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Design Comparisons of

Concentric Three-Phase HTS Cables
D. Kottonau, W. T. B. de Sousa, J. Bock and M. Noe

1. Design Requirements

Cable design requirements Operating range of liquid nitrogen in cable
The aim of this study is to BT
compare different cooling Rated voltage 12 kV 15 15 bar
concepts. This will be realized in  Rated power 30 MVA (1,75 kA) = | A?F/
dependency of different cable Overcurrents 20 kA for 1 s S - ) _&V _
dimensions and mass flows of 50 kA for 30 ms 2 o ij;agt;ng o o
the liquid nitrogen. Within a  Utility load factor 0,7 continuous load % 6 \\Q%@‘“eé-eous
defined operating range the Maximum outer diameter 105 mm 0 ; “V
most compact cable dimensions  caple length 2 6 km _ 3bar | _ / ; :
will be identified. Mass flow range 0,25 kg/s — 1 kg/s =% = | = om0

Temperature (K)

2. HTS Cable Design Parameters 4. Electrical, Hydraulic and Thermal Design
Concentric three-phase design of a medium-voltage cable Cable design flow chart
Inner cryostat tube Define operating range

v

Creating the cabledimensions

v

Neutral conductor

_ Electrical insulation Hydraulic requirements
with semi conductor layer Calculation pressure drop
no
' Former fulfill
with leveling layer yes

/ Electrical requirements

Calculation ampacity of HTS Tapes
Calculation dielectric stress

no
fulfill

yes

: . . g Thermal requirements
Cable cryostat with vacuum multi-layer isolation Stationary
Calculation AC losses (phase and shield)
Standard dimensions for flexible tubes DIN EN 10380 Calculation dielectric losses
A Calculation heat impact of cable cryostat
. | -“m Calculation maximum global temperature
mm Transient (additional to stationary)
222 Calculation temperature under fault conditions
27,4
35,9 no
52,8 v e
68 4 No feasible design Select cable designs which fulfill all requirements
- 13 . L)
Results of the cooling “option 3

Maximum cable length
Nominal diameter - former

Mass flow
M = 0,25 kg/s
5 o5 M=05ke/s
. = M = 0,75k
Option 1: cooling % ) "=0 1{g/sg/s
+ No external return system 52  M=025kg/s
© Rgo M= 05ke/s
S @ M = 0,75 kg/s 6310
. S 1 =
Option 2: | cooling C  W-oskgn 4290 4670
+ Compact cable diameter | Z M = 0,75 kg/s 6990
M = 1kg/s
The feasibly of a cable design is proved if all given boundary
Option 3 |- conditions (pressure drop < 12 bar; temperature limit < 78 K;
. coolin . . . .
+ Smallest cable diameter systern ampacity < 1750 A) are fulfilled. Cable designs which not
p fulfilled the requirements are colored red.
external return of LN2
Option 4: ) ) | 5. Conclusion
+ Longer cable length coolng L ». oo . . .
+ No gxternal returﬂ Sy P ' @ system Comparison of the different cooling concepts
— ion 2 : on 4
B cold (68 K) [l warm (<78 K) > inlet (< 15 bar) < outlet (> 3 bar) Option Option Option 3 Option

Min. outer cable diameter 1505 mMm 126,6 mm | 104.6 mm | 150,5 mm

0. Publications Max. cable length 2611 m 3840 m 3420 m 4185 m

« E. Shabagin, C. Heidt, S. StrauR, S. Grohmann, Modelling of 3D temperature profiles and The “option 3" is the only design which fulfill the outer
pressure drop in concentric three-phase HTS power cables, Cryogenics 81, 2017, 24-32 diameter requirements.
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