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Optimization of intermediate cooling
in conduction-cooled cryostat
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Abstract - An intermediate cooling is
indispensible to reduce the refrigeration
power at superconducting system that is
cooled conductively by a cryocooler
without liquid cryogens. The cooling load
at the intermediate stage is caused by
the mechanical supports, the radiation
shield and the current lead. From the
cooling load calculation, a thermodynamic
analysis that take into account the
temperature-dependent properties of the
materials and the actual performance of
the cryocooler is developed. For any
given physical dimensions of the various
components, it is shown that there exist
a unique optimum for the intermediate
temperature to minimize the overall
refrigeration power. The results of this
study can be wusefully applied to the
selection of the cryocooler as well as the
design of the conduction-cooled cryostat.
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Fig.1. Schematic representation of a
superconducting system conduction-

cooled by two-stage cryocooler
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-cooled superconducting system with
intermediate cooling
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Table 1. Specifications of the components
for sample calculation

material SUS
mechanical diameter 5 mm
support length 200 mm
(4 each) intermediate
length from 100 mm
warm end
material SUS
cryostat emissivity 0.05
surface area 2.6 m*
material copper
rasdhliaetllé)n emissivity 0.02
surface area 1.2 m?
. polished
. . surface copper
Supef:ggngftmg emissivity 0.02
surface area 0.6 m?
metallic material copper
current lead length 100 mm
: Bi-2223
HTS material (bull)
current lead length 100 mm
current 100 A
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Table 2. Summary of the optimal cooling condition (Ty=300 K, TL.=4 K)

interm‘év(iiggggtcooling with intermediate cooling
Q (W) W (kW) Ti(K) QW) | WilkW) | Qu(W) | WnlkW) | WkW)
mechanical
support 0.79 0.71 0.32
radiation 2.61 44 .6 86.6 9.29 1.39 0.03 1.83 3.22
current lead 8.79* 8.43** 0.16**
*all-metal current lead, **HTS-metal current lead
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