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Thermal Conduction Characteristics of Bi- and Y-system Tape Conductors

Aiming at Conduction-cooled Magnet

Yoh NAGASAKI™"', Taketsune NAKAMURA 2, Ikkoh FUNAKI", Yasumasa ASHIDA"! and Hiroshi YAMAKAWA !

Synopsis: This paper reports thermal diffusivities of Bi-system and Y-system tape conductors. First, we measure temperature

traces of the bundled conductors for the heater disturbance at conduction cooling conditions. Obtained results are modeled and

analyzed using one-dimensional as well as two-dimensional heat balance equations. We show that the analysis results can

successfully reproduce the experimental results for a wide temperature range from 20 to 77 K. On the basis of such results, we

also clarify that the thermal diffusivity, in the perpendicular direction to the tape surface, of the Y-system conductors are five

orders of magnitude lower than that of the Bi-system ones. Our results indicate that the consideration of such low thermal

diffusivity is important for the conduction-cooled magnet design.
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Magnetosphere
Fig. 1 TIllustration of the thrust generation mechanism of
the magnetic sail spacecraft.
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Table 1 Specifications of the tapes and bundles

Width | Tape thickness | Bundle thickness
(mm) (mm) (mm)
Bi-2223/Ag 2.6 0.18 1.6
YBCO 3.0 0.11 1.2
Cu 2.9 0.11 1.2

cryocooler jiEs

Fig. 2 Conduction-cooled experimental system.
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Fig. 3 Schematic configuration of the experimental set-up
for the thermal diffusivities of the HTS tapes.
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(a) Two-dimensional thermal analysis model of the both-ends
cooling system

I Heater
1 I YBCO
;C —= Polyimide tape
E % Bl Thermal sensor
g % === Dirichlet condition
Z g === Adiabatic condition
g ___ Heat transfer

coefficient A,

(b) One-dimensional thermal analysis model of the uniform
cooling system

Heat transfer
coefficient 4,

(c) Analysis model of the inside structure of the YBCO tape

Fig. 4 Thermal analysis model of the cross-sectional surface
of the bundles.
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Fig. 5 Temperature difference between the upper and lower surface of the bundles during heater disturbance
(290 mW) for the both-ends cooling system (experimental results).
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Fig. 9 Temperature traces of the lower surface of the bundles during heater disturbance (10 W) for the uniform
cooling system (experimental and one-dimensional analysis results).
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