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ABSTRACT
A gas-coupled two-stage Stirling-type coaxial pulse tube cryocooler (SPTC) driven by a dual 

SageTM

stage of regenerator, and the Er3Ni and stainless steel screen were adopted as the second stage of 
the regenerator. The double-inlet and inertance tube together with room-temperature reservoir were 

adopted as phase shifter for the second stage. Under the condition of a 2.5 MPa charging pressure 
and a 27 Hz operating frequency, the second stage of the cryocooler has achieved a lowest no-load 

INTRODUCTION
SPTC has the advantages of compactness, small size, low vibration, long life and high reli-

ability because there are no moving parts at the cold end. Thus it has attracted many researchers’ 

achieved. For example, Chen has developed a multi-bypass type single-stage SPTC with a no-load 

was replaced by Er3
To achieve a lower temperature, a multi-stage cold head is generally needed. Zhu has developed a 
two-stage gas-coupled SPTC based on a multi-bypass single-stage SPTC, it has achieved a no-load 

-
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record for two stage and three stage by using 4
them were fabricated as thermal coupled structures and driven by two compressors. Although the 
lowest no-load temperature of multi-stage SPTC can reach a temperature below 4.2 K, its cooling 
capacity at 10 K or higher is relatively small, only tens of milliwatts can be achieved at 10-15 K. 
Therefore, there is still a long way for practical application.

single-stage SPTC has been developed, it has achieved a lowest no-load temperature of 23.6 K, 

a two-stage gas-coupled SPTC based on the single-stage SPTC has been developed. The structure 
of the cryocooler and the experimental results will be presented.

DESIGN OF THE CRYOCOOLER
A two-stage gas-coupled SPTC driven by a linear dual-opposed compressor was designed and 

fabricated. Figure 1 shows the schematic and 3D diagram of the two-stage gas-coupled SPTC. Both 
-

tion was done with SAGE software. The design parameters of the SPTC are summarized in Table 
1. Each of the regenerator and pulse tube possessed a constant diameter. The regenerator of the 

3Ni powder. The home-made double-inlet, inertance tube 

inertance tube and cold gas reservoir were adopted as the phase shifter for the second stage. The 

Figure 1. The schematic and 3D diagram of the developed gas-coupled two-stage SPTC.

Table 1. Parameters of the cold head.

Parameters Values (mm)
Regenerator I
Regenerator II

Pulse tube I
Pulse tube II

Inertance tube I
Inertance tube II

Reservoir  I 600cc
Reservoir  II 23 cc
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and vacuum shield, and it can work as a radiation shield to reduce the radiation heat loss between 

was introduced to the regenerator of second stage, while the others were returned to the pulse tube 

EXPERIMENTAL RESULTS
Figure 2 shows a typical cooling curve of the cryocooler with a charging pressure of 2.5 MPa, 

takes about 70 minutes to cool down to the lowest temperature.
Figure 3 shows the temperature stability of the cold end of the second stage within 1500 seconds 

without any extra controlling method is less than ±14 mK.

Figure 2. The cooling curve of the developed cryocooler.

Figure 3. Temperature stability of the cold head of the second stage.
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input electric power, the pressure ratio is 1.28, and the lowest temperature is 11.5 K. It can 

 of the hot 
end. The temperature of the second stage increases 0.7 K when the temperature of hot end increases 
from 279 K to 309 K, while the temperature of the The test results indicate 

CONCLUSIONS
-

signed, manufactured and tested. Both of the two stages are coaxial structure for compactness. It takes 
about 70 minutes to cool down to its lowest temperature. It achieves a lowest no-load temperature 

Figure 4. The cooling capacity of the cryocooler.

Figure 5. Effect of the temperature of hot end of the cryocooler.
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