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Dynamic Analysis of Freé Piston Vuilleumier Cycle Heat Pumps
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A dynamic analysis of free piston Vuilleuer cycle heat pumps has been carried out by a time-stepping
integration technique. This technique allows application of a nonlinear relationship between
displacements and working gas pressure variations in the equations of motion for reciprocation
components. Although ideal isothermal thermodynamics was assumed for the Vuilleumier cycle, the
present analysis provided accurate information on its characteristics. Some calculations for a case study
were performed, including nonlinear viscous dissipative force due to an oscillating working gas flow
and discontinuous damping force caused by solid friction in seals. It was found that the present method
was very effective in predicting the dynamic behavior of free piston Vuilleumier cycle heat pumps.
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Fig.1 Dynamic model of FPVMHP
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Table 1 Specification of FPVMHP

Working gas Helium
Mean pressure 8 MPa
Gas temperature(Ty,, T, T,) 873,333,273 K
Displacer piston dlameter(Hot/Cold) ¢ 75 mm
Rod diameter ¢ 21 mm
Spring constant(Hot/Cold) 24000/2400 N/m
Mass(Hot/Cold/Casing) 1/0.5/20kg
Design amplitude(Hot/Cold) 10 mm
Top clearance(Hot/Cold) 2 mm
Distance between 2 pistons at neutral 19 mm
Effective volume 124x10° m’/K |
Hot and Cold DXBXT ¢ 75X3 X2 mm
piston seals Tension X Amount 2 N X2 stages

‘ DXBXT $21X3X2mm
Rod seals - -

Tension X Amount 3 N X2 stages
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Table 2 Calculation results

[tem Symbol Result
Frequency H, 18.19 Hz
Hot side displacer piston amplitude Xn 8.73 mm
Cold side displacer piston amplitude Xe 9.70 mm
Casing amplitude Xe 0.43 mm
Amplitude ratio(X/X},) - 111
Defined B. 76.03 deg.
Phase difference Hot side By 34.05 deg.
Cold side B. 110.08 deg.
Work in Hot space Wy 27.881]
Work in Cold space : W, 51.8517
Work in Medium space Wi -79.071]
Total W, 6.711]
Rod work Hot side Wy 237]
Cold side Wi 434]
Total W, -6.07J
| Flow friction loss | Hot side Won -2.671J
Cold side Wie -3.40]
Total Wy -0.651J
o Hot piston seal Wi -0.11J
Solid friction loss - - —
Cold piston seal Wi -0.137J .
Rod seal e Wi -0.41J
Cooling Coefﬁment of Performance COP, 1.86
Heating Coefficient of Performance CoP, 2.84
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