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ABSTRACT

The cryogenic cooling system should maintain the HTS power cable below 77 K. As the length of HTS
power cables has increased, there have been many efforts to develop large capacity cryocoolers. Brayton,
Joule-Thomson, and Claude refrigerators were considered for the large capacity cryocooler. Among the various
cryocoolers, the Brayton refrigerator is the most competitive in terms of the HTS power cable. At present, it
is thought that a 10-kW class refrigerator will be able to be used as a unit cooling system for the
commercialization of HTS power cables in the near future.

The Brayton refrigerator is composed of recuperative heat exchangers, a compressor, and a cryogenic turbo
expander. Among the various components, the cryogenic turbo expander is the part that decreases the
temperature, and it is the most significant component that is closely related with overall system efficiency. It
rotates at high speed using high-pressure helium or neon gas at cryogenic temperatures.

This paper describes the design of a 300-W class Brayton refrigeration cycle and the cryogenic turbo
expander as a downscale model for the practical 10-kW class cycle. Flow and structural analyses are
performed on the rotating impeller and nozzle to verify the efficiency and the design performance.
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Table 2 Design criteria of impeller
Inlet total pressure 4.5 bar
Inlet temperature 80 K
Outlet static pressure 3.0 bar
Expantion ratio 1.5
Inlet relative flow angle 90°
Inlet absolute flow angle 70°
Mass flow rate 59.6 g/s
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Fig. 3 Specific speed - specific diameter
diagram'!

Fig. 4 Meridional plane of impeller
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Table 4 Boundary conditions

of flow analysis

Inlet temperature 80 K

Inlet total pressure 4.5 bar
Outlet mass flow rate 8.51 g/s
Rotor Impeller
Stator Nozzle
Rotating speed 90,000 RPM
Interface connection Stage

Shroud wall condition

Counter rotating wall

Side wall condition

Periodic interface

Fig. 8 Turbo mesh of 1/7 impeller

Fig. 9 Turbo mesh of 1/7 nozzle
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&3l gt A3+ Table 59 Table 69 Table 5 Performance results of flow analysis
AEl=o] Utk Table 5= AA FE5IHl gt Inlet mass flow rate 59.5 g/s
a4 AFolH, Table 6= FAS =AW o Shaft power 607 W
3 715% Foltt. Total pressure ratio 1.48
A7 428 E SYHA e F9 TE Total temperature ratio 1.14
< 607 wWolH, T8 Ag=E Qs Fo& FAY Polytropic head 12.1 kl/kg
MR = 1489 HSHHHIZA WA o] o] FolA|= Nozzle loss coefficient 3.70
AL AT 4 YUt Table 69 AHE HIGOLE Nozzle efficiency 94.7 %
AT Ao g =7 ALY AR E ALbst Total to total polytropic efficiency || 85.7 %
oARH, H3x FFH 159 T8tk =59 &
L8 9F 947 %E Z|[NEES 95 %ol Ao &F Table 6 Summary data table of flow analysis
3 7FS Btk . Nozzle Impeller
Quantity
Fig. 159} Fig. 16 Aomide] ddz et =& Inlet Outlet Inlet Outlet
Zlo] k5o Z2E= EHES X wel 19 Pytatic 4.49 bar | 3.66 bar |3.67 bar |2.99 bar
adgzolt), a1 e A o] FEoT FL Pow || 4.50 bar | 4.46 bar | 443 bar | 3.04 bar
wegis AL sold 4 9l Tewe  [799 K |742 K |743 K |69.7 K
Trotal 80.0 K [80.0 K |80.0 K |702K
Mach 0.0535 0.497 0.487 0.139
Velocity |[ 12.4 m/s | 111 m/s | 109 m/s | 30.1 m/s

380,000

360,000

340,000

P [Pa]

320,000

T T T T T T T T T 1
0 0.2 0.4 0.6 0.8 1
Normalized M

Fig. 15 Pressure on both sides of the impeller
vane at meridional plane
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Fig. 14 Relative Mach numbers at 50 % span Fig. 16 Pressure on both sides of the nozzle vane

at meridional plane
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Tz Ao 43, Fig 17 @ Fig 187 o]

dHdz9l =29 von Mises SHEIXE T=E31Y
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el §Ho] Agste AXE & o A EF st

L1y

o

FAE, o= Aol FHoR FA e Agste] AR, FAe BE PAr)e BRRE 45
A Aol exE moln, QA H$ ol M7y

BE 60 MPa ©]&}, =Z& 1.2 MPa ©|3l9 S =103 Hg= o golskdrt
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Table 7 Summary data table of structural analysis 3 AA AResteE 7% A JFEE FLT A
Quantity Nozzle Impeller o)t}
Maximum stress 2.79 MPa 134 MPa
Maximum deformation 22.1 um 500 yum
Safety factor over 15 over 3 _§_ 7|
o] =EL 201320149 % ALAUstm ATy
2 dZAHFAY] AYoz JxAHATAY

20149 AA Z| AT NEHA L] ALs jrol &
¥ A, (FAH S :R14XA02-24)

13427e8 Max
1.1935e8
1.0443e8
8.9513¢7
7.4595€7
5.9676e7
4.4758e7
298397
14921e7
21463 Min
Unit: Pa
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