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Abstract

Electric vehicles (EV) are being increasingly used to achieve carbon neutrality; however, EV
batteries heat up during use and fast charging, shortening their life. Thus, the batteries need to
be cooled using refrigerants or coolants through a thermal management system. In this study, the
heat exchange performances through aluminum or stainless steel plates with a thickness of 0.5-2
mm used as thermal management parts were evaluated. The heat exchange performance of stain-
less steel was almost the same as that of aluminum when the thicknesses of the plate was low, and
it depended on the heat transfer because of water flow. Furthermore, stainless steel plates were
superior to aluminum plates in terms of corrosion resistance in the SWAAT and pressure resis-
tance in the cross-sectional shape of the stacked-plate heat exchanger. Stainless steel plates that
have these superior properties can be used in a variety of environments, and contribute to thermal

management components for EVs.
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In QOut

p GHVKOEE (kgm?), Cp:HHIKOE Jkg! T,
A TERWTTEAE (m2), v @SEKROGEHE (msec™)

Heat input Heat input side

(300wW) temperature

Heating area / (Evaluation result)

135 cm2
Sample Heat

plate 4 conduction

Heat transfer

Heat / coefficient
v transfer (Evaluation result)

Cooling water T2 =========== = —> Cooling water
Input temperature Heat Output temperature
20 °C exchange 21-22 °C
Flow rate Flow path area
2,4 and 6 L min™' (cross—section)

1.7 cm?
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Schematic of the heat exchange test
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Effect of flow rate on the heat transfer coefficient
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Effect of flow rate on the heat exchange performance
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Effect of sample thickness on the heat exchange perfor-
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RIS L

TREN S,
Re=vx LN (6)
L=2x500 x Ball/(Fal + Kal))  (BRABEOLE
v EHUKOTEHE (msec™), L:HFMAER S (m) = KITEFRE,

v HHKOBRERE = 1x10°  (20CDHA)
FIROFREEL Re < 2300 TIEHiE, Re > 4000 THLIE L 7
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L, B EORE S A u=a+by+cy? TEMLL 7285
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DN, ZNZFN 15, 11 BLU09Imm &% b, FEHOK
JEAY05~2mm TH Y, HWHEOIEHIFEMFEEFI 257
DR TELRWI EN T b, T2, BURERIT A1100,
SUS444, SUS304L 3 X OVKDJIEIZ, 217, 207, 147 BL O
05WT ' m' ThDY, KIFFEMLD 2Hi/hSv, ZD70
BESHMERBIC I BB I L D BRES R E CREL T b
EEZHND. K228 EHIKTE L B(mELR ORI
WZoWTH (7) ZHWTHERBE A L BREROBRIZE
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Effect of flow rate on boundary layer thickness
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Boundary layer thickness (mm)

X6 BEREEH EHIERDOER
Effect of boundary layer thickness on the heat transfer
coefficient

L7245 R 2R 6 1R T WHIUKRER OB I TR EE
B T2 T E TR EREZREALELTBY, K%
BRIZB WIS AR E DB K E 2o 72 2B ©
Eho BB, WENHE 0.5mm OYAIZBERE DL 4
DR L0 JE L 75 T B 72 B M BRI B0 =R |
HMEIN, EMOBIRERDEBEIVNS polzbEZ HND,

3. TR

3.1 WMERMOEESE

HEkH & LT AL A 41T A3003 (Al-Mn A4, AT075
(Al-Zn-Mg 2&4), A7 >~ L A4iZ SUH409L (Fe-11Cr-
0.2Ti, PREN=11), SUS430LX (Fe-17Cr-0.2Ti, PREN=17),
SUS436L (Fe-17Cr-1Mo0-0.2Ti, PREN=21), SUS444 (Fe-
18Cr-2Mo-0.5Nb, PREN=25) D 4 D7 =714 NRAT ~
L 8% Fva7zo 728, PREN=Cr+3.3Mo (mass%) CT& %
ISR E VT 70mmx 150mm, P600 13 2UHF A1
FIFORBR ZERL, AlEEORAEREBTH S SWAAT
ZhE% (Sea Water Acidified Test, ASTM G85-A3) 12k L7z,
SWAAT BRI (49C, AT K + BEERZETE, pH2.8~
3.0, 30min) &9 (49T, 98%RH, 90min) D1 7 VI
B CTH D, SWAAT REED 168cyc 2L 336¢cyc RDYE
BRI EREB L ORABERSEHE L 72

3.2 MEMOFHER

7 IZEMRM O SWAAT REEZ OB L O KIS
BERES, BEBREERT. AlG2RENHETHL2HH
VT2 WHIHMBIEE CTE 7251 R 2 TV A DILIE A5
THHIEERLTWS, A7~ L A51E SUHA09L DJE
BERHMLVHOD, MDOATF Y L AMIEMTH D, £/,
Ji§ i d () SUH409L > A7075 > A3003 > SUS430LX,
SUS436L, SUS444 (/\) Th Y, FABEEHESIE (K) SUH
409L = A7075 > A3003 > SUS430LX > SUS436L > SUS444
(UN) OE‘TH B, F72, K812 SUSA30LX & A3003 D
fLEE% SEM BIZE L 72 R % 7R 37 SUS430LX 1xf L T
A3003 DILEINIIEIRAA —TRECFENHEE TH 5,

R X B E A DEAMRANCHE ) EACE L, FHED
BEAFHELBREER 9 IIRT . AT~ L AL PREN
DI HEWE R EEA/NS 2D, PREN=17 TH
WMTALEEL D LMD IS RD 2 D55,

JEERSIZOWTTERDETR LT b 2 LWk
HNCHE) EOGEL, WAERSERFEEZHE L HRETE
10 127" AT ¥ L 413 PREN OHHIHE VG AT S
HEREEAD/ NS LR, PREN=Z17 THILUL Al EELD 1
KL E/NEL B 2 ED5 125,

SUH | sus | sus | sus
409L 444

168cyc

D (mm) 051 | 041 | 054 | 0045 | 0.033 | No pit
W (mgcm®)| 38 0.5 7.3 <01 | <01 | <0.1

336¢cyc

D (mm) 0.80 0.63 0.83 | Nopit | 0.026 | No pit
W (mgem 2| 65 1.5 10.8 <0.1 | <0.1 | <01

D : Maximum corrosion depth, W : Corrosion weight loss

7 SWAAT HKEREDHER
Appearance of the specimens after the SWAAT

A3003

8 SWAAT HEREDFLEDHE
Appearance of the corrosion pits after the SWAAT
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S
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105 PR P S T S T S S
T8 101214 16 18 20 22 24 26 28
a3 PREN=Cr+3.3Mo / mass%
Al alloy Ferritic stainless steel

9 SWAAT REBRICHTIEEHIEE

Corrosion rate of weight loss calculated using the linear

law in the SWAAT

100
OAl alloy
AFerritic stainless steel

4 .

Corrosion rate of maximum depth
(mm cyc™%)

10-3 A"

v
10 12 14 16 18 20 22 24726 28
PREN=Cr+3.3Mo / mass%

Ferritic stainless steel

GLOLV
€00V

Al alloy

10 SWAATRERICH I IEBAFEIEREE
Corrosion rate of the maximum depth calculated using the
parabolic law in the SWAAT

o k)12, PRENZ17 DAT 2 L AL Al G4 LD
KIECT A EN S, 72720, AlE4Ed Zn 2 & Al

EEFBUERE LEBO Y 5y N 535808
Hbo 22T, LHMHHE 025mm D A3003 T, ARG
J& 2SS 0.05mm D A7075 TH A7 T v FIREET b,
9 DERINAEE DS 0.05mm DRI A A TNk
THHA 7 NVEFET DL, 668cyc L D SN L, ZD
%, MO A3003 B EICTRHETLETON A2
Va0 OFEFESEREE,IOFHET L L, AFFT 730
cyc b REL BN D, T30cyc FED ATV L ADE &
RS E 10 O g S AERME D, S FHE LR 2 B 11
IZ7R 5 PREN=17 T& % SUS430LX I& 730cyc B DI £
HEH0.09mm & HAED b S, DF ), E 03mm Thk
HREEEZATHAIEEIZ LT, PRENZ1TDAT V
L 28 THIUL 13 DWETDH SWAAT L TOIM X dH &
PEIXFEREEIC 2 5 TSNS,

4. THEM O
41 MEMOENAE
MO E LT, MEI 7L — b EASHRes = M
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': L AFerritic stainless steel

5 0.4

fi =4
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28 02|
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8 1 1 1 1 1 1(A) 1

£ o)

. Al Clad 12 14 16 18 20 22 24726 28
[0-05t A7075|  PREN=Cr+3.3Mo / massb%

0.25 A3003 Ferritic stainless steel

11 SWAAT 8% 730cyc BFDE B R IETERFER
Corrosion depth calculated after 730 cyc in the SWAAT

0.08t Corrugated fin

Refrigerant flow path1 51
—0.3t Plate

Coolant flow path I'QI 0.1t Corrugated fin

Symmetrical Plane ]\
Y 33.0
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12 #HIZWEROWERIRO ZRTETIVBIEEX
Schematic of the two-dimensional model for the pressure
resistance simulation of the plate-type heat exchanger

THRRICCTHEBEED B L 2 G G0 I 2L —
Ta v L, 12 12RO WK E 12 X FRIR
ELTRITET ML (MARC, AIREZHE) LB X
RY . EMT—4 L LTIE A3003 (Al-Mn 2 E4E) *
600C x5min @ 5 ) I BEHEEAULER L 72 Bl )y — Bl
#t (Y > 72 70GPa, 0.2%1i7/J 23MPa) & SUS430J1L (Fe-
18.5Cr-0.4Cu-0.4Nb) % 1130C x 10min D 5 %) fif i RS
HL 72 B o) — Rl (Y > 73 210GPa, 0.2%Iit )
292MPa) & L7z SENEGLEEN DI /1% 0.1 MPa — 7%
L, BERBAOREE ERAEETCav sy - 740D
BxvIal—varli, ¥, FL—bBL0an
TF=b 74 OWEE 1355, 252 L72HENY I 2L —
varbiiv, I — N7 4 VITBWED: U S I
NEFHE L7
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4.2 THEMOFHiER

K132y 32— a YfERO—FIE LT, WHED
10MPa D A3003 DB MTED T > ¥ KA RT, Hik
TERITHOMEITIE BRI IEER, MIREClE BT AR ICEA
TERL T\wh, 72, MNEIIRESEH IV — 71
VNZER LTV D, B4 HEIE ) &SRO I v 7 —
N7 4 BT HLBETEOBEREZ R T, A3003 134
4MPa, SUS430J1L (3% 40MPa %> H¥EEN EA LIk T
Whe TOFEF LY, SUSA30IIL Ot FEVEIX A3003 DY
0B THhLEHESN, BFIOEELEZEZONL, K
15127 L= sBLPaANVT =74 VOERE TV — |
T4 VNBEENAEL ZEHEIE N ORREE RS, SUS
430J1L 13 A3003 & 0 BEAETEASE U B A% E Ve A3003
#o 03mmt 7L —F, 0.08Smmt INVFT— kT 1 2 F ki

Initial state Refrigerant pressure : 10 MPa

VATAVATAVATAVATAVATAVAAVATA AV avs
O e

CVAVAVAVAVAVAVAVAVAVAVAVAY
O U
AAATAVATAVATATAVATAVAVATAVATATAY:
RN
VAVAVATAVAVAVAVAVAVAVATAVATAYAVAYAY

VAAVATAVATAVAVAVAVAVAVAVAVAVAVAVAV)

Deformation magnification X 50

@) Upper row of
the outer side

(D Upper row of
the center side
A
i

Plate —
\ |
Corrugated fin—> / i

==
YRV, N\ i
Plate [ Plastic

strain
@ Middle row of @ Middle row of 0.01
the center side the outer side 0.008
== 0.006
VY 0.004
YRV 0.002
= 0

13 AtEEF 10MPa D A3003 DEMEBMTE D 2[X]
Plastic strain contour map for the heat exchanger made of
A3003 at 10 MPa refrigerant pressure

0.008 1 T
Corrugated fin of refrigerant |
0.007 . |
--/---Upper row of the‘center side |
0.006 | - < -Middle row of theJ center side ]
c —0OF -Upper row of the outer side ]
‘s 0.005 Middle row of the outer side
® Solid: A3003
0.004 !
3 Open:SUS430JIL )
& 0003 -
a A3003 q\} SUS430J1L I
0.002 [
/ %J
0.001 /i o
0 0 o - ﬁg}rv- foNeTe ,~V~v~v»r4~ .
1 2 4 6 810 20 40 6080100

Refrigerant pressure (MPa)

14 ARERBOINVT— T4 ICHT25EEHEHE
WM T ORR

Effect of refrigerant pressure on the plastic strain of cor-

rugated fins made of AS003 and SUS430J1L

& L73E, SUS430JIL 1 1/3 f5 DM T b [A145 LU _E odiif
WD HDHEEZOND, FIBMEENEL LGB
WEIZHBIERTH Ho BIZIE, Eit A3003 ZEHEIZRT L 6
RO L L7286, A3003 13 EEL 6 f5123
HUENH L, —J7, SUSA30JIL IZFENRIE F F TP+
PEAELE S, SO R G HEEIIG U 72 5 SN GO &
JFEALS 9 ICHISHRECTH % LHEE SN 5,

5 #&

RIFFETIZE~ AT A Ml a2 HEL T, AlBEEA
7 v L AGH R FCTESSHRTERE, A, TEEORHG %
T, DT ofER%2 15872,

(1) B RRIIANE DL 2 512 Em EL, FEMEOZE
W& o7z 05mmt IZBW T AlEEE ATV L
AHDZEIEAETH -7,
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