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Development of neon refrigerator with LN Sub-cooler for HTS power equipment
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We developed a Reverse-Brayton cycle refrigerator with a small turbo-expander
and a compact turbo-compressor for HTS (High Temperature Superconducting)
power equipments. Its cooling power is more than 2 kW at 65 K. We also developed
a sub-cool heat exchanger (a sub-cooler) to cool liquid nitrogen. Sub-cooled liquid
nitrogen (LN) has high dielectric strength, and can allow larger critical current
than saturated liquid nitrogen. It is thought that sub-cooled LN is the most suitable
fluid for cooling HTS power machines. However, a possibility of freezing of liquid
nitrogen in the sub-cooler is a considerable issue. Then, we designed the new sub-
cooler in which the liquid nitrogen never freezes. The sub-cooler was assembled
into a refrigerator cold box in order to make a compact cryogenic system, though
the previous sub-cooler was set into a separate circulation pump unit. We finally
intend to install both the sub-cooler and the circulation pump in the refrigerator
cold box. Our new refrigerator controls the turbo-compressor rotational speed so
as to keep the sub-cooled LN temperature constant, while our previous refrigerator
controlled an electric heater power against fluctuation of cold neon gas temperature.
In this paper, we report performances of the new refrigerator.
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Fig.1 Flow diagram of neon refrigerator
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Table.1T Temperature distribution in the sub-cooler

Neon flow  Cooling Temperature Temperature Temperature Temperature Temperature Temperature Temperature

Case No. rate Power at point 6 at point 7 atpoint4  atpoint 4b at point 4a at point 4c  at point 5
(kg/sec) (kW) (K) (K) (K) (K) (K) (K) (K)
No. 1 0.300 2.53 70.00 67.00 61.20 69.00 64.74 65.43 69.00
No. 2 0.275 1.97 69.34 67.00 61.97 68.62 65.02 65.55 68.62
No. 3 0.250 1.49 68.80 67.04 62.79 68.30 65.34 65.74 68.30
No. 4 0.225 1.10 68.30 66.99 63.42 67.96 65.54 65.84 67.96
No. 5 0.200 0.68 67.81 67.00 64.48 67.63 65.96 66.14 67.63
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Fig.2 Diagram of cooling power adjustment
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(a) Heat load increasing 200W to 1500W
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Fig.3 Characteristic of cooling power adjustment
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