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Optimization of operating range for neon high—speed centrifugal compressors
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Abstract: With the advancement of China’s aerospace technology and the increasing demand for long—term in—
orbit missions, the need for deep cryogenic technology with large cooling capacity has become increasingly urgent.
The neon-reverse Brayton refrigeration system, characterized by high reliability, low vibration, and simple
maintenance, is a key approach to achieving substantial cooling capacity between 30 K and 80 K. During the initial
cooling process of the cryogenic reverse Brayton refrigeration system, the low flow rates and unique physical
properties of neon refrigerant can easily induce surge in centrifugal compressors, threatening the stable operation of
the refrigeration system. Therefore, expanding the operating range of neon centrifugal compressors is crucial for
ensuring the stable operation and reliability of the refrigeration system. A three—dimensional numerical model of a
high—speed neon centrifugal compressor was established. Utilizing numerical calculation methods and incorporating
the thermophysical properties of neon gas, an in—depth study was conducted on expanding the operating range of

small high—-speed neon gas compressors. The calculation results indicate that the high—speed neon centrifugal
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compressor exhibits a large low—entropy region near the blade tip, resulting in relatively low isentropic efficiency

and a narrow operating range. With the inlet axial inclination angle of the impeller blade increases, isentropic

efficiency of the compressor first increases and then decreases. Moreover, the axial inclination angle at the impeller

blades inlet has a significant impact on the operating range of the centrifugal compressor. The optimal axial

inclination angle can improve the isentropic efficiency by 2.5 percentage points and increase the surge margin by

8.2% at the design point. Furthermore, blades with the optimal inclination angle can be combined with splitter

blades. Compared to traditional splitter blade designs, the combined blade design improves the design—point

isentropic efficiency by 1.5 percentage points and increases the surge margin by 11.1%.

Keywords: cryogenic reverse Brayton refrigeration system; neon gas; high—speed centrifugal compressor; operating

range; compressor; computational fluid dynamics; entropy
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Table 1 Design parameters for the high—speed neon

centrifugal compressor
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Fig.1 Impeller and diffuser model of a high—-speed neon

centrifugal compressor
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Table 2 Design dimension parameters for the neon

compressor flow passage
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Fig.2 Flow path computational model of the high—speed neon

centrifugal compressor
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compressor model meshes
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Fig.5 Velocity contour of the design operating point for the neon centrifugal compressor
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Fig.6  Contour of turbulent kinetic energy at the design point for the neon centrifugal compressor

0. 1A% i

0. 5 i1 =i 0. 9 /3 5

BT 5RO R T 00 i 2341 25

Fig.7 Contour of entropy at the design point for the neon centrifugal compressor
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Fig.8 Performance curves of the neon centrifugal compressor

at rated speed: a) pressure ratio curve; b) isentropic efficiency

curve
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Fig.9 Contour of turbulent kinetic energy at different flow

conditions under rated rotating speed for the neon centrifugal

compressor
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