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Rotating helium-recondensing system using Roebuck refrigerator
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ABSTRACT

This paper describes a design of the helium-recondensing system utilizing cascade Roebuck
refrigerators. Superconducting generator or motor has the superconducting field winding in its
rotor that should be continuously cooled by cryogen. Since liquid helium transfer from the
stationary system to the rotor is problematic, cumbersome, and inefficient, the novel concept
of a rotating helium-recondensing system is contrived. The vaporized cold helium inside the
rotor is isothermally compressed by centrifugal force and expanded sequentially in cascade
refrigerators until the helium is recondensed at 4.2 K. There is no helium coupling between
the rotor and the stationary liquid helium storage. Thermodynamic analysis of the cascade
refrigeration system is performed to determine the key design parameters. The loss
mechanisms are also explained to identify entropy generation that degrades the performance
of the system.
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Fig. 1 Schematic diagram of basic

Roebuck refrigerator.
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Table 1 Thermodynamic calculation result

Py [Ty = Te| mi My P, Ps Ts
(atm) (K) | (g/s)| (g/s) | (atm) | (atm) | (K}
Hel® 4.0 7.1 0.06 | 066 { 27.0 1.0 42
He2 57 113 0721000 ] 130 40 | 71
He3 64 150 072 | 000 [ 116 | 57 | 113
Hed 6.8 185 072 1000} 108 | 64 | 150
Heb 7.0 219 072 1 0.00 | 104 | 68 | 185
He6 72 25.3 072 (000 | 101 | 70 }219
He7 74 28.7 072 | 0.00{ 99 72 1253
He8 76 320 072 1 000} 97 74 | 287
Nel” 48 43.3 6151278 | 152 { 28 {310
Ne2 5.6 61.9 339 (346 | 115 | 48 |433
Ne3 6.0 79.7 685 | 0.00 | 104 | 56 | 619

Stage

* The quality of the recondensed mixture at
the Hel and Nel stage is 02 and 08
respectively.
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Fig. 6 Peripheral arrangement of the
system (front view).
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