Wroctaw University of Technology, Faculty of Mechanical and Power

THERMAL ANALYSIS OF A SUPERCONDUCTING BUS-BAR FOR
THE SIS100 PARTICLE ACCELERATOR AT FAIR

LUKASZ TOMKOW

Engineering, Department of Cryogenic, Aviation and Process Engineering

Introduction

SIS100 is a superconducting accelerator for heavy ions, currently under construction by
international FAIR collaboration in GSI Helmholtzzentrum fir Schwerionenforschung in
Darmstadt (Germany). By-pass lines connecting the sections of the superconducting mag-
nets are designed at Wroctaw University of Technology. They will be used to carry liquid he-
lium and the electric current. The current will be transferred by four pairs of the bus-bars
made of a Nuclotron-type cable containing NbTi.

The numerical analysis was performed to calculate the heat generation occurring in the
bus-bar operating under the most demanding regime - fast ramping, triangular current
with the frequency of 1 Hz and the maximum value of 13 kA. The coupled electromagnetic-
thermal model was implemented in Comsol. Electromagnetic boundary conditions were
found using static model. Thermal boundary conditions are based on heat transfer consid-
erations of the entire by-pass line.

Critical surface H-formulation

10

Analysed object

[ ]
SI1S100 Accelerator By-pass line (BPL)
o=
BPL3 1 Line C, He supply shield Line D, He return shield,
|"_'|" i Y "| 42.4x2.0, 50K 42.4x2.0, 80K
[1] 10 Layers of MLI No MLI
f Thermal shield. Al Bus-bars
!’x‘ / fj\ 350x5, 80K
/ / b 30 Layers of MLI
. ;,.#\ \ ‘ \ T Process pipes
‘;" \ / _;';_\ {Q sliding support
. N\ / ‘ '\ Thermal shield
i/ \ f ,;I supports (hangers) |
V4 ' \ ‘ \ Al | Line A1, He supply mag.
N \ / A I )~ 54x2.0, 4.5K
. j _ - Vacuum vessel 10 Layers of MLI
N, fg’ e 427x5
\q""; j — -
qor e 3 :;‘-\r 3 \ .
AR Line A2, He supply VC Line B, He return
P - 51 “%"% 32x2.0, 4.5K 108x3, 4.3K
- ;;f} N 10 Layers of MLI 10 Layers of MLI
ﬁ - -FH [l \
/ﬂl J'I ™ "“‘*
(\‘/ o . p:
.‘,. / N “?
\\ ' / N '\-f’f
\f') \\\ / ™ /‘ N‘f:‘*b
g‘;.b‘ \\“ / \ '\,’
\..-*‘ ‘ ., . I

L. % x

91144

Superconducting bus-bar Nuclotron cable
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® maximum heat generation during the en- ® |ocal peak in heat generation ® appearance of the complex pattern of the elec-

tire operation

® strands are filled with the current, an elec-
tric field and the heat generation appear
everywhere, where the current is present

® sudden drop of the heat generation
(almost to zero) after reversing the direc-
tion of the current change

® coexistence of two electric currents flowing in

tric currents

reverse directions ® |osses occurring in the region where the current
® frozen magnetic field visible in the supercon- is changing, corresponding to outer edge of the
ducting strands cables
® total electric current carried by the bus-bar is  ® numerical artifacts visible, small effect on total
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calculated power generation
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