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Experimental study on the heat transfer in pulse tube
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Abstract The present study has been
conducted to observe the heat transfer under
pulsating pressure and oscillating flow. The
experimental apparatus was fabricated to
measure the gas temperature, the wall
temperature, the pressure and the

instantaneous heat flux inside the pulse tube.
The measured gas temperature and heat flux
must be calibrated to compensate their finite

time constant in the oscillating  flow
conditions. The experiment was performed
from 1 Hz to 5 Hz. The phase difference

between the instantanecous heat flux and the
gas-wall temperature difference was clearly
observed. The experimental heat fluxes were
compared to the theoretical correlations such
as Complex Nusselt Number Model(CNNM)
and Variable Coefficient Model(VCM). The
heat flux predicted by CNNM was always
greater than that of VCM. The experiment
confirmed the validity of the VCM for the
instantaneous heat flux under the pulsating
pressure and oscillating flow in the warm end
of the basic pulse tube.

Key Words pulse tube. oscillating flow,

pulsating pressure, heat flux. complex Nusselt
number
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Fig. 1. Schematic diagram of the
experimental apparatus.(CHX : cold-
end heat exchanger, WHX: warm-end
heat exchanger)
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Fig. 2. Warm-end heat exchanger.(unit:mm)
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Fig. 3. Installation of the thermocouple
and the heat flux sensor.(T/C: thermocouple,
unit:mm)
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Fig. 5. Heat flux at the warm-end heat
exchanger for Cv=0. (a) 1 Hz (b) 2 Hz
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Table 1. Comparison of the integrated heat
flux during one cycle

Heat flux at the
Frequency| warm-end heat exchanger[]]

Measured | Kornhauser| Jeong

1 Hz 0.74 1.94 0.69
2 Hz 0.39 0.93 0.40
3 Hz 0.21 (.62 0.31

Heat flux at the

Frequency cold-end heat exchanger{]]
Measured | Kornhauser| Jeong
1 Hz 0.71 4.63 1.63
2 Hz 0.35 2.85 1.25
3 Hz 0.20 1.60 0.78
30 T T T 1 T T
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Fig. 7. CNNM’s heat flux using the curve
fitted gas temperature.(3 Hz, warm-end)
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