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ABSTRACT
With the rapid development of space application technology, the need for cold sources of liq-

the Gifford-McMahon (GM) refrigerator has been used widely and maturely to precool the Joule-

and lighter pulse tube cryocooler to replace the GM refrigerator and meet the demand for precool-

To precool a JT refrigerator working at liquid helium temperature, a miniature U-type two-
stage gas-coupled pulse tube cryocooler which can provide cooling capacity at 20 K was designed 

initial experimental target when the compressor swept volume is less than 10 cc with 200 W PV 
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space detection, cryo-pump, low temperature superconductivity (LTS), J-T cryocooler precooling 

generally needed9-11
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the cold end of the J-T refrigerator was obtained, and the third stage cold end of three-stage gas-
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SYSTEM CONFIGURATION 

the overall performance and simplify the experimental operation, the ambient temperature inertance 

The simulation and optimization of the cryocooler were carried out by Sage software developed 
by Gedeon Associates

Figure 1. Schematic of the U-type two-stage gas-coupled pulse tube cryocooler: 1 1st reservoir,  2 1st 
inerance tube,  3 1st double-inlet,  4 1st ambient HX, 5 1st regenerator, 6 1st pulse tube, 7 1st cold HX, 8 2nd 
regenerator, 9 2nd cold HX I, 10 2nd reservoir, 11 2nd inerance tube, 12 2nd double-inlet,  13 2nd ambient HX, 
14 2nd pulse tube, 15 radiation shield, 16 2nd cold HX II,17 cold end connecting tube.
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SIMULATION RESULTS AND DISCUSSIONS

Selection for the opening of two double-inlet valves 
The double-inlet with a suitable opening is of great importance to improve the performance of 

PTC based on the previous studies17

obtained from the graph: there is the same trend of cooling capacity changing with double-inlet 

Subsystem Components Parameters
Compressor

Clearance
Compression volume

Cold tip 1st regenerator

2nd regenerator
1st inerance tube
2nd inerance tube

1st reservoir 

2nd reservoir 

Table 1. Main structure parameters of the cryocooler

Figure 2.
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Effects of operating frequency on cooling performance and power loss 
The power loss (refers to regenerator total power loss if there are no special instructions) is vital 

of the power loss on the cryocooler has been given with the simulating operating frequency on the 

on the performance of the cryocooler, as the operating frequency increases, the cooling capacity of 
the cryocooler increases correspondingly, there is an optimum operating frequency of approximate 

 Qreg1=Qfri1+Qcond1+Qex1 (1)
 Qreg2=Qfri2+Qcond2+Qex2 (2)

Where Qreg are regenerator total power loss, Qfri are regenerator friction loss, Qcond are regen-
erator conduction loss, Qex

operating frequency in each stage, what’s more, the Qreg1 is more than three times as high as Qreg2, 
which indicates that the cryocooler's cooling performance is able to be improved if the Qreg1 can be 

Effects of average pressure on the cooling performance and power loss 

regenerator total power loss, Qreg1 varies nearly linearly with the average pressure, Qreg2 varies nearly 
reg1 and Qreg2 increase to 

Typical cooling performance

x axis, Tc represents the temperature of the second stage cold end, when a heat load of 0 mW, 

Figure 3. Dependence on operating frequency of the cooling capacity and power loss for each stage
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CONCLUSION
-
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Figure 5. Typical cooling capacity of the cryocooler

Figure 4.
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