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A Study on Stiding Cryocooler for Precooling Hydrogen Liquefier

SEONGJE PARK ", JUNSEOK KO, YONGJU HONG, HYOBONG KIM, HANKIL YEOM, SEHWAN IN

Department of Energy System, Korea Institute of Machinery & Materials 156 Gajeongbukro,
Yuseong-gu, Daejeon 305-343, Korea

Abstract >> Korea Institute of Machinery & Materials (KIMM) has developed a high efficient Stirling cryocooler
with moving magnet linear compressor for precooling hydrogen liquefier and cooling high temperature
superconductor (HTS) devices, such as superconductor cable and superconductor fault current limiters. Hydrogen
liquefier and HTS electric devices require cryocooler with cooling capacity of hundred watts to kilowatts at 77
K. The compressor in the Stirling cryocooler uses opposed moving magnet linear motors to drive opposed pistons.
High efficient Stirling cryocooler is designed by SAGE-software, manufactured and tested systematically. A cooling
capacity of 1 kW at 77 K with an electric input power of 9.6 kW has been analyzed. But prototype test results
of the Stirling cryocooler have the cooling capacity of 0.65 kW at 76.8 K with an electric input power of 8.1
kW. And then, 21.5% Carnot COP (Coefficient of performance) of the prototype Stirling cryocooler is achieved.
The comparison analysis between SAGE-model and experimental results has shown the direction for further design
optimization of the Stirling cryocooler.

Key words : Stirling cryocooler(A~8 % =#]-& WY 7]), Linear compressor(41 & ¢}=71), Cooling capacity(‘d-5-59),
Input power(J2]), Regenerator(Z} A 7])

Nomenclature 1 : Effective coil length [m]
m : Mass of moving assembly [kg]

A : Cross section area of cylinder [m2] P : Pressure [Pa]
B : Magnetic flux density in air gap [T] R : Electrical resistance [Q]
¢ : Damping coefficient t : Time [sec.]
I : Current [A] V : Voltage [V]
k  : Spring constant x : Stroke distance of piston [m]
L : Inductance [H]
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¢ : Coil spring

o : Amplitude of wave
Greeks
o : Operating angular frequency
0 : Phase difference between pressure and piston
motion
v : Phase difference between current and piston
motion
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Fig. 2 Configuration of dual acting Stirling cryocooler
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Table 1 Specifications and performance items of the
dual-opposed Stirling cryocooler

Specification Value Unit
Operational speed 50 Hz
Gas pressure (Helium) 1.989 MPa
Compression | Cylinder diameter 85 mm
space Stoke 30.1 mm
Expansion Cylinder diameter 70 mm
space Stoke 25.2 mm
SUS Mesh type #200 -
Regenerator Wire diameter 55 £m
Width/Length 47/45 mm
Performance item Value Unit
Phase angle (displacer) 60 Deg.
Pressure ratio (compressor) 1.5 -
Compression power 6,246 w
Expansion power 1,489 \Y
Net PV Power 6.246 '
(Efgie()c.ggc (Assume) 9,609 W
Cooling capacity 1,000 w
Efficiency 30.1 %

3719 4 U AAE Y D. Gedeono] 7jEst
SAGE Arg-Zz 2o oJsf S=a= k™.

Table 1-2 SAGE Z2-18Ho]| oJa] AA % o}k
2EY SA WE719 AR e Hojseal Q.
AYUA5719 Aol G 50E Qg #
g,

vaEmd AR Atolof mhol o7t |y,

o)

a802 AggEy)o] Mk amal-tin A
T APTA AR oFee] A (1) A )& HrERf o]
At

mx +cx+kx+(P—F,)-A=BII (M

V=R1+Lﬂ+Bl@
dt dt @)

278 Al6s 2016 129



654

Gaolat oy g 47 28 TAL WE]

Table 2 Specifications of the linear compressor

Specifications Value
Input power 12 kW
Efficiency of compressor > 75%
Diameter of piston 100 mm
Stroke of piston 30 mm
Mass of mover 2.0 £ 0.5 kg

Rated voltage

380 VAC, 1 phase

Rated current

15.8 Arms per 1 unit

Frequency 50 / 60 Hz
Thrust constant 85.5 N/A
Pressure amplitude 300 kPa

Mechanical spring constant

100 - 250 kN/m
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Fig. 3 Cooling capacity and COP of the Stirling cryocooler
with the length of the regenerator
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Fig. 4 Experimental apparatus of the dual-opposed Stirling
cryocooler
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