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— Without DC HTS Cable
1.5 Bipolar DC HTS cable, cable length L = 1 km
Parameter Value Unipolar DC HTS cable, cable length L= 1 km
DC HTS Cable Length 1km
1.45 j
Distance between substation 5 km
>
Output voltage of the substation 1,5 kV :2 14+ ]
Substation resistance 0,03 N
Rail resistance 0,0158 % 1.35 1
Line resistance 0,028 §
DC superconducting cable resistance ~ 0 13 DC HTS 1
Train power 7 MW cable
darea
1.25 : : : :
0 1 2 3 4 5
Position, (km)
o Estimation of the length and topology of the superconducting cable to meet the specifications
of the railway load.
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I1. Design of DC HTS cable i T v
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Outer wall —T
Inner wall

Pole (1) {HTS layer ___

Copper

Copper layer
HTS layer } Pole (+)

l’ Former Tape width = 4 mm

hal >,

Copper = 75 pm

i , Ag layer
Polypropylene Film REBCO =~ 1 lJ.m

Multi layer buffers

Electrical insulation Hastelloy = 100 pm

Dielectric rigidity (50 kV/mm).
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[11. SizIng process
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Parameter

Railway Network

Operating voltage 1,5 kV
Operating current 10 kA

Standard data DIN 10380

Standard data for cryogenic
tanks

Data J.(B,6,T)

Cable length and topology

C

Critical current, J (A/cm)

Electromagnetic sizing

—a— Theva posted on 20.02.2019

—&— SuperOx posted on 05.02.2021

—4— SuperPower posted on 02.03.2021

Shanghai Superconductor Technology posted on 15.08.2017

0.1 0.2 0.3
Applied field, B (T)

0.4

Pressure, p (bar)

Hydraulic and thermal sizing

18
15

A Boiling curve of liquid ,+
nitrogen /
l’,
AP 7
LIQUId ,/'
v ,¢¢”” Gas

Temperature, T (K)

The critical current must be higher than the transport current (with a margin of 20%)

N -

\E- E.N. https://figshare.com/collections/A_high_temperature_superconducting_HTS_wire_critical_current_database/2861821
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I11. Sizing process SIS

: Tape width
s Electromagnetic Study padinul

Equations to solve:

A®' =0, (i =Iorll)

——  Symmetry inu, <«——

|
! X
: S”rfjgﬁsﬁfy"e”t , Boundary condition
" N T | & between two regions :
| ~ % = 1lum ﬁ—EI):FA_)
i Region | \/ t e = Rl
! Regi g S 0,00,2)Ug Bl = Bl

\ Redhol ) \ an infinitesimal thickness A6.2) _9, n n
Expression of the radial magnetic =~ — 210l a? (a, , , _
field in the region | - B.(r,0,z) = p—) 7cos(6) sin Enk K'y(kma)l'y(kmr) sin (k((H — @) —m z))

= I
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5
/
o

View of the magnetic field standard created by a layer
containing 5 tapes. The radius of the cable is 3 cm and the 0.005 001 0015 002 0025 0.005 001 0015 002 0.025 0.005 001 0015 002 0.025
tWIStIng pItCh is 10 cm, the current in each tape is 100 A. Angular opening of the tape, (mm) Angular opening of the tape, (mm) Angular opening of the tape, (mm)

— I

HTS Modelling Workshop Virtual Conference from June 22nd to 23rd, 2021 7
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¢+ Hydraulic and Thermal Design

o Model parameters

= T,(2) is the temperature in the outer pipe.
= T,(2) is the temperature in the inner pipe.
= Y, is the heat flux from the cryostat.

= Y. is the heat flux transferred from the
outlet pipe to the inlet pipe.

o Calculates the temperature increase of
the liquid nitrogen in the cable and the
pressure drop.

The length of the superconducting cable

has an significant impact on the design
of the cable and cooling system power.

\QR-E.E.N.
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¢ Hydraulic and Thermal Design
73 ' ' Traction li Traction line BT
1 =0,8 kg/s raction line e
LN,
7o | d;=32mm .*Tﬁn
2 Sectional view A-A o gml: i f:k@~/
St
o Pump and
2 heat
5 | Inlet
‘ 70 Outlet exchanger
g . Tmax-LN2
691 o TmaX-T
Cryostat losses 4,5 W/m? 5
68 : : '
0 500 1000 1500 A
Length, L (m)
o The calculation of the critical current depends on the maximum temperature in contact with
the tape I, (B, T, ...1)-

L‘

“aze

E-N.
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¢ Hydraulic and Thermal Design

_di=20 mm , Ap <= 12 bar . di=20 mm , Ap > 12 bar
2 ——d=32mm, A <= 12bar e d=32mm, A > 12 bar 12
_di=50 mm , Ap <= 12 bar e di=50 mm , Ap > 12 bar
———d =65 mm, Ap <= 12 bar o d.=65 mm, Ap > 12 bar 10
~15r = —
= g
Y 2 gl
= Q,
£ <
B.\ 1 . 5 6 P
= =
o )
wn —
0.5 &
Ay
2 \
Length of cable 1,5 km
1 1 1 1 O

O L L 1 1 I L I I I I
70 71 72 73 74 75 76 77 78 70 71 72 73 74 75 76 77 78

Maximum temperature in contact with the tape, 7 T (K) Maximum temperature in contact with the tape, 7’ T (K)

o Calculation of mass flow and pressure drop for different standard diameters DIN 10380.

The mass flow rate is limited by the cooling system capacity and the pressure drop.

= I
\E.
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_ Cooling type CP-Transport current more than 10 kA- Cable length 1.5 km
Standard radius DIN10380 1000 | | | | | | |
o Possible design ©
900 | .
800 | 5 .
. o}
d; d, £ 700 1
mm mm E ool o |
® 20 202 2272 2 o
v, 25 252 274 S 500t ) |
v. 32 337 359 5
“ o 400r
40 40,0 428 ~
v 50 500 528 300 | o
v 65 650 684 200
v’ 80 798 838
100 ' ' \7 ' ' ' '
1.8 2 2.2 2.4 2.6 2.8 3 3.2 34
Losses (kW)
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_ Cooling type CP-Transport current more than 10 kA- Cable length 1.5 km
Standard radius DIN10380 1000 | | | | | | —f
o Possible design ©
900 -
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. O
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_ Cooling type CP-Transport current more than 10 kA- Cable length 1.5 km
Standard radius DIN10380 1000 | | | | | | —r
® Optimum solution Pareto front ©
900 - -
800 | 3 41
. O
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v 65 650 684 200F \® |\2 1|3 1
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Losses (kW)
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Traction line CP Traction line ) [ Pump and heat Traction line CPDS Traction line Pump and heat ~ P |
Pump and heat = = | ©  exchanger g § exchanger |8 |
exchanger LN D2 R ) ) 7 N
'I;\n}< Cofhre) Y — Sectional view D-D F c & I
. . Ny - —— s
Sectional view A-A ﬁ‘_ r ‘ M | L;;j;,_,— < | [ = ég L s

v No external feedback.

v No external feedback
v" Two cooling systems at each end of the cable

v' Reliable for medium length

,li) : 350 - o : . : .
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L L *x SP
. SP o Traction line CPSR Traction line Pump and heat ‘ 300 # CPSR 1
Traction line Traction line exchanger » ) . * = CPDS
7 E ] [ ] *
— =<
Pump and heat o~ Sectional view B-B == é E r ” > 0 o ;’ 250 F 1
Sectional view C-C eXChanger ' g
, & *
I K* ’ f ﬂ”‘ g 200 . *
- Lll] ~— [} -
© y - :
j : ] )
i : 150 7
= | : . \ ; [ ] ) *
. C T B - - 7
v" Small diameter v External feedback 1001 s 2 2'5 3 3'5 4
v External feedback v' Reliable for long lengths. ' " Losses (kW)
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V. Conclusion
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Cable design

= Mass flow rate
= Pressure drop
= Type of cooling

CP or CPDS

mp Outlet LN,

=

Inlet LN,

= All cable diameters
= Number of Tape per layer and per pole N
= Twisting step and total length of Tape

Thermal and hydraulic properties

SP

Inlet LN,

»
Outlet LN,

L_osses of the installation

Cable and cooling system losses
Circulation pump power
Liquid nitrogen consumption

Sizing of the nitrogen tank and its autonomy

Inlet LN,

® Outlet LN,

)

13,70-18,00

-
Inlet LN,

HTS Modelling Workshop Virtual Conference from June 22nd to 23rd, 2021

15



@mo:\ll ng

Thank you for your attention

Ghazi Hajiri, @ (+33) (0)7 68 81 72 08 DXl e-mail: ghazi.hajiri@univ.lorraine.fr

— \! UNIVERSITE @
\_ E.N. DE LORRAINE

RESEAU




