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Abstract: As offshore wind power expands into deep sea, the precise calculation of steady-state ampacity for high-voltage
direct current (HVDC) submarine cable is of critical importance. Existing studies often neglect the influences of ocean
currents on the heat transfer in seabed porous media and submarine cable laying conditions, leading to deviation in ampacity
assessment. This study established a three-dimensional thermo-electro-hydrodynamic coupled model based on COMSOL
multiphysics to systematically investigate the influencing mechanisms of sediment permeability, porosities, and submarine
cable laying conditions on the temperature field and ampacity of HVDC XLPE submarine cable under vertical ocean
currents. The results show that seawater flow velocity is the decisive factor influencing ampacity. Setting the sediment
porosities to 0.4 and the permeability to 10° d, when the flow velocity increases from 2 cm/s to 50 cm/s, the ampacity
increases by 35.2%, which is mainly attributed to the significant enhancement of convective heat transfer efficiency in the
sediment layer. Setting the sediment permeability to 10° d and the seawater flow velocity to 50 cm/s, when the sediment
porosities increases from 0.2 to 0.6, the ampacity increases by 5.6%, which attributes to expanded pore networks enhancing
the equivalent thermal conductivity. Sediment permeability and flow velocity exhibit a significant synergistic effect, when
the permeability exceeds 10° d, secondary convective heat transfer can be induced in high-speed flow fields. Setting the
sediment porosities to 0.4 and seawater flow velocity to 50 cm/s, compared to 10* d of sediment permeability, the flowing
fluid can additionally contribute 1.6% of the ampacity gain when the sediment permeability is 10’ d. The bipolar system

exhibits a significant thermal coupling effect under ocean currents, causing the temperature difference between the two poles
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to increase with the increase of flow velocity. Setting the sediment porosities to 0.6 and the permeability to 10° d, when the

flow velocity is 50 cm/s, the temperature difference between the two poles increases by 1 283.3%, resulting in an ampacity

difference up to 136 A. Among the laying parameters, the laying spacing has a greater impact on the ampacity than the

laying depth.

Key words: HVDC submarine cables; sediment permeability; ampacity; finite element analysis
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Table 1 Material parameters of £500 kV single-core XLPE

DC submarine cable
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Fig.7 Steady state ampacity of submarine cables at different

permeabilities and seawater flow rates

PR TS5 20N 10° d I A3 & (3 607 A)AH
EbF 10> d B A 2800 1 (3 555 AV T T 49 1.5%, if
BiR B A DUR B IE R R KK, g
R, BREMNEEBEL. YBER N0
d, K IRIEM 2 em/s 9K 22 50 em/s B, 48 AR A4S
HWMERI T 111 A. {BERNT 10 dE, 8
HHEKREARARMEIELNEL, BER KR
T 10" d I, BRI B 5 IR K IR TR 1) 5% &R 287 1T bRy
otk . BEEZE R R, HRERN K EE %
B4R G N  IE B EETTR M mB B R CRT 10 DIE
BT U KU B B O 6 i S B E R T A
PR
22 AREEBKRIERELRE R

TEIF T 7K U X I 45 1 5 i ), ¥ B TR A
LEEN04,BIBEFE N0 d, EHIRE N0.5 m, 3
Bl R 20°C , 43 213 25 1 BOm AR A i 22 an 1 8
Fis o

R KIS 2 AL R S i KR
R ZBEBR PR T WK B R B 2 X 2 4L
A0 0 PR LA I 20 R R [ A s . D] 8 1T LA
F KR /N T 10 em/s I 7K 9 AR 4L
XS AR A B R S AR /N o g K IR A 2]
10 cm/s LA b, Bifi 35 ¥ /KO0 19 K, g 45 i A s o
AR T B R O . F P i K K & 20
cm/s I, A EAHEL 10 em/s I B K T 20 A 241K
L 3G 0 % 50 em/s B, A0 B AH EE 40 om/s B3GR
TA3ARF T 3.57%. WK I B B BGOK 2

Fig.8 Steady state ampacity of submarine cables at different

seawater flow rates

2 LA I A AL AR PR 0 T P AR R, PR A Bl PR A
IR T S I RE , A AL A BE A E B 2 A
PRI ¥ 5 ) B R BB 2 $E T

WA 2 P A 280 0 SR B A e
Ji 77 B A 208 3 AN LB K B 7 3% R 2H A, an 2K (8)
B o

c'=0c-u (8)
ﬁ(g)':f:' :J'%ﬁ&&gﬁ ,kPa;a?'\j,'.'é"Ejj ,kPa;u%j

FLBR/K 77, kPa.

HR A 2 (8D W A1, 7 4 % 7 %o 498 R 1 [ 45
FREFIRAARIR B RE ) B R EE . HRUE 8K, -
BERTURL 2 1] (1 4% fik 0 BR 588, MATAT 52 A 7K 7E - 498 v (1
WA, T E I MAEAE B SO IR 0,
PRI R 2 B 2 36K, B 2 5 K 78 L e v
(I3 2, 33 1T e VA 45 AR I HIOR. , B AR o R

B9 AFLIRZE N 0.4 32 EZHE N 10° AN, A [F B
BEIR FE AR KRR M S RS Bn ARk i 2 .
M 97T DL H, B iR B AR A 51 R 1 3 = 2 4k
W FEE AR /N 5 M K IR N 50 em/s BRI LT, OB IR B
N 15 m R 4.5 m B S R AR S O &= UM =
26 A.

3 BKRIES T RARESHRSHERE

1 9 2 1) B8 90 14 B ] Y B0 B I A %
R AT B 5 ARG SEAN R, XURR 2 i 2 A
AR & ARG, Ho2 80T AR ) i 44 i 3
DR .




e S A« B ELVRIAL N 5SS UORRMIIS B ) v I LA SR A R T 93

3580

—m— FE1.5m
3560 —e— EFE2.5m
—A— JRPE3.5m
3540F —v— AE4.5m

<3520t
@
°S 3500
i

3480}

3460}

3440}

0 10 20 30 40 50
HEK I IE/ (cm/s)

B9 ARERRERGKRRE T BENRSHRE
Fig.9 Steady state ampacity of submarine cables at different

laying depths and seawater flow rates
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submarine cables at different porosities and seawater flow rates

M 11 A CUE H, 2 K 2 iE BT 0 em/s
I, A TR FLBR 2R (3 45 18038 22 A K, Bl o5 g /K O
IR ISR A R ZE B ETE K. DALBR R N 0.4
A, 24 K T M 2 om/s 39 K F 50 em/s B 4
8] 5 7 M 0.30°C 35 K 5] 4.15°C , #1081 283.3%.
WA ZE A E 2 SO — R ek Bl = T
VEWRE 0 53 — MR I B & 2 BIPR ). DAFLBR RN
0.6 ¥ 7K I IH N 50 em/s A, 18 B Fa A5 I A5 () i 25
B N 69.99°C , Fr i 45 4 E5 I N 65.63°C
S8 K7 0 v 25 P E AL A L B AR TR B A B 70°C L 15
LB N 2 1) AR S R R S A O B A LR N T
136 Ao BLAM, MALFRZ R 0.4~0.6 I, i 45 45 5 A
TR 22 AR BE /N T FLBR 28 0.2~0.4 B B L. 24
7KL 9 50 em/s LB 2 A 0.2 34K 31 0.3, g 45
RN ZE N 3.32°CHE K H3.85°C, ETH T £ 16%; 1M
LB 2 M 0.4 18K 2] 0.5, W 45 25 00 18] 19 W 2 M
4.15°CHEKF|4.28°C AV _ETH T £93%.



94 AR

2026,59(2)

BIE R 10° d I, AN [F) LR 28 A K IR E R
A RRSEREWE 12 R, B4R 120
DU, B AL i 45 i Ae S o & AR 10 5 AR g
RS IR BB HAFE .

3500

- fLFR%0.6
—-o— fLERAR0.5
3450 F —A— FLF=0.4
—v— LI 0.3
—o— fLBZ0.2

3400

= 3350

/

i E/A

3250

3200

(ﬁﬂ(/ﬁ:@/(cm/s)

E12 AEFLEEREKRERETNEHENRSERE
Fig.12 Steady state ampacity of submarine cables at different
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submarine cable at different laying spacings
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