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Abstract

High-temperature superconducting rotors offer advantages in terms of output-to-weight ratio and efficiency compared to
conventional phase conduction motors or generators. The rotor can be cooled by conduction cooling, which attaches a cryocooler,
and by refrigerant circulation, which uses circulating liquid or gas neon, helium and hydrogen. Recent work has focused on
environmental issues and on high-temperature superconducting motors cooled with liquid hydrogen that can be combined with fuel
cells. However, to ensure smooth supply and return of the cryogenic cooling fluid, a cryogenic rotational coupling between the
rotating and stationary parts is necessary. Additionally, the development of a sealing structure to minimize fluid leakage applicable
to the coupling is essential. This study describes the design and performance evaluation of a non-contact sealing method,
specifically a labyrinth seal, which avoids power loss and heat load caused by friction in contact sealing structures. The seal design
incorporates a spiral flow path to reduce leakage using centrifugal force, and computational fluid dynamics (CFD) simulations were
conducted to analyze the flow path and rotational speed. A performance evaluation device was configured and employed to evaluate
the designed seal. The results of this study will be used to develop a cryogenic rotational coupling with supply and return flow

paths for cryogenic applications.
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Fig. 1. Loss and efficiency of superconducting motors
compared to conventional motors [4].
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Fig. 2. schematic diagram of HTS motor cooling system
using liquid hydrogen.
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TABLE 1
ANALYSIS MODEL DIMENTIONS.
Parameter Value [mm]
Parallel 5
Pitch 1 Helix 5
3 Helix 15
Clearance 0.2
Cavity height 2.88
Cavity width 2

58 [mm]

—

30 [mm]

197 [mm]

Clearance |

Width

Fig. 3. Flow analysis modeling.
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