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Description

TECHNICAL FIELD

[0001] The present invention relates to a device in a
heat cycle in which a working fluid absorbs heat from a
medium, which may be a gas or a fluid, and in which said
heat in the heat cycle is at least partly emitted in a con-
verting unit in the heat cycle. The device is designed to
convert the emitted heat into electrical energy.

PRIOR ART

[0002] Machines that utilize a heat cycle, in which a
working fluid is utilized for transporting heat from a first
medium to a second medium with the aid of a compressor
compressing and transporting the working fluid, have be-
come more widely used in recent years. For example,
heat pumps are used for extracting energy from rock,
ground or lakes. In the refrigeration technology, heat
pumps are used to cool foodstuffs, dwellings or for other
purposes, where in these cases it is the objects that are
to be cooled which constitute the heat source in a heat
cycle. In the following, therefore, the concept heat pump
will be used for all of those types of machines which trans-
port heat in the manner described, whether the intended
use is to heat or to cool.
[0003] In a heat pump, a fluid operates which cyclically
in a circuit passes through a compressor, a condenser
and an evaporator, whereby the fluid emits heat and ab-
sorbs heat, respectively, during the cycle. The heat pump
here operates in a reversible Carnot process in a known
manner, where the fluid receives an amount of heat Qc
from a medium with a low temperature and emits the
amount of heat Qh to a medium with a higher temperature.
For this process to be effected, work must be supplied
according to the following proposition 

[0004] The efficiency of the process may be described
as follows: 

where Tc temp. applies to the cold source and Th temp.
applies to the hot source.
[0005] Usually, in connection with heat pumps, also
the concept coefficient of performance, COP, is used,
which may be used to assess the efficiency of a heat
pump. For a reversible Carnot process, the coefficient of
performance is written as follows: 

 which denotes the amount of heat that can be moved to
the hot source from the cold source per input unit of work
and is usually only designated COP and is often referred
to as the COP value.
[0006] With the globally rising prices of energy of var-
ious kinds, solutions involving heat pumps have in-
creased significantly during the last decades, and a great
deal of development and resources are invested by var-
ious operators to render heat pumps more efficient. For
heat pumps today, coefficients of performance (COP val-
ues) of around 5 are achieved. This means that the heat
pump optimally delivers 5 times as much energy as it
consumes. Such optimum values may be achieved for,
for example, heat pumps for geothermal heating, in which
geothermal heat is utilized as the cold source for heating
consumers with low requirements for temperature, for
example for heating dwellings.
[0007] Currently, considerable efforts are made to fur-
ther increase the efficiency of heat pump systems. How-
ever, it has proved that it is difficult to reach further, since
the technology has already been sophisticated to attain
the high COP values mentioned above, among other
things by introducing high-efficiency plate heat exchang-
ers, low-energy centrifugal pumps, more energy-efficient
scroll compressors and optimized refrigerant mixtures
(i.e. the working fluids that complete the cycle in a heat
pump cycle). Further, resources have been spent on
achieving sophisticated control systems for controlling
the cycle of the heat pump in an optimum way. Thus, it
seems as if the technology has reached a limit that is
difficult to exceed, other than by possibly increasing the
coefficient of performance by tenths, when using con-
ventional instruments.
[0008] In the prior art, in a circuit for a heat pump, a
working fluid is used which is a medium which during the
cycle in the heat pump is transformed between different
states of liquid, liquid/gaseous mixture and gas. The
working fluid completes the cycle by being compressed,
in a first stage in gaseous state from a first state with a
low pressure pl and a low temperature tl, to a second
state with a high pressure ph and a high temperature th.
Thereafter, the working fluid is heat-exchanged in a con-
denser in which the working fluid is cooled by a first me-
dium belonging to a heat cycle, thus assuming a third
state with a pressure pm and a temperature tm, whereby
pl < pm < ph and tl < tm < th. The working fluid is then
forwarded to an evaporator and is heat-exchanged there-
in with a second medium belonging to a collector circuit,
where this second medium emits heat to the working fluid,
whereby the working fluid expands and essentially re-
turns to the pressure and the temperature that prevail in
the first state.
[0009] The prior art described may be exemplified by
means of a heat pump that absorbs heat from, for exam-
ple, the bedrock and emits heat in a heating system for,
for example, a dwelling. In such a heat pump, the nec-
essary work in the compression of the working fluid is
usually supplied by means of a compressor driven by an
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electric motor, which is here said to deliver the power P
to the heat pump circuit. During the cycle, the working
fluid, in the most optimal utilization, when the coefficient
of performance amounts to 5, will, in the condenser, de-
liver a power 5P to the first medium that completes a heat
circuit, which is utilized in said heating.
[0010] During the passage through the condenser, the
working fluid is cooled and will thus, as mentioned above,
assume a state of a gaseous/liquid mixture. This mixture
is passed further via a throttle valve to the evaporator,
whereby the mixture is essentially given a liquid state,
whereafter the working fluid in liquid state now expands
into a working fluid in gaseous state. The steam gener-
ation heat that is required for the evaporation is absorbed
in this case from the second medium which also circu-
lates in the evaporator for heat exchange with the working
fluid. In this case, the absorbed power is 4P. The second
medium completes a collector circuit, which in the current
example contains the second medium which in a suitable
way is adapted to circulate in the rock for absorbing heat
from the bedrock. In the prior art devices, the compressor,
condenser and evaporator are designed in such a way
as to supplement one another in an optimum manner and
to deliver to the heat circuit the power that is required for
the application in question.
[0011] When a heat pump is used for cooling purposes,
the working fluid, possibly via some heat exchanger, may
absorb heat directly from the object or objects which are
to be cooled (e.g. foodstuffs or indoor air) and thus con-
stitutes the equivalent of an evaporator. In the heat cycle,
heat is emitted from the working fluid in this case to am-
bient air or in a heat exchanger to a medium that trans-
ports away absorbed heat. This then takes place in a
device corresponding to the condenser, as mentioned
above.
[0012] As prior art, reference can be made to the pub-
lication WO 2013/141805 A1. This publication describes
utilization of energy contents in a working fluid in a heat
cycle. Everything described in said document is incorpo-
rated in its entirety in the present patent application. An-
other publication that shows energy absorption from a
working fluid according to the above for converting heat
into electrical energy is WO 2005/024189 A1. According
to the latter document, maximum extraction of refrigerant
is desired in an evaporator, whereby a further condenser
is used in the heat cycle. In addition, heat is not converted
into electrical energy in the manner described in the
present text.
[0013] It is an object of the present invention to present
a heat pump cycle that demonstrates a more efficient
utilization of heat contained in a working fluid in a heat
cycle when converting this heat into electrical energy.
[0014] Documents GB 2472604, WO 01/88353, WO
01/45977, WO 2011/012299 and US2013088018 all de-
scribe a device for generation of electricity by use of a
single linear cylinder having a piston which is driven by
a fluid pressure in a reciprocating manner. The electricity
is generated by a coil surrounding a magnet being part

of the piston.

DESCRIPTION OF THE INVENTION

[0015] The present invention presents a device in a
heat cycle in a heat pump, wherein a working fluid is used
to absorb heat contained in a medium that is heat-ex-
changed with the working fluid in an evaporator, where-
after the working fluid after absorption of heat in the evap-
orator is compressed and given a higher pressure and a
higher temperature in a compressor, whereby in said
processes thermodynamic energy is supplied to the
working fluid, and that the device is designed to convert
at least part of the energy contents in the working fluid
downstream of the compressor into electrical energy, and
that the working fluid, after passage through the device,
is returned to the evaporator for completing a circuit in
the heat cycle.
[0016] The device is constituted by converting units
which each comprises a closed cylinder which, in turn,
encloses a piston that is movable in the longitudinal di-
rection of the cylinder. A device with three cylinders in-
terconnected into one unit is used, in order to render the
utilization of available energy more efficient. The working
fluid is supplied to said cylinder alternately at the ends
of the cylinder via control valves arranged at the inlets of
the cylinder. Since the working fluid in this position occurs
in gaseous state with a high pressure and a high tem-
perature, this gas will, in a first stage, press the piston
on its upper side with a force inwardly against the oppo-
site, other end of the cylinder, that is, against that side
which is opposite in relation to the first end of the cylinder
where the gas is injected. When the piston is thrown
against the other end of the cylinder, already expanded
gas, present in the room in front of the lower side of the
piston, is pressed out via an outlet at said other end. In
a subsequent sequence of the process, the sequence is
changed such that the working fluid is supplied to the
other end of the cylinder via a control valve at a second
inlet, whereby the process is repeated in the reverse di-
rection.
[0017] The contents of energy in the working fluid in
the form of heat and pressure will thus, by expansion
under pressure drop and temperature drop, influence
said piston to mechanically move in a reciprocating mo-
tion linearly inside the cylinder.
[0018] A magnet is integrated with the piston and a
coil, into which electric voltage may be induced, is ar-
ranged adjacent to the cylinder in such a way that the
coil surrounds the piston magnet during its linear recip-
rocating motion in the cylinder, whereby electrical energy
is generated by transfer of energy contents in the working
fluid into electrical energy. It should be stated here that
at least a portion of the piston is magnetized as a per-
manent magnet and thus the magnet is in its entirety
housed inside the cylinder encapsulating the piston. The
coil is thus built into the cylinder wall, i.e. the envelope
surface, built together with the envelope surface or ar-
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ranged along the interior of the envelope surface of the
cylinder in dependence of the design of the piston. In this
configuration, no mechanical parts, like piston rods or
the like, will be present outside the cylinder. This is ad-
vantageous when more than one cylinder is arranged in
a block forming an energy converting battery of cylinders
of the kind described herein.
[0019] The piston in the cylinder may be designed in
different ways. In one example, the piston is in the form
of a rod at the ends of which piston discs are applied. In
this case, the piston rod between the piston discs is of
metal which is permanent-magnetic. The coil is arranged
at the midportion of the cylinder, such that the piston rod
may run in a reciprocating motion inside the coil through
a hole therein, whereby the coil in this case is arranged
adjacent to the cylinder wall inside the envelope surface.
In another embodiment, a free-flying piston is used,
which is designed to run freely between the ends of the
cylinder. In this variant, the coil is integrated with the cyl-
inder wall, i.e. its envelope surface, and the piston ar-
ranged to be permanent-magnetic. The piston may be
only partly magnetized. In the example with the piston
having discs at its ends, only the piston rod is perma-
nently magnetized. In use of a free flying piston, the piston
can be permanently magnetized in its entirety. The con-
verting unit described here is designated Linear hot-gas
generator.
[0020] The present invention constitutes a modification
of a heat pump circuit according to the prior art. To this
end, the primary aim has been to arrange the heat pump
circuit, with certain means, such that more heat is ab-
sorbed from the collector circuit in a plant with a prede-
termined heating/cooling requirement. To achieve this,
an electric motor driving the compressor may be ar-
ranged to deliver more power to a compressor which is
overdimensioned in relation to what is required to pro-
duce the necessary power to the heat circuit in the con-
denser, or, in case of cooling machines, the power that
is required to be absorbed in the evaporator. By this
measure, in case of a certain coefficient of performance,
additional energy will be supplied to the working fluid in
the heat pump circuit. This additionally supplied energy
to the heat cycle cannot be fully delivered at the condens-
er since the heat cycle is designed for said required pow-
er. Instead, a bypass of the condenser is arranged from
the outlet of the compressor and further to the inlet of the
evaporator. In this bypass, a converting unit according
to the present invention is arranged in the gas flow from
the compressor. The flow of hot gas with a high pressure
and a high temperature out of the compressor is thus
split up and passed, partly to the condenser, partly to the
converting unit. That part of the flow which traverses the
converting unit and is then returned to the compressor
without passing the condenser is flowing in a circuit which
is here referred to as a converting circuit. Both the circuit
which comprises the condenser and the converting circuit
are traversed by the working fluid which is thus com-
pressed, condensed and expanded in a similar manner

in both the subflows. This means that the working fluid
completes a Carnot cycle in the known manner, whereby
the coefficient of performance for both subflows of the
working fluid in the complete heat pump circuit may be
assigned a coefficient of performance that may amount
to 5. That subflow of the working fluid which traverses
the converting unit in the converting circuit is condensed
to a gaseous/liquid mixture and thereby undergoes a
process that resembles the conversion of gas from the
second state to the third state in the sublow that passes
the condenser. The converting unit is traversed by the
hot gas flow and converts energy in the steam into me-
chanical energy which in turn is transferred into electrical
energy via the linear generator that is integrated into the
converting unit by means of said coil and movable mag-
net. This electrical energy may be used for operation of
the electric motor that drives the compressor or is deliv-
ered out onto an electric network.
[0021] According to one aspect of the invention, a de-
vice with the characteristic features according to claim 1
is descriptively illustrated. A heat cycle comprising the
device of claim 1 is presented in dependent claim 9.
[0022] Further embodiments of the invention are pre-
sented in the dependent claims.
[0023] A number of examples of heat cycles in which
the device according to the invention is installed are
shown in the dependent claims.
[0024] One advantage of the converting unit according
to the invention is that it makes possible the use of a
resource, previously not fully utilized, in the form of a
surplus of pressure and heat in the heat pump circuit. In
addition, the invention contributes to an improvement of
the environment since considerably less electrical ener-
gy is consumed for a certain energy production in the
form of an energy transfer in a heat pump. The potential
of the invention may thus be great since its field of appli-
cation is wide within the whole area of cooling/heating
technology independently of the power range in question.
[0025] Further advantageous embodiments of the in-
vention are disclosed in the detailed description of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Figs. 1a and 1b show schematic representations of
one example of a single-cylinder converting unit.
Fig. 2 shows a variant of a single-cylinder converting
unit.
Fig. 3 shows a schematic representation of convert-
ing units in which three cylinders according to Figure
1 have been interconnected into a three-cylinder unit
according to the invention.
Fig. 4 shows a schematic representation in which a
converting unit according to the invention is used in
a heat cycle for converting low-value heat into both
high-value heat and electrical energy.
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Fig. 5 shows a schematic representation of a heat
cycle which is simplified in relation to Figure 4, in
which a converting unit is used for converting low-
value heat into electrical energy only.

DESCRIPTION OF EMBODIMENTS

[0027] To implement the invention, a number of em-
bodiments thereof will be presented, reference also being
made to the accompanying drawings.
[0028] Figures 1a and 1b show an example of the de-
vice according to one aspect of the invention, which is
here represented as a converting unit CONV. The con-
verting unit CONV is intended to convert energy available
in, for example, a working fluid which has been com-
pressed in a heat cycle in a heat pump into electrical
energy. Thus, the working fluid is pressurized and has a
high temperature. Examples of such heat cycles in which
the converting unit is used will be described further on.
[0029] Figures 1a and 1b show a first simple and fun-
damental embodiment of a converting unit. In this case,
Figure 1a shows a cylinder 10. At a control valve V1in,
hot, pressurized gas F1 is introduced, which in the ex-
amples consist of the working fluid in a heat cycle. In the
cylinder 10, a piston 11 is arranged. The piston 11 may
run in a reciprocating motion between the two ends of
the cylinder. At the respective ends of the piston, piston
discs 12 and 13 are formed, and these piston discs are
joined by a rod, here designated piston rod 14. The piston
discs are provided with seals against the walls of the
cylinder 10. The piston may be made in one piece or be
in the form of a piston rod 14 with the piston discs 12 and
13 mounted at the ends of the piston rod. Inside the cyl-
inder, a coil 15 is mounted centrally in the cylinder 10 in
such a way that it surrounds the piston rod 14 and seals
against this in a gas-tight manner, the piston rod thus
passing through said coil 15 upon running motion in the
longitudinal direction of the cylinder 10. The piston rod
14 is made of a material that is permanent-magnetic. By
this arrangement, an electric voltage is induced in the
coil 15 when the piston rod 14 moves through it.
[0030] When the gas Fl is controlled to flow through
the valve V1in and hits the outwardly facing surface of
the first piston disc 12, the piston is thrown against the
other end of the cylinder 10 (according to Fig 1a). Gas
which is present in the space in front of the outwardly
facing surface of the second piston disc 13 is thus
pressed out from the cylinder 10 via the simultaneously
open valve V4out. Valves V1out and V4in are shut during
this first phase of the process. An overflow channel 16
ensures that gas contained in the space between the two
piston discs 12, 13 may flow freely between the spaces
which are formed between the piston discs 12, 13 and
the coil 15, whereby pressure equalization is provided
between these two spaces during the time when the pis-
ton is running. An electric voltage is induced into the coil
15. When the piston 11 reaches its end position at the
end of the cylinder 10, the process is run in the reverse

direction, see Figure 1b. Valves V1in and V4out are kept
shut in a second piston stroke while valves V4in and V1out
are opened. In a corresponding way as in the first stroke
with the piston 11, described above, the piston 11 is now
thrown in the opposite direction in relation to the first
stroke. Expanded gas is let out at the valve V1out. A new
voltage impulse is generated in the coil during this oppo-
site stroke of the piston. The process consequently
shows a two-stroke process, where electric voltage is
generated at each stroke of the piston 11. The gas Fl
forwarded to the cylinder has a pressure of around 20
kPa, as an example, and a temperature in the order of
magnitude of 60 to 120 °C. After the expansion in the
cylinder, the gas pressure has been reduced to the order
of magnitude of 5-6 5kPa whereas the temperature has
dropped to the range of 10 to 30°C.
[0031] Figure 2 illustrates a variant of a cylinder 20 for
the converting unit CONV. In this variant, the cylinder is
provided with a coil 21 that is integrated with the envelope
surface of the cylinder 20 (the coil being illustrated by
dots marking cross sections of wires in the wire turns of
the coil). The coil may, for example, be cast into the cyl-
inder wall. According to this variant a free-flying piston
22 is used, which may run in a reciprocating motion be-
tween the ends of the cylinder 20. In this case the piston
is adapted to be permanently magnetic. In this way, the
piston 22 will induce an electric voltage in the coil 21 at
the respective strokes of the piston 22 in the cylinder 20.
In a manner corresponding to that shown in the alterna-
tive according to Figures 1a and 1b, valves V1in, V4out,
V4in, and V1out are opened and shut concurrently with
the respective stroke of the cylinder according to Figures
1a and 1b. This will cause the gas Fl to flow into the
cylinder and influence the piston 22 to be thrown, in a
first stroke, against the righthand end of the cylinder in
the figure and, in a second stroke, to be thrown against
the lefthand end of the cylinder in the figure. The piston
22 may be provided with guide means forcing it to run
with the piston surfaces perpendicular to the envelope
surface of the cylinder. Also in this variant, an electric
voltage is induced at the stroke of the piston 22 in the
respective direction in the cylinder 20, in this case in the
coil 21.
[0032] Figure 3 shows a converting unit CONV, which
in this example illustrates a three-cylinder unit based on
the cylinder 10 described in Figures 1a and 1b above.
Here, the cylinders are denoted by reference numerals
30, 40 and 50. The pistons are denoted by numerals 31,
41 and 51, and the coils by numerals 35, 45 and 55. The
working fluid Fl is here passed to the respective cylinders
30, 40 and 50 during the first piston stroke thereof via
the lefthand conduit and is here designated Flin in the
figure. Since three cylinders are arranged in sequence,
the control valves V1in, V2in, V3in, V4in, V5in, and V6in
are adapted to be opened in sequence with a phase shift
of 120 degrees, such that the piston strokes start with
the first piston 31 in a piston stroke to the right in the first
cylinder 30 and terminates in a piston stroke to the left
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with the third piston 51 in the third cylinder in a completed
cycle, whereafter the sequence is completed again. The
working fluid Fl is passed to the respective cylinders 30,
40, 50 during the second piston stroke thereof via the
righthand conduit, where the flow of working fluid is des-
ignated Flin. As previously shown, the gas pressure be-
tween the inner spaces of the piston is equalized via over-
flow channels 36, 46. 56. Exhaust valves V1out, V2out,
V3out, V4out, V5out, and V6out are opened and shut as
previously shown concurrently with the strokes of the pis-
tons 31, 41, 51, whereby expanded gas Fl, caused by
the piston strokes, is fed out in due order through the
conduits, where expanded working fluid is denoted Flout.
This expanded gas Flout is the gas that is returned into
the heat cycle as expanded gas, which is subjected to
pressure drop and temperature decrease.
[0033] The control of the inlet valves V1in, V2in, V3in,
V4in, V5in, and V6in is, in the present example, arranged
such that each respective inlet valve at a cylinder sprays
in hot gas Fl during approximately 1/5 of the length of
stroke, that is during a pressure phase. After this, the
respective valve is shut. The expansion phase of the hot
gas Fl will then be an additional 4/5 of the length of stroke
of the piston 10, 20, 30, 40, 50. If the length of stroke of
each respective piston is, for example, 150 mm, this
means that the pressure phase proceeds for the first 30
mm of the stroke of the piston. This procedure occurs in
each direction for each respective piston. The process
in a three-cylinder unit according to Figure 3 then means
that the first valve V1in is opened during a first pressure
phase. When the piston 31 has run 30 mm, the first valve
is shut, whereafter the second valve V2in is opened dur-
ing the pressure phase of the second piston 41, that is,
during that period when the second piston runs 30 mm
in its cylinder 40. The process is then repeated in a cor-
responding way until hot gas F1 has been sprayed in
through each one of the six inlet valves V1in, V2in, V3in,
V4in, V5in, and V6in cyclically and has performed work
on the respective piston 31, 41, 51 in piston strokes in
both directions of each respective cylinder 30, 40, 50.
[0034] Generally it may be said that the respective inlet
valve (V1in, V2in, V3in, V4in, V5in, V6in) is opened during
a pressure phase during which the respective piston 31,
41, 51 moves the distance x of its length of stroke L,
whereby the piston during an expansion phase moves
the distance L-x, where x is in the order of magnitude of
1/5 of L.
[0035] During a time when a piston at one end of a
cylinder (30, 40, 50) performs a piston stroke, an outlet
valve V1out, V2out, V3out, V4out, V5out, V6out at the other
end of the same cylinder is opened for outflow of expand-
ed working fluid Flout. Naturally, a valve controller is guid-
ing the opening and closing of each valve according to
a predetermined schedule, so hot and pressurized work-
ing fluid is timely guided to the valve to be opened and
expanded working fluid timely let out through outlet
valves. Said valve controller is not depicted in the draw-
ings.

[0036] When the pistons 31, 41, 51 complete their pis-
ton strokes, at each such stroke an induced voltage is
generated in due order in the coils 35, 45, 55 since the
pistons are magnetic. Since the piston strokes are dis-
placed in time by a phase shift of 120 degrees, a three-
phase alternating current will be automatically generat-
ed. The use of the generated voltage and any modulation
of current curves are not described here. The cylinders
30, 40, 50 may advantageously be formed in a block of
the same type as in combustion engines for vehicles, for
example as a block of light metal or another metal, where
inlet channels, outlet channels and cooling channels are
incorporated into the block.
[0037] Figure 4 shows a heat cycle in which a convert-
ing unit CONV according to the invention is used. This
shows a complete heat pump according to the invention
including a converting circuit. A refrigerant, the working
fluid Fl, circulates in the main circuit, named Main, and
in the converting circuit, named Transf. The working fluid
may be chosen in dependence on the use of the heat
pump. Different kinds of working fluids may be used for,
for example, heating purposes and cooling plants. As an
example, R407C may be mentioned, which is used,
among other things, in pumps for geothermal heating.
[0038] In the following, the description is directed to-
wards a heat pump that is used for heating dwellings
based on extraction of energy from bedrock, lakes or
ground. The examples given here regarding pressure,
temperatures or other parameters are hereby related to
a heat pump of that kind. If some other use of the heat
pump according to the invention is applicable, this means
that other values of parameters may be applicable.
[0039] Here, an overview is given of the data of the
working fluid during its course through the heat pump
cycle. The indicated values are only to be conceived as
illustrative examples and may vary in dependence on the
purpose in question. At point 1 in the figure, the working
fluid F1 in the cycle is in gaseous state, the first state,
and may then have a pressure of around 2 kPa and a
temperature of around - 5 °C. When passing through the
compressor C, the gas is compressed to the second
state, which is a hot gas state (at 2). The pressure of the
working fluid may then lie around 22 kPa and its temper-
ature may amount to 120 °C. The energy for compressing
the working fluid in the compressor C is obtained by sup-
plying electrical energy via the motor M. It is, of course,
possible to supply energy to the compressor C with the
aid of some other kind of mechanical work.
[0040] A first subflow of the working fluid, now in the
form of hot gas, is forwarded in the main circuit Main to
a condenser COND. The condenser is designed as a
heat exchanger and in example in question, where the
heat pump heats a dwelling, the condenser COND is tra-
versed by a first medium which circulates in a heat circuit
Q which may be in the form of radiators or floor-heating
coils. In a known manner, the heat circuit Q has coils
traversing the condenser. The first medium is usually wa-
ter and is heated by the hot gas upon heat interchange
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with the working fluid as hot gas in the condenser. The
heated water is circulated out into the heat circuit at Vout
and is returned, at reduced temperature, at Vin in the
condenser COND. Thus, heat is transported away from
the condenser while utilizing the heat circuit. The heat
delivered by the working fluid in the condenser results in
a temperature reduction of the hot gas, which is therefore
largely condensed into liquid. A gaseous/liquid state aris-
es in the working fluid. This has been referred to here as
the third state (at 3). In this third state, the pressure may
amount to about 10 kPa and the temperature may have
fallen to about 65 °C or lower, all depending on the energy
output in the condenser.
[0041] From the condenser the working fluid is forward-
ed in the main circuit Main to an evaporator EVAP. Also
the evaporator EVAP comprises a heat exchanger which
in this case absorbs heat from a second medium, a re-
frigerant, which circulates in a collector circuit Coll. The
second medium (the refrigerant) is in the form of a me-
dium essentially in liquid phase, for example a spirit-wa-
ter solution, which in the case of geothermal, lake or
ground heating circulates in a coil (the collector circuit)
for absorbing heat from the rock, the lake or the ground
in a known manner. If, as an alternative, the evaporator
is part of a cooling circuit, the refrigerant may circulate
in, for example, a refrigerated counter or the like. In a
cooling circuit, the refrigerant may be ambient air.
[0042] The collector circuit traverses the evaporator
EVAP and forms therein a heat exchanger structure to-
gether with coils of the main circuit Main. The working
fluid in the main circuit Main enters into the evaporator,
essentially in liquid phase, and here absorbs heat from
the refrigerant upon heat interchange therewith in the
heat exchanger structure. Heat is supplied to the evap-
orator EVAP via the refrigerant which is introduced into
the evaporator at its inlet Cin. This heat, added via the
collector circuit, then evaporates the working fluid which
is supplied to the evaporator essentially in liquid phase.
The steam generation heat for the evaporation is ob-
tained from the refrigerant. The refrigerant, thus cooled,
is returned in the collector circuit to the heat source (rock,
lake or ground) at the outlet Cout. In the case of cooling
machines, the refrigerant is returned to the object that is
cooled. In the case of an air-heating pump where the
refrigerant is air, no collector circuit is needed since the
working fluid F1 may be heat-exchanged with ambient
air in a heat-exchanger battery.
[0043] The control of the amount of working fluid in
gaseous/liquid phase that is allowed to enter the evapo-
rator EVAP is normally controlled via an expansion valve
Exp 1 which is located between condenser and evapo-
rator and which, as mentioned, reduces the temperature
and pressure of the working fluid supplied to the evapo-
rator EVAP, essentially in liquid state. The operation of
the heat pump circuit Main described so far in principle
shows the function of a heat pump according to the prior
art. According to this prior art, some energy is lost since
the compressor C operates also when overpressure al-

ready exists in the circuit ahead of the expansion valve
Exp 1.
[0044] In a heat cycle according to the above when
using the converting unit, which constitutes the device
according to the invention, a second subflow of the work-
ing fluid is passed in a bypass line past the condenser
COND, whereby the working fluid F1 is diverted at a first
shunt valve S1 downstream of the outlet of the working
fluid from the compressor C. This subflow thus flows in
the converting circuit Transf. In this subflow in the con-
verting circuit Transf, the converting unit CONV is placed,
which is traversed by the subflow before this is returned
to the main circuit Main via a second shunt valve S2 to
the inlet of the evaporator EVAP downstream of the ex-
pansion valve Exp 1 in the main circuit Main. In certain
operating cases, the second shunt valve S2 may be
opened for return of the subflow over the converting unit
to the main circuit Main downstream of the evaporator
EVAP.
[0045] Since the flow of the working fluid Flout out of
the converting unit CONV still has too high a temperature
and too high a pressure to be able to be returned to the
main circuit Main upstream of the evaporator EVAP, a
subcooler UC is arranged in the flow out of the converting
unit. The subcooler UC, which is a condenser, is de-
signed as a heat exchanger and in the example in ques-
tion the subcooler UC is traversed by a medium which
preferably is the refrigerant which also traverses the col-
lector circuit Coll of the evaporator EVAP. Thus, heat is
transferred from the working fluid to the refrigerant in a
heat exchanger structure in the subcooler, which thus
means that the pressure and the temperature are re-
duced in the working fluid such that this fluid may be
returned to the main circuit Main via an expansion valve
Exp 2. The refrigerant in the collector circuit Coll is in this
case introduced at the inlet Cin in the subcooler UC. The
refrigerant is passed out from the collector circuit Coll of
the heat pump at the outlet Cout in the evaporator EVAP.
[0046] Figure 4 also illustrates an alternative in which
the refrigerant in a loop Alt may be brought to the con-
verting unit CONV which may be enclosed, whereby the
refrigerant is arranged to flow through the enclosure in a
suitable way and absorb surplus heat from the unit
CONV. When the loop Alt is used there is no longer any
connection between points i and k in the figure. If this
alternative is utilized, the converting unit will of course
become more complicated to manufacture but is able to
optimize energy absorption from the working fluid. In this
case, the converting unit is cooled by means of the re-
frigerant in the collector circuit Coll, which then flows
through the previously mentioned cooling channels.
These cooling channels may be arranged in the motor
block-like structure of metal mentioned above.
[0047] The converting unit CONV, which is a linear hot-
gas generator, preferably with two or more cylinders ac-
cording to the above description, is driven by the hot-gas
flow consisting of a subflow, alternatively the whole flow,
of the hot gas F1, which is the compressed working fluid
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out of the compressor C which via the first shunt valve
S1 is controlled to flow through the converting unit CONV,
whereby the linear hot-gas generator delivers electrical
energy which may be used in a desirable manner. The
hot-gas generator may, for example, produce electrical
energy that may be used as a contribution for operation
of the drive motor M of the compressor C. Alternatively,
or simultaneously with feeding to the drive motor M, sur-
plus electricity may be fed out onto an external electrical
network. Hence, the converting unit CONV contributes
to relieve the drive motor’s M requirement of electrical
energy in dependence on the surplus of energy which is
available in the heat-pump circuit by the pressure and
temperature drops that arise therein, and because of the
increased available energy output from the collector cir-
cuit that is created by designing the heat-pump circuit
and dimensioning the collector circuit in the manner de-
scribed.
[0048] The compressor C may be a piston, scroll or
screw compressor. The evaporator EVAP may, in its turn,
be of the indirect evaporator type and is then usually in
the form of a plate heat exchanger. Alternatively, the
evaporation may take place directly in, for example, an
evaporation coil for earth/lake heating or may consist of
a flange battery for air. Preferably, the compressor C is
a speed-controlled dc compressor.
[0049] When utilizing the converting unit CONV ac-
cording to the invention, the evaporation may, in addition,
have a shunted, fixed evaporation process by supple-
menting it with demand-controlled additional working flu-
id via the existing expansion valve Exp 1. This is done
by the expansion valve being controlled by which value
of the temperature absorption that the evaporation is al-
lowed to have. By this method, maximum evaporation is
achieved such that the compressor C is capable of car-
rying out work without the risk of a breakdown caused
by so-called liquid knock.
[0050] Figure 4 also shows a control unit CONTR. This
control unit monitors the operating cases that may occur
for the operation of the heat pump. Thus, the control unit
CONTR controls start and stop of the compressor C, con-
trol of flows of working fluid at the shunt valves S1, S2,
the expansion valves Exp 1 and. Exp 2, respectively, all
the control valves at the converting unit CONV, and con-
trols the voltage regulator REG that controls the voltage
fed out from the generator of the converting unit. Control
of a heat pump belongs to conventional technology, so
the mode of operation of the control unit will not be de-
scribed in detail here.
[0051] Functional description of the heat pump circuit.
Upon start-up, the shunt valve S1 is kept shut for gas
flow through the converting unit CONV by means of con-
trol from the control unit CONTR. When the compressor
C has attained working pressure with the aid of the con-
trolled expansion valve Exp 1, the control unit CONTR
provides opening impulses to the valve S1 which in stag-
es controls a gas flow to the converting circuit Transf,
whereby the converting unit CONV starts generating

electric voltage to a voltage regulator REG, which regu-
lates feed-out of the generated voltage. The shunt valve
S1 is controlled via the voltage regulator REG and the
control unit CONTR in such a way that the hot-gas flow
controls the speed-controlled dc compressor C, which
according to one aspect of the invention is preferably
overdimensioned in relation to the requirement of heat
in the heat circuit (alternatively, the requirement of "cool-
ing" at the evaporator in the case of a refrigerating plant).
The evaporator EVAP is directly fed with a restricted,
controlled shunted gas/liquid flow of low pressure due to
the fact that the pressure of the subflow passing via the
converting circuit has fallen. The utilization of pressure
and heat in the heat pump circuit according to the inven-
tion may be carried out in several alternative ways, of
which only the preferred embodiments have been de-
scribed here. A charging tank may also be integrated in
the heat cycle. In this charging tank, pressure may then
be built up during operation, whereby quick start-up of
the heat pump may be achieved by utilizing pressure,
available in the charging tank, in the circuit even from the
start without the compressor C first having to be driven
for a while before a pressure has been built up in order
for the process to be able to reach the state for normal
operation.
[0052] As mentioned before, the heat pump circuit de-
scribed here may also be used in cooling machines. In
these applications, it is cooling of an external medium at
the evaporator EVAP that is desired, for example air as
the second medium, which in the evaporator EVAP pass-
es through cooling coils with working fluid absorbing heat
from the air. If the invention described here is to be used
in cooling machines, then, when designing the circuit,
the starting-point is instead the cooling effect that is de-
sired in the evaporator EVAP, instead of, as in the ex-
amples mentioned above relating to heating purposes,
where it is the power demand in the heat circuit of the
condenser than controls the design of the circuit.
[0053] If the converting unit CONV is to be used in a
heat cycle in a heat pump only for producing electricity,
then one example of such a circuit is illustrated in Figure
5. This circuit is the same as the circuit in Figure 4 with
the difference that the condenser COND is omitted, since
heat is not be generated in any heat circuit. Instead, all
extraction of energy is performed in the converting circuit
which is designated Trans, where electrical energy is
generated in the converting unit CONV. Thus, both the
valve S1 and the Expansion valve Exp 1 are omitted.
[0054] In those cases where electrical energy is to be
generated in cooling machines by means of a heat cycle
in a heat pump according to the above, the refrigerant
will be a refrigerant that circulates in the circuit Coll for
cooling of objects, such as foodstuffs. If, in the case of
cooling machines, it is a question of air-conditioning
plants, the refrigerant consists of air which evaporates
the working fluid in the evaporator EVAP. In these cases,
the coils that transport a refrigerant in a collector circuit
Coll may be omitted. Heat delivered in the condenser
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COND and the subcooler UC, respectively, may be de-
livered directly to the surrounding atmosphere or be uti-
lized for heating purposes.

Claims

1. A device comprising converting units (CONV) ar-
ranged to transfer into electrical energy a quantity of
thermodynamic energy disposable in a working fluid
(Fl) which has been compressed in a heat cycle of
a heat pump, each converting unit (CONV) compris-
es:

- a closed cylinder (10, 20, 30, 40, 50), which in
turn encloses a piston (11, 22, 31, 41, 51) mov-
able in the longitudinal direction of the cylinder,
- said closed cylinder (10, 20, 30, 40, 50) at its
ends having valves (V1in, V1out, V4in, V4out)
which are sequentially opened and closed to al-
ternately supply the working fluid to the cylinder
and to let out expanded working fluid (Fl) from
the cylinder, respectively, wherein the working
fluid in the cylinder by expansion under pressure
drop and temperature drop forces said piston to
mechanically move in a reciprocating motion in-
side the cylinder,
- said piston (11, 22, 31, 41, 51) in the cylinder
(10, 20, 30, 40, 50) is permanently magnetized
as at least a portion of the piston is made of a
magnetic material, and
- a coil (15, 25, 35, 45, 55) is arranged integrated
with the envelope surface of the cylinder in such
a way that the coil surrounds at least the mag-
netized portion of the piston during its linear
movement, whereby electrical energy is gener-
ated in the coil when the piston moves in its re-
ciprocating motion.

characterized in that
the device is formed by a system of three double-
stroke cylinders (30, 40, 50) being interconnected
into a three-cylinder converting unit (CONV), where-
in pressurized working fluid (Fl) downstream of a
compressor (C) is sequentially supplied to inlets at
respective ends of the cylinders, whereby valves
(V1in, V2in, V3in, V4in, V5in, V6in) are adapted to con-
trol inflow of working fluid to the respective inlets at
a time when a piston (31, 41, 51) is in a top position
in any of the cylinders.

2. The device according to claim 1, wherein the cylinder
(10, 20, 30, 41), 50) is designed as a double-stroke
cylinder containing the piston (11, 31, 41, 51) com-
prising a piston rod (14, 34, 44, 54) with a piston disc
(12, 13) at each end, wherein said piston rod is adapt-
ed to run in a reciprocating motion in the cylinder and
wherein said coil is applied centrally in the cylinder

and has a through-hole through which the piston rod
is running, wherein the piston rod is adapted to be
magnetic, and that an inlet is provided at each end
of the cylinder for supply of working fluid concurrently
with the movement of the piston rod.

3. The device according to claim 2, wherein an overflow
channel (16, 36, 46, 56) is provided in order to ensure
that gas is able to flow freely between spaces formed
between the coil (15, 35, 45, 55) and the respective
piston discs (12, 13) during the time during which
the piston is running in a reciprocating motion in the
cylinder (10, 30, 40, 50).

4. The device according to claim 1, wherein the cylinder
(20) is designed as a double-stroke cylinder com-
prising the piston which is a free-flying piston (22)
which is arranged to run in a reciprocating motion in
the cylinder and that said coil (21) is integrated with
the casing of the cylinder (20), wherein the piston
(22) is adapted to be magnetic, and that an inlet is
provided at each end of the cylinder for supply of
working fluid concurrently with the reciprocating mo-
tion of the piston.

5. The device according to any of claims 1 to 4, wherein
the valves (V1in, V2in, V3in, V4in, V5in, V6in) which
supply working fluid to the inlets are opened sequen-
tially with a phase shift of 120 degrees between
opening times.

6. The device according to claim 5, wherein, during a
time when a piston (31, 41, 51) at one end of a cyl-
inder (30, 40, 50) performs a piston stroke, an outlet
valve (V1out, V2out, V3out, V4out, V5out, V6out) at the
other end of the same cylinder is opened for outflow
of expanded working fluid (Flout).

7. The device according to claim 5, wherein the respec-
tive inlet valve (V1in, V2in, V3in, V4in, V5in, V6in) is
opened during a pressure phase during which the
respective piston (31, 41, 51) moves the distance x
of its length of stroke L, whereby the piston during
an expansion phase moves the distance L-x, where
x is of the order of magnitude of 1/5 of L.

8. The device according to claim 5, wherein the coils
(35, 45, 55) located in the cylinders (30, 40, 50), in
which coils electric voltage is induced during the
movements of the pistons (31, 41, 51), are connect-
ed together to generate a three-phase alternating
voltage.

9. A heat cycle, characterized in that it comprises a
device according to claim 1, wherein the heat cycle
comprises a working fluid (Fl) which is used to absorb
heat contained in a medium that is heat-exchanged
with the working fluid in an evaporator (EVAP),
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wherein the working fluid after absorption of heat
from a refrigerant in the evaporator (EVAP) is com-
pressed and given a higher pressure and a higher
temperature in the compressor (C), whereafter at
least one subflow of the working fluid is supplied to
the converting units (CONV) where energy con-
tained in the working fluid during the expansion and
temperature drop thereof in the converting unit is
converted into electrical energy and that the working
fluid after passage through the converting units
(CONV) is returned to the evaporator (EVAP) to com-
plete a circuit in the heat cycle.

10. The heat cycle according to claim 9, wherein a sub-
cooler (UC) is connected into the circuit that is com-
pleted by the working fluid, whereby the subcooler
is arranged in the flow out of the converting units
(CONV) to further reduce the pressure and the tem-
perature of the working fluid before this is returned
to the evaporator (EVAP).

11. The heat cycle according to claim 10, wherein heat
emitted by the subcooler (UC) is adapted to be ab-
sorbed by a refrigerant which also traverses the
evaporator (EVAP),

12. The heat cycle according to claim 10, wherein an
expansion valve (Exp 2) is arranged between the
subcooler (UC) and the evaporator (EVAP) to adapt
pressure and temperature of the working fluid to op-
timum levels before said fluid is introduced into the
evaporator (EVAP).

13. The device according to any of claims 1 to 8, wherein
a valve controller is guiding the opening and closing
of each valve according to a predetermined sched-
ule, so that hot and pressurized working fluid (Fl) is
timely guided to the an inlet valve to be opened and
expanded working fluid timely let out through an out-
let valve.

Patentansprüche

1. Vorrichtung, welche Umwandlungseinheiten
(CONV) umfasst, die dafür eingerichtet sind, eine
Menge an thermodynamischer Energie, die in einem
Arbeitsfluid (FI) verfügbar ist, welches in einem Wär-
mezyklus einer Wärmepumpe komprimiert worden
ist, in elektrische Energie umzuwandeln, wobei jede
Umwandlungseinheit (CONV) umfasst:

- einen geschlossenen Zylinder (10, 20, 30, 40,
50), welcher wiederum einen Kolben (11, 22,
31, 41, 51) umschließt, der in der Längsrichtung
des Zylinders bewegbar ist,
- wobei der geschlossene Zylinder (10, 20, 30,
40, 50) an seinen Enden Ventile (V1in, V1out,

V4in, V4out) aufweist, welche nacheinander ge-
öffnet und geschlossen werden, um abwech-
selnd das Arbeitsfluid dem Zylinder zuzuführen
bzw. expandiertes Arbeitsfluid (FI) aus dem Zy-
linder auszulassen, wobei das Arbeitsfluid in
dem Zylinder durch Ausdehnung unter Druck-
abfall und Temperaturabfall den Kolben zwingt,
sich mechanisch in einer hin- und hergehenden
Bewegung im Inneren des Zylinders zu bewe-
gen,
- wobei der Kolben (11, 22, 31, 41, 51) in dem
Zylinder (10, 20, 30, 40, 50) dauerhaft magne-
tisiert ist, da wenigstens ein Abschnitt des Kol-
bens aus einem magnetischen Material herge-
stellt ist, und
- wobei eine Spule (15, 25, 35, 45, 55) auf eine
solche Weise in die Mantelfläche des Zylinders
integriert angeordnet ist, dass die Spule wenigs-
tens den magnetisierten Abschnitt des Kolbens
während seiner linearen Bewegung umgibt, wo-
durch in der Spule elektrische Energie erzeugt
wird, wenn sich der Kolben in seiner hin- und
hergehenden Bewegung bewegt,

dadurch gekennzeichnet, dass
die Vorrichtung von einem System von drei Doppel-
hubzylindern (30, 40, 50) gebildet wird, die zu einer
Dreizylinder-Umwandlungseinheit (CONV) mitein-
ander verbunden sind, wobei druckbeaufschlagtes
Arbeitsfluid (FI) stromabwärts eines Kompressors
(C) nacheinander Einlässen an jeweiligen Enden der
Zylinder zugeführt wird, wobei Ventile (V1in, V2in,
V3in, V4in, V5in, V6in) dafür ausgelegt sind, den Zu-
fluss von Arbeitsfluid zu den jeweiligen Einlässen zu
einer Zeit zu bewirken, wenn sich ein Kolben (31,
41, 51) in irgendeinem der Zylinder in einer oberen
Position befindet.

2. Vorrichtung nach Anspruch 1, wobei der Zylinder
(10, 20, 30, 40, 50) als ein Doppelhubzylinder aus-
gebildet ist, der den Kolben (11, 31, 41, 51) enthält,
der eine Kolbenstange (14, 34, 44, 54) mit einer Kol-
benscheibe (12, 13) an jedem Ende umfasst, wobei
die Kolbenstange dafür ausgelegt ist, eine hin- und
hergehende Bewegung in dem Zylinder auszufüh-
ren, und wobei die Spule zentral in dem Zylinder an-
geordnet ist und ein Durchgangsloch aufweist, durch
das hindurch sich die Kolbenstange bewegt, wobei
die Kolbenstange dafür ausgelegt ist, magnetisch zu
sein, und wobei ein Einlass an jedem Ende des Zy-
linders zur Zufuhr von Arbeitsfluid gleichzeitig mit
der Bewegung der Kolbenstange vorgesehen ist.

3. Vorrichtung nach Anspruch 2, wobei ein Überlauf-
kanal (16, 36, 46, 56) vorgesehen ist, um sicherzu-
stellen, dass Gas in der Lage ist, während der Zeit,
während der der Kolben eine hin- und hergehende
Bewegung in dem Zylinder (10, 30, 40, 50) ausführt,
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frei zwischen Räumen zu strömen, die zwischen der
Spule (15, 35, 45, 55) und den jeweiligen Kolben-
scheiben (12, 13) ausgebildet sind.

4. Vorrichtung nach Anspruch 1, wobei der Zylinder
(20) als ein Doppelhubzylinder ausgebildet ist, der
den Kolben umfasst, welcher ein freifliegender Kol-
ben (22) ist, welcher dafür eingerichtet ist, eine hin-
und hergehende Bewegung in dem Zylinder auszu-
führen, und wobei die Spule (21) in das Gehäuse
des Zylinders (20) integriert ist, wobei der Kolben
(22) dafür ausgelegt ist, magnetisch zu sein, und wo-
bei ein Einlass an jedem Ende des Zylinders zur Zu-
fuhr von Arbeitsfluid gleichzeitig mit der hin- und her-
gehenden Bewegung des Kolbens vorgesehen ist.

5. Vorrichtung nach einem der Ansprüche 1 bis 4, wo-
bei die Ventile (V1in, V2in, V3in, V4in, V5in, V6in), wel-
che den Einlässen Arbeitsfluid zuführen, nacheinan-
der mit einer Phasenverschiebung von 120 Grad
zwischen den Öffnungszeiten geöffnet werden.

6. Vorrichtung nach Anspruch 5, wobei während einer
Zeit, wenn ein Kolben (31, 41, 51) an einem Ende
eines Zylinders (30, 40, 50) einen Kolbenhub aus-
führt, ein Auslassventil (V1out, V2out, V3out, V4out,
V5out, V6out) am anderen Ende desselben Zylinders
zum Ausströmen von expandiertem Arbeitsfluid
(FIout) geöffnet wird.

7. Vorrichtung nach Anspruch 5, wobei das jeweilige
Einlassventil (V1in, V2in, V3in, V4in, V5in, V6in) wäh-
rend einer Druckphase geöffnet ist, während wel-
cher sich der jeweilige Kolben (31, 41, 51) über eine
Strecke x seiner Hublänge L bewegt, wobei sich der
Kolben während einer Expansionsphase über die
Strecke L-x bewegt, wobei x in der Größenordnung
von 1/5 von L liegt.

8. Vorrichtung nach Anspruch 5, wobei die in den Zy-
lindern (30, 40, 50) angeordneten Spulen (35, 45,
55), in welchen durch die Bewegungen der Kolben
(31, 41, 51) elektrische Spannung induziert wird, mit-
einander verbunden sind, um eine Dreiphasenwech-
selspannung zu erzeugen.

9. Wärmezyklus, dadurch gekennzeichnet, dass er
eine Vorrichtung nach Anspruch 1 umfasst, wobei
der Wärmezyklus ein Arbeitsfluid (FI) umfasst, wel-
ches verwendet wird, um Wärme zu absorbieren, die
in einem Medium enthalten ist, welches in einem
Verdampfer (EVAP) einem Wärmeaustausch mit
dem Arbeitsfluid unterzogen wird, wobei das Arbeits-
fluid, nach Absorption von Wärme von einem Kälte-
mittel in dem Verdampfer (EVAP), in dem Kompres-
sor (C) komprimiert wird und auf einen höheren
Druck und eine höhere Temperatur gebracht wird,
wonach wenigstens ein Teilstrom des Arbeitsfluids

den Umwandlungseinheiten (CONV) zugeführt wird,
wo Energie, die in dem Arbeitsfluid enthalten ist,
während der Ausdehnung und des Temperaturab-
falls desselben in der Umwandlungseinheit in elek-
trische Energie umgewandelt wird, und wobei das
Arbeitsfluid nach dem Durchströmen durch die Um-
wandlungseinheiten (CONV) zum Verdampfer
(EVAP) zurückgeführt wird, um einen Kreislauf in
dem Wärmezyklus zu vollenden.

10. Wärmezyklus nach Anspruch 9, wobei ein Unterküh-
ler (UC) in den Kreislauf, der von dem Arbeitsfluid
ausgeführt wird, eingebaut ist, wobei der Unterküh-
ler in dem aus den Umwandlungseinheiten (CONV)
austretenden Strom angeordnet ist, um den Druck
und die Temperatur des Arbeitsfluids noch weiter zu
reduzieren, bevor dieses zu dem Verdampfer
(EVAP) zurückgeführt wird.

11. Wärmezyklus nach Anspruch 10, wobei von dem Un-
terkühler (UC) abgegebene Wärme geeignet ist, von
einem Kältemittel absorbiert zu werden, welches
auch den Verdampfer (EVAP) durchquert.

12. Wärmezyklus nach Anspruch 10, wobei ein Expan-
sionsventil (Exp 2) zwischen dem Unterkühler (UC)
und dem Verdampfer (EVAP) angeordnet ist, um
Druck und Temperatur des Arbeitsfluids an optimale
Niveaus anzupassen, bevor das Fluid in den Ver-
dampfer (EVAP) eingeleitet wird.

13. Vorrichtung nach einem der Ansprüche 1 bis 8, wo-
bei eine Ventilsteuereinheit das Öffnen und Schlie-
ßen jedes Ventils gemäß einem vorbestimmten Zeit-
plan steuert, so dass heißes und druckbeaufschlag-
tes Arbeitsfluid (FI) zum richtigen Zeitpunkt zu dem
Einlassventil geleitet wird, das zu öffnen ist, und ex-
pandiertes Arbeitsfluid zum richtigen Zeitpunkt
durch ein Auslassventil ausgelassen wird.

Revendications

1. Dispositif comprenant des unités de conversion
(CONV) conçues pour transformer en énergie élec-
trique une quantité d’énergie thermodynamique dis-
ponible dans un fluide de travail (FI) comprimé dans
un cycle thermique d’une pompe à chaleur, chaque
unité de conversion (CONV) comprenant :

- un cylindre fermé (10, 20, 30, 40, 50) renfer-
mant à son tour un piston (11, 22, 31, 41, 51)
déplaçable dans la direction longitudinale du cy-
lindre,
- ledit cylindre fermé (10, 20, 30, 40, 50) présen-
tant des soupapes (V1in, V1out, V4in, V4out) à
ses extrémités, lesquelles sont ouvertes et fer-
mées séquentiellement pour fournir le fluide de
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travail au cylindre et pour laisser sortir du fluide
de travail (FI) expansé hors du cylindre, respec-
tivement en alternance, dans lequel le fluide de
travail dans le cylindre, de par l’expansion due
à une chute de pression et une chute de tem-
pérature, force ledit piston à se déplacer méca-
niquement selon un mouvement de va-et-vient
à l’intérieur du cylindre,
- ledit piston (11, 22, 31, 41, 51) dans le cylindre
(10, 20, 30, 40, 50) est magnétisé en permanen-
ce, sachant qu’une partie au moins du piston est
constituée d’un matériau magnétique, et
- une bobine (15, 25, 35, 45, 55) est disposée
de manière à être intégrée dans la surface d’en-
veloppe du cylindre, de telle façon que la bobine
entoure au moins la partie magnétisée du piston
pendant son déplacement linéaire, générant
ainsi de l’énergie électrique dans la bobine lors-
que le piston se déplace dans son mouvement
de va-et-vient,

caractérisé en ce que
le dispositif est constitué d’un système de trois cy-
lindres à double course (30, 40, 50), lesquels sont
interconnectés en une unité de conversion (CONV)
à trois cylindres, dans lequel du fluide de travail (FI)
sous pression en aval d’un compresseur (C) est four-
ni séquentiellement à des entrées à des extrémités
respectives des cylindres, moyennant quoi des sou-
papes (V1in, V2in, V3in, V4in, V5in, V6in) sont adap-
tées pour commander l’écoulement de fluide de tra-
vail dans les entrées respectives à un moment où
un piston (31, 41, 51) se trouve dans une position
haute dans l’un quelconque des cylindres.

2. Dispositif selon la revendication 1, dans lequel le cy-
lindre (10, 20, 30, 40, 50) est conçu comme un cy-
lindre à double course, contenant le piston (11, 22,
31, 41, 51) comprenant une tige de piston (14, 34,
44, 54) avec un disque de piston (12, 13) à chaque
extrémité, dans lequel ladite tige de piston est adap-
tée pour effectuer un mouvement de va-et-vient dans
le cylindre et dans lequel ladite bobine est appliquée
centralement dans le cylindre et présente un trou de
passage à travers lequel s’étend la tige de piston,
dans lequel la tige de piston est adaptée pour être
magnétique, et dans lequel une entrée est prévue à
chaque extrémité du cylindre pour l’alimentation en
fluide de travail conjointement avec le déplacement
de la tige de piston.

3. Dispositif selon la revendication 2, dans lequel il est
prévu un canal de dérivation (16, 36, 46, 56) pour
assurer qu’un gaz peut s’écouler librement entre des
espaces formés entre la bobine (15, 35, 45, 55) et
les disques de piston (12, 13) respectifs pendant le
temps où le piston effectue un mouvement de va-et-
vient dans le cylindre (10, 30, 40, 50).

4. Dispositif selon la revendication 1, dans lequel le cy-
lindre (20) est conçu comme un cylindre à double
course comprenant le piston, lequel est un piston en
vol libre (22) conçu pour effectuer un mouvement de
va-et-vient dans le cylindre et dans lequel ladite bo-
bine (21) est intégrée dans l’enveloppe du cylindre
(20), dans lequel le piston (22) est adapté pour être
magnétique, et dans lequel une entrée est prévue à
chaque extrémité du cylindre pour l’alimentation en
fluide de travail conjointement avec le mouvement
de va-et-vient du piston.

5. Dispositif selon l’une quelconque des revendications
1 à 4, dans lequel les soupapes (V1in, V2in, V3in,
V4in, V5in, V6in) fournissant le fluide de travail aux
entrées sont ouvertes séquentiellement avec un dé-
calage de phase de 120 degrés entre les temps
d’ouverture.

6. Dispositif selon la revendication 5, dans lequel, pen-
dant un temps où un piston (31, 41, 51) à une extré-
mité d’un cylindre (30, 40, 50) effectue une course
de piston, une soupape de sortie (V1out, V2out, V3out,
V4out, V5out, V6out) à l’autre extrémité du même cy-
lindre est ouverte pour l’écoulement de fluide de tra-
vail expansé (F1out).

7. Dispositif selon la revendication 5, dans lequel la
soupape d’entrée (V1in, V2in, V3in, V4in, V5in, V6in)
respective est ouverte pendant une phase de pres-
sion pendant laquelle le piston (31, 41, 51) respectif
se déplace sur la distance x de sa longueur de course
L, moyennant quoi le piston se déplace pendant une
phase d’expansion sur la distance L-x, où x est de
l’ordre de grandeur de 1/5 de L.

8. Dispositif selon la revendication 5, dans lequel les
bobines (35, 45, 55) situées dans les cylindres (30,
40, 50), dans lesquelles une tension électrique est
induite pendant les déplacements des pistons (31,
41, 51), sont connectées entre elles pour générer
une tension alternative triphasée.

9. Cycle thermique, caractérisé en ce qu’il comprend
un dispositif selon la revendication 1, dans lequel le
cycle thermique comprend un fluide de travail (FI)
utilisé pour absorber de la chaleur contenue dans
un fluide soumis à un échange de chaleur avec le
fluide de travail dans un évaporateur (EVAP), dans
lequel le fluide de travail est comprimé après une
absorption de chaleur d’un réfrigérant dans l’évapo-
rateur (EVAP) et soumis à une pression plus élevée
et à une température plus élevée dans le compres-
seur (C),
après quoi au moins un flux partiel du fluide de travail
est fourni aux unités de conversion (CONV),
dans lequel de l’énergie contenue dans le fluide de
travail pendant l’expansion et la chute de tempéra-
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ture de celui-ci dans l’unité de conversion est con-
vertie en énergie électrique, et dans lequel le fluide
de travail est renvoyé vers l’évaporateur (EVAP)
pour compléter un circuit dans le cycle thermique,
après le passage à travers les unités de conversion
(CONV).

10. Cycle thermique selon la revendication 9, dans le-
quel un sous-refroidisseur (UC) est connecté dans
le circuit complété par le fluide de travail, moyennant
quoi le sous-refroidisseur est disposé dans flux sor-
tant des unités de conversion (CONV) pour réduire
encore davantage la pression et la température du
fluide de travail avant son renvoi vers l’évaporateur
(EVAP).

11. Cycle thermique selon la revendication 10, dans le-
quel de la chaleur émise par le sous-refroidisseur
(UC) est adaptée pour être absorbée par un réfrigé-
rant traversant également l’évaporateur (EVAP).

12. Cycle thermique selon la revendication 10, dans le-
quel une soupape d’expansion (Exp 2) est disposée
entre le sous-refroidisseur (UC) et l’évaporateur
(EVAP) pour adapter la pression et la température
du fluide de travail à des niveaux optimaux avant
l’introduction dudit fluide dans l’évaporateur (EVAP).

13. Dispositif selon l’une quelconque des revendications
1 à 8, dans lequel un moyen de commande de sou-
pape guide l’ouverture et la fermeture de chaque
soupape selon un programme prédéterminé, de ma-
nière à guider du fluide de travail (FI) chaud et sous
pression au moment opportun vers une soupape
d’entrée à ouvrir, et à évacuer du fluide de travail
expansé au moment opportun à travers une soupape
de sortie.
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