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Development of a Neon Turbo-Expander with Active Magnetic Bearings
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A cryogenic turbo-expander with active magnetic bearings was developed and
tested in a reverse-Brayton cycle refrigerator using neon gas as working fluid. The
turbine performance tests were carried out at the inlet pressure of 1 MPa and the inlet
temperature of 70 K. And the rotational speed of the turbo-expander was 1400 rps.

Two types of impellers with different blade shape were made to compare their
turbine efficiencies. The turbine efficiencies of each impeller were demonstrated
and the maximum turbine efficiency was 70 %. The measured turbine efficiencies
were agreed well with predicted efficiencies. And these test results will be applied to

improve neon turbo-expander on the next developmental stage.
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Fig. 1 The cross-sectional drawing of the turbo-expander.
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Table 1 The design specification of the turbo-expander.

Inlet pressure 1.0 MPa

Inlet temperature 68 K

Outlet pressure 0.5 MPa

Outlet temperature 56.6 K

Flow rate 0.15 kg/s
Rotational speed 1550 rps
Efficiency 65 %

Impeller diameter 25 mm

Brake type Alternator loaded
Bearing type Active magnetic bearings
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Fig. 2 The turbine cartridge.
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Fig. 3 The photographs of 25 mm turbine impellers,
Type-A : 16 full blades, Type-B : 8 full blades and 8
splitter blades.
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Fig. 4 The relation between rotational speed and
diameter at U/Co=0.68.
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Fig. 5 The flow diagram of the neon refrigerator.

Fig. 6 Photograph of the cold box.
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Fig. 7 The cool-down data curve.



Table 2 The test data of type—-A at maximum efficiency.

Inlet pressure 0.923 MPa
Inlet temperature 715K
Outlet pressure 0.515 MPa
Outlet temperature 60.7 K
Flow rate 0.128 kg/s
Rotational speed 1414 rps
Efficiency 69.7 %
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Fig. 8 The comparison of measured and predicted
turbine efficiencies for two turbine impellers.
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