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Development of a Small Turbo-Compressor with Active Magnetic Bearings
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A turbo-compressor for a turbo-Brayton cycle refrigerator to cool HTS (High
Temperature Superconducting) power machines was developed and tested using
neon gas as working fluid. The compressor has two centrifugal stages and a
rated power of 60kW high speed motor. Its rotational speed is 37000 rpm and
it compresses the neon gas from 0.5 MPa to 1 MPa with the flow rate of 0.3kg/s
and produces a cooling power of 2kW at the temperature of 65K. Active magnetic
bearings are incorporated to the compressor because a long maintenance interval is
required for the refrigerator. Experimental results were obtained up to 34200rpm
and the performance at the design point of the compressor was predicted from the
test results. Both predicted and measured compressor efficiencies have achieved

approximately 70% and satisfied the requirements of the refrigerator.
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Fig. 1 Cross-sectional drawing of neon turbo-compressor

Table 1 Compressor design specifications

Inlet pressure (MPa)
Inlet temperature (K)
Outlet pressure (MPa)
Flow rate (kg/s)
Rotational speed (rpm)
Number of stages
Motor rated power (kW)
Efficiency (%)
Bearing type

0.5
303
1.0
0.3
37000
2
60
> 65

Magnetic bearing
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Table 2 Compressor impeller dimensions

Ist stage 2nd stage
Material Aluminum alloy
Diameter (mm) 155
Number of blades 18
Blade height at exit (mm) 4.0 2.8
Blade type Back ward

Fig. 2 Photograph of the first stage impeller and vaned diffuser
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Fig.4 Compressor installed on test rig
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Fig. 5 Relation between pressure ratio and flow rate
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Fig. 6 Relation between compressore efficiency and flow rate
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