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Abstract: To meet the pressing need for high-performance, compact neon gas high-speed centrifugal
compressors in cryogenic reverse-Brayton refrigeration system, this study presents the design and
performance optimization of neon gas compressor. Three-dimensional viscous-flow CFD coupled with
entropy-generation analysis is employed to simulate the internal flow and quantify losses, and the

numerical predictions are validated against experimental data. Based on this, the meridional profile and
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blade geometry were optimized using a genetic algorithm, and the effects of blade leading-edge
inclination angle and tip clearance were analyzed. The results show that the compressor model
predictions agree well with the experimental data, with maximum deviations of 1.3% and 2.4% for the
pressure ratio and isentropic efficiency, respectively. The compressor's low efficiency is primarily
attributed to the tip-clearance leakage vortex and the secondary vortices arising from its interaction with
the mainstream. Entropy-generation analysis reveals that the shroud-side region accounts for 55.1 % of
the total entropy generation within the impeller. The optimized blade geometry improves efficiency by
shortening the flow path and reducing the pressure differential across the blade tip. Ultimately, the
isentropic efficiency is raised to 75.4 %, an improvement of 4.9 percentage points over the initial design.
Keywords: neon gas compressor; high-speed centrifugal compressor; reverse-Brayton refrigeration

system; performance optimization; entropy generation
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