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Abstract; To meet the urgent demand for improved performance of compact high-speed neon centrifugal
compressors in cryogenic reverse-Brayton refrigeration systems, the design and performance optimization
of a high-speed neon centrifugal compressor are investigated. Numerical simulation and loss analysis of
the compressor flow passage are performed using three-dimensional viscous computational fluid
dynamics and entropy-generation-rate analysis, and the compressor performance is experimentally
tested. On this basis, the meridional profile and blade profile are optimized using a genetic
algorithm, and the effects of the blade leading-edge inclination angle and tip clearance are

analyzed. The results show that the calculated results of the compressor model are generally

ks B . 2026-02-10, TEH A i 995—) B, B E R T GREEE) . B 88 M4 S0, 4
WiH. ERHRFFIES BT E (52406028) ; i K A P4 4 E T 5 5L 56 = i3t £ 5 B (NKLST-JJ-202401014)
) %% B A TE] . 2026-06-12 I 4% H B bl . hetps: //link. enki. net/urlid/61. 1069. T. 20260612. 1428. 006



%59 0

W, 45 /N U RS O R A LB S PR RE IR AR 5 109

consistent with the experimental results, with maximum deviations of 1.3% and 2.4% in

pressure ratio and isentropic efficiency, respectively. The relatively low efficiency of the neon

compressor is mainly caused by tip-clearance leakage vortices and the vortical structures formed

by their mixing with the mainstream. Entropy-generation-rate analysis shows that the shroud-

side region of the impeller passage accounts for 55. 1 % of the total entropy generation in the

impeller. Efficiency is improved by the optimized blade profile through shortening the flow

passage and reducing the surface pressure difference at the blade tip. The isentropic efficiency of

the neon compressor ultimately reaches 75.4 %, representing an increase of 4. 9 percentage points

over the initial design.

Keywords: neon compressor; high-speed centrifugal compressor; reverse-Brayton refrigeration

system; performance optimization; entropy generation
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Table 1 Primary design parameters for neon compressor
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Table 2 Preliminary design results for the first stage of neon

compressor
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Fig. 1 Flow passage simulation model of a high-speed

neon centrifugal compressor
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Fig. 2 Verification of mesh independence for the flow passage

simulation model of a neon centrifugal compressor
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Table 3 Description of sensor parameters for the test rig of

neon compressor
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Fig. 5 Comparison of experimental and simulation results
for the high-speed neon centrifugal compressor

performance
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Table 4 Comparison of parameters before and after optimization of neon compressor impeller
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Fig. 16 Comparison of turbulent kinetic energy in the flow
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Fig. 17 Comparison of entropy generation across different

height layers within the flow passage
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Fig. 19 Comparison of specific entropy and turbulent kinetic

energy distribution in flow passage with and without

impeller blade tip clearance
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