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Abstract. A special configuration of Stirling liquid piston engine, known 
as Fluidyne, was invented fifty years ago and many works have been 
devoted to it since then. A variant of the Fluidyne is presented, in which 
the two ends of the U-tube containing the liquid piston are closed by 
valves, so that the system obtained belongs to the family of Ericsson 
engines rather than to the family of Stirling engines. This type of low-tech 
system is considered to be suitable for the production of low-power 
mechanical energy (up to ... 1… kW), for example for pumping or to drive 
an electric generator from renewable primary energy conversion (solar, 
biomass, hot gaseous effluents, ...). In the system considered, the working 
fluid of the Ericsson engine is air in open cycle. Different configurations 
are proposed for the extraction of mechanical energy. The preliminary 
design of a first demonstrator is presented. Results of a dynamic 
“intracycle” model of this liquid piston Ericsson engine are presented in 
the case of the coupling with a linear generator. The model allows to 
determine the frequency of operation of the engine, the instantaneous 
liquid piston position and the instantaneous working gas properties, so that 
the global performance of the engine can be predicted.  

1 Introduction  
In recent years, energy production and consumption have been increasing daily worldwide 

[1]. Many researches are devoted to find new technologies that use renewable energy as an 

energy source. Engines with external heat input such as Stirling or Ericsson [2] are proving 

to be a relevant technological solution for the valorization of thermal energy such as solar 

energy or biomass combustion to produce low power mechanical or electrical energy.  

Amongst these systems, the Fluidyne, which is a liquid piston Stirling engine invented 

in 1969, is interesting, because it is simple, reliable, and inexpensive. However, it suffers 

from its bad efficiency.  

Therefore, a variant of the Fluidyne is presented, in which the two ends of the U-tube 

containing the liquid piston are closed by valves, so that the system obtained belongs to the 

family of Ericsson engines rather than to the family of Stirling engines. 
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2 The Fluidyne  

The first liquid piston Stirling engine was invented by C. D. West at the Harwell 

Laboratory in the UK in 1969, and the first machines known as Fluidyne were developed in 

1970 [3]. These engines fall into the category of free piston Stirling engines (FPSE). Since 

the invention of the Fluidyne engine (Fig. 1), different models of liquid piston Stirling 

machines have been developed for a wide variety of applications. As water is generally 

used for the liquid piston, most liquid piston Stirling engines have been built for water 

pumping applications. There are three categories of liquid piston Stirling engines, which are 

the Fluidyne engine, the two-phase thermo-fluidic liquid piston engine and the hybrid solid-

liquid piston Stirling engine. 

 

Fig. 1. The Fluidyne engine [4]. 

So far, several studies have been done on the development of this Fluidyne machine in 

order to improve its performance. At the beginning, liquid piston Stirling engines were 

studied theoretically by West [3–6], Elrod [7], Geissow [8] and Stammers [9] who 

explained the principles of operation and dynamics of these machines. West [4] reported on 

the history, scope and state-of-the art of the Fluidyne engine design. Among the earliest 

experimental studies of a Stirling pump was one built by West in 1971 [3]. This pump was 

able to deliver a maximum flow rate of 0.37 m3/h at an output power of 1.6 W and a 

maximum efficiency of 0.35%. Since then, several similar Fluidyne-based prototypes have 

been designed and tested [10–12], as well as Fluidynes that are powered by solar energy 

[13–15]. Recently, Goudarzi & al [16] built and tested for the first time a two-phase 

Fuidyne-based piston Stirling engine. The engine works by phase change (liquid-vapour) 

with a small temperature difference to produce electricity by exciting a permanent magnet. 

They tested three working fluids: acetone, chloroform and methane, with acetone showing 

the best performance due to its lower boiling temperature and low enthalpy of evaporation. 

They showed that the engine generates a maximum output power of 0.08 mW and a 

frequency of 2.9 Hz at a median fill rate of 18%. The thermal efficiency of the system is 

0.3% for a temperature difference between the hot and cold source of 36°C. 

2

E3S Web of Conferences 313, 04001 (2021) https://doi.org/10.1051/e3sconf/202131304001 
19° International Stirling Engine Conference



Two-phase thermofluidic oscillators are classified as liquid piston Stirling engines 

because their configuration and critical operating characteristics are very similar to those of 

liquid piston Stirling engines, even though their thermodynamic cycle is not based on the 

Stirling cycle [17]. In 2004, Smith & al [18] proposed a two-phase non-inertial feedback 

thermofluidic engine that is similar to a wet Fluidyne engine. Many researchers have 

subsequently theoretically and experimentally studied the dynamics [19-20] and heat 

transfer of this engine [21-22]. The phase change characteristics allow the system to have 

the potential for higher power densities. 

Some Stirling engines use both liquid and solid pistons. The first solid-liquid hybrid 

piston Stirling engine was developed by Orda [23] to improve the stability of Fluidyne 

operation by using a spring-loaded piston-actuator. Its thermal efficiency varies between 

0.2 and 0.5%. Since then, many studies have been carried out to develop these hybrid piston 

Stirling machines [24-25] and some of which are powered by solar energy [23-25].  

Liquid piston Stirling engines are based on a simple to build technology, with low cost 

materials. They are used for pumping applications or sometimes for generating electricity 

from industrial waste heat, solar energy or biomass. The advantages of these engines are the 

simplicity, reliability, low cost and ability to operate with a low temperature difference and 

a low frequency. But their major disadvantage is their low power, but especially their very 

low efficiency, i.e. less than 5% [17], as shown in Fig. 2, where the liquid piston Stirling 

engines are denoted by an asterisk.  

 
Fig. 2. Experimental results of (a) power and (b) thermal efficiency of Stirling cycle engines [17]. 

 The liquid piston Ericsson engine  3
The family of “Hot Air Engines” comprises the Stirling sub-family, where all the working 

spaces are always in communication with each other, and the Ericsson family, where the 

compression and expansion cylinders may be isolated from the rest of the working spaces 

by valves [2]. The Ericsson configuration is a bit more complex technologically, due to the 

valves, but on the other hand, it presents some significant advantages. Among them, the 

fact that the exchanger volumes no longer have to be considered as dead volumes, so that 

the designer of an Ericsson engine does not have to face the difficult trade-off between 

minimising exchanger volumes and maximising exchanger surface areas as is the case with 

Stirling engines. Also, the performance of the Ericsson does not depend on the relative 

piston or piston/displacer motions and their phasing, so that simple mechanism can be used 

for the kinematic Ericson engine, and the so called ‘tuning line’ (Fig. 1) is not needed for 

the case of liquid piston Ericsson engine. Therefore, it was considered appropriate to study 

a liquid piston Ericsson engine configuration.  
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Ndamé’s hybrid liquid-solid piston Ericsson engine 3.1 

The first configuration of a liquid piston Ericsson engine has been proposed by Ndamé 

[27] where the engine is composed of two U-tubes partially filled by water. The spaces 

between the water level and the cylinder head delimit the compression rooms in both legs 

of the first U-tube, whereas they delimit the expansion spaces in both legs of the other U-

tube (Fig. 3). The motion of the fluid columns in the U-tubes are linked by solid pistons 

connected to a rod and a crankshaft. This configuration therefore belongs to the category of 

hybrid liquid-solid piston system with a kinematic mechanism to fix the position of the 

pistons. Ndamé proposed to used "Bash valves" for the expansion cylinder, while the 

compression cylinder is equipped with traditional automatic valves. This configuration 

addresses the sealing problem around the pistons by using liquid pistons instead of 

mechanical pistons, as well as the complexity due to the valves of Ericsson engines by 

using special controlled valves actuated by the piston for the expansion cylinder. 

 
Fig. 3. The liquid piston Ericsson engine configuration proposed by Ndamé [27]. 

Ndamé’s configuration has several advantages. On the one hand, it allows for different 

displacements for compression and expansion volumes, as shown on Fig. 3. On the other 

hand, the compression of the working fluid in one of the compression spaces is always 

accompanied simultaneously by the expansion of the fluid in one of the expansion spaces. 

So the inertia of the flywheel on the crankshaft does not need to be very large. However, 

the need for sealing around the rods connecting the solid pistons results in mechanical 

losses. 

2 The single U-tube hybrid liquid-solid piston Ericsson engine 3.

Following Ndamé's work, Chouder [28] proposed a simpler configuration, with only 

one U-tube, one leg of which corresponds to the compression space, the other to the 

expansion space (Fig. 4). Obviously, this design needs a much heavier flywheel.  
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Fig. 4. The single U-tube liquid piston Ericsson engine configuration proposed by Chouder [28]. 

.3 The single U-tube free liquid piston Ericsson engine  3

Modelling studies [29] have shown that by choosing appropriate design parameters, the 

kinematic mechanism can be eliminated, so that the engine comprises only one free liquid 

piston, whose instantaneous position is no longer dependent on a mechanical system, but 

only on the balance of forces applied to it. Different solutions can then be used to extract 

useful energy from this engine. 

.1 Pneumatic energy extraction 3.3

 
Fig. 5. The single U-tube liquid piston Ericsson engine with pneumatic energy extraction. 
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The useful mechanical energy can be extracted from the working fluid at the exhaust of the 

expansion cylinder. The working fluid, whose pressure has not been reduced to atmospheric 

pressure, completes its expansion in an external expansion machine, e.g. a micro-turbine 

(Fig. 5). In this sense, the Ericsson free liquid piston engine is similar to the gas generator 

of the free piston internal combustion engine originally invented by Pescara [30]. 

However, unlike the Pescara engine, the Ericsson free liquid piston engine allows an 

alternative pneumatic energy extraction configuration where the mass flow rate of the 

compressed fluid is divided into two parts, one of them going on through the Ericsson 

cycle, the other one being the useful energy extraction, for driving a micro-turbine for 

instance (Fig. 6). 

 
Fig. 6. Alternative pneumatic energy extraction for the single U-tube liquid piston Ericsson engine. 

.2 Hydraulic energy extraction 3.3

Figure 7 presents a configuration of a single U-tube free liquid piston Ericsson engine with 

hydraulic energy extraction. This configuration is the one that most closely resembles the 

original Fluidyne system. The useful energy can be used either for pumping application, or 

for providing mechanical energy or electricity if the pumped water drives a hydraulic 

micro-turbine. In this configuration, the valves in the pumped fluid line can be usual 

automatic check valves, or actuated valves. 

Of course, the connecting line between the U-tube of the liquid piston and the pumping 

line can be equipped with a diaphragm, in order to avoid mixing between the liquid piston 

fluid and the pumped fluid. It is also possible to equipped the line with a free pumping 

piston one face of which being driven by the water in the U-tube, the other face driving the 

pumped fluid (Fig. 8). By having different piston surfaces on both sides, it is possible to 

decouple the pumping pressure from the pressure in the U-Tube. 
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Fig. 7. The single U-tube free liquid piston Ericsson engine with hydraulic energy extraction. 

 

 

Fig. 8. The single U-tube free liquid piston Ericsson engine with hydraulic energy extraction by 
mechanical pumping. 

.3 Energy extraction by embedded electrical generator 3.3

Finally, it is also possible to extract the useful energy by means of an electrical generator 
directly embedded in the U-tube. Figure 9 presents a configuration with a linear alternator. 
The solid piston in the bottom of the U-tube carries a permanent magnet which forms the 
moving part of the linear alternator. 
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Fig. 9. The single U-tube free liquid piston Ericsson engine with a linear generator. 

Another possibility is to place a small hydraulic turbine in the U-tube. This turbine 

drives an embedded generator. With a suitable kinematic mechanism, it is possible to 

ensure that energy is extracted by the turbine only during the expansion phase of the 

working fluid, with the turbine rotating freely on its shaft, without driving the generator, as 

the working fluid flows from the compression space to the expansion space.  

 

 

Fig. 10. The single U-tube free liquid piston Ericsson engine with a water turbine driving a generator. 
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 Modelling results 
The suitability and feasibility of the different Ericsson liquid piston engine configurations 

presented in Section 2 must be carefully assessed, in relation to the intended application. In 

the case of the free liquid piston configuration, designing a system with stable operation can 

be difficult or lead to technologically unacceptable solutions. 

A model has been developed to describe the behaviour of the free liquid piston Ericsson 

engine equipped with a linear generator as presented in Fig. 9 [29]. The main characteristics 

of the modelled system are resumed in Table 1. 

Table 1. Main characteristics of the modelled system. 

Geometrical data 
Horizontal tube length, l0 0.3 m 
Equilib. liquid height, h0 0.3 m 
Tube diameter, D 0.175 m 
Expansion relative dead volume, Vd,exp 0.95 - 
Compression relative dead volume, Vd,comp 0.4 - 
Maximum piston stroke  0.225 m 

Expander valve timing 
Inlet Valve Opening (IVO) TDC=0 m 
Inlet Valve Closing (IVC) 0.08 m 
Exhaust valve opening (EVO) BDC=0.225 m 
Exhaust valve Closing (EVC) 0.174 m 

Compressor valve timing 
Inlet Valve Opening (IVO) 0.08 m 
Inlet Valve Closing (IVC) BDC=0 m 
Exhaust valve opening (EVO) 0.138m 
Exhaust valve Closing (EVC) 0.175 m 

Operation data 
Working fluid air 
Liquid water 
Heat recovery effectiveness,  0.85 
Comp. inlet temperature,  300 K 
Heater outlet temperature,  633.2 K 
Comp. inlet pressure,  100 kPa 
Expander outlet pressure,  100 kPa 
Solid piston mass,  10 kg 

Linear Generator data 
Thrust constant,  74.4 N A-1 
Back EMF constant,    49.6 V/(ms-1) 
Stator resistance,  7 Ω 
Stator inductance, L 17.04 mH 
External load,  40 Ω 

 

With this characteristics, a stable operation of the system has been obtained by 

modelling, with a free piston travel of 0.2 m, within the maximum stroke of 0.225 m, and 

an operating frequency of 4 Hz. Fig. 11 presents the instantaneous pressure in the 

compression and the expansion space as a function of time. It can be seen that, in the first 

half of the cycle, the travel of the free liquid piston from the expansion space to the 

compression space is first driven by the pressure force, and then by the inertia forces, the 

pressure in the compression space being higher than in the expansion space, acting thus 
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against the motion of the piston. The same phenomenon occurs in the second half of the 

cycle when the free liquid piston moves back from the compression space to the expansion 

space. However, this phenomenon is amplified, as the pressure difference opposing the 

movement of the piston is greater when the liquid piston moves from the compression to 

the expansion space.  

 
Fig. 11. Instantaneous pressure in the expansion and the compression spaces of the modelled engine. 

In order to ensure the travel back of the liquid piston from the compression space to the 

expansion space, a delay has to be ensured in the closing of the exhaust valve of the 

compression space, as indicated on the indicator diagram of Fig. 12 (left).  

 
Fig. 12. Indicator diagram (pressure-Volume) of the compression chamber and expansion chamber. 

The discharge valve opens as soon as the discharge pressure is obtained in the 

compression space, when the piston moves from the expansion to the compression space 

(point denoted + EVO, in Fig. 12, left). But actually, the discharge valve is still open for a 

while when the free liquid piston moves from the compression space to the expansion space 

(delay in closing the discharge valve up to the point denoted * EVC, in Fig. 12, left). The 

influence of the delay in the closing of the relief valve on the engine operation is to reduce 

the mass flow out of the compressor and to allow to complete the recompression phase in 

the expansion cylinder. This delay has a gas spring effect like bounce spaces in free piston 

internal combustion engine linear generators. Table 2 presents the cycle averaged 
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performance of the modelled engine. It can be seen that a net indicated power of 270 W has 
been obtained with a thermal efficiency of 27 %. The air mass flow rate in the engine is 7.4 
10-3 kg/s. 

Table 2. Cycle averaged thermodynamics performance of the engine. 

  

[W] 

  

[W] 

 

[W] 
 

[W] 
 

[g/s] 
 

[%] 

543.16 -813.24 270.08 996.89 7.42 27.09 

 Conclusion 
When it comes to the conversion of renewable energy sources (solar, biomass), the only 

existing technology with liquid piston is the Fluidyne which proved to have poor energy 

performance. In order to overcome this difficulty, new configurations of Liquid Piston 

Ericsson Engines are proposed. Simulation results show that the configuration with a free 

piston coupled to a linear generator has a stable behaviour with a good energy performance. 

Therefore, a prototype of the simulated free liquid piston Ericsson engine is under 

construction. 
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