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Recent advancements in long-term space exploration, maintenance-free miniature-satellites and drone infrared
detections have created a large demand for highly reliable and miniaturized cryocoolers working at 77-150 K.
The pulse tube cryocooler (PTC) has no moving part at the cold end, and if driven by a gas bearing linear
compressor which has no mechanical fatigue risk, a refrigeration system with high reliability and compactness
will be generated. However, very few researches on the cooling performance of PTC driven by gas bearing linear
compressor have been reported. In this study, a miniature PTC and gas bearing compressor are developed, with a
weight of the whole refrigeration system about 0.97 kg. The maximum cooling capacity reaches 1.73 W at 77 K
with input electric power of 66 W. The cooling capacity per unit weight for this cryocooler is 1.78 W/kg at 77 K,
which is the highest compared to those of the existing typical miniature cryocoolers, showing its remarkable
lower mass for refrigeration. In addition, the influence of the hot end heat dissipation temperature on the cooling
performance is studied. It is found that the heat dissipation temperature of the hot end has a significant effect on
the cooling performance. For every 10 K decrease in the hot end temperature, the maximum cooling capacity at
77 K increases by 3.45 % to 13.28 %, the relative Carnot efficiency rises by 4.38 % to 12.59 %. Besides, in the
miniature PTC, the cooling performance is very sensitive to the length of the inertance tube, even a small change
of 10-20 mm on the length of the inertance tube will lead to obvious effect on the optimum frequency and
cooling performance of the system. These results will be helpful for the further research and development of the
miniature pulse tube cryocoolers.

1. Introduction end, which shows much better performance in reliability and

compactness. Besides, compared to traditional linear compressors sup-

Cryocoolers working at 77 K-150 K with high reliability and mini-
aturization (cooling capacity < 2 W, weight < 1 kg) are significant
cooling systems for the infrared detectors, optical sensors, and low-
temperature communication devices used in the long-term space
explore, miniature satellites, maintenance-free UAVs and so on [1-3].
Stirling cryocoolers driven by traditional flexure spring linear com-
pressors or rotary compressors, represent the most common miniature
cryocooler in many military and space applications [4]. However, it has
obvious shortcomings in vibration interference and reliability due to the
moving displacer at the cold end, and the mechanical fatigue risk of the
flexure support in the linear compressor. At present, most of the mini-
ature Stirling cryocoolers have a lifetime about 2,000-40,000 h [5-8]. In
contrast, the pulse tube cryocooler has no moving displacer at the cold
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ported by flexure spring bearing, recently developed gas bearing linear
compressors fundamentally eliminate all mechanical wear between the
piston and the cylinder. Therefore, combining the gas bearing linear
compressor with a pulse tube cryocooler, generates a refrigeration sys-
tem with ultra-high reliability, low vibration at the cold end, and
compactness, making it a very promising refrigeration technology for
the future [9-12].

At present, gas bearing compressors have been used to drive Stirling
cryocoolers [13], but there are few reports on driving pulse tube cryo-
coolers. To address the demand for long-life cryocoolers in long-term
deep space exploration, Zhou et al. [14] developed a two-stage pulse
tube cryocooler driven by a gas bearing compressor. Zhi et al. [15]
investigated the impact of regenerator packing on two-stage pulse tube
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