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Analyses on Working Frequency of A y-type Free-piston Stirling Engine
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ABSTRACT

The dynamic characteristics of a free-piston stirling engine(FPSE) with regard to the working fre-

quency is investigated from theoretical and experimental studies. The FPSE is modeled as a two de-

gree-of-freedom linear vibration system. A theoretical expression on the working frequency is derived

from the instability condition for self-excitation based on the linear vibration model.

A 7 -type

free-piston stirling engine is fabricated for experimental studies, and its working frequency is meas-

ured on various heater temperatures. Comparisons between the theoretical and experimental results re-

veal that the working frequency of the test FPSE depends on both the temperature of the com-

pression space and the temperature difference between the expansion and compression spaces.
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Table 1 Physical parameters of FPSE

Parameter Value
Mass of power piston, m, 1.578><10’1kg
Mass of displacer piston, m, 4.070 <10 %kg

Damping coefficient of PP system, d, |6.987<10" 'Nsm '

Damping coefficient of DP system, d;|5.163 <10 'Nsm !

Stiffness value of PP system, k, 90.04Nm !

Stiffness value of DP system, k, 103.1Nm ™!
Area ratio (4,/A,), e, 0.1644
Area ratio (A,/4,), € 0.2922

3.1416 10" *m?
1.075< 10" *m?
1.823 <10 °m?
2.50910" 5 m?

Volume of regenerator, V, 1.193x10" *m?

Cross-sectional area of PP, Ap

Cross-sectional area of DP, A,

Volume of compression space, V,

Volume of expansion space, V),
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Table 2 Three cases for temperatures

Cases Expansioon Compres§ion Temperamroe
space (C) space (C) difference (C)
1 221.4 253 196.1
2 252.6 36.7 215.9
3 266.1 454 220.7
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change of induced stiffness due to the in-
crease/decrease of temperatures

Variable & T

+10C | -10C |+10C | -10TC |+10C | -10C

T, and T,

Cases

Ak, (%) | 021 [-026 | 1.5 | -15 | 1.7 | -1.8
Ak/©) | 20 | 20 | <17 | 17 | 3.1 | 3.1

Ak, (%) | 023 | -028 | 14 | -14 | 17 | -17
AkJ%) | 15 | <15 | <13 | 13 | 24 | 23

Ak, (%) | 022 | 027 | 14 | -14 | 16 | -16
Ak %) | 15 | <15 | <12 | 12 | 23 | 22
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