49 B H 2 W 597-607
2023 42 A 28 H

(LN 7N
High Voltage Engineering

Vol.49, No.2: 597-607
February 28, 2023

DOI: 10.13336/j.1003-6520.hve.20221476

A

AEEGES R TE500 kY SE BG4
RSERERES

N, R¥E, B

B, G B, HARE, WE

(ERKFHRLELSRE ZHELE5HH AR RELEZLE, Tk 400044)

#H E: RSN E SR RS RRe e e T E R bR, ik, FH COMSOL Multiphysics A fR IG5
TS T +500 KV BEIiiE8 - SR A, B FtlR ekt A T I 8, mEiaRIBEIE 3 At 2 iix
TR PR S5, MG R {5007 VeSS B E . &RR. 76 ) BEBIRE, W T A
EEREEEAE R T AESME A SO ER S e S I R EARSABORE, FEEMIRMBN, RESRRER
FRRAG, T 2 IR RS A BRI i R 2 S 2R A3 K U P 4R s e B B TERRIE O B, 5 3 2 SO e
MERE, MEBEHES HIMEE )y 900 mm B, FRASHRERRHEKNE: RERRERIKKMREBA R,

I 4 e R B AR TS B AR A B
KA. WAL RASEUNE; JRE; B8 BE

Simulation Analysis of Steady-state Ampacity of £500 kV High-voltage DC Submarine Cables

Under Different Laying Methods

QIAO Jingqi, ZHAO Xuetong, XIA Yuan, FENG Yong, XIAO Yongjian, YANG Lijun

(State Key Laboratory of Power Transmission Equipment & System Security and New Technology, Chongqing University,
Chongging 400044, China)

Abstract: The steady-state ampacity is an important index to measure the power transmission capacity of high-voltage
DC submarine cables. In this paper, an electric-thermal-flow coupling model of £500 kV DC submarine cables was built
by using the COMSOL Multiphysics finite-element analysis software. Based on the control variate method, the effects of
dimensional parameters, material thermal conductivity and arrangement on the steady-state ampacity of the submarine
cables were studied, which were laid in 3 different sections, including the J-tube section, the cable trench section and the
tunnel section. The results show that, in the J-tube section, the steady-state ampacity can be increased by both reducing
the wall thickness and increasing the outer diameter of the J-tube. In the cable trench section, the steady-state ampacity
gradually decreases with the increase of the depth of the cable trench. However, it can be effectively boosted by increas-
ing the cross-section size of the air domain in the cable trench and increasing the thermal conductivity of the cable trench
materials. In the tunnel section, due to the factors such as air convection and heat transfer, the steady-state ampacity
reaches its maximum when the submarine cables are arranged horizontally with a space of 900 mm. The tunnel section

with the lowest steady-state ampacity is the bottleneck section, which can be improved by adding ventilation equipment.

Key words: submarine cables; steady-state ampacity; J-tube; cable trench; tunnel
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Fig.1 Laying diagram of submarine cables
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Fig.2 Structure of the submarine cables

®1 BEGEHSH

Table 1  Structural parameters of the submarine cables

iR R ] JE F/mm P 4%/mm 4% /mm
EESRES — — 64
SRR 2.9 64 69.8
XLPE 414 )2 30 69.8 129.8
A 25 BT Z 1.5 129.8 132.8
BEK Gtz 4 132.8 140.8
HEME 49 140.8 150.6
R E 52 150.6 161
RN RE 4 161 169
EEARES 6 169 181
RO E 45 181 190
_EREK
R A

K3 JREREE

Fig.3 Diagram of the J-tube

2) AL FATE AR EGE K IR 4 5
RC/SINEN E AT (LR S e W RS N e P i



600 i LR AR

LTI LI, T R AR S R AT X i
A [RIHE 5 RYE S EE it In 2 S AR DR 32K
FRERS Som1-23, 2 7 RUEAL TG 2 N, HE
B KECASOR R, T AV SMBETE 2 IR L
LR Rlapillie s iRy RiCVap SN PR S s SUR A i ]
BN 0; BFONEIRE ARSI, AR
Bl TIAFONRE L, TR ARG,
AU ORI A2, RE R E N 20 C

3) WIHFATFE: X T T AVERARR L, HEd
5 7R Z DA, E SR . RS
MBSIEBOIA T, 2 OVRARIE, ARG E
FE¥I9 0, FrimE s EN 0, 20 LLE Hiis.

3 REEREMESERSH

BT BAREERL, 7R B AR A FL S S A
—E HAE, RS R B N A 4R IR A
70 CHAaES TAERIR. RAEHIZEEN R T T
R BRI 3 PRy 30 R A R R R A
BEL R o
31 JEEHRAR
3.1.1 JHEN Tl b

W ) RUEALT I 2 BN, BB S 1A
MR R . WENBREN 20 C, 45 E J
TSRS REEERAME, R0 T B R xhigdifa
DR EREE, (FEITESR0E 6 Fin. HE
6(a) AT %1, 4EBEJE N 25 mm N, 3K T A AME,
SR ER 2 m. W7 Az ) REER
—HEE . ARSMERE TR, A HET L
2 SCRIE DX I R B A A M R 1S N T PRI
KRHTAMERKAEAR T B RS, A 5K
TESRR, SRERD W), ok T HHGSR .
I 6(b)aT %, fRFFAME 600 mm RJAAE, Fazs
B A B E R G K. B 8 Mgz k)
RETERI—4ME . ARIEEE K4 T RE 2R A,
MAHTRTLLE W, BT T B MR RT3 A4k,
INBE BRI T O SRR, TR AT DAAR 21 5
K I RUEAMERIBIR G R, 2 ) B g2 b
B, TESCHATF RSN, i erEE R, FadE
WA R AT 35 Ay @ SRR, RS HR R
i T HE T 58 A

FESERR TREH, N T B B R R 2% S 8050
FAEE R, RIS A T 5 KR ATLZH SR B 3 (1) 4
BATE BB, NS B3 2 T R 1 i i

2023, 49(2)
30 cm| 15 cm
25 cm © 2
B3
K4 BgrER
Fig.4 Diagram of the cable trench
K5 BEEREE
Fig.5 Diagram of the tunnel
2280
< 2270} I
1g 2260 _—
52 2250 /.
& 2240F .
s 2230F —
32220F _—
= 2210F T L L L 1 . 1 . 1 . 1
400 450 500 550 600 650
JHE S/ mm
(a) BEJE25 mm
< 2270_‘
I# 2260
s L
& 2250 I -
3 2240+
fm —
* 2230 " —
1 n 1 n 1 n 1 n 1 L 1
25 30 35 40 45 50
JBY & BE J2/mm

(b) 442600 mm

Ko mBRSRMES JMNERNSHI XA L)
Fig.6 Steady-state ampacity versus J-tube dimensional pa-

rameters (above the sea level)

BAS, SRR R A T B R R, MR AT IR
EITHEER, SMER. EREMN T BT LA
eSS EmE. R, RS FEAE
WUBR R FE BRI, AN I K S8 A3 s s A L it
THA. B, LRG58 TR R MA T 55
RIRMIAIE T, MRRIERIMER. EREE T 2,
312 JREALTIRIHZ N

M) MM T T, ERES A AR ]
WA K, Hish o B i A g .



TR, BeE, 2O, S5 AFEBORTTFE500 kV i RIS R R0 B AT 601

i E/C R E/IC

A70 A70
70 70
65 65
60 60

{55 55
50 50
45 |45
40 40
35 35

¥ 30.6 v30.4

(a) #MZE 400 mm
K7 TRIEEEE N 25 mm BHESLE T RS BYRIR FE 0 A
(g 1)

Fig.7 Temperature distribution of the submarine cables in the
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Fig.8 Temperature distribution of the submarine cables in the

J-tube with an outer diameter of 600 mm (above the sea level)
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J-tube with a wall thickness of 25 mm (below the sea level)
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Table 2  Steady-state ampacity of the cables with different

cable trench materials

L SHEH/W MK EE(kgm?d)  HFE/A
A T ek 1.74 2500 2480
Y 1.50 2400 2465.2
R R4 0.81 1800 2397
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Table 3 Steady-state ampacity of the cables under different

backfills
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Fig.16 Steady-state ampacity of the cables versus

longitudinal cable spacing
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Fig.18 Distribution of the air flow rate when the cables are

arranged laterally and the spacing is 1100 mm
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Fig.19 Steady-state ampacity of the cables versus lateral
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