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Abstract: Most of the Stirling cryocoolers used for infrared detector cooling in domestic is imported. Because
the cooler has a high price, short life and poor durability, demand for the coolers continues steadily.
However, the cooler is highly related to defense and space technology, technology transfer or co-development
with the countries having experties in cooler design is very limited. The pulse tube cooler to be developed in
this study is such that the mechanical piston in low temperature actuating part is replaced by the gas piston
and linear compressor is adopted, which results in low vibration, long life and better durability. It is expected
that development of the pulse tube cooler will not only improve our technology to the level of advanced
countries, but also enhance the skills in designing and manufacturing of the infrared detector.
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Fig. 2 Basic components of the pulse tube cryocooler
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Fig. 3 Basic components of the pulse tube cryocooler
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Table 1 Design results of pulse tube expander
Item (Co-axial type expander) Design specification (0.8W @80K)
Type Screen Mesh #400 (SS304)
Porosity 0.6858
Regenerator Outer tube OD / Thickness (mm) 14 /0.2
Inner tube OD / Thickness (mm) 79 /0.2
Length (mm) 70
Pulse tube ID / Length (mm) 7.5/ 72
Type Screen Mesh #160 (Cu)
Heat exchanger Porosity 0.79
Length (mm) 5
Type Double tube
Inertance tube
ID / Length (mm) 20/20,25/20
Reservoir (cc) 169
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Fig. 4 A model of the pulse tube cryocooler for analysis
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Table 2 Design results of linear compressor

Piston mass (mp), kg 0.25
Piston diameter (Dp), mm 18
Displacement (X0), mm 6
Spring constant (km), N/m 14000
Current (Irms), A 4
Frequency (f), Hz 50
Phase b/w P&X, degree 329
Damping loss, W 2
Thrust constant (KE), N/A > 9.523
Effective coil resistance, Ohm < 0.625
Coil dia. (include.coating), mm 1.05
Coil turns 120
Pressure amplitude (P0), kPa 296

LVDT Inertance AC Power Source
tube
Pressure Amp.
. . . DAQ Power meter
Linear compressor | Coaxial type
; Pulse Tube  Oscilloscope
DAQ
Temperature Notebook
(Labview)
Cryostat
LVDT .
= 4 Temp. monitor DC Power
Pressure transducer
(a) Experimental set-up (b) Data acquisition system
Fig. 7 Equipment of the performance test
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