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ABSTRACT
This paper presents the performance of a thermally-coupled two-stage pulse tube cooler. In 

the cryocooler, an independent 50 Hz Stirling type pulse tube cooler is used to precool the middle 
of the regenerator as well as the pulse tube of another Stirling type pulse tube cooler with a lower 

-coupled two-

and optimization based on Sage®

nd stage pulse tube, a cooling capaci-

.

and frequency are also studied. 

INTRODUCTION
Refrigerators working at liquid hydrogen temperature are needed for superconductor cooling 

coolers with low maintenance and high reliability.  Among the different coolers, pulse tube coolers 
have the advantages of a simple structure, low vibration over traditional regenerative coolers such 

region [1]. Stirling-type pulse tube coolers with oil-free compressor are attractive due to their light 

nitrogen temperature [3-4] have been successfully developed and commercialized. For temperature 
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-

optimized it [9] with a no load temperature of 13.9 K, which is the lowest temperature of a single 

This paper introduces the development of a two-stage Stirling pulse tube cooler which has a 

-

results and discussions last.  Finally, some conclusions are drawn.

GEOMETRICAL CONFIGURATION AND NUMERIC MODEL

plus reservoir.  The double-inlet value is added in the second stage to obtain better performance. 
Normally, the thermally-coupled two stage pulse tube cooler only has the precooling thermal link 

nd nd stage pulse tube is also 
precooled to improve the cooling performance and is investigated in this paper. 

-
tion is required. The parameters of the pulse tube cooler are shown in Table 1. 

The second stage cooler is simulated through Sage®[10] software developed by Gedeon As-
sociates, which can simulate and optimize a variety of thermal systems based on an oscillating 

 Schematic of the two stage pulse tube cooler:  
3 Thermal bridge ,  4 1st

nd inertance tube,   10 double-inlet value,   11 membrane.
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30 m

-
stant acoustic power input of 130 W.  With only a inertance tube plus reservoir as the phase shifter, 
the system cannot obtain the desired performance and the no load temperature only reaches 31 K. 

However, the simulation results show that decreasing the no-load temperature is not a sole function 
of the phase difference. With increasing the openings of the double-inlet, the phase difference also 
increases, but there is a minimum no load temperature corresponding to the optimum double-inlet 
opening. 

EXPERIMENTAL SETUP
Based on the numerical simulations, a two-stage pulse tube cooler has been developed with 

nd stage pulse tube, which is also precooled by the cold tip of the 

-
responding overall length, width and height is about 155 mm 70 mm 10 mm.  A copper radiation 
shield, which is thermally attached to the thermal bridge, surrounds the low temperature part of the 
second stage.  In order to further reduce the radiation losses, aluminized foil is wrapped around the 
two stages and the copper shield.

 Geometric parameters of the first stage pulse tube cooler

Component Parameters mm
RG 1
PT 1

1st inertance tube

 Geometric parameters of the second stage pulse tube cooler

Component Parameters mm

  Influence of the double-inlet on system performance, 130 W acoustic power input
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The cold head of each stage is driven by a linear compressor respectively of the moving-magnet 

which are placed at the compression chamber and the backside chamber of the compressors.  Two 
0.1 K are attached to the heat 

nd stage 

EXPERIMENTAL RESULTS AND DISCUSSIONS

 

Figure 4.  Compared with the cooler with non-precooled pulse tube, the system with precooling 
inside the middle of pulse tube obtains a better cooling performance.  No load temperature decreases 

 Photo of the two stage cold head

 Cooling down process of the system
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 stage pulse tube.

The inertance tube affects the cooling performance.  Figure 5 shows the no load temperature 

load temperature is about 15.35 K.  From the trend of the curve, if the pressure ratio can be improved, 
the performance will be better.

As shown in Figure 7, the no load temperature changes almost linearly with the precooling 

increase of 5.5 K, the no load temperature increases by about 1 K. 
The operating frequency is also an important parameters.  The effect of the frequency is shown 

 No load temperature vs. length of the inertance tube

 No load temperature vs. pressure ratio
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is less than 1 K.  The optimized operating frequency is about 30.5 Hz, which is very close to the 

the optimized value, the effect on the no load temperature is small.

Considering the limitations of the compressor piston displacement, the swept volume of the com-

obtained with 3.3 MPa mean pressure. 

CONCLUSION
A thermally-coupled two stage pulse tube cooler with precooling inside the second stage pulse 

tube has been developed and tested.  A no-load temperature of 15.35 K and cooling capacities of 
-

 No load temperature vs. frequency

 No load temperature vs. precooling temperature
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tube.  The study reveals that the system can obtain a better performance with higher pressure ratio and 
lower precooling temperature.  
been obtained under 3.3 MPa. 

ACKNOWLEDGMENT
-

REFERENCES
Proceedings of ICCR 

Proc. 
Institute of Refrigeration

Cryogenics

Cryocoolers 16

5. Yang, L., "Investigation on a thermal-coupled two-stage Stirling-type pulse tube cryocooler," Cryogen-
ics

Cryogenics

tube cryocoolers with a self-precooled pulse tube," Cryogenics

Journal of Engineering Thermophysics

multi-bypass pulse tube refrigerator below 14 K," Cryogenics

 Cooling power vs. temperature

2-STAGE STIRLING TYPE  PT COOLER WITH PRECOOLING 63




