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Abstract: With the significant integration of transportation and energy fields, the electrified and “green” energy
consumption in transportation is an important technical solution for achieving the targets of carbon peak and carbon
neutrality. The use of low-temperature energy as coolants for high-temperature superconductor (HTS) cables can
simultaneously transport the electric energy and fuels, which can improve the energy transmission efficiency and reduce
the overall costs for large-scale renewable energy transmission. For a 10 km transmission distance, a 1.5 kV/10 kA
liquid hydrogen (LH,) energy pipeline structure for railway transportation is designed. Meanwhile, the effect of the
arrangement angle of positive and negative bipolar HTS tapes on their critical currents was investigated by establishing
a finite element simulation model of HTS cable. The maximum critical current was about 15 240 A in the parallel

N " arrangement. Finally, the transmission losses of HTS cables
ke B A3 2024'12'0(,3; fEEIRAS: 2024-12-26; SRARM: and conventional copper cables with the same capacity (i.e.,
2024-12-29; MEZHEZHE: 2025-01-14 15 MW/10 km) were compared. Results show that th

=] %@}\ﬁﬁiﬁiﬁ?ﬁﬂjﬂﬁE(2023QNRC001); i A were compared. Results show tha €
R AR 55 P TR 4 R B H transmission loss of 1.5 kV HTS cable was only 15% of that
This work is supported by CAST under Young Elite Scientists ~ ©f 10 kV conventional AC cable, and it was also slightly lower
Sponsorship Program under the grant 2023QNRCO001; The Fun-  than that at the 35 kV voltage level. The findings in this
damental Research Funds for the Central Universities research can provide a feasible technical solution for LH, HTS



55 414 WRT, 4. ) BUE S S AR A S RE A B S O S BERO G 201

energy pipelines to be used for large-capacity combined hydrogen-electricity transmission.

Keywords: Railway transportation; energy pipeline; high-temperature superconductor (HTS) cable; liquid hydrogen (LH,)
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Fig. 1 Hydrogen-€electricity energy transmission schemefor transportation systems
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Fig. 2 Schematic of long-distance liquid hydrogen super conducting energy pipeline system
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Fig. 3 Schematic of structure of liquid hydrogen
energy pipeline
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Fig. 4 Three-phase diagram of hydrogen
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Tab. 1 Temperature and pressure limits of liquid hydrogen
super conducting ener gy pipeline

e LN, LH,

A DR E/K 65 17

EIEH ORI E/K 77 25
18 A O K1/ MPa 2 2
EHE 1 O/ NE S1/MPa 0.5 0.5

T8I B B 4 R RSO TR A R P A
KA AR, AR

. ( &, 2.51]
A W\ 371D,  R.[f,

(2)
R = PuVuDy
Hy
e e HEBEHBSRRE, BisORERiE R
HCIEE , e=0; R, NEEE wy WIRERI BN IR

5 DIl S E IR TS TR, K
AP=05Mpa AP=1.5MPa, AT=4K FIAT=8K
FRAFOLZ R X R SR 241 Dy 5

?m_ vy IR REE(D)AR Q) 7%

554 1) MRege, S A7) 38 A0 A F D 0 T SRR A TE A R T 5 RE AP A 203
Ap = JuPuval DX 35 A AT 9 A 0 0 L 1 128 1 R A SR
2D, 0 (W2 1) ASCRITRAEENTER 4 cm, JiH
2
AT = fHVH + : 4q L jilZm/so
2DHCpH nDHpHvHCpH 10
N ) ol AP=0.5 MPa\ AP=1.5 MPa
Aohe f WIRCA ARG p, WA ; s
vy Al Dy 5P SRR A E R ;- C oy R _ Z:
TEE LR g HEERREIGEE R 1 W/m), & st
4_
10* 7 3t
2f TEFE I ATSK
1L BEREIX
IOZ v 1 1 1 1 1 1 1 Il
Jo— 0 05 1.0 15 20 25 30 35 40 45 50
s &S TR v/(m/s)
=
= 10° [ H5 REHERRFSERERS
ik Fig. 5 Contour lines of temperaturerise and pressure drop
=
107 =HiE for liquid hydrogen layer
W ERE S ShE, e mE i as
10 N
10° 10! 10 10° 10* {h
/K 7[D2 3)
m, =— v
B4 SH=iE n g P

i g 2 (3) AT A O AR BT RN
0.178 kg/s, Bl 15 379 kg/d, wJLAWGE 15~20 M
SR AR R EEFEE% KA HL L o
iy, R L S 2 SR o AR B VI

RS ARy

ol

mm -

C, 1 “
cz\/ : 1n—+“(TS_T°)
ap, 1+a(l,~T,)
S TR B AT ¢ R I

SeAEHIBE]; C o SR HERE BB COIAE
e (A Y LU RN BE DR E ) s o Ry 20 KRS N AR
FLRH 2R B R A p, A AR T ik
B LA SV BRI s T, i TARIREE , X
20 K; T, MEREEIEE, X300 K.

HR4E 1.5 kV/10 kA B R4S, HiE
HLIEA 10 KA, i REFR AR B I il 50 KA(H
B S AU R ), SRS E ) 1 s T
BRI K RVHRIE T, A H BRI R,
UIER ARG FUR L | APk e e i B SR B R



204 i, b

E 4 $23 %

GERET AL A d K A o AR [ A I3 v T
M LA, R EEE AR IR 150~200 K Y
FEREINEO, P, ASCR: 150 KA RS S0k
AR PR o d s = (4T R e/ A S A A
o 495.5 mm®, FIE—EINE R, BRI
RN 5 mm,

A A e BT R F B R AR
REBCO #itf, HEHSIERESHULE 2. Bl
FAEHA I B 005, IR siR o Sy PRk
Sl b 4r, HARA A IS AT RN 500 A,
IE S TS24 2 20 ARAEHE o

®2 BSHEMEMSHRESH
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Tab. 3 Structural parameters of liquid hydrogen
super conducting ener gy pipeline
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