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of the piston (10) in the expansion cylinder (2) compared to the piston
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ALPHA STIRLING ENGINE

TECHNICAL FIELD
The present invention relates to an alpha type Stirling engine comprising an

expansion cylinder, a compression cylinder, a regenerator, a cooler, and a heater.

BACKGROUND

Thermal energy can be converted into electrical energy in several ways. Some
systems use Stirling engines as a generator to generate electrical energy from
thermal energy. Stirling engines are external, closed-cycle engines which use an

external heat source to expand a working gas which drives one or more pistons.

Further, Stirling engines in combination with a thermal energy storage can be used
to utilize excess power from e.g. photovoltaic power plants and wind turbines.
Instead of curtailing the power when the output of such power plants exceeds
electricity demand, the excess power is used to, for instance, charge the thermal
energy storage thus making it possible to later draw energy from said storage when
demand for electricity exceeds available output from these intermittent renewable
sources. It is then possible to use a Stirling engine to convert the thermal energy to

electricity.

An alpha arranged Stirling engine has two separate cylinders, which may be inline,
parallel or in a V-arrangement. Of the two cylinders, one is hot and the other is cold.
The hot cylinder is situated inside or connected to the high temperature heat
exchanger and the cold cylinder is situated inside or connected to the low

temperature heat exchanger.

The efficiency of Stirling engines depends on many factors such as the type of
engine, the working gas used in the engine and the efficiency of the various

components within the Stirling engine such as the regenerator.

Generally, the larger the Stirling engines are, the more power they can produce.

Some designs results in high working pressures in the cylinders.
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The power requirement varies over time. If, for instance, the electric power required
at a specific time is lower than usual, the internal pressure could for instance be
changed. However, this requires extra equipment which is subject to increased
maintenance apart from the extra cost as such for additional hardware. Further, the
speed could be varied, but changing the speed generally means deviating from the
best possible efficiency of the specific Stirling engine. Optimizing the operation of a
Stirling engine is facilitated by an increased number of parameters that could be
modulated.

WO 2011/020988 A2 discloses a Stirling engine in which the expansion piston drives
a linear electric generator, part of whose output is phase adjusted and fed back to

power a linear electric motor driving the compressor.

SUMMARY
It is an object of the present invention to provide an alpha type Stirling engine with
improved ability for variable power output. This is achieved with a Stirling engine as

described in the appended claims.

The inventor has realized that by decoupling the control of the piston movement in
the two cylinders of a Stiriling engine it is possible to provide an individual stroke
length and/or motion profile for the two pistons. The inventor has also realized by
individually selecting such stroke lengths and/or motion profiles in any given situation
an effective and adaptive control of the thermal efficiency and/or mechanical work

provided by the Stirling engine can be obtained.

According to a first aspect of the present disclosure an alpha type Stirling engine
comprises an expansion cylinder, a compression cylinder, a regenerator, a cooler,
and a heater. Each one of the expansion cylinder and the compression cylinder has
(inside the cylinder) a movable piston connected to a respective linear electric
generator/motor. The Stirling engine further comprises a control unit which is
operatively connected to the linear electric generators/motors and is configured to
control the linear electric generators/motors individually so as to enable a different
stroke length and/or motion profile of the piston in the expansion cylinder compared

to the piston in the compression cylinder. Thus, by individually changing the pistons
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to have different stroke lengths and/or different motion profiles the thermal efficiency
and/or mechanical work may be changed depending on the current demand. For
example, upon low energy demand the stroke of one or both pistons may simply be
shortened by controlling the linear electric generators/motors. Furthermore, changing
the motion profiles individually may allow for fine tuning of the operation of the
engine, making possible the optimization of efficiency over the complete range of
power outputs. It may also be possible during times to only use motion profiles as a
means of controlling the engine, without altering the stroke length, or any other

operating parameter, e.g. internal working pressure or frequency.

It should be understood that the control unit is suitably configured to control the
phase difference between the two pistons (similarly to the function of any Stirling
engine). Thus, the fact that the control unit can control the linear electric
generators/motors individually to enable different stroke length and/or motion profile
of the pistons, does not rule out normal control of the phase difference between the

two pistons.

As will be readily understood, the present invention provides more flexibility in
controlling the operation of the Stirling enginge than the prior art. For instance, in the
above mentioned prior art document WO 2011/020988 A2 the operation of the motor
is dependent on the control of the generator, and the two are thus not individually
controllable, therefore providing less flexibility than what is enabled by the present

invention.

In such a linear electric generator/motor, a magnet moves in relation to an
electromagnetic coil. This changes the magnetic flux passing through the coil, and
thus induces the flow of an electric current, which can be used to do work. A linear
electric generator/motor is most commonly used to convert back-and-forth motion
directly into electrical energy. This short-cut eliminates the need for a crank or
linkage that would otherwise be required to convert a reciprocating motion to a rotary

motion in order to be compatible with a rotary generator.

From the above it should thus be understood that in at least some exemplary

embodiments, the control unit may control the piston of the expansion cylinder to
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have a different stroke length compared to the piston of the compression cylinder.
Thus, translated to a sinus curve, the amplitude of the movement of the pistons may
be different. In at least some exemplary embodiments, the control unit may control
the piston of the expansion cylinder to have a different motion profile compared to
the piston of the compression cylinder. The motion profile translated to a sinus curve
is the profile of the curve. As can be readily understood, the motion profile is not only
determined by the stroke length (i.e. the amplitude of the curve), but also by the rate
at which the piston is accelerated from retracted towards extended position and vice
versa (i.e. the inclination of the curve). From the above, it should also be understood
that the translated motion profile may deviate from the shape of a sinus curve,

having for example a flatter profile at the peak and/or trough of the curve.

Although the control unit is configured to control the linear electric generators/motors
individually so as to enable different stroke lengths and/or motion profiles of the two
pistons, the frequency of the reciprocating movements of the piston may suitably be
controlled to be the same. In other words, the control unit may control the pistons
(via the linear electric generators/motors) such that the time it take for each piston to
make a full stroke back and forth is the same. However, as is normal in alpha type
Stirling engines, the strokes of the two pistons are controlled to be phase shifted.

In at least some exemplary embodiments, the control unit may for a given situation
optimize the thermal efficiency and/or work by testing a plurality of different strokes
and/or motion profiles of the two pistons, and to receive feedback on the thermal
efficiency and/or work obtained for each tested combination, and select the most
suitable combination for the given situation. In other exemplary embodiments, the
control unit may be pre-programmed with a number of different combination of
strokes and/or motion profiles for the two pistons, such as in a look-up table, wherein
based on user input or input from sensors/detectors or the like, the control unit will

control the Stirling engine with one of the pre-programmed combinations.

The control unit may include a microprocessor, microcontroller, programmable digital
signal processor or another programmable device. The control unit may also, or
instead, include an application specific integrated circuit, a programmable gate array
or programmable array logic, a programmable logic device, or a digital signal
processor. Where it includes a programmable device such as the microprocessor,

microcontroller or programmable digital signal processor mentioned above, the
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processor may further include computer executable code that controls operation of

the programmable device.

According to another aspect of the present disclosure the control unit is configured to
control the linear electric generator/motors such that the stroke lengths and/or motion
profiles are variable for both the expansion cylinder piston and the compression
cylinder piston. For some setups it may be advantageous to vary the stroke length
and/or motion profiles for both the expansion cylinder piston and the compression

cylinder piston.

According to an alternative aspect of the present disclosure the cylinders are
arranged in line with the cylinder heads facing each other. This setting could be

advantageous for some solutions.

The expansion and compression cylinders are according to yet another aspect of the

present disclosure configured in a V-arrangement.

According to an aspect of the present disclosure the expansion cylinder and the
compression cylinder are arranged in parallel with each other and with the cylinder
heads facing in the same direction. This is advantageous as it may in some cases
facilitate integration with surrounding equipment. In some cases, such a parallel
arrangement may simplify the overall structure, allowing some components to be

omitted compared to other non-parallel arrangements.

Further features of, and advantages with, the present invention will become apparent
when studying the appended claims and the following description. The skilled person
realize that different features of the present invention may be combined to create
embodiments other than those described in the following, without departing from the

scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
The above, as well as additional objects, features and advantages of the present
invention, will be better understood through the following illustrative and non-limiting

detailed description of exemplary embodiments of the present invention, wherein:
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Figure 1 is a schematic drawing of a Stirling engine according to the present

disclosure and

Figure 2 is a schematic drawing of an alternative setup according to the present

disclosure.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE INVENTION
The present invention will now be described more fully hereinafter with reference to
the accompanying drawings, in which exemplary embodiments of the invention are
shown. The invention may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided for thoroughness and completeness. Like reference

character refer to like elements throughout the description.

With reference to figure 1, an alpha type Stirling engine 1 comprises an expansion
cylinder 2 and a compression cylinder 3, a regenerator 4, a cooler 5, and a heater 6.
From a fluid path perspective, the expansion cylinder 2 and the heater 6 are
provided on one side of the regenerator 4. The compression cylinder 3 and the
cooler 5 are provided on the other side of the regenerator 4. Both the expansion
cylinder 2 and the compression cylinder 3 has a piston 10, 11 which is movable
within the respective cylinder 2, 3 and which is connected to a respective linear
electric generator/motor 8, 9 controlled such that the stroke length and/or the motion

profile is variable.

Further, in the linear electric generator/motor 8, 9, a magnet 12 moves in relation to
an electromagnetic coil 13. This changes the magnetic flux passing through the caill,
and thus induces the flow of an electric current, which can be used to do work. The
linear electric generator/motor 8, 9, or sometimes called a linear alternator, thus
converts the reciprocating motion to electric power. For some stages in the Stirling
engine 1, the linear electric generator/motor instead drives the reciprocating motion

with the use of electric power.
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A control unit 20 is provided and operatively connected to the linear electric

generators/motors 8, 9. The control unit 20 is configured to control the linear electric

generators/motors 8, 9 individually so as to enable a different stroke length and/or

motion profile of the piston 10 in the expansion cylinder compared to the piston 11 in
5 the compression cylinder 3. Hereby a flexible control is achievable as explained

previously in this disclosure.

Turning to Fig. 2, the cylinders 2, 3 are arranged in line with the cylinder heads 7
facing each other (this is contrast to Fig. 1 in which the cylinders 2, 3 are arranged in

10 parallel with each other and with the cylinder heads 7 facing in the same direction).

Preferably, the piston movement of the expansion cylinder 2 and the compression

cylinder 3 are arranged to be controlled individually. One advantage is that the

cylinders or rather the pistons to some extent will balance each other throughout the
15 strokes.

Although not illustrated in Fig. 2 it should be understood that the linear electric

generators/motors 8, 9 may suitably be controlled by a control unitin a

corresponding manner as explained in connection with the control unit 20 in Fig. 1.

20 ltis to be understood that the present invention is not limited to the embodiments
described above and illustrated in the drawings; rather, the skilled person will
recognize that many changes and modifications may be made within the scope of
the appended claims. For example, a spring could be arranged at the end of the
reciprocating members of the piston in order to provide balancing motion or aid in

25 piston movement at stroke end points.
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CLAIMS

An alpha type Stirling engine (1) comprising an expansion cylinder (2) and a
compression cylinder (3), further comprising a regenerator (4), a cooler (5),
and a heater (6),

characterizedin

that each one of the expansion cylinder (2) and the compression cylinder (3)
has a movable piston (10, 11) connected to a respective linear electric
generator/motor (8, 9), wherein the Stirling engine (1) further comprises a
control unit (20) which is operatively connected to the linear electric
generators/motors (8, 9) and which is configured to control the linear electric
generators/motors (8,9) individually so as to enable a different stroke length
and/or motion profile of the piston (10) in the expansion cylinder (2) compared

to the piston (11) in the compression cylinder (3).

The Stirling engine (1) according to claim 1, wherein the control unit (20) is
configured to control the linear electric generator/motors (8, 9) such that the
stroke lengths and/or motion profiles are variable for both the expansion

cylinder piston (10) and the compression cylinder piston (11).

The Stirling engine (1) according to any of the claims 1 and 2, wherein the
cylinders (2, 3) are arranged in line with the cylinder heads (7) facing each

other.

The Stirling engine (1) according to any of the preceding claims, wherein the
expansion and compression cylinders (2, 3) are configured in a V-

arrangement.

The Stirling engine (1) according to any of the claims 1-4, wherein the
expansion cylinder (2) and the compression cylinder (3) are arranged in
parallel with each other and with the cylinder heads (7) facing in the same

direction.
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