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Abstract

This paper investigates the design of the displacer in a 77K miniature pneumatic Stirling cryocooler,
analyzing the impact of the displacer’s structural parameters on the performance of the cryocooler.
By establishing a one-dimensional numerical model and focusing on energy losses, a detailed anal-
ysis of the impact of regenerator parameters on cooling efficiency and internal energy losses is con-
ducted. The research results indicate that the design and optimization of the displacer are one of
the key factors in improving the efficiency and performance of the Stirling cryocooler. By optimizing
the expansion piston parameters and the diameter of the regenerator, the cooling efficiency of the
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cryocooler can be significantly improved. Additionally, changes in the length of the regenerator also
have a significant impact on cooling efficiency. Through numerical simulation, the optimal diameter
and length of the regenerator are determined, providing a theoretical basis and guidance for the
design of miniature pneumatic Stirling cryocoolers.
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Figure 1. A simplified model of a split-Stirling cryocooler is presented, where: cb represents the compressor back pressure
chamber, ¢ represents the compression space, b represents the expander back pressure chamber, d represents the expansion
piston, sc represents the second compression space, r represents the regenerator, e represents the expansion space, and ct
represents the connecting tube
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Table 1. Partial model parameters of the Stirling Cryocooler
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Figure 2. COP varies with the curve of frequency and area ratio
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Figure 4. The distribution of internal losses in the regenerator at a working frequency of 90
Hz, input power of 15 W, and area ratio of 64.8% for different diameters
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Figure 6. COP variation curve with frequency under different regenerator lengths

B 6. COP A= =3 1K E TRESMER T AL A X ARk

R B S e D D 10
—o— LW SRR —<— [ A BETH F: i 2R
20 9 —— itk —o— R
—=—COP
184 WIRIRAE: 77K dsg
TAEES: 2.0 MPa
16 TAESR%: 90 Hz
HUBRBHJE: 2 N-s/m i
JRKFAERIEE: 1000 N/m
141 FEI#A RS2 7.6 mm
o\o TL: 64.8% d6
N’
A 12
JEEY
40
10
K
ESa 44

[B] 25 B /mm

Figure 7. Distribution of regenerator losses under different regenerator lengths
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