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ABSTRACT
This paper introduces the numeric study of a two-stage Stirling cryocooler which has been 

than previously studied, we used Sage software to optimize the system operating parameters and 

stainless steel meshes. Through optimization, the system can provide a cooling power of 63.7 W 
at 20 K with an operating frequency of 37.5 Hz and 3518 W input acoustic power, and the relative 

reach a lowest no-load cold-head temperature of 11.7K with the same acoustic power of 3518W. 

rate and their phase differences are presented. The dependence of system performance on frequency, 

INTRODUCTION
With the development of superconducting systems such as superconducting motors and SMES, 

put forward. Cryocoolers that can provide a relatively large cooling power around 20 K are mainly 
Gifford-McMahon (G-M) cryocooler, pulse tube cryocooler and Stirling cryocooler. 

G-M cryocooler to provide a cooling power of 40 W at 20 K to meet the cryogenic requirements [2]. 
SHI developed a large cooling power single-stage G-M cryocooler for HTS applications. A typical 

50/60 Hz with of
reduced by an oil lubricated compressor and rotary valve. The requirement for regular maintenance 
brings an inconvenience for some applications. For the pulse tube cryocooler, although the pulse 

and large volume limit its applications. 
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Compared with the G-M cryocooler and the pulse tube cryocooler with the same cooling ca-

company used a conventional two-stage Stirling cryocooler to obtain a lowest temperature of 12 K and 

has been successfully applied on many occasions. Most of the recent research focus on large cooling 
power at 77 K or small cooling power below 20 K for aerospace application. Wang et al. designed 
a two-stage high-capacity Stirling cryocooler operating around 30 K. The cryocooler can achieve 

Here we introduce the numerical simulation of a high cooling power two-stage Stirling cryo-

CONFIGURATION OF CRYOCOOLER
The cryocooler is driven by a single piston linear compressor 

heat with the surroundings. The clearance seal is used between the displacer piston and cylinder.   
support the displacer

to decrease
Figure 1 also shows the acoustic power  inside the system and heat  between the 

heat  and

the cold end. The acoustic power

space space to the 
inlet of the

Figure 1. The detail structure of two-stage free piston Stirling cryocooler
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NUMERICAL SIMULATION AND  OPTIMIZATION
Sage software is used for the numerical study of the system. In order to achieve a better system 

, we optimized the system operating 

instead of stainless steel meshes. The optimized parameters are shown in Table 1. 

RESULTS AND DISCUSSIONS

Optimum results
Table 2 shows the main simulation results with the optimized parameters. The cryocooler can 

obtain 63.7 W cooling power at 20 K with 3518 W input acoustic power. If not specially mentioned, 

can achieve is 11.7 K.  

Item value
Input parameters
Frequency, Hz 37.5
Operating pressure, MPa 2.75

helium
Compressor

118
12.5

Regenerators
Diameter
Stage 1, mm   O.D.148,    I.D.112.8
Stage 2, mm O.D.139.3, I.D.86
Length
Stage 1, mm 54.26
Stage 2, mm 37.5
material
Stage 1, mm 300# stainless steel meshes
Stage 2, mm

Displacer 0.2mm diameter lead sphere

Diameter
Stage 1, mm
Stage 2, mm

110.8
84
1.5
116

Table 2.

Parameters values
compressor

Input compressor electricity, W 4020

Pressure ratio 1.422
Ambient heat exchanger temperature, K 298

    First stage cooling power, W 0 W
    Second stage cooling power, W 63.7 W@20 K

25.12%%

4.70

Table 1. Main optimized parameters of the system
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                              (1)

Where Qc2 is the cooling power of the second stage and Wnet is the input acoustic power of cryocooler.

nearly linear distribution of temperature is realized in the regenerators.
Figure 3 shows the distribution of acoustic power in the cryocooler and the phase difference 

the other into the second stage regenerator. It is very obvious that the acoustic power is gradually 
decreasing in regenerator, because in regenerator the acoustic power is consumed to pump the heat 

Figure 2.

Figure 3.
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point is not present in the second regenerator.
Figure 4 and Figure 5 show the pressure wave amplitude

phase information (in reference to the displacement of compressor piston), respectively. From Figure 

big. The pressure drop mainly happens inside the regenerators. Figure 5 shows the distribution of 

the regenerator and empty volume. 

T ing the performance sensitivity to 

between 34Hz to 39Hz. 

Figure 4. Distribution of pressure wave amplitude and phase

Figure 5.
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of the cryocooler. As the pressure increases, the cooling power of the second stage cold head and 

For the two-stage structure of cryocooler, especially gas-coupled structures, the temperature 

and the performance of the whole system. In the two-stage free piston Stirling cryocooler, the study 
of the mechanism about the distribution of cooling power and acoustic power between two stages 

power of the second stage cold head and the performance of whole system. Since our design goal is 

observed range is quite small and neglected.

Figure 6. System performance at different frequencies

Figure 7. System performance at different charged pressure
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-

CONCLUSION
In this paper, we numerically optimize a two-stage free piston Stirling cryocooler with numerical 

and their phase differences, are observed. The dependence of system performance on frequency, 

can achieve a cooling power of 63.7 W at 20 K with an operating frequency 37.5 Hz and an input 

characteristics of compressor will also be done.

Figure 8.

Figure 9.
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