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The recent progress in new cooling techniques of the high Tc superconductor
(HTS) systems is reported and discussed with some practical examples. At the
beginning stage of the HTS development in research laboratories, liquid nitrogen
(LNy) is the standard medium for an effective cooling. The success of HTS in
many different application areas, however, has required a .variety of need in the
cooling temperature and the cooling capacity with specific design restrictions.
While the utilization of altermative liquid cryogens such as liquid neon (LNe) or
liquid hydrogen (LHz) has been tried in some of them, even solid cryogens such
as solid nitrogen (SNy) or solid hydrogen (SHz) may be another option in special
applications. The gaseous helium cooled by a cryogenic refrigerator has also been
a good candidate in many cases. One of the best cooling methods for the HTS is
the direct conduction-cooling by a closed-cycle refrigerator with no cryogen at all.
The refrigeration may be based on Joul-Thomson, Brayton, Stirling, Gifford-
McMahon, or pulse tube cycles. The pros and cons of the newly proposed cooling
methods are described and some significant design issues are presented.
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Table 1. Classification and characteristics of several cooling techniques for HTS

cooling cooling cooling temperature| system | econom thermal | cool ref
source method medium P Y y stability | down ’
o nitrogen | 7715 K simple -
liquid neon | 2743 K | but | ¥ VY | fast | 1
cooling icted investment| good
latent heat hydrogen | 20%3 K |estricte 23
solid nitrogen | 63+5 K | simple | poor but 4-6
" & low excellent| fast
cooling | hydrogen | 14%£2 K | estricted |investment 7
fair and 49
co%?’s helium |10 - 100 K| complex high good slow '
e investment 10,13
i v nitrogen | 77£5 K complex | fair and v
cryogemic apor neon | 27£3 K & high Y | fast | 14
refrigerator{recondensing : . . good
hydrogen | 20+3 K restricted {investment
. simple cheap, 11.12
C"é‘o‘i‘ﬁ“’“ metal |10-100 K| & | but high g°§£r°’ normal |’
& flexible [investment 15-18
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Table 2. Classification of important cryogenic refrigerators

heat exchange cycle type temperature capacity efficiency price
JT (Joule-Thomson) > 100 K medium low fair
recuperative Claude 4 -8 K large high expansive
Brayton 20 - 100 K large high expansive
Stirling 20 - 100 K | small or medium | very high | expansive
regenerative |GM (Gifford-McMahon)| 4 - 80 K small low cheap
pulse-tube 10 - 80 K very small very low fair
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Fig. 1. Gas-cooled HTS magnet system
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Fig. 2. Conduction-cooled HTS SQUIDs for
heart scanning
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