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Abstract: Owing to its advantages of low vibration, long lifespan, and high reliability, the pulse tube
refrigerator has demonstrated significant potential in applications such as high-temperature superconducting
systems and satellite-borne infrared devices. As a result, it has become one of the prominent research areas in
recent years. However, the inherent refrigeration efficiency of a pulse tube refrigerator using traditional phase
modulation methods is generally lower than that of a Stirling refrigerator. This is primarily because the acoustic
power at the hot end is dissipated as heat. Recovering this acoustic power can enhance refrigeration efficiency
and reduce overall system weight, which is especially beneficial for refrigerators with high cooling capacities
operating in high-temperature environments. This paper reviews the current state of research on acoustic power
recovery methods for pulse tube refrigerators, both domestically and internationally, and explores their
application prospects and development trends. Finally, a pulse tube refrigerator incorporating acoustic power
recovery suitable for use in a KIP unit is presented.
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Fig.1 Pulse tube refrigerator with hot end expansion piston
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Fig.2 The structure of the hot-end pneumatic-type pulse tube
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Note: 1. Post-stage air cooler; 2. Regenerator; 3. Adsorption heat
exchanger; 4. Pulse; 5. Connecting pipe; 6. Connecting pipe;
7. Compressor spring; 8. Linear motor; 9. Back pressure
chanmber; 10. Piston; 11.Compression chamber; 12.
Excluder spring; 13. Compression rod; 14. Relief chamber;
15. Ejector; 16a. Expansion chamber; 16b. Back pressure
chamber
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Fig.3 The structure of the stepped piston pulse tube refrigerator
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Fig.4 Acoustic power recovery pulse tube refrigerator with
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Fig.5 The structure of pulse tube refrigerator with acoustic
power recovery phase shifter

Note: 1. Air inlet; 2. Blow vent; 3. Counterbalance; 4. Blade spring;

5. Front cover; 6. Expasion chamber; 7. Cylinder; 8. Treadle

phase shifter; 9. The second compression chamber; 10.

Buffer room; 11. Spring; 12. Back cover; 13. Linear variable
differential transformer
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Fig.7 Acoustic power recovery pulse tube refrigerator with
quality and spring energy feedback

Note: Com: Compressor; TP: Transport tubes; C1: Conical

mouthpiece 1; AC: After-end cooler; Reg: refrigerator;

CHX: Cold end heat exchanger; PT: Pulse; HHX: Hot end

heat exchanger; C2: Conical mouthpiece 2; CT: Connecting

tubes
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