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Abstract

We consider a gamma type free piston engine with the MARTINI configuration for
electric power generation. A dynamic simulation of this engine has been developed us-
ing a decoupled analysis. The equation of motion of the free piston induces a strong
coupling between the electrical load and the thermodynamics inside the free piston Stir-
ling engine. From the thermodynamics point of view, the piston-displacer phase lag is
an important parameter. We point out that, if the electrical circuit elements (R-L-C) are
constants, the phase lag between the free pistons and displacer motions is far from the
optimum for the engine considered. For both cases of stand-alone engine with an inde-
pendent electrical load, or grid-connected engine, it is shown how, by varying the in-
stantaneous value of the electrical resistance, one can in a very simple way multiply the
net electrical power by a factor 4 to 6, and the efficiency by a factor 1.25 to 2, without
r any engine geometry modification.
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1. Introduction 2. Modelling

We consider a gamma type free piston en- The results presented in this paper are ob-

gine (that is, with a power piston cylinder and a
separate displacer cylinder) with the MARTINI
configuration (that is, with a free piston but a
kinematically driven displacer).

In the modelled engine, the displacer is
driven by an electrical motor and there are two
symmetrical, free, power pistons. This configura-
tion ensures a complete balancing of the engine.
The free pistons bear the moving parts of the
linear alternators (Figure I). This engine may be
considered for solar to electrical energy conver-
sion for land or space applications, for instance.
The usual linear alternator electrical circuit is
composed of an inductance, a capacitance and a
resistance in series.

The main characteristics of the modelled
engine are given in TABLE 1. They are roughly
similar to those of the JAS-200 engine that has a
nominal electrical power of 200W (Nogawa et al.
1990)

tained from a decoupled analysis model pre-
sented previously (Seraj et al. 1995, Seraj et al.
1997) and validated by comparison of simulation
results with published experimental data for
several engines.

Figure 1. MARTINI-type free piston en-
gine.
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