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Development of Refrigerator for HTS Power Machines
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We are developing a Reverse-Brayton cycle refrigerator with a small turbo-
expander for HTS (High Temperature Superconducting) power machines. Neon gas
was adopted as a working fluid. The prototype refrigerator was made in 2007 and
some improvements have been done. The modified refrigerator has a lower system
pressure and a turbo-expander with active magnetic bearings. The turbo-expander
has more than 70 % of isentropic efficiency. We are also developing a compact
turbo-compressor whose isentropic efficiency is expected more than 70 %. A new

refrigerator COP (Coefficient of Performance) is predicted to be 0.06.
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Table 1 The design specification of the turbo-expander

Inlet pressure 1.0MPa

Inlet temperature 68K

Outlet pressure 0.5MPa

Outlet temperature 56K

Flow rate (Neon) 0.3kg/s
Rotational speed 12001ps
Efficiency 65%

Impeller diameter 32mm

Brake type Alternator loaded
Bearing type Active magnetic bearings
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Table 2 Impeller configuration
Impeller No. 32F1204H25N74 32F1604H25N74 32S1604H22N71

Diameter(mm) 32 32 32
Blade Type Full blade Full blade Split blade
Number of blades 12 16 Full:8, Split:8
Blade thickness(mm) 0.4 0.4 0.4
Edge hight(mm) 2.5 2.5 2.2
Nozzle angle(degree) 74 74 71

(@) 12-Full blade type (32F1204H25N74),
(b) 16-Full blade type (32F1604H25N74),
(c) 8-Full blade and 8-Split blade type (32S1604H22N71)

Fig. 2 Photographs of new impellers
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Fig. 3 Turbine shaft and impeller dimensions

Fig. 4 Turbine shaft analysis model

Fig. 5 Deformation by the 1st natural frequency

Table 3 Natural frequency analysis of the turbine shaft

Frequency Mode Frequency (Hz)
First 1463.4
Second 3388.0
Third 4722.4
Fourth 4765.3
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Fig. 8 Turbo-expander isentropic efficiency
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Table 4 Refrigerator performance test results

Coefficient
Pressure (kPa) Cooling ~ Flowrate ~ of heat

ps  poverl) - (kg/se) EXCIZ(%Iger

Test
nNo. pp pp  p3 P4

#1 1015 975 558 517 483 240 0330 99.0
#2 1016 980 548 507 480 240 0317 989
#3969 929 527 486 459 291 0.296 989
#4 962 927 520 482 455 283 0.288 99.0

Temperature (K Turbine ' ‘
P ® isentropic  Expansion Compression

efficiency  ratio ratio
()

Test
o py o pp p3 P4 P5

#1 2918 69.1 589 655 2894 70.1 175 210
#2 296.6 69.2 588 656 2941 694 179 212
#3 296.1 836 71.5 80.6 2937 698 176 2.11
#4 2973 838 T71.7 809 2950 682 178 211
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Table 5 Refrigerator COP prediction

) Assumed  (Calcylated Regenerative
Operation Compressor :

Simll\lllation temperature sentropic Compressor  Power by Predicted
o. K efficiency shaft power expander ~ COP
(%) (kW) (kW)

#1-1 65.5 65 52.5 3.18 0.0411
#1-2 65.5 70 48.8 3.18 0.0412
#2-1 65.6 65 51.9 3.14 0.0417
#2-2 65.6 70 48.1 3.14  0.0449
#3-1 80.6 65 48.1 3.55 0.0572
#3-2 80.6 70 446 3.55 0.0618
#4-1 80.9 65 47.2 3.45 0.0566
#4-2 80.9 70 43.8 345 00612

Calculation condition:
Compressor mechanical efficiency: 90%
Turbo-expander mechanical efficiency for regenerative circuit: 70%
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Fig. 10 A schematic drawing of the new neon refrigerator
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