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The velocity profiles for the compressible flow are of smaller amplitude than those of the

incompressible flow.  This appears to result from the oscillating compressible flow having a higher

flow resistance due to compressibility. These results are adequately discussed in our previous work

[6].  The temperature profiles also have smaller amplitudes in the compressible than in the incom-

pressible case.  This is a result of their dependence on the velocity profile.  The convective heat flux

is also smaller in amplitude for the compressible flow, as a result of it being a product of the

velocity and temperature.

Temperature profiles along the length of the channel for one half a cycle are shown in Fig-

ures 11 and 12 for the compressible and incompressible models, respectively. The non-linearity

observed at the two ends of the tube is an entrance effect: The temperature in this area is heavily

weighted by the fluid temperature being cycled in and out of the channel. In the incompressible case

the temperature gradient is perfectly linear beyond the entrance zone.  For the compressible flow

the temperature gradient is no longer linear and develops a concave pattern as a result of the higher

thermal capacity of the flow at the cold end.

CONCLUSION

This work has sought to establish some fundamental understanding of the oscillating gas flow

present in pulse tube cryocoolers.  An analytical incompressible model has provided useful infor-

mation on the general behavior of this flow. It showed how the oscillating frequency shifts the

phase of velocity and temperature relative to the driving pressure difference, by virtue of its inertia.

The results have also shown a net convective heat flux along the tube, which can be minimized by

working at higher frequencies.

A validated numerical CFD model was developed to determine the effects of compressibility

and “real gas properties” on the oscillating flow. This model, initially calibrated by the analytical

model, went on to calculate the velocity and temperature distributions. A dimensional analysis

showed that compressible oscillating flow is dependent not only upon Va, Pr, and Re but also upon

the Eckert number. This developed model can now be used as a tool to further investigate the heat

and mass transfer phenomena present in various cases of pulse tubes, for example such as that

found in tapered pulse tubes.
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