K% BB R No. 33(2014)

10kW R A2 Z—R T LA b8 HHED B %

Development of a 10 kW class neon turbo-Braytion refrigerator
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We are developing 10 kW class turbo-Brayton refrigerator whose working fluid is neon gas for
HTS (High Temperature Superconductivity) power applications. Its process high pressure is 1 MPa
absolute and its process low pressure is 0.5 MPa absolute. The refrigerator consists of two
turbine-compressors and a heat exchanger. The turbine-compressor has a turbo-expander on one
side of its shaft and a turbo-compressor on the other side of the shaft. Two turbo-compressors are
connected in series and two turbo-expanders are set in parallel. So, all amount of neon gas is
compressed by two stages and expanded by one stage. Two turbine-compressors are the same
machines and development cost and time are minimized. In this stage, we made a prototype 10 kW
neon turbo-Brayton refrigerator. This paper shows details of the turbine-compressor and

performance tests of refrigerator.
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Table 1 Specification of the 10 kW class
turo-Brayton refrigerator

70K
10 kW
0.5 MPa/ 1.0 MPa

Cooling temperature

Cooling capacity

Process pressure

Neon gas flow rate 0.96 kg/s
Input power 125 kW
COP 0.08

(Coefficient of performance)

Table 2 Simulation result for cooling system

Point No. Pressure (kPa) Temperature (K)
1 500 298.4
2 1000 300.0
3 987 72.6
4 529 59.4
5 520 69.5
6 801 72.0
7 801 65.0

12
3 LNZ pump
HTS
) Sub-cool =
Expansion heat exchanger, machine
turbine
4 -

Sub-cooled LN2

Fig. 1 A cooling system flow diagram
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Fig. 2 Flow diagram for the turbo-Brayton refrigerator
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Table 3 Specification of the turbo-cocmpressor

Flow rate

0.96 kg/se

Rotational speed

42000 rpm

Inlet pressure ( No.1/No.2)

500/ 710 kPa

Efficiency ( No.1/ No.2)

80 % /80 %

Impeller diameter

130 mm

Motor capacity

65 kW

Compressor inlet

Synchronous
motor

:

Thrust bearings

Turbine inlet

/

Turbine outlet

Compressor impeller

Compressor outlet

dial bearings

Thermal insulation
ring

Turbine impeller

a) Cross-sectional drawing
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Table 4 Specification of the turbo-expander

Flow rate 0.48 kg/sec
Inlet pressure 987 kPa
Inlet temperature 73K
Efficiency 80 %
Impeller diameter 56 mm

b) Turbine-compressor

¢) Turbine impeller

d) Compressor impeller

Fig. 3 Cross-sectional drawing and photograph of the turbine-compressor
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Fig. 4 Prototype neon turbo-Brayton refrigerator
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Fig. 5 Test results
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