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Analysis of Dynamic Characteristics for a Free-Piston Vuilleumier Heat Pump
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Abstract

This paper deals with dynamic behaviors of a free-piston Vuilleumier heat pump system, which
are characterized by stroke of each diplacer/stroke ratio, operating frequency and phase angle.
Based on the Isothermal Model, basic equations of motion are derived and linearized. In particu-
lar, dependence of damping coefficients on the dynamic parameters are taken into account in the
formulation, which does not bring additional difficulties in the analysis. In order to investigate
effects of design conditions on the dynamic characteristics, calculations are performed for the
prototype made by Schulz and Thomas and results are qualitatively compared with their data
obtained from the analysis as well as the experiment. It appears that they made a mistake in
evaluating the hysteresis loss of the gas spring in their analysis. And, the present results show a
better agreement with their experimental data than those by their own analysis. Although there
are some unresolved aspects such as frequency variations with respect to the mean pressure and
the hot space temperature, it is expected that the present analysis may be an effective tool for
prediction of dynamics of a free-pistion VM machine at the preliminary design stage.
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Fig. 1 Schematic of a free-piston Vuilleumier machine
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Mean pressure [MPa]
2.0
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253.0 318.0 748.0
ch Khh )’PmA?/Vg.o
Spring constants [kKN/m]
0.0 4.603 0.375
A. A, A,
Cross sectional area [m?x 10¢]
34.2 34.2 2.27
M. M,
Diplacer masses [kg]
0.335 0.736
Vc.o Va,o Vh.o
Active volumes at neutral position [m?®x 10°]
42.8 48.9 42.8
Veo
Gas spring volume at neutral position [m®x 108]
458.0
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Lengths [m x 10]
50.0 50.0 55.0 55.0 120.0 30.0
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