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Numerical Study on Water-in-copper of High Power Electric Vehicle Charging
Cable Assemblies

DONG Chen, MA Yanhua, WANG Ke, ZHANG Wei, YE Jiande
(State Grid Electric Power Research Institute, Nanjing 200116, China)

Abstract: In case of high- power chaging for electric vehicles, the charging cable carries a high current and , at the
same time, generates a significant amount of heat. The continuous accumulation of the heat will lead to the gradual
rise of temperature,, thus causing safety issues. For solving the problem, a direct contact ‘water copper-in-cooper’
cooling schems is proposed. A three-dimensional electric-thermal-fluid coupling model of the charging cable assem-
blies is set up by using Comsol Multiphysics finite element analysis software so to study the influence of channel
gap, inlet velocity and inlet temperature on the temperature distribution of the cable assemblies. The results show
that with the increase of the channel gap, the temperature of each part decreases, the average temperature of the flu-
id and of the center of conductor increases along the axial direction, and the temperature of the center of the conduc-
tor has little difference within the axial distance of 0-75 mm. With the increase of the inlet velocity, the temperature
of each part decreases, and the average temperature of the fluid and of the center of the conductor increases along
the axial direction. With the increase of the inlet temperature , the maximum temperature of each part increases lin-
early, and the average temperature of the fluid and the temperature of the center of the conductor increase at the
same rate along the axial direction.
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Fig.1 Structure diagram of charging cable assembly
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Table 1 Structural parameters of the cable part

F LAY/ mm? 35.00
e AR AY mm? 25.00
Bk WY —

2 vty L /mm 0.25

HK AR /mm 1.00
HEKAE R AR A 1] Pt i 2

262 2R JE /mm 1.25

AMPEIRFE /mm 3.75

RS

Table 2 Physical parameters of cable part

LER TR g I (kg-m™) FEAREE T - (kg K) '] SIEE/W - (m-K)"]

EEES MU SCIEE il 8933 390 400.000

R RN 74 900 1900 0.210

HERAE KA RN 2200 1050 0.256

Y2z )z RAZIEHIBYEFIEA(TPVC) 1340 1200 0.160

G oAty R 900 1900 0.210

S RALIGIHIBVEFE(TPVC) 1340 1200 0.160
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Fig. 3 Variation of maximum temperature of charging

cable assembly versus flow channel gap
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Fig. 4 Temperature distribution of charging assembly under different channel gaps
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charging assembly under different channel gaps
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4(()).oo 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
N HPE(m = s™)
B8 FHEEMSHEGEEREMANORENTHNE
Fig. 8 Variation of maximum temperature of charging

cable assembly versus inlet velocity of cooling media

B A S5 R 1 fe R DL 12, B 12 77 L)
B b Bl B N, 5 S 114 5 v ek Dk
/I, H0.01 ~0.02 m/s TR,
23 NOBEXRES RN

WERMEIAIFE A 1 mm, A HEE }0.02 m/s, 53
MEATITREE 43904 15.20,25 .30 CXFRLEE 43 5]
VL3, WA 13 FR, YA D EERERHT, TR 4
e R BT, AR 15.20 °C, il
84.3.88.6 °C, Fifi 5 I 5 A 384 0 , e v 1R JEE S R P
e AR FHREE T el 4R A = UL 14,

DIk C
4921

Q _
o g
L 30
V4
Y. v257
(b) 0.02 m/s7t AL BE 20 A =
VIR C

Q
%
L
Y v 25

(d) 0.08 m/s7c B4R 3 Aii = 1]



<172+ 202645 J] Lﬁv!ﬁg W62t ESW
1401 1601
—=—0.01 m/s _ ~ CJ0.01 mm
| —e—0.02m/ - 140} T C10.02mm
R bl - . CJ0.04mm
0.04 m/s -
O 100k —v—0.08 m/s - 120 [10.08 mm
B : y
__,‘" ;( 1004
' 00’ = 80K
.....“. oot ‘IHE 60
L ad AAAA e I
y AAAAA—AAAAA“'“ -
v 5 H
g 0’$¢¢vvvvvv""""""' 2
0 50 100 150 200 250 300
v R 2 /mm .

10 REN O E T kT 105 B if e L M

0
S ik Ak g s g

E ' W B

208

=

s

E12 ARANAZEETRRAGHREFMRKEE

Fig. 12 The maximum temperature of each structure of

Fig. 10 The average temperature of the fluid variation of

in the axial direction under different inlet velocity
160

the charging component under inlet velocity

—=—0.01 m/s 98r
140+ —*—0.02m/s guuas
—a—0.02 m/s - © 96
L —v—0.08 m/s el X
# A ol 2
o2 100 ."'- 0000000 i&f 92
B3y ol -..‘.‘.'.A - =
L O80f " oY o = 90f
B pu® . ‘....-0-0 e %«E%
60‘;...0::‘ AAAAAAAL A EJJ 88}
A 2 VVVVVVVVVVVVVVVVVVW
40<§¢¢vv»v-v-v' vy vy 12 gpl
0 50 100 150 200 250 300 84 15 2'0 2'5 3'0
Al R T /mm RS
(L /3.
ML RRAHRE T SERLREEHRELAE B13 eaganssREmADRENTLNE
Fig. 11 The average temperature of the fluid variation of Fig. 13 Variation of maximum temperature of charging
in the axial direction under different inlet velocity cable assembly with inlet temperature
YT E/C Py E/C
A84 A882
80
80
70
70
60
60
50
50
40
40
30
30
20
. _ vi59 i - v209
(a) 15 C 7o AL BE 4 i = B (b) 20 CHeHLALIHR A i
D i BE/C Dy g/ C
4921 4969
90
90
80
70
20
g 10
E 0 60
= -10
220 50
\Q,»Q,BQ =200 z/mm 40
X y/mm 30
Le
24 v25.7

(¢) 25 ‘CT AR E /54 =
E14 ARANOEETHBRAMHFR

Fig. 14 Temperature distribution of charging assembly under different inlet temperature

(d) 30 CH AR oy Aii =
BEnhnzE



WS

# ik, DR, £, S5 RYIERHENR A SR R K RS B BT *173-

ASTRLA YL T S0 AP 347 ik P58 i i 1) A5 £k B
AU 1S, AR R S A i A 1) AR
eI 16, HIE 14-16 AT LAE Y BEE A IR
I STATN , AT IR B DA K A RO IR AR LA
AR A R T, ASEA IR e H 2l 4%
ZERE R TR WL 17, B 17 S A5 e v T
ELER RN
100
90
80
70F
60
S50F
40f
30
201 o
10 (I) 5IO 160 I%O 2(I)O 2%0 360

24l k] ¥E B8 /mm
BE15 AENDEE T HRETYEE LM E L mE

Fig. 15 Variation of the average temperature of the fluid

SRR/ C

in the axial direction under different inlet temperature

1001 .
—=—15C JUN—
90l —e—20°C P 0 b 0000
—a—25 1C TvIA .AAA‘._...-.» PP
© 80 —v—307C VVIAA ‘.,...'.. p
#E( VV’IAA ...'.‘_..l- =
V, AT ¥ g u
]I[E 70+ VVIIAA.—.':; .‘.l
ﬁ v, AT O g
P R 0 e
A o® A
S50F :'0'.‘.‘1"‘.
._.,l"

40 0 50 100 150 200 250 300

A7) 2 25 /mm
16 ARANOERETSEFOEERHMETHHE

Fig. 16 The average temperature of the fluid varies in the

axial direction under different inlet temperature

100¢ ~
- 1 [ E3i5¢C
o gl fAll Al =20c
8ot A1 {lln C125C [
T 130¢C o
2 60
5 _
b
.l
& 40
20

0
SR R UK VI K R 1%k eap
£ 2 B W OB L& FE W

E17 ARAARETREAHSEHNREKEE
Fig. 17 The maximum temperature of each structure of

the charging component under inlet temperature
3 #ig

SCHVEE X R D3 i 3R 4 e B L B 2 PR A

BIFSE, e h T B AR A e KA v 07 56, R
M =4y — A —IR 2 W B RE5 Jr ik  BFGE T 4 T
DRAE ] 4 A RE LS 4 Fft A L RE XS FERLER,
B PFAPERERRZMA , A3 HH LR 458

1) 78 R LA 80 T vy i 8 o 1 1] B2 AT
NG PR R TR D , BB T Sl E P84 R T e A1
ELAS R BT B e el BE AT L1 B 1Ak, FEE
A S5 v U E (R HE Y O < V2 EIB> K B> K B>
FESIMPES UG R IR

2)H A T 5 A PR — 5 I, B i (4]
B B 38 R, 0 A5 9 A ) ST O R, 2 ]
0.5 mm B R ZE 2 mm, Fz i i B2 B FREAEGEE 3 M 31955
1%, B e AL A 1 1) e 2 S X R AR
U A P49l R 55 S A H ol 9 ol i 7 v L ) B
TR T i ) T3

3) 5 I I B B R —E I, B A A
AR, AT 47l B AR v T 1 il e
vy L YRR /) o

DA I 5 Y TE 8] Bt — RE I Bl A TR
AR, (AR B AN 2R 0 B el P R e R HL 7S
HL R A8 AL B 3 00 A — B, AP R IR S SR
HrC R B ek 1) T v HLEE AR IR

SE Lk

[1] ATAF, AT, SR, 55, —Fh KT 2% i 7 e
AR 2k 4E,2020(3) : 18-20.
REN Jinling, CUI Jiude, ZHAO Kaibin, et al. Development of a
high - power cooled DC charging pile cable[]J]. Electric Wire &
Cable,2020(3):18-20.

2] 2 5,45 LB Hr, AR JRE R SR R IR ST,
RETEFFTE T BT HAS,2018(5): 1-6.
LI Yang, LI Chuan, HUANG Xin, et al.Future research and analy-
sis of high power electric vehicle power charging technology in Chi-
nalJ]. Electrotechnics Electric,2018(5): 1-6.

[3] DIMITRIOS I, DOUKAS, ANDREAS I, et al.Thermal modeling of
a bipolar high-temperature superconducting DC transmission cable
[J]. IEEE Transactions on Applied Superconductivity ,2017,27(4):
5400608.

[4] 2. KRS A E RS A R SRR 5T D). JEVL VL
JRREE,2020.
KE Jun.Research on heat transfer characteristics of cooling system
of high power charging connector{D]. Zhenjiang: Jiangsu
University, 2020.

[5] WO5HE, wakie x]SR TR AR UL IR A i 4
FL RS W R[], B T AR 24412, 2023, 38(13) : 3651-3664.
LEI Fangfei, CHU Jifeng, LIU Yang, et al.Fault diagnosis of cable
overheating based on semiconductor gas sensing array|J].

Transactions of China Electrotechnical Society,2023,38(13):3651-



174~ 202645 /1 ) 44 4 He2k HSM

(6]

[10]

[11]

[12]

[13]

[14]

[15]

3664.

F13) TR 7 I [ G A% R B Y S R W
AR A AT HEE). P E LT RS, 2013,
33(22):191-200.

ZHANG Shiling, PENG Zongren, LIU Peng, et al.Electro - thermal
coupling model for computation of radial temperature and electric
field of resin impregnated paper high voltage direct current bushing
[J]. Proceedings of the CSEE,2013,33(22):191-200.

L5 4 Chao)i {45 FERLBAR 11 B A3[2). At [ 5 M A7 R
23w L Tyl BB £ 25, 2020-06-19.

White paper on ChaoJi conductive charging technology for electric
vehicles[Z]. Beijing: State Grid Corporation of China, China
Electricity Council ,2020-06-19.

PMEAS. =IE LA B R T vk B A BAR s W v i R FH B
X1 RS, 2019,55(12):215-220.

SUN Tingxi.Research on self energy harvesting and its application
in thermal condition monitoring of three-core power cables[J]. High
Voltage Apparatus,2019,55(12):215-220.

R PRI, PEARE SR, £500 KV TR B XLPE L2
O3 AT S R R AFSE (). R AR, 2023, 59(2): 113-119.

WU Jingjing, CHEN Li’an, YAN Youxiang,et al.Study on tempera-
ture distribution of £500 kV HVDC XLPE cable and its influenc-
ing factors[J]. High Voltage Apparatus,2023,59(2): 113-119.

B MR BRASE PR =L 4F £500 kV B AT AT IR IR R 4T
R RE 05 B A (D] 8 R HL R, 2020, 56(1): 155-161.

YANG Lin, QIU Weihao, CHEN Yun, et al.Simulation study on
temperature controlling of +500 kV HVDC cable load cycle system
[J]. High Voltage Apparatus,2020,56(1): 155-161.

SR, SR KV A5 AR e L A e R )] BT,
2010,23(3):245-247.

ZHU Jinglin.Discussion on adopting cable water cooling method to
improve cable capacity|J]. Shanghai Electric Power, 2010, 23(3):
245-247.

B SR, A LA, RIIA TR R IR T RE
SrpT SIS ?’ii%%%,ZOZO(II):S—S.

WANG Jiaojiao, CHAI Honggen, LI Xiao, et al.Research and
analysis on temperature rise performance of connecting device for
high power charging[J]. Auto Electric Parts,2020(11):5-8.
FEFRR, 5K SR RIS ST AR BB BHEHOR AT,
2021(7): 186-187.

DU Qinglin, ZHANG Qiang.Design of high power liquid cooling
charging gun[]]. Scientific and Technological Innovation Informa-
tion,2021(7): 186-187.

¥R, 92 N W1 LT i SR e S B A b
Al S AT IR KN 7 43 A ELAFAELD). R R L AR, 2021, 57(12):
147-155.

LIANG Zhen, PENG Jie, HU Jun, et al.Simulation study on
interface temperature and stress distribution of cable joints based
oncontact resistance model[J]. High Voltage Apparatus, 2021, 57
(12):147-155.

AR, T A ORTRE IR AR S FL A R
PFFEL]. M2 24 (B SRFH2ERR) , 2020, 32(1) : 62-69.

LI Sen, TANG Bo, MA Tingting, et al.Review of research on the

enhanced heat dissipation of low voltage charging cables for new
energy vehicles[J]. Journal of Changzhou University(Natural
Science Edition),2020,32(1):62-69.
[16] BX“F R, AW, 28 (I3, 24 B T A BROC Oy B e i 45 vh
(KA T A VAT, i e 2%, 2022, 58(3) : 64-70.
ZHAO Xuefeng, HAO Yifan, HUANG Guoqiang, et al.Calculation
on steady - state current carrying capacity of intermediate joint of
directburied cable based on the finite element simulation[J]. High
Voltage Apparatus,2022,58(3):64-70.
BRI 5k AR SR E R A S R SR
FE[I]. RS, 2019(2): 1-6.
LI Zhenming, LIU Wei, ZHANG Heng, et al.Simulation and

—
—
~

—

experimental study of liquid metal cooling of cable with large
current[]]. Electric Wire & Cable,2019(2): 1-6.

R, RS — ol L B 20 TRV T FILAEZR 5[ 2k
ML2%,2023(3):33-35.

CHEN Shuaiyu, HAI Xugiang. A liquid - cooling charging pile

(18

=

cable with high current and overcharge|J]. Electric Wire & Cable,
2023(3):33-35.
WETEPH. DA AR DGR R R WFFT D], JLaT AL 5T
HLR2%,2018.
YAO Leiyang.Research on the key influence factors of power

[19

—

connector design[D]. Beijing: Beijin University of Post and
Telecommunications, 2018.

FIRGLB)TE,E W ARPIRETERZS 8] A F A A
S SRUE T 22 MR ToR2E254], 2013,39(2) : 43-46.

LI Qingling, YANG Guangzhi, LI Tao.Experiment on heat

[20

exchange with natural convection over horizontal circular pipe in
large space and its numeric analysis[J]. Journal of Lanzhou
University of Technology,2013,39(2):43-46.

THER. SIARECT AR AR B L5 E )] Wi LiE
HE2EBEA R (H ARBIAR) , 2000, 19(1) : 84-86.

SHEN  Yajun. The comprehensive measurement for heat

21

—

conduction coefficient and free convection coefficient[J]. Journal of
Zhejiang Ocean University(Natural Science),2000, 19(1): 84-86.
[22] RAEFR. ACPIRAE FLARXT AR 5T 2 DR A A S 3
FE[D]. I AR RHE S, 201 L
ZHU Jinrong.Numerical and experimental study of shearing
interferometric temperature measurement for natural convection
heat transfer about horizontal cylinders[D]. Wuhan: Huazhong
University of Science and Technology ,2011.

[23] CHURCHILL S W, CHURCHILL R U.A comprehensive correlat-

[t}

ing equation for heat and component transfer by free convection[J].
AIChE Journal, 1975,21(3): 604-606.

[24] KUEHN T H, GOLDSTEIN R J.Correlating equations for natural

=

convection heat transfer between horizontal circular cylinders[J].
International Journal of Heat and Mass Transfer, 1976, 19(10):
1127-1134.

¥ R(1981—), B, AH, SR IEIT, T EHRH AHRIHA
& R, R GEHF K B A M T AR (18 42 VF %) (E-mail : dongchen3@sgepri.

sgee.com.cn)o





