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ABSTRACT

The pulse-tube type of two-piston Stirling refrigerator can improve reliability by moving the

expansion piston from the cold end to the ambient temperature end. More recently, the thermo-

acoustic-Stirling refrigerator further improves reliability by eliminating the expansion piston. The

thermoacoustic-Stirling refrigerator uses a traveling-wave loop to achieve the Stirling cycle. Both

refrigerators have a pulse tube.  By means of thermodynamic analysis of the two refrigerators, this

paper draws the following conclusions.  Firstly, the pulse tube type of Stirling refrigerator can

readily achieve any needed phase shifting by controlling the expansion piston, and it does not have to

rely on the flowing resistance of the regenerator and the compliance and inertance effects of the

different thermodynamic components that make contributions to phase shifting of the pressure and

velocity waves.  In contrast, the thermoacoustic-Stirling refrigerator is not able to perform active

phase shifting, and its phase shifting mechanism is completely passive and somewhat dissipative

because the flow resistance of the regenerator is a necessary part of the passive phase shifting. As a

result, the pulse-tube type of two-piston Stirling refrigerator can achieve a little higher efficiency

than the thermoacoustic-Stirling refrigerator.  Secondly, the standing-wave acoustic field in the com-

pression space of the thermoacoustic-Stirling refrigerator is predominant, resulting in smaller power

flow for the same pressure wave amplitude and swept volume.  In other words, the thermoacoustic-

Stirling refrigerator may give smaller cooling power with the same working conditions and compo-

nent sizes. Actually, the calculations show that the two-piston Stirling refrigerator gives a much

larger cooling capacity than the thermoacoustic-Stirling refrigerator.

INTRODUCTION

Almost 170 years ago, the Stirling refrigerator was conceived for making ice.  However, it was

not until the 1950s that the first commercial Stirling refrigerator was developed by Philips.
1
  Ac-

cording to the number of expansion and compression spaces, a Stirling system can be classified as

either a single-acting Stirling system (with one expansion space and one compression space) or a

double-acting Stirling system (with multiple cylinders).  The single-acting Stirling refrigerator con-

tains one compression piston and one expansion piston/displacer.  The two-piston Stirling engine

(see Fig.1 (a)) is always described as an ideal Stirling engine, which can achieve Carnot efficiency.
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