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Heat Propagation Analysis of an HTSC Bulk Magnet Cooled
along the ab-plane and Magnetized by Pulse Field

— Comparison with a c-axis-cooled System —

Atsushi FUIIWARA*', Tatsuya TATEIWA*', Hiroyuki FUJISHIRO*"" | Takashi NAGAFUCHI*?
Hidemi HAYASHI*? and Tetsuo OKA**

Synopsis: The time evolutions and three-dimensional temperature profiles in a cryocooled superconducting bulk disk have
been investigated using a finite element method (FEM) after applying pulse field magnetization (PFM). The bulk is either cooled
down along the ab-plane through the brass support component and magnetized using a split-type coil, or cooled along the c-axis
and magnetized using a solenoid coil. The temperature rise A7 due to the magnetic flux intrusion in the case of the “ab-plane

cooled type” is experimentally small and the trapped field Bi® is enhanced as compared to the

3

‘c-axis cooled type”. The

calculated temperatures 77(¢) can effectively reproduce the measured 7(#) with an appropriate assumption of the heating area and
total generated heat Q. The heating area is wider and the Q value is relatively smaller in the “ab-plane cooled type” as compared
to the “c-axis cooled type”. These analytical results suggest that, in the “ab-plane cooled type”, cooling along the high thermal-
conductive direction in the bulk magnet and the increase in total heat capacity due to close contact of the bulk magnet and the
brass support component are effective for reducing A7 and enhancing By".
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Fig. 1 The experimental setup around the Sm-Ba-Cu-O bulk
and the pulse coil for the (a) “c-axis cooled type” and (b) “ab-
plane cooled type”.
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Fig. 2 The time evolution of the temperature 7(f) after
applying various pulse fields B., for the Sm-Ba-Cu-O bulk at
T=50 K magnetized by the (a) “c-axis cooled type” and (b) “ab-
plane cooled type”.
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Fig. 3 (a) The trapped field B;" and (b) maximum temperature
rise AT .« at the bulk center as a function of the applied field B,
using the “ab-plane cooled type” and the “c-axis cooled type”
bulk magnet.
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Fig. 4 The normalized applied filed Be(#) of the split coil
(“ab-plane cooled type”) and the solenoid coil (“c-axis cooled
type”). The time dependencies of the heat generation &¢) used
in the analysis are also shown by the solid and dotted lines,
respectively.
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Fig. 5 The time dependencies of the measured temperature 71(¢)
and the calculated temperature 7°(¢f) for the “ab-plane cooled
type” after applying B.,=5.5 T at 50 K. The dotted line shows
T°(¢) in the case without brass support component under the same
heat generation.

75 _I T T .I T I T T T T I T T T T I T T T T I T T T T i
- c-axis cooled typ TS=50 K, Bex=5'5T .
C I s T ]
70 -
i .
~ 65 7
X C . . ]
= F simulation ]
60 L O  experimental 1
55 .
50, e
10 20 30 40 50

Time (sec)

Fig. 6 The time dependencies of the measured temperature 7(¢)
and calculated temperature 77(7) for the “c-axis cooled type” after
applying B.=5.5 T at 50 K.
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Fig. 7 The calculated temperature profiles 7°(f) on the surface
of the bulk in the radius direction (r-direction) in the “ab-plane
cooled type” after applying pulse field magnetization, B,=5.5 T
at 50 K.
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Fig. 8 The calculated temperature profiles 7”(¢) on the surface
of the bulk in the radius direction (r-direction) in the “c-axis
cooled type” after applying pulse field magnetization, B.,=5.5 T
at 50 K.
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