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ABSTRACT: A basic pulse tube refrigerator has been constructed with extensive
instrumentation to study the characteristics of the heat exchanger experimentally under the
oscillating pressure and the oscillating flow. This paper describes the sequential experiments
with the basic pulse tube refrigerator. The experiments were performed for various cycle
frequencies under the square pressure wave forms. First, the heat flux was measured through
the cycle at the both cold and warm end heat exchangers without the regenerator. In order to
enhance the thermal communication capability of the heat exchanger with the gas at low
operating frequencies, a unique design of the triangular shape radial fin concept was applied
to the heat exchangers. For the fin heat exchanger, the measured heat flux and the calculated
heat flux from the two well-known oscillating heat transfer correlations were compared and
discussed. Second, the regenerator was added to the pulse tube to make a basic pulse tube
refrigerator configuration. The experiment showed the great impact of the regenerator on the
temperature and the heat flux profiles. At the warm-end, the cyclic averaged heat flux had
its maximum value at the specific operating frequency. The paper presents the explanation of

the surface heat pumping effect as well as the experimental data.

Key words: Cryocooler(Z A& W%7]), Pulse tube(™ &%), Oscillating flow heat transfer($%
#% 49AY), Heat flux(dF%), Heat exchanger(dx#7]), Surface heat
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Fig. 1 Schematic diagram of the experi-
mental apparatus (Tw @ wall tem-
perature sensor, Tc ' gas temper-

ature sensor, P : pressure sensor,

Q : heat flux sensor).
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Fig. 2 Schematic diagram of the heat

exchangers configurations and

sensor installations(unit : mm) (a)
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Cyclic mean heat transfer rate at

various frequencies for the mesh

heat exchanger.(No cooling

load at

the cold-end. Negative sign means

heat from the system and positive

sign means heat into the system)

Frequency(Hz) | TL(K)| QL(W) | Qu(W)

Qa(W)

05 245 | 032 | -1.30 -
1.0 236 | 034 | -187 | -10.7
20 235 0.34 -292 | 214
3.0 239 0.31 -2.10 { -39.3
5.0 252 0.25 | -1.74 | -50.0
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