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Design of Reverse Brayton Cycle Cryocooler System for HTS Cable
Cooling
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Abstract: The high temperature superconduct-
ivity(HTS) cable must be cooled below the nitrogen
liquefaction temperature to applicate the cable in
power generation and transmi- ssion system under
the superconducting state. To obtain superconducting
state, a reliable cryocooler system is required.
Structural and thermal design have been performed
to design cryocooler system operated with reverse
Brayton cycle using gas neon as refrigerant. This
cryocooler system consists of compressor,
recuperator, coldbox, control valves and has 1 kW
cooling capacity. Heat loss calculation was
conducted for the given cryocooler system by
considering the conduction and radiation through the
multi-layer insulation(MLI) and high vacuum. The
results can be summarized as: conduction heat loss
is 7 W in valves and access port and radiation heat
loss is 18 W through the surface of cryocooler. The
full design specifications were discussed and the
results were applied to construct in house HTS
cable cooling system.

Key Words: Reverse brayton cycle, Cryocooler,
Coldbox, MLI
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Table 1. The kinds of cryocooler system
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Fig. 1. Cooling capacity based on temperature
range of commercial cryocoolers
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Table 2. Configurations of reverse Brayton
cryocooler
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Fig. 3. Reverse Brayton cryocooler cycle
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Table 3. Components of reverse Brayton
cryocooler

Spec.

Compressor

After cooler

Recuperator

1st heat exchanger

2nd heat exchanger

Nitrogen liquid-gas separator

Liquified nitrogen chamber

Liquid nitrogen circulation pump

Pressure gauge

Liquid level gauge

Liquid nitrogen inlet line

Load flow control valve

Turbo alternator

Support pipe

Safety valve

Vacuum safety valve

Load(HTS cable)
Gas Ne inlet line
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Gas Ne outlet line
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--— Nylon
<«+—— Teflon

1 ITIIII|

103
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Fiber 39
=add

10 Evacuated (< 107 Torr)

03424

Evacuated (< 107 Torr)
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— Ittt

107
Evacuated (< 10 Torr)

£2dd

BE FAEE [W/ecm'K)]

106
Evacuated (< 107 Torr)
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I T II||III| T IIII||||

107

oy 5. Adw
300K, 80K)
Fig. 5. Thermal conductivity of each insu-
lation method (Both ends 300K and 80K)
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