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Thermal Losses Due to Non-ideal Gas Behavior of Helium in VM Heat Pumps
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Abstract

A cycle analysis is performed to investigate how the non-ideal gas behavior of helium re-
duces the heating capacity of VM heat pumps. Since the operating pressures of VM heat
pumps are as high as 1 to 20 MPa, the compressibility factor of helium becomes clearly
greater than 1 and the non-ideal behavior always represents a thermal loss in heating. To
calculate the amount of the losses, an adiabatic cycle analysis is performed with the real
properties of helium and the net enthaply flows through the two regenerators are numerical-
ly obtained. It is shown that the non-ideal gas losses could be as much as 8% in the heating
capacity when the operating pressures are greater than 10MPa. The effects of the operating
temperatures and the dead volumes on the loss are presented.
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Fig.1 Configuration of VM heat pump
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Table 1 Specifications of VM heat pump for
calcuation

hot |warm| cold
Cylinder
Bore(cm) 8.0 10.0
Stroke(cm) 4.2 4.2
Swept volume(cm®) 211 330
Clearance volume(cem®) 10.6 16.5
Length of displacer(cm) 8.0 8.0
Appendic gap(cm) 0.1 0.1

Heat exchangers
Internal tube diameter(mm)| 4.2 | 3.18 | 2.5

Number of tubes 78 192 | 320
Regenerators
Inner diameter(mm) 123 110
Thread diamerter(mm) 0.04 0.04
Porosity 0.80 0.78
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Fig.4 Dimensionless volume vs crank angle
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Fig.7 Non-ideal gas loss vs charging pressure
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