ©1& WZ-EH olE 3ol nl} {5 729
g viAYSol ZA G, 53] 2XAE (L)
(AT= Ty — Tpi)®t TFEAE (AP=F,,—B,,), (W)
g 3 1e8id 23 s# b3l 2 7271 dig viE]
= Pzho)) 71 E9A Q) P 1T 5 At

4.1 of|uz| &

SA 532 FZ2E ZH= Model 4= 713 W2 A HF
259 R E AIA e BYlon, due a9 &
Aol A= 7H BHee 22 ER1E Yt 28y 5Y
3 &4 2704 B2 58 8 7o] 7HF vk FHol
RN o, ol & ¥4 A5 &7 98l 2
2 48 &Ho] HAFE ov]glich. Fig 8o w2
Model 3-& Model 41| Bl B =7} ¢F 1°C HAE ¥
Al YEFEA] 9, Fig, 90l w2 =5kl 283 HE 5
o] oF | W o} o142 AH] FSHA o &3 A3
£ B} 3 Model 32 2% E¥7} Blwd L&A
frA =o] oy wig gl g A Fag A 71 A 3
LE HAE a0 oAlsh: Ao B
Ao 2 B o, Model 1 ~6 5 A A5 a8}
H Model 47} & F-z0] 2| 7k 41 A] A& E& & vjEfg]
e oA &H|, A|AE &8, HI 22 oty EAS
A melsof gt o] &3t 22 F581H, Model 32>
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