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Practical development of a 10 kW class neon turbo-Brayton refrigerator
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HTS (High Temperature Superconductivity) power applications have been developed actively and the
refrigerator requires larger cooling power. To satisfy this request we have developed 10 kW class turbo-
Brayton refrigerator which uses neon gas as working fluid. The refrigerator consists of a pair of turbine-
compressors which have turbine, compressor and PM motor on the same shaft. Turbine-compressor has
magnetic bearings with no rubbing parts, that results in long maintenance interval. Neon gas is compressed
from 0.5 MPa at inlet to 1.0 MPa at outlet by two compressors and expands through two turbines in parallel.
Design cooling capacity is 10 kW at cooling temperature 65 K. We made a commercial model refrigerator
and tested cool down characteristics, load cycles and cooling capacity using liquid nitrogen circulation

system. Specification and configuration of the refrigerator and its test results are shown in this paper.
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Table 1 Design specifications

Design Item Design Value
Cooling temperature 65 K
Cooling capacity 10.2 kW
Process pressure 0.5MPa/ 1.0 MPa
Gas flow rate 0.96 kg/s
Input power 162 kW
COP 0.063
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Figure 1 Schematic of flow diagram



Turbine impeller

Figure 2 Turbine-compressor

Figure 3 10 kW refrigerator overview
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Figure 4 Performance test result
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Figure 5 Flow diagram of performance test
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Figure 6 Cool down curve of stand-alone
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Figure 7 Cooling capacity and COP test result
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Figure 8 Load cycle test (one cycle)



oo
N

LN inlet temperature ~__

)
~N J o0
o L 0 —

(=)

™~

LN outlet temperature

Temperature (K
(o e \ N |
O

N
w
T

1 | | 1 !

0 2 4 6 8 10 12 14 16 18 20 22
Road cycle time (day)

D
S

Figure 9 Load cycle test (20 cycles)
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