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Description
Technical field

[0001] The present invention relates generally to an
energy generating system for generating energy from
temperature differences of fluids.

Background art

[0002] Itis known to use energy generating system for
generating energy from temperature differences.
US2007/186553 shows a thermo-driven engine including
cylinders each cylinder containing an air chamber and a
hydraulic chamber with a piston disposed between the
chambers, and at least one hydraulic motor.
US2006/059912 shows a power plant with at least two
pressure vessels containing a hydraulic fluid and a heat
exchanging assembly being in heat transferring associ-
ation with the pressure vessels. US2008/307785 shows
a system for driving a turbine, comprising two chambers
each having a piston dividing each chamber into two en-
closures, a conduit defining a fluid flow path between the
two chambers and a turbine arranged in the conduit.
[0003] A drawback of known solutions is their limited
ability and feasibility to sufficiently capture surplus of en-
ergy in temperature intervals for instance provided by
waste heat in industrial processes or natural temperature
difference in the environment.

Summary of invention

[0004] An object of the present invention is to alleviate
some of the disadvantages of the prior art and to provide
an energy generating system which transforms low tem-
perature energy to kinetic energy based on temperature
differences. A further object of the present invention is
to provide an energy generating system which transforms
energy from temperature differences wherein the warm
side of the temperature difference exist below zero de-
grees Celsius. A further object of the present invention
is to provide an energy generating system having a mod-
ular design adaptable to need and requirements.
[0005] According to one embodiment of the invention,
an energy generating system is provided, as defined in
claim 1.

[0006] According to one embodiment, the second and
fourth variable spaces of the main piston system, via the
fluid lines are in fluid connection with a first cylinder of
the further piston system via a valve device, and wherein
the second and fourth variable spaces of the main piston
system, via the fluid lines are in fluid connection with a
second cylinder of the further piston system via a valve
device, wherein the valve devices are controlled by a
valve control unit.

[0007] Accordingto one embodiment, the first cylinder
of the further piston system comprises a reciprocatable
piston, sealably dividing the cylinder into a first and sec-
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ond variable space, wherein the first space comprises a
fluid medium, and the second space comprises a fluid
medium, wherein the second cylinder of the further piston
system comprises a reciprocatable piston, sealably di-
viding the second cylinder into a third and fourth variable
space, wherein the third space comprises a fluid medium,
and the fourth space comprises a fluid medium, wherein
the second space is in fluid connection with the fourth
space, wherein the second and fourth variable spaces
of the main piston system, via the fluid lines, are in fluid
connection with the first and third variable spaces of the
further piston system.

[0008] According to one embodiment, the second and
fourth spaces of the main piston system are in fluid con-
nection with a plurality of further pistons systems, com-
prising at least a first and second further piston system,
in a similar arrangement as described in claims 2-4.
[0009] According to one embodiment, a movement cy-
cle of the reciprocation of the pistons of the further piston
system is time shifted in relation to the cycle time of at
least one of the plurality of further piston systems.
[0010] According to one embodiment, the energy gen-
erating system further comprising a second main piston
system similar to the first piston system wherein the sec-
ond main piston system is arranged to the further piston
system according to claims 2-4, whereby the first and
second energy transfer devices of the second main pis-
ton system transfer the kinetic energy from the recipro-
cating movement of the reciprocatable pistons to the en-
ergy generating device arranged for being in an energy-
transfer connection to the first and second reciprocatable
pistons, wherein a movement cycle of the reciprocation
of the pistons of the second main piston system is time
shifted in relation to the movement cycle of the pistons
of the first main piston system.

[0011] According to one embodiment, the energy gen-
erating system further comprising a second main piston
system similar to the first main piston system according
to any of the embodiments described herein, wherein the
second main piston system is arranged to the second
further piston system, according to any of the embodi-
ments described herein, wherein a movement cycle of
the reciprocation of the pistons of the second main piston
system is time shifted in relation to the movement cycle
of the pistons of the first main piston system.

[0012] According to one embodiment, a preload cylin-
der, similar to the first cylinder of the further piston system
as described in any of the embodiments herein, is ar-
ranged in fluid connection with the second space and the
fourth variable space of the first cylinder of the further
piston system for generating a preload to the fluid of the
second space and the fourth variable space.

[0013] According to one embodiment, the first energy
transfer device is connected to the first reciprocatable
piston, and the second energy transfer device is connect-
ed to the second reciprocatable piston, wherein the sec-
ond space is in fluid connection with the fourth space,
whereby during expansion movement of the first piston
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the fluid medium is forced out of the second space into
the fourth space aiding a compression movement of the
second piston so that the third space is decreased, and
whereby during expansion movement of the second pis-
ton the fluid medium is forced out of the fourth space into
the second space aiding a compression movement of
the first piston so that the first space is decreased.
[0014] According to one embodiment, the first heat ex-
changing system comprises a first heat exchanger, com-
prising a first valve to which a line for a hot medium and
a line for cold medium is connected for selectively receiv-
ing a hot medium and a cold medium into the first heat
exchanger, wherein the second heat exchanging system
comprises a second heat exchanger comprising a sec-
ond valve to which a line for a hot medium and a line for
a cold medium is connected for selectively receiving a
hot medium and a cold medium into the second heat
exchanger, wherein the first and second valves are con-
trolled by a valve control unit.

[0015] According to one example, the first heat ex-
changer is in fluid connection with the cylinder via a third
valve, and the second heat exchanger is in fluid connec-
tion with the cylinder via a fourth valve, wherein the open-
ing and closing of valves are controllable by the valve
control unit.

[0016] Accordingto one embodiment, the first heat ex-
changing system and the second heat exchanging sys-
tem comprises two separate heat exchangers respec-
tively, wherein a first heat exchanger of the first system
is adapted to heat the first fluid medium, and a first heat
exchanger of the second system is adapted to heat the
second fluid medium, and a second heat exchanger of
the first system is adapted to cool the first medium, and
a second heat exchanger of the second system is adapt-
ed to cool the second fluid medium.

[0017] According to one example, the first heat ex-
changing system is arranged within the first variable
space of the cylinder, and/or the second heat exchanging
system is arranged within the third variable space of the
cylinder.

[0018] According to one example, the first heat ex-
changing system is arranged externally of the cylinder,
and/or the second heat exchanging system is arranged
externally of the cylinder.

[0019] According to one example, the fluid medium of
the second space and the fluid medium of the fourth
space is an incompressible liquid.

[0020] According to one example, the fluid medium of
the first space and the fluid medium of the third space is
an incompressible liquid.

[0021] According to one example, the fluid medium of
the second space and the fluid medium of the fourth
space is an incompressible liquid.

[0022] According to one example, the liquid is oil.
[0023] According to one example, the fluid medium, is
propane or R410A.

[0024] According to one embodiment, the fluid medi-
um, undergoes a phase transfer from a gaseous phase
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into a liquid phase during the compression movement
and back into a gaseous phase during the expansion
movement.

[0025] According to one example, the fluid medium is
a gaseous medium, e.g. nitrogen.

[0026] According to one example, the fluid medium
comprises a gaseous medium.

[0027] According to one example, the hot medium is
hot water and the cold medium is cold water.

[0028] According to one example, the energy transfer
devices comprises one of a mechanical transfer device
such as a crank-link mechanism, magnets or coils.
[0029] According to one example, the energy generat-
ing device comprises one of a rotating shaft in a crank-
link mechanism, magnets, coils, and a generator.
[0030] According to one embodiment, the energy gen-
erating system is adapted to control heating of the first
fluid medium substantially simultaneously with cooling of
the second fluid medium and conversely cooling of the
first fluid medium substantially simultaneously heating of
the second fluid medium,

Brief description of drawings

[0031] The invention is now described, by way of ex-
ample, with reference to the accompanying drawings, in
which:

Fig. 1 shows a side view of an energy generating
system according to the invention.

Fig. 2 shows a side view of an energy generating
system.

Fig. 3a shows a side view of an energy generating
system.

Fig. 3b shows a side view of a check valve.
Fig. 3c shows a side of the check valve of Fig. 3b..

Fig. 3d shows a side view of the check valve of Fig.
3b.

Fig. 3e shows a side view of an energy generating
system.

Fig. 4a shows a side view of an energy generating
system.

Fig. 4b shows a side view of an energy generating
system.

Fig. 5a shows a side view of an energy generating
system.

Fig. 5b shows a side view of an energy generating
system.
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Fig. 6 shows a side view of an energy generating
system.

Fig. 7 shows a side view of an energy generating
system.

Description of embodiments

[0032] In the following, a detailed description of the in-
vention will be given. Inthe drawing figures, like reference
numerals designate identical or corresponding elements
throughout the several figures. It will be appreciated that
these figures are for illustration only and are not in any
way restricting the scope of the invention.

[0033] Fig. 1showsasideview ofanenergygenerating
system 1 for generating energy from temperature differ-
ences of fluids. According to one embodiment, the energy
generating system 1 comprises a first cylinder 14 com-
prising a first reciprocatable piston 15, wherein the first
piston 15 sealably divides the first cylinder 14 into a first
14a and second 14b variable space, wherein the first
space 14a comprises a first fluid medium 140 and the
second space 14b comprises a fluid medium 145. Fur-
ther, the energy generating system 1 comprises a first
energy transfer device 30a connected to the first cylinder
14.

[0034] The energy generating system 1 further com-
prises a first heat exchanging system 11 in fluid connec-
tion with the first space 14a, wherein the first heat ex-
changing system 11 is adapted to alternately heat and
cool the first fluid medium 140, whereby pressure in the
first space 14a is increased and reduced respectively, a
second cylinder 24 comprising a reciprocatable piston
25, wherein the second piston 25 sealably divides the
second cylinder 24 into athird 24a and fourth 24b variable
space, wherein the third space 24a comprises a second
fluid medium 240 and the fourth space 24b comprises a
fluid medium 245. The energy generating system 1 fur-
ther comprises a second energy transfer device 30b con-
nected to the second cylinder 24, and a second heat ex-
changing system 21 in fluid connection with the third
space 24a, wherein the second heat exchanging system
21 is adapted to alternately heat and cool the second
fluid medium 240, whereby pressure in the third space
24a is increased and reduced respectively, wherein the
energy generating system 1 is adapted to control heating
of the first fluid medium 140 and cooling of the second
fluid medium 240 and conversely cooling of the first fluid
medium 140 and heating of the second fluid medium 240,
whereby the resulting pressure increase from heating
and pressure reduction from cooling in the first space
14a and the third space 24a respectively, causes the first
piston 15 and the second piston 25 to reciprocate be-
tween an expansion movement during heating wherein
the first and third variable spaces 14a, 24a increases,
and a compression movement during cooling wherein
the first and third variable spaces 14a, 24a decreases,
whereby the first and second energy transfer devices
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30a, 30b transfer the kinetic energy from the reciprocat-
ing movement of the reciprocatable pistons 15, 25 to an
energy generating device 30 arranged for being in an
energy-transfer connection to the first and second recip-
rocatable pistons 15, 25. According to one embodiment,
during the expansion movement of the first piston 15 the
fluid medium 145, 245 is forced out of the second space
14b as well as into the fourth space 24b aiding the com-
pression movement of the second piston 25, and where-
by during the expansion movement of the second piston
25 the fluid medium 145, 245 is forced out of the fourth
space 24b as well as into the second space 14b aiding
the compression movement of the first piston 15.Accord-
ing to one embodiment, the energy generating system 1
is adapted to control heating of the first fluid medium 140
substantially simultaneously with cooling of the second
fluid medium 240 and conversely cooling of the first fluid
medium 140 substantially simultaneously with heating of
the second fluid medium 240.

[0035] According to one embodiment, the energy gen-
erating system 1 is adapted to synchronize heating of
the first fluid medium 140 with cooling of the second fluid
medium 240 and conversely cooling of the first fluid me-
dium 140 with heating of the second fluid medium 240,
whereby the resulting pressure increase from heating
and pressure reduction from cooling in the first space
14a and the third space 24a respectively, causes the first
piston 15 and the second piston 25 to reciprocate be-
tween an expansion movement during heating wherein
the first and third variable spaces 14a, 24a increases,
and a compression movement during cooling wherein
the first and third variable spaces 14a, 24a decreases,
whereby the first and second energy transfer devices
30a, 30b transfer the kinetic energy from the reciprocat-
ing movement of the reciprocatable pistons 15, 25 to an
energy generating device 30 arranged for being in an
energy-transfer connection to the first and second recip-
rocatable pistons 15, 25.

[0036] Accordingtooneembodiment, the stroke length
of the reciprocatable pistons 15, 25 are 50-70cm.
[0037] According to one embodiment, the firstand sec-
ond fluid medium 140, 240 is propane or R410A. Accord-
ing to one embodiment, the selection of the fluid medium
is dependent on the temperature range of the mediums
of the heat exchanging systems, 11, 21. According to
one embodiment, the first fluid medium 140 and second
fluid medium 240 is a first gaseous medium 140 and sec-
ond gaseous medium 240 respectively. According to one
embodiment, the fluid medium 140, 240 undergoes a
phase transfer from a gaseous phase into a liquid phase
during the compression movement and back into a gas-
eous phase during the expansion movement.

[0038] According to one embodiment, the pressure of
the first and second fluid medium during heating, i.e. as
aresult of the pressure increase, is 15-16 Bar or 1,5-1,6
MPa when using propane. According to one embodi-
ment, the pressure of the fluid medium during heating,
i.e. as aresult of the pressure increase, is 30-40 Bar or
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3-4 MPa when using propane. According to one embod-
iment, the pressure of the fluid medium during cooling,
i.e. as a result of the pressure reduction, is 2-4 Bar or
0,2-0,4 MPa when using propane. According to one em-
bodiment, the pressure of the fluid medium during cool-
ing, i.e. as a result of the pressure reduction, is 2-4 Bar
or 0,2-0,4 MPa when using propane.

[0039] Accordingtoone embodiment, the fluid medium
145 of the second space 14b and the fluid medium 245
of the fourth space 24b is an incompressible liquid. Ac-
cording to one embodiment, the liquid is oil. According
to one embodiment, the fluid medium 145, 245 comprises
a gaseous medium.

[0040] According to one embodiment, the energy
transfer devices 30a, 30b, 30c, 30d comprises one of a
mechanical transfer device such as a crank-link mecha-
nism, magnets or coils. According to one embodiment,
the energy generating device 30 comprises one of a ro-
tating shaft in a crank-link mechanism, magnets, coils,
and a generator, for generating energy from the move-
ment of the reciprocatable pistons 15, 25,35, 45.
[0041] According to one embodiment, the first energy
transfer device 30a is connected to the first reciprocata-
ble piston 15, and the second energy transfer device 30b
is connected to the second reciprocatable piston 25,
wherein the second space 14b is in fluid connection with
the fourth space 24b, whereby during expansion move-
ment of the first piston 15 the fluid medium is forced out
of the second space 14b into the fourth space aiding a
compression movement of the second piston 25 so that
the third space is decreased, and whereby during expan-
sion movement of the second piston 25 the fluid medium
isforced out ofthe fourth space 24b into the second space
14b aiding a compression movement of the first piston
15 so that the first space is decreased. According to one
embodiment, an expansion tank 75 is adapted to be in
fluid connection with the second space 14b and the fourth
space 24b. According to one embodiment, the expansion
tank 75 is provided between the second space 14b and
the fourth space 24b. According to one embodiment, the
expansion tank 75 provides for the fluid medium 145, 245
to enter the expansion tank 75 during an expansion
movement of either the first piston 15 or the second piston
25. According to one embodiment, the expansion tank
may be closed and comprising a gaseous medium such
as e.g. air, having a bias pressure, wherein during enter-
ing of the fluid medium 145, 245, the gaseous medium
is compressed further. According to one embodiment,
this provides for a delaying of aiding a compression
movement of the second piston or the first piston 15 re-
spectively after the expansion movement has been initi-
ated by the first piston 15 or the second piston 25 respec-
tively. This enables the further cooling of the fluid medium
240 and 140 respectively before aiding of the compres-
sion movement may take place. According to one em-
bodiment, this provides for a more energy efficient proc-
ess wherein the compression movement does not pro-
vide an unwanted and unnecessary counteraction to the
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expansion movement. According to one embodiment,
this further enables the movement of the pistons 15 and
25 respectively to be asynchronous.

[0042] According to one embodiment, the first heat ex-
changing system 11 comprises a first heat exchanger
11a, comprising a first valve 12 to which a line 12a for a
hot medium and a line 12b for cold medium is connected
for selectively receiving a hot medium, such as e.g. a
fluid, and a cold medium, such as e.g. a fluid, into the
first heat exchanger 11, wherein the second heat ex-
changing system 21 comprises a second heat exchanger
21a comprising a second valve 22 to which a line 22a for
a hot medium and a line 22b for a cold medium is con-
nected for selectively receiving a hot medium and a cold
medium into the second heat exchanger 21. According
to one embodiment, the first and second valves 12, 22
are controlled by a valve control unit 50. According to
one embodiment, the hot medium is hot water and the
cold medium is cold water. According to one embodi-
ment, the cold medium has a temperature of 4°-10°. Ac-
cording to one embodiment, the hot medium has a tem-
perature of 15°-40°. According to one embodiment, the
temperature difference between the hot medium and cold
medium, AT, is in the range of 20°C-5°C difference. Ac-
cording to one embodiment, the warm side if the temper-
ature difference exist below zero degrees Celsius. Ac-
cording to one embodiment, the cold water is ground wa-
ter. According to one embodiment, the hot water is waste
water or water heated by being exposed to solar energy
or more specifically by means of solar collectors.#Ac-
cording to one embodiment, the cold medium has a tem-
perature down to 4°C to -10°C. According to one embod-
iment, the hot medium has a temperature that are suffi-
cient to realize a temperature difference between the hot
medium and cold medium, AT, in the range of 10°C or
more.

[0043] According to one embodiment, as seen in Fig.
1, the first heat exchanger 11 is in fluid connection with
the cylinder 14 via a third valve 13, and the second heat
exchanger 21 is in fluid connection with the cylinder 24
via a fourth valve 23, wherein the opening and closing of
valves 13, 23 are controllable by the valve control unit 50.
[0044] Fig. 2 discloses the energy generating system
1 of Fig. 1, wherein the third valve 13 and the fourth valve
23 have been removed and the first heat exchanger 11
is in direct fluid connection with the cylinder 14, and the
second heat exchanger 21 is in direct fluid connection
with the cylinder 24.

[0045] Fig. 1 and Fig. 2 discloses the energy generat-
ing system 1 wherein the first heat exchanging system
11 is arranged externally of the cylinder 14, and/or the
second heat exchanging system 21 is arranged exter-
nally of the cylinder 24.

[0046] According to one embodiment, the first heat ex-
changing system 11 and the second heat exchanging
system 21 comprises two separate heat exchangers re-
spectively (not shown), wherein a first heat exchanger of
the first system 11 is adapted to heat the first 140 fluid
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medium, and a first heat exchanger of the second system
21 is adapted to heat the second 240 fluid medium, and
a second heatexchanger of the first system 11 is adapted
to cool the first medium 140, and a second heat exchang-
er of the second system 21 is adapted to cool the second
240 fluid medium.

[0047] Fig. 3adiscloses the energy generating system
of Fig. 1, wherein the first heat exchanging system 11 is
arranged within the first variable space 14a of the cylinder
14, and/or the second heat exchanging system 21 is ar-
ranged within the third variable space 24b of the cylinder
24. According to one embodiment, a control valve 76a
or 76b is provided and arranged in the fluid connection
between the second space 14b and the fourth space 24b,
for instance as described in the energy generating sys-
tems of Fig. 2 and 3, wherein the third valve 13 and the
fourth valve 23 have been removed and the first heat
exchanger 11isindirectfluid connection with the cylinder
14, and the second heat exchanger 21 is in direct fluid
connection with the cylinder 24. According to one em-
bodiment, a valve control unit 50 is adapted to control
the opening and closing of the control valve 76a, 76b.
According to one embodiment, the control valve 76 when
closed provides for a buildup of pressure of the first fluid
medium 140 resulting from the heating of the first fluid
medium 140 and prior to the expansion movement of the
first piston 15. After sufficient reduction of the tempera-
ture of the second fluid medium 240, the control valve 76
may be opened to give a boost to the compression move-
ment of the second piston 25 sufficient to compress the
second fluid medium to undergo a phase transfer and
provide for even further compression movement result-
ing from the sudden reduction in volume of the third var-
iable space 24a. Naturally, an analogous process is oc-
curring during the expansion movement of the second
piston 25 instead. According to one embodiment, as
shown in Fig. 3a, a first control valve 76a and a second
control valve 76b are provided and arranged in the fluid
connection between the second space 14b and the fourth
space 24b, for instance as described in the energy gen-
erating systems of Fig. 2 and 3. According to one em-
bodiment, a valve control unit 50 is adapted to control
the opening and closing of the control valve 76a and 76b.
According to one embodiment, the first valve 76a and
second valve 76b are arranged on either side of a ex-
pansion tank 75 oron either side of a common connection
line to an expansion tank 75 as shown in Fig. 3a.. Ac-
cording to one embodiment, the first cylinder 14 compris-
es a first check valve 141, and the second cylinder 24
comprises a second check valve 241, arranged between
the first piston 15 and the heat exchanging system 11
and the second piston 25 and the heat exchanging sys-
tem 21 respectively. According to one embodiment the
first 141 and second 241 check valves are adapted to
lower the pressure and temperature of the first medium
140 and second medium 240 respectively when the fluid
mediums 140, 240 pass through the check valves 141,
241 in an unfolded position. According to one embodi-
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ment, the first check valve 141 is in a folded position, and
the second check valve 241 is in an unfolded position in
Fig. 3a. According to one embodiment, the first and sec-
ond check valves 141, 241 are arranged in the cylinders
14, 24 just below the lowermost position of the pistons
15, 25 in their lowermost compressed positions.

[0048] Fig. 3b shows a check valve such as a first and
second check valve 141, 241 in an unfolded position,
seen in a direction from the piston 15, 15 towards the
heat exchanging systems 11, 21. According to one em-
bodiment, the first and second check valves 141, 241 are
essentially circular to fit snugly inside the cylinders 14,
24 cross section and are separate into two portions 141a,
241a, 141b, 241b connected by a hinge device 142, 242
which enables the check valve 141, 241 by its first por-
tions 141a, 242a and second portions 141b, 241b, to
swing in relation to each other between an unfolded po-
sition and a folded position. According to one embodi-
ment, the hinge device 142, 242 comprises two separate
hinges 142a, 242a, 142b, 242b. According to one em-
bodiment, the check valves 141, 241 are provided with
holes 143, 243. According to one embodiment, the holes
have a larger entry diameter 143a, 243a than exit diam-
eter 143b, 243b seen in a direction from the piston 15,
15 towards the heat exchanging systems 11, 21, wherein
the holes form passages in the form of restrictions or
throttles. According to one embodiment, the circumfer-
ence of the portions 141a, 241a are tapered wherein a
slit formed between the portions 141a, 241a is provided
with a larger entry area than exit area, and wherein the
circumference of the portions 141a, 241 afacing the inner
wall of the cylinders 14, 24 is provided with a larger entry
area than exit area. These passages form restrictions or
throttles.

[0049] Fig 3c shows a side view of the check valve
141, 241 of Fig. 3b in an unfolded position.

[0050] Fig. 3d shows a side view of the check valve
141, 241 of Fig. 3b in a folded position. According to one
embodiment, a process of use may be described as fol-
lows: When the first and second fluid mediums 140, 240
expands and move upwards in the respective cylinder
14, 24, the check valve 141, 241 is swung from an un-
folded towards a folded position wherein the fluid medi-
ums 140, 240 may pass unhindered. When the fluid me-
diums 140, 240 shrinks the check valve 141, 241 falls
down to an unfolded position and becomes essentially
planar wherein the fluid medium 140, 240 is forced to
pass through all restrictions towards the heat exchanging
systems 11, 21. During passage of the restrictions the
temperature and pressure of the fluid mediums 140, 240
is reduced. According to one embodiment, the use of
check valves 141, 241 reduces the requirement of the
temperature of the cold medium. According to one em-
bodiment, no cold medium is required, only a hotmedium,
for the energy generating system 1. Herein, the first heat
exchanging system 11 also comprises the first check
valve 141 adapted to cool the first fluid medium 140, and
further comprises the second check valve 241 adapted
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to cool the second fluid medium 240. According to one
embodiment, a process of the energy generating device
1 comprising the control first valve 76a and second con-
trol valve 76b and the expansion tank 75 may be de-
scribed as follows: In a starting position, the first piston
15isinits lowermost and compressed position in the first
cylinder 14. The second piston 25 is in its uppermost,
expanded position, in the second cylinder 25. The first
control valve 76a and second control valve 76b are
closed. The first valve 12 is open to the line 12a wherein
the first heat exchanging system 11 receives a hot me-
dium, heating the first medium 140. The second valve 22
is opentoaline 22b wherein the second heat exchanging
system 21 receives a cold medium, colder than the hot
medium, cooling the second medium 240. Essentially,
the pressure of the first space 14ais at its highest level,
and the pressure of the third space 24a is at its lowest
level. According to one embodiment, a first and second
check valve 141, 241 are provided, wherein the check
valves 141, 241 are in an unfolded position. Hereafter,
the first and second control valves 76a and 76b are
opened simultaneously. The first check valve 141 is au-
tomatically opened, i.e. folded by the aid of the expansion
of the first fluid medium 140. The first piston 15 is pressed
upwards in an expansion movement, where the first en-
ergy transfer device 30a transfers the kinetic energy from
the movement of the first piston 15 to the energy gener-
ating device 30. During this movement, the first piston
15 also presses the fluid medium 145 into the fourth
space 24b where an overpressure is created pressing
the second piston 25 downwards in acompression move-
ment. The second piston 25 then simultaneously gener-
ates a higher pressure on the second medium 240 in the
third space 24a than it adopted during cooling wherein
the second fluid medium may undergo a phase change
into liquid form which further reduces the volume of the
second fluid medium 240 which, in turn, enables the com-
pression movement of the second piston 25 to its lower-
most position in the cylinder 24. When the second fluid
medium 240 is pressed or forced through the unfolded
check valve 241, the cooling of the second medium 240
is enhanced, whereby the phase change of the fluid me-
dium from gaseous state to a liquid state is accelerated.
The pressure, driving the first piston 15 upwards during
the expansion movement can be counteracted by that
the shrinking process taking place in the third space 24a,
and consequently the compression movement of the sec-
ond piston 25 towards the lowermost position in cylinder
24, is a slower process. This may be overcome by the
aid of the expansion tank 75 and/or the proper selection
ofthe fluid medium 145, 245 allowing these fluid mediums
to be compressed. When the first piston 15 reaches its
uppermost expanded position, the first control valve 76a
is closed, and the first valve 12 is opened towards the
line 12b wherein a cold medium is received in the heat
exchanging system 11. When the second piston 25
reaches its lowermost position during the compression
movement, the second control valve 76b is closed and
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the second valve 22 is opened towards the line 22a
wherein hot medium is received in the heat exchanging
system 21. According to one embodiment, when the first
and second mediums 140 and 240 has reached the tem-
perature corresponding to the temperature of the hot and
cold mediums flowing into and through the heat exchang-
ing systems 11 and 21 respectively, the above process
is repeated in the opposite direction, i.e. wherein the sec-
ond piston 25 carry out the expansion movement and the
first piston carry out the compression movement, with
required controlling of the valves 12, 22, 76a and 76b.
According to one embodiment, the energy transfer de-
vices 30a, 30b transfer the kinetic energy into a rotating
movement of the energy generating device 30. According
to one embodiment, the energy transfer devices 30a, 30b
are adapted to rotate the energy generating device during
both their expansion movement and compression move-
ment by e.g. a gear device. According to one embodi-
ment, a plurality of further main piston systems 1" as
shownin Fig. 5, 6, 7 adapted to carry out the above proc-
ess in an alternating manner, are provided and connect-
ed to the energy generating device 1 via energy transfer
devices 30a, 30b in order to provide a continuous rotating
movement of the energy generating device 1.

[0051] Fig. 3e shows the energy generating system 1
according to one embodiment, wherein a respective cool-
ing circuit 90a, 90b is provided to cool the first cylinder
14 and the second cylinder 24 respectively. According
to one embodiment, the same source of cooling medium
provided to the heat exchanging systems 11 and 21 are
also provided to the cooling circuits 90a, 90b. According
to one embodiment, the cooling circuits 90a, 90b are
adapted to continuously cool the first cylinder 14 and the
second cylinder 24 respectively. According to one em-
bodiment, the cooling circuits are arranged to the cylin-
ders 14, 24 whereby cooling of the portions of the cylin-
ders covering the first space 14a and third space 24a in
the most compressed position of the respective first and
second piston 15 and 25 are avoided. As a result, the
negative effect of unwanted cooling of these spaces 14a,
24a during the initial part of the expansion movement
when the first and second fluid mediums 140 and 240
are heated by the hot medium is avoided. As a result,
the process of compression movement of the first and
second pistons 15 and 25 respectively isimproved in that
the time for lowering the temperature of the first and sec-
ond fluid mediums 140 and 240 respectively and achiev-
ing a phase change of the same mediums is reduced.
According to one embodiment, the process of compres-
sion and phase change from a gaseous state to a liquid
state is more time consuming than the process of expan-
sion and phase change from a liquid state to a gaseous
state. According to one embodiment, the process of com-
pression and phase change from a gaseous state to a
liquid state is more time consuming than the process of
expansion and phase change from a liquid state to a gas-
eous depending on the actual temperature of the hot me-
dium, cold medium and the first and second fluid medi-
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ums.
[0052] Fig. 4a shows the energy generating system 1
according to one embodiment, wherein the first 30a and
second 30b energy transfer devices comprises a first
30a, 30a1, 30a2 and second 30b, 30b1, 30b2 fluid line
respectively, respectively connecting the second varia-
ble space 14b and fourth variable space 24b with a further
piston system 2, whereby the fluid lines 30a1, 30b1,
30a2, 30b2 transfers the kinetic energy of the reciprocat-
able pistons 15, 25 via the further piston system 2, to the
energy generating device 30.

[0053] Thus, according to one embodiment, again as
seen in Fig. 4a, the energy generating system 1 compris-
es a further piston system 2. wherein the further piston
system 2 comprises: a first cylinder 34 comprising a first
reciprocatable piston 35, wherein the first piston 35 seal-
ably divides the firstcylinder 34 into a first 34a and second
34b variable space, wherein the first space 34a compris-
es a fluid medium 340 and the second space 34b com-
prises a fluid medium 345, a first energy transfer device
30c connected to the first cylinder 34, a second cylinder
44 comprising a reciprocatable piston 45, wherein the
second piston 45 sealably divides the second cylinder
44 into a third 44a and fourth 44b variable space, wherein
the third space 44a comprises a fluid medium 440 and
the fourth space 44b comprises a fluid medium 445, a
second energy transfer device 30d connected to the sec-
ond cylinder 44, wherein the first 30a and second 30b
energy transfer devices of the main piston system 1’ com-
prises a first 30a, 30a1, 30a2 and second 30b, 30b1,
30b2 fluid line respectively, whereby the second variable
space 14b of the main piston system 1’ is connected to
the first variable space 34a of the further piston system
2 via the first fluid line 30a, 30a1, and further connected
to the third variable space 44a of the further piston system
2 via the first fluid line 30a, 30a2, whereby the fourth
variable space 24b of the main piston system 1’ is con-
nected to the first variable space 34a of the further piston
system 2 via the second fluid line 30b, 30b1, and further
connected to the third variable space 44a of the further
piston system 2 via a second fluid line 30b, 30b2, where-
by the fluid lines 30a1, 30b1, 30a2, 30b2 transfers the
kinetic energy of the reciprocatable pistons 15, 25 via the
further piston system 2, to the energy generating device
30.

[0054] According to one embodiment, the second and
fourth variable spaces 14b, 24b of the main piston system
1’, via the fluid lines 30a1, 30b1 are in fluid connection
with a first cylinder 34 of the further piston system 2 via
a valve device 33 comprising a respective valve 33a1,
33b1 for the respective fluid line 30a1 and 30b1, and
wherein the second and fourth variable spaces 14b, 24
of the main piston system 1’, via the fluid lines 30a2, 30b2
are in fluid connection with a second cylinder 44 of the
further piston system 2 via a valve device 43 comprising
arespective valve 43a1, 43b1 for the respective fluid line
30a2, and 30b2. According to one embodiment, the valve
devices 33 and 43 are controlled by a valve control unit
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50.

[0055] According to one embodiment, the fluid medium
340 of the first space 34a and the fluid medium 440 of
the second space 44a is an incompressible liquid. Ac-
cording to one embodiment, the liquid is oil. According
to one embodiment, the fluid medium 340 of the first
space 34a and the fluid medium 440 of the second space
44a is the same fluid medium 145 of the second space
14b and the fluid medium 245 of the fourth space 24b.
[0056] According to one embodiment, the fluid medium
345 of the second space 34b and the fluid medium 445
of the fourth space 44b is an incompressible liquid. Ac-
cording to one embodiment, the liquid is oil. According
to one embodiment, the fluid mediums 345, 445 is a gas-
eous medium, wherein the gaseous medium is nitrogen.
[0057] According to one embodiment, the first cylinder
34 of the further piston system 2 comprises a reciprocat-
able piston 35, sealably dividing the cylinder 34 into a
first 34a and second 34b variable space, wherein the first
space 34acomprises a fluid medium 340, and the second
space 34b comprises a gaseous medium 345, wherein
the second cylinder 44 of the further piston system 2 com-
prises a reciprocatable piston 45, sealably dividing the
second cylinder 44 into a third 44a and fourth 44b variable
space, wherein the third space 44a comprises a fluid me-
dium 440, and the fourth space 44b comprises a gaseous
medium 445, wherein the second space 34b is in fluid
connection with the fourth space 44b, wherein the second
14b and fourth 24b variable spaces of the main piston
system 1’, via the fluid lines 30a1, 30a2, 30b1, 30b2, are
in fluid connection with the first 34a and third 44a variable
spaces of the further piston system 2. According to one
embodiment, during the expansion movement of the first
piston 15 the fluid medium 145, 245 is forced out of the
second space 14b as well as into the fourth space 24b
aiding the compression movement of the second piston
25, and whereby during the expansion movement of the
second piston 25 the fluid medium 145, 245 is forced out
of the fourth space 24b as well as into the second space
14b aiding the compression movement of the first piston
25.

[0058] Fig. 4b discloses the energy generating system
1, according to one embodiment, wherein the energy
generating system 1 similar to the embodiment of Fig.
4a comprises a main piston system 1’ and a further piston
system 2. However, in the embodiment of Fig. 4b, the
second space 34b is not in a direct fluid connection with
the fourth space 44b. Instead, the first 30a and second
energy transfer devices 30b , comprises respectively fur-
ther first and second fluid lines 30a3, 30a4 and 30b3,
30b4 The second variable space 14b of the main piston
system 1’ is connected to the second variable space 34b
of the further piston system 2 via the first fluid line 30a3,,
and further connected to the fourth variable space 44b
of the further piston system 2 via a the first fluid line
30a4.The fourth variable space 24b of the main piston
system 1’ is connected to the second variable space 34b
of the further piston system 2 via the second fluid line
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30b3, and further connected to the fourth variable space
44b of the further piston system 2 via second fluid line
30b4.The fluid lines 30a3, 30b3, 30a4, 30b4 hereby
transfers the kinetic energy of the reciprocatable pistons
15, 25 via the further piston system 2, to the energy gen-
erating device 30. Thus, according to one embodiment,
the second variable space 34b and the fourth variable
space 44b comprise the same fluid medium as in the first
and third variable spaces 34a, 44a respectively. Accord-
ing to one embodiment, respective valve devices 53 and
63 are comprising valves 53a1, 53b1 and 63a1, 63b1
respectively connects the fluid lines 30a3, 30b3 and
30a4, 30b4 to the second variable space 34b and 44b
as similarly described for the valve devices 33 and 43
above. According to one embodiment, the valve control
unit 50 is adapted to control the valve devices 53, 63
such as e.g. the opening and closing of the valve devices.
According to one embodiment, the first and second en-
ergy transfer devices 30a, 30b transfer kinetic energy
from the reciprocating movement of the reciprocatable
pistons 15, 25 to an energy generating device 30 ar-
ranged for being in an energy-transfer connection to the
first and second reciprocatable pistons 15, 25.

[0059] Thus, the relationship and dependency be-
tween the expansion movement of the first piston 15 and
the compression movement of the second piston 25 re-
spectively the expansion movement of the second piston
25 and the compression movement of the first piston 25
has been shown in the embodiments related to Fig. 1-3,
as well as Fig. 4a, 4b and later Fig. 5. Again, in Fig. 1-3
according to one embodiment, this is provided by the aid
of a fluid connection directly between the second space
14b, and the fourth space 14b of the main piston system
1’. Again, in Fig. 4a, and later Fig. 5, according to one
embodiment this is provided by the aid of the second
space 34b being in fluid connection with the fourth space
44b, i.e. in an indirect manner via these spaces of the
further piston system 2. In Fig. 4b this is provided by that
the second and fourth space 14b and 24b of the main
piston system 1’ are respectively connected to all spaces
34a, 34b, 44a, 44b of the further piston system 2.
[0060] According to one embodiment, an expansion
tank 85 (not shown) is adapted to be in fluid connection
with the second space 34b and the fourth space 44b.
The function of the expansion tank 85 for the further pis-
ton system 2 is analogous to the function of the expansion
tank 75 for the main piston system 1’ described above.
According to one embodiment, a valve 86 is provided in
the fluid connection between the second space 34b and
the fourth space 44b. According to one embodiment, the
valve control unit 50 is adapted to control the opening
and closing of the valve 86. According to one embodi-
ment, the function of the valve 86 for the further piston
system 2 is analogous to the function of the valve 76 for
the main piston system 1’ described above. According
to one embodiment, a first valve 86a and a second valve
86b are provided and arranged in the fluid connection
between the second space 34b and the fourth space 44b,
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for instance as described in a similar manner in the en-
ergy generating systems of Fig. 2 and 3. According to
one embodiment, a valve control unit 50 is adapted to
control the opening and closing of the valve 86a and 86b.
According to one embodiment, the first valve 86a and
second valve 86b are arranged on a either side of a ex-
pansion tank 85, i.e. wherein the first valve 86a controls
the flow of the fluid medium from the second space 34b
into the expansion tank 85 during expansion movement
of the first piston 35 and the second valve 86b controls
the flow of the fluid medium from the fourth space 44b
into the expansion tank 85 during expansion movement
of the second piston 45. According to one embodiment,
the function of the first and second valves 86a and 86b
respectively for the further piston system 2 is analogous
to the function of the first and second valves 76a and 76b
for the main piston system 1’ described above.

[0061] According to one embodiment, the first cylinder
14 and the second cylinder 24 of the main piston system
1’ are selected to have a larger volume than the first cyl-
inder 3 and the second cylinder 44 of the further piston
system 2. According to one embodiment, the expansion
and compression movement cycle time of the further pis-
ton system 2, i.e. time required for both the first piston
35 and second piston 45 to respectively carry out an ex-
pansion and compression movement, is shorter than the
expansion and compression movement cycle time of the
corresponding first piston 15 and second piston 25 of the
main piston system 1’. Thus, as a result, the frequency
of the further piston system 2 is higher than the frequency
of the main piston system 1.

[0062] According to one embodiment, the second and
fourth spaces 14b, 24b of the main piston system 1’ are
in fluid connection with a plurality of further pistons sys-
tems 2, 2’, comprising at least a first and second further
piston system 2, 2’ in a similar arrangement as described
above (not shown).

[0063] According to one embodiment, a movement cy-
cle of the reciprocation of the pistons of the further piston
system 2 is time shifted in relation to the cycle time of at
least one of the plurality of further piston systems 2’. Ac-
cording to one embodiment, the time shifted movement
cycle between further pistons systems 2, 2’ is achieved
by means of controlling of the valve devices 33, 43 by
the control unit 50.

[0064] According to one embodiment, an energy gen-
erating system 1 is provided , wherein the energy gen-
erating system 1 comprises a second main piston system
1" similar to the first piston system 1’ as described above,
wherein the second main piston system 1" is arranged
to the further piston system 2, in a similar manner as the
first main piston system 1’ is arranged to the first further
piston system 2 as described above, whereby the first
and second energy transfer devices 30a", 30b" of the
second main piston system 1" transfer the kinetic energy
from the reciprocating movement of the reciprocatable
pistons 15", 25" to the energy generating device 30 ar-
ranged for being in an energy-transfer connection to the
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first and second reciprocatable pistons 15", 25".

[0065] Accordingto one embodiment, a movement cy-
cle of the reciprocation of the pistons of the second main
piston system 1" is time shifted in relation to the move-
ment cycle of the pistons of the first main piston system 1°.
[0066] Fig. 5adiscloses the energy generating system
1, according to one embodiment, wherein the energy
generating system 1 comprises a second main piston
system 1" similar to the first main piston system 1’ as
described above, wherein the second main piston system
1" is arranged to the second further piston systems 2’, in
a similar manner as the first main piston system 1’ is
arranged to the first further piston system 2 as described
above, wherein a movement cycle of the reciprocation
of the pistons of the second main piston system 1" is time
shifted in relation to the movement cycle of the pistons
of the first main piston system 1'.

[0067] According to one embodiment as described in
Fig. 5a, the first 30a and second 30b energy transfer
devices of the main piston system 1’ further comprises
a first 30a, 30a1, 30a2, and second 30b, 30b1, 30b2,
fluid line respectively, whereby the second variable
space 14b of the main piston system 1’ is further con-
nected to thefirst variable space 54a of the second further
piston system 2 via the first fluid line 30a, 30a1, and fur-
ther connected to the third variable space 64a of the sec-
ond further piston system 2’ via a the first fluid line 30a,
30a2, whereby the fourth variable space 24b of the main
piston system 1’ is connected to the first variable space
54a of the first further piston system 2 via the second
fluid line 30b, 30b1, and further connected to the third
variable space 64a of the second further piston system
2’ via a second fluid line 30b, 30b2, whereby the fluid
lines 30a1, 30b1, 30a2, 30b2 transfers the kinetic energy
ofthe reciprocatable pistons 15, 25 via the second further
piston system 2’, to the energy generating device 30.
According to one embodiment, the valve devices 33 and
43 of the second main piston system 1" comprises addi-
tional valves 33a1, 33b1 and 43a1, 43b1 respectively for
connecting the respective fluid lines 30a1, 30b1 and
30a2, 30b2 to the first variable space 54a and third var-
iable space 64a. Additionally, an analogous set up can
be provided between the second main piston system 1"
and the first further pistons system 2 as described.
[0068] Fig. 5b discloses the energy generating system
1, according to one embodiment, wherein the energy
generating system 1 comprises a first main piston system
1’ according to any of the described main piston systems
1’, and a second main piston system 1" similar to the first
main piston system 1’, wherein the second main piston
system 1" is arranged to a second further piston system
2’, in a similar manner as the first main piston system 1’
is arranged to the first further piston system 2. The overall
structure is thus similar to what is described in Fig. 5a,
however, the plurality of further piston systems 2, 2’ com-
prises or essentially comprises the features of the further
pistons system 2 as described in Fig. 4b above. The en-
ergy generating system 1 further comprises a high pres-
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sure line HP and a low pressure line LP, wherein the high
pressure line HP connects the first energy transfer device
30a comprising the first 30a, 30a1, 30a2, 30a3, 30a4
fluid lines as described in Fig. 4b to the second variable
space 14b via a valve 73a1 of valve device 73, and to
the fourth variable space 24b via a valve 73b1 of the
valve device 73, and the low pressure line LP connects
the second energy transfer device 30b comprising the
second 30b, 30b1, 30b2, 30b3, 30b4 fluid lines as de-
scribed in Fig. 4b, to the second variable space 24b via
a valve 83a1 of a valve device 83, and to the fourth var-
iable space 24b via a valve 83b1 of the valve device 83.
Thus, the pistons 34, 44 and 54, 64 of the further piston
systems 2, 2’ respectively have two valves in both ends
wherein on each end, one valve is connected to the high
pressure line HP and the other valve is connected to the
low pressure line LP, and the variable spaces 14b, 24b
of the main piston systems 1’, 1" each have two valves,
wherein one valve is connected to the high pressure line
HP and the other valve is connected to the low pressure
line LP. According to one embodiment, the high pressure
line HP and low pressure line LP and all fluid lines com-
prise a common fluid medium. According to one embod-
iment, the fluid medium is hydraulic oil. According to one
embodiment, an expansion tank 95, similar to the expan-
sion tanks 75, 85 described above, is arranged in con-
nection to the low pressure line LP as seen in Fig. 5b.
According to one embodiment, a respective cooling cir-
cuit 90a, 90b as described in Fig. 3e is provided to cool
the first 14 and second cylinder 24 respectively in a man-
ner further described in relation to Fig. 3e. According to
one embodiment, a first 141 and second check valve 241
as described in relation to Fig. 3a-3d are provided in the
first 14 and second 24 cylinders respectively. According
to the embodiment, shown in Fig. 5b, the energy gener-
ating system 1 comprises four main piston system cylin-
ders and four further piston system cylinders, however
the use of a common high pressure line HP and low pres-
sure line LP enables the connection and addition of any
suitable number of main piston system cylinders and fur-
ther piston system cylinders to the energy generating
system 1. According to one embodiment, a possible proc-
ess of the energy generating system 1 may be described
as follows: In the cylinders of the main piston systems
1, 1", e.g. the first cylinder 14, wherein the first fluid me-
dium 140 is heated by the aid of the first heat exchanging
system 11, wherein the first fluid medium 140 carry out
an expansion movement after sufficient heating of the
first fluid medium 140, wherein the fluid medium in the
second space 14bis pressed through an open valve 73a1
to the high pressure line HP. This may be carried out with
the check valves swung to a folded position. In the cyl-
inders of the main piston systems 1’, 1", e.g. the second
cylinder 24, wherein the second fluid medium 240 is
cooled by the aid of the second heat exchanging system
21 as well as the cooling circuit 90b, the pressure of the
second fluid medium 240 is reduced. A valve 83b1 is
opened whereby fluid medium from the low pressure line
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LP is allowed to enter the fourth space 24b whereby pres-
sure is increased on the second piston 25, whereby the
pressure of the second fluid medium 240 is increased to
a higher pressure than if it only been exposed to cooling
which enables the phase change into a liquid phase
whereby the volume of the second fluid medium is re-
duced further enabling the second piston to reach its low-
est most compressed position. The check valve 241 in
an unfolded state further accelerates the cooling of the
second fluid medium 240, which increases the speed of
the process. When any of the cylinders of the main piston
systems 1’, 1" reaches an end position, the valves 73,
83 at the upper end are closed and the heat exchanging
process shifts from heating to cooling or the opposite.
When the heat exchanging process is finalized, and the
fluid medium 140, 240 has reached the similar temper-
ature as the heat exchanging system, the correct valve
73, 83 is opened and the piston 15, 25 forces the fluid
medium of the second or fourth space 14, 24 to the high
pressure line HP if the fluid medium 140, 240 was heated
or the piston 15, 25 is pressed downwards from the low
pressure line LP if the fluid medium 140, 240 was cooled.
In parallel to the above described process, the cylinders
34, 44 of the further piston systems 2, 2’ works independ-
ently of the cylinders of the main piston systems 1, 1".
The cylinders 34, 44 of the further piston systems 2, 2’
also work independently of each other. When a piston
35, 45 of the respective cylinders 34, 44 has reached an
end position, the valve in that end opens to the high pres-
sure line HP and a valve in the opposite end of the cylinder
34, 44 opens to the low pressure line LP. The piston 35,
45 is then forced/pressed by fluid medium in the high
pressure line HP and forces/presses fluid medium in the
cylinder 34, 44 to the low pressure line LP, at the same
as the kinetic energy of the piston 35, 45 is transferred
to the energy generating device 30, for instance by ro-
tating a drive shaft. The piston 35, 45 as well as the en-
ergy transfer device is adapted to rotate the drive shaft
inthe same directionirregardless if the piston 35, 45 carry
out an expansion or a compression movement. The ex-
pansion 95 is adapted to take up the over pressure that
may be generated when the cylinders of the main piston
systems 1’, 1" that are being cooled are not able to re-
ceive all fluid medium from the low pressure line LP at
the same time since the expansion movemement and
compression movement of the pistons 15, 15 of the main
piston systems 1’, 1" are not synchronous. According to
one embodiment, the use of an expansion tank 95 ena-
bles the asynchronous movement of the pistons 15, 25.
According to one embodiment, the use of a fluid medium
in the second and fourth variable spaces 14b, 24, and
thus in the high pressure line HP and low pressure line
LP, which is compressible enables the asynchronous
movement of the pistons 15, 25 even though the expan-
sion tank 95 has been removed, i.e. is not comprised in
the energy generating system 1. According one embod-
iment, the cylinders of the energy generating system 1
comprises limit switches adapted to sense when the pis-
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1"

ton 15,25, 35,45, hasreached its end position. According
to one embodiment, the first and second energy transfer
devices 30a, 30b transfer kinetic energy from the recip-
rocating movement of the reciprocatable pistons 15, 25
to an energy generating device 30 arranged for being in
an energy-transfer connection to the first and second re-
ciprocatable pistons 15, 25.

[0069] Fig. 6 discloses the energy generating system
1, according to one embodiment, wherein a preload cyl-
inder 74, similar to thefirst cylinder 34 of the further piston
system 2 as described above, is arranged in fluid con-
nection with the second space 34b and the fourth variable
space 44b of the first cylinder 34 and second cylinder 44
of the further piston system 2 for generating a preload to
the fluid of the second space 34b and the fourth variable
space 44b. According to one embodiment, the preload
cylinder 74, is arranged in fluid connection with the sec-
ond space 54b and the fourth variable space 64b of the
first cylinder 54 and the second cylinder 64 of the second
further piston system 2’ for generating a preload to the
fluid of the second space 34b and the fourth variable
space 44b. According to one embodiment, a valve device
(not shown) is arranged in the lines connecting the first
and second cylinder 34, 44 and first and second cylinder
54, 64 respectively. According to one embodiment, the
preload is a slight overpressure compared to the pres-
sure in the first and second variable spaces 14a, 24a.
According to one embodiment, the overpressure is in the
range of 1-2 Bar. According to one embodiment, the
preload cylinder 74 provides a similar effect as the above
described expansion tanks, 75, 85, 95, i.e. wherein an
asynchronous movement of the first 35 and second pis-
ton 45 are enabled.

[0070] Fig. 7 discloses the energy generating system
1, according to one embodiment of the invention. The
main pistons 5, 6, 7, 8 compressing first and second fluid
mediums such as e.g. gaseous medium causing a phase
transfer of the gas by cooling or expanding gas by heat-
ing, which alternately is provided to heat exchanging sys-
tems arranged in fluid connection with each main piston
5, 6, 7, 8. The gaseous medium is housed in the lower
part of the main pistons as well as in each heat exchang-
ing system. Cooling and heating in liquid form is provided
and returned from the heat exchanging systems via two
3-way valves arranged to each heat exchanging system.
The upper part of each main piston and the fluid lines
connected to the lower parts of the piston pairs 1, 2, 3,
4 is filled with e.g. hydraulic oil. The main pistons work
in pairs, wherein main piston 5 is heated and has a rel-
atively higher pressure than main piston 7 having a low
pressure, connected to fluid line 56 and 78 respectively.
Piston pairs 1-4 is connected in sequence via valves to
fluid lines 56 and 78 so that at least one piston pair drives
and rotates the drive shaft, or, transfers energy to the
energy generating device by any other means. In Fig. 7,
a fluid line is connected to the fluid line 56 and presses
one piston in the piston pair to an upper end position,
while the other piston of the piston pair is pressed back



21 EP 3 426 905 B1

to a lower end position and hydraulic oil back via fluid
line 78 to main piston 7. Pressurization line connected
to the upper part in the piston pairs has a slight overpres-
sure compared to the lowest pressure obtainable by heat
exchanging by cooling in the main pistons. This over-
pressure allows in this case the transfer of gas into liquid
phase in the heat exchanging system and the lower part
of main piston 7 where the pressure as aresult decreases
rapidly. Eventually, the main pistons 5 and 7 have
reached their end positions. At this point, the valves V56
and V78 switch over to main piston 6 and 8 and the proc-
ess starts over. While main piston 6 and 8 work toward
their end positions, main piston 5 and 7 are undergoing
a heat exchange wherein the piston previously heated is
now cooled (5) and the piston previously cooled is now
heated (7) sothat they are ready to start when main piston
6 and 8 are ready. According to one embodiment, as
seen in Fig. 7 a valve device V51, V61, V71, V81. is
provided on the inlet side to each heat exchanging de-
vice, 11, 21 etc, corresponding to the above described
first valve 12, wherein a heat supply and cold supply is
connected said valve devices. Fig. 7 also discloses a
valve devices V52, V62, V72, V82 arranged on the outlet
side of the heat exchanging devices. The valve devices
V52, V62, V72, V82 are connected to a heat return and
a cold return wherein the heat and cold may be reused
in the process. According to one embodiment, the valve
control unit 50 controls the valves V51, V61, V71, V81,
V52, V62, V72, V82. In order to avoid that cold medium
is returned via the heatreturn and hot medium is returned
via the cold return, which reduces the efficiency of the
process, the valve devices V52, V62, V72, V82 on the
outlet side are adapted to be switched between the heat
and cold return with a slight delay after the heat exchang-
ing system has stopped either the heating and cooling
process of the fluid medium in the cylinders. Hot and cold
medium still in the heat exchanging system are thereby
allowed to exit the system, emptying the same, before
switching the valve devices V52, V62, V72, V82.

[0071] A preferred embodiment of an energy generat-
ing system 1 according to the invention has been de-
scribed. However, the person skilled in the art realizes
that this can be varied within the scope of the appended
claims without departing from the inventive idea.

Claims
1. An energy generating system (1) comprising:

a main piston system (1’), further comprising,
a first cylinder (14) comprising a first reciprocat-
able piston (15), wherein the first piston (15)
sealably divides the first cylinder (14) into a first
(14a) and second (14b) variable space, wherein
the first space (14a) comprises a first fluid me-
dium (140) and the second space (14b) com-
prises a fluid medium (145),
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a first energy transfer device (30a) connected
to the first cylinder (14),

a first heat exchanging system (11) in fluid con-
nection with the first space (14a), wherein the
first heat exchanging system (11) is adapted to
alternately heat and

cool the first fluid medium (140), whereby pres-
sure in the first space (14a) is increased and
reduced respectively,

a second cylinder (24) comprising a reciprocat-
able piston (25), wherein the second piston (25)
sealably divides the second cylinder (24) into a
third (24a) and fourth (24b) variable space,
wherein the third space (24a) comprises a sec-
ond fluid medium (240) and the fourth space
(24b) comprises a fluid medium (245),

a second energy transfer device (30b) connect-
ed to the second cylinder (24),

a second heat exchanging system (21) in fluid
connection with the third space (24a), wherein
the second heat exchanging system (21) is
adapted to alternately heat and cool the second
fluid medium (240), whereby pressure in the
third space (24a) is increased and reduced re-
spectively,

wherein the energy generating system (1) is
adapted to control heating of the first fluid me-
dium (140) and cooling of the second fluid me-
dium (240) and conversely cooling of the first
fluid medium (140) and heating of the second
fluid medium (240), whereby the resulting pres-
sure increase from heating and pressure reduc-
tion from cooling in the first space (14a) and the
third space (24a) respectively, causes the first
piston (15) and the second piston (25) to recip-
rocate between an expansion movement during
heating wherein the first and third variable spac-
es (14a, 24a) increases, and a compression
movement during cooling wherein the first and
third variable spaces (14a, 24a) decreases,
whereby the first and second energy transfer de-
vices (30a, 30b) transfer kinetic energy from the
reciprocating movement of the reciprocatable
pistons (15, 25) to an energy generating device
(30) arranged for being in an energy-transfer
connection to the first and second reciprocata-
ble pistons (15, 25)

whereby during the expansion movement of the
first piston (15) the fluid medium (145, 245) is
forced out of the second space (14b) as well as
into the fourth space (24b) aiding the compres-
sion movement of the second piston (25), and
whereby during the expansion movement of the
second piston (25) the fluid medium (145, 245)
is forced out of the fourth space (24b) as well as
into the second space (14b) aiding the compres-
sion movement of the first piston (25), charac-
terised in that the first (30a) and second (30b)
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energy transfer devices comprise a first (30a1,
30b1)and second (30a2, 30b2)fluid line respec-
tively, respectively connecting the second vari-
able space (14b) and fourth variable space (24b)
with a further piston system (2), whereby the first
and second fluid lines (30a1, 30b1, 30a2, 30b2)
transfer the kinetic energy of the reciprocatable
pistons (15, 25) via the further piston system (2),
to the energy generating device (30).

Energy generating system (1) according to claim 1,
wherein the second and fourth variable spaces (14b,
24b) of the main piston system (1’), via the fluid lines
(30a1, 30b1) are in fluid connection with a first cyl-
inder (34) of the further piston system (2) via a valve
device (33), and wherein the second and fourth var-
iable spaces (14b, 24) of the main piston system (1°),
via the fluid lines (30a2, 30b2) are in fluid connection
with a second cylinder (44) of the further piston sys-
tem (2) via a valve device (43),

wherein the valve devices (33) and (43) are control-
led by a valve control unit (50).

Energy generating system (1) according to claim 2,
wherein the first cylinder (34) of the further piston
system (2) comprises a reciprocatable piston (35),
sealably dividing the cylinder (34) into a first (34a)
and second (34b) variable space, wherein the first
space (34a) comprises a fluid medium (340), and
the second space (34b) comprises a fluid medium
(345), wherein the second cylinder (44) of the further
piston system (2) comprises a reciprocatable piston
(45), sealably dividing the second cylinder (44) into
athird (44a) and fourth (44b) variable space, wherein
the third space (44a) comprises a fluid medium
(440), and the fourth space (44b) comprises a fluid
medium (445), wherein the second space (34b) is in
fluid connection with the fourth space (44b), wherein
the second (14b) and fourth (24b) variable spaces
of the main piston system (1°), via the fluid lines
(30a1, 30a2,30b1, 30b2), arein fluid connection with
the first (34a) and third (44a) variable spaces of the
further piston system (2).

Energy generating system (1) according to any of
claims 1-3, wherein the second and fourth spaces
(14b, 24b) of the main piston system (1’) are in fluid
connection with a plurality of further pistons systems
(2, 2’), comprising at least a first and second further
piston system (2, 2’), in a similar arrangement as
described in claims 2-4.

Energy generating system (1) according to claim 4,
wherein a movement cycle of the reciprocation of
the pistons of the further piston system (2) is time
shifted in relation to the cycle time of at least one of
the plurality of further piston systems (2).
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Energy generating system (1) according to any of
claims 1-5, comprising a second main piston system
(1") similar to the main piston system (1’) according
to any of claims 1-5 wherein the second main piston
system (1") is arranged to the further piston system
2),

whereby the firstand second energy transfer devices
(30a", 30b") of the second main piston system (1")
transfer the kinetic energy from the reciprocating
movement of the reciprocatable pistons (15", 25") to
the energy generating device (30) arranged for being
in an energy-transfer connection to the first and sec-
ond reciprocatable pistons (15", 25"),

wherein a movement cycle of the reciprocation of
the pistons of the second main piston system (1") is
time shifted in relation to the movement cycle of the
pistons of the main piston system (1°).

Energy generating system (1) according to any of
claims 4-6, wherein the second main piston system
(1") is arranged to the second further piston system
(2’), according to any of claims 4-6,

wherein a movement cycle of the reciprocation of
the pistons of the second main piston system (1") is
time shifted in relation to the movement cycle of the
pistons of the first main piston system (1°).

Energy generating system (1) according to any of
claims 2-7, wherein a preload cylinder (74), similar
to the first cylinder (34) of the further piston system
(2) as described in any of claims 3-7 is arranged in
fluid connection with the second space (34b) and the
fourth variable space (44b) of the first cylinder (34)
of the further piston system (2) for generating a
preload to the fluid of the second space (34b) and
the fourth variable space (44b).

Energy generating system (1) according to claim 1,
wherein the first energy transfer device (30a) is con-
nected to the first reciprocatable piston (15), and the
second energy transfer device (30b) is connected to
the second reciprocatable piston (25), wherein the
second space (14b) is in fluid connection with the
fourth space (24b), whereby during expansion
movement of the first piston (15) the fluid medium is
forced out of the second space (14b) into the fourth
space aiding a compression movement of the sec-
ond piston (25) so that the third space is decreased,
and whereby during expansion movementofthe sec-
ond piston (25) the fluid medium is forced out of the
fourth space (24b) into the second space (14b) aid-
ing a compression movement of the first piston (25)
so that the first space is decreased.

Energy generating system (1) according to any of
the preceding claims, wherein the first heat exchang-
ing system (11) comprises a first heat exchanger,
comprising a first valve (12) to which a line (12a) for
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a hot medium and a line (12b) for cold medium is
connected for selectively receiving a hot medium and
a cold medium into the first heat exchanger (11),
wherein the second heat exchanging system (21)
comprises a second heat exchanger comprising a
second valve (22) to which a line (22a) for a hot me-
dium and a line (22b) for a cold medium is connected
for selectively receiving a hot medium and a cold
medium into the second heat exchanger (21),
wherein the first and second valves (12, 22) are con-
trolled by a valve control unit (50).

Energy generating system (1) according to any of
the preceding claims, wherein the first heat exchang-
ing system (11) is in fluid connection with the first
cylinder (14) via a third valve (13), and the second
heat exchanging system (21) is in fluid connection
with the second cylinder (24) via a fourth valve (23),
wherein the opening and closing of valves (13, 23)
are controllable by the valve control unit (50).

Energy generating system (1) according to any of
the preceding claims, wherein the first heat exchang-
ing system (11) and the second heat exchanging
system (21) comprises two separate heat exchang-
ers respectively, wherein a first heat exchanger of
the first system (11) is adapted to heat the first (140)
fluid medium, and a first heat exchanger of the sec-
ond system (21) is adapted to heat the second (240)
fluid medium, and a second heat exchanger of the
first system (11) is adapted to cool the first medium
(140), and a second heat exchanger of the second
system (21) is adapted to cool the second (240) fluid
medium.

Energy generating system (1) according to any of
the preceding claims, wherein the first heat exchang-
ing system (11) is arranged within the first variable
space (14a) of the first cylinder (14), and/or the sec-
ond heat exchanging system (21) is arranged within
the third variable space (24b) of the second cylinder
(24).

Energy generating system (1) according to any of
the preceding claims, wherein the first heat exchang-
ing system (11) is arranged externally of the first cyl-
inder (14), and/or the second heat exchanging sys-
tem (21)is arranged externally of the second cylinder
(24).

Energy generating system (1) according to any of
the previous claims, wherein the fluid medium (140,
240) undergoes a phase transfer from a gaseous
phase into a liquid phase during the compression
movement and back into a gaseous phase during
the expansion movement.

Energy generating system (1) according to any of
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the preceding claims, wherein the energy generating
system (1) is adapted to control heating of the first
fluid medium (140) substantially simultaneously with
cooling of the second fluid medium (240) and con-
versely cooling of the first fluid medium (140) sub-
stantially simultaneously with heating of the second
fluid medium (240).

Patentanspriiche

Energieerzeugungssystem (1), umfassend:

ein Hauptkolbensystem (1°), ferner umfassend,
einen ersten Zylinder (14), der einen ersten hin-
und herbewegbaren Kolben (15) umfasst, wobei
der erste Kolben (15) abdichtbar den ersten Zy-
linder (14) in einen ersten (14a) und zweiten
(14b) variablen Raum teilt, wobei der erste
Raum (14a) ein erstes fluides Medium (140) um-
fasst und der zweite Raum (14b) ein fluides Me-
dium (145) umfasst,

eine erste Energielibertragungsvorrichtung
(30a), die mit dem ersten Zylinder (14) verbun-
den ist,

ein erstes Warmetauschsystem (11)in Fluidver-
bindung mit dem ersten Raum (14a), wobei das
erste Warmetauschsystem (11) ausgelegt ist,
das erste fluide Medium (140) abwechselnd zu
erwarmen und zu kiihlen, wodurch ein Druck in
dem ersten Raum (14a) erhdht bzw. reduziert
wird,

einen zweiten Zylinder (24), der einen hin- und
herbewegbaren Kolben (25) umfasst, wobei der
zweite Kolben (25) abdichtbar den zweiten Zy-
linder (24) in einen dritten (24a) und vierten
(24b) variablen Raum teilt, wobei der dritte
Raum (24a) ein zweites fluides Medium (240)
umfasst und der vierte Raum (24b) ein fluides
Medium (245) umfasst,

eine zweite Energielibertragungsvorrichtung
(30b), die mitdem zweiten Zylinder (24) verbun-
den ist,

ein zweites Warmetauschsystem (21) in Fluid-
verbindung mit dem dritten Raum (24a), wobei
das zweite Warmetauschsystem (21) ausgelegt
ist, das zweite fluide Medium (240) abwech-
selnd zu erwarmen und zu kiihlen, wodurch ein
Druck in dem dritten Raum (24a) erhéht bzw.
reduziert wird,

wobei das Energieerzeugungssystem (1) aus-
gelegtist, ein Erwarmen des ersten fluiden Me-
diums (140) und ein Kiihlen des zweiten fluiden
Mediums (240) und umgekehrt ein Kihlen des
ersten fluiden Mediums (140) und ein Erwarmen
des zweiten fluiden Mediums (240) zu steuern,
wodurch die resultierende Druckerhéhung aus
dem Erwarmen und Druckreduzierung aus dem
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Kuhlen in dem ersten Raum (14a) bzw. dem drit-
ten Raum (24a) den ersten Kolben (15) und den
zweiten Kolben (25) veranlasst, sich zwischen
einer Expansionsbewegung wahrend des Er-
warmens, bei der sich die ersten und dritten va-
riablen Raume (14a, 24a) erhéhen, und einer
Kompressionsbewegung wahrend des Kiih-
lens, bei der sich die ersten und dritten variablen
Raume (14a, 24a) verringern, hin- und herzu-
bewegen, wodurch die ersten und zweiten En-
ergieubertragungsvorrichtungen (30a, 30b) ki-
netische Energie aus der hin- und hergehenden
Bewegung der hin- und herbewegbaren Kolben
(15, 25) zu einer Energieerzeugungsvorrichtung
(30) Ubertragen, die angeordnet ist, in einer En-
ergielbertragungsverbindung mit den ersten
und zweiten hin- und herbewegbaren Kolben
(15, 25) zu sein,

wobei wahrend der Expansionsbewegung des
ersten Kolbens (15) das fluide Medium (145,
245) aus dem zweiten Raum (14b) sowie in den
vierten Raum (24b) gedriickt wird, was die Kom-
pressionsbewegung des zweiten Kolbens (25)
unterstitzt, und wobei wahrend der Expansi-
onsbewegung des zweiten Kolbens (25) das flu-
ide Medium (145, 245) aus dem vierten Raum
(24b) sowie in den zweiten Raum (14b) gedriickt
wird, was die Kompressionsbewegung des ers-
ten Kolbens (25) unterstitzt, dadurch gekenn-
zeichnet, dass die ersten (30a) und zweiten
(30b) Energielibertragungsvorrichtungen eine
erste (30a1, 30b1) bzw. zweite (30a2, 30b2) Flu-
idleitung umfassen, die den zweiten variablen
Raum (14b) bzw. den vierten variablen Raum
(24b) mit einem weiteren Kolbensystem (2) ver-
binden, wobei die ersten und zweiten Fluidlei-
tungen (30a1, 30b1, 30a2, 30b2) die kinetische
Energie der hin- und herbewegbaren Kolben
(15, 25) Uber das weitere Kolbensystem (2) zu
der Energieerzeugungsvorrichtung (30) uber-
tragen.

Energieerzeugungssystem (1) nach Anspruch 1,
wobei die zweiten und vierten variablen Raume (14b,
24b) des Hauptkolbensystems (1) Giber die Fluidlei-
tungen (30a1, 30b1) in Fluidverbindung mit einem
ersten Zylinder (34) des weiteren Kolbensystems (2)
Uber eine Ventilvorrichtung (33) sind, und wobei die
zweiten und vierten variablen Raume (14b, 24) des
Hauptkolbensystems (1°) Uber die Fluidleitungen
(30a2, 30b2) in Fluidverbindung mit einem zweiten
Zylinder (44) des weiteren Kolbensystems (2) tiber
eine Ventilvorrichtung (43) sind,

wobei die Ventilvorrichtungen (33) und (43) durch
eine Ventilsteuereinheit (50) gesteuert werden.

Energieerzeugungssystem (1) nach Anspruch 2,
wobei der erste Zylinder (34) des weiteren Kolben-
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systems (2) einen hin- und herbewegbaren Kolben
(35) umfasst, der den Zylinder (34) abdichtbar in ei-
nen ersten (34a) und zweiten (34b) variablen Raum
teilt, wobei der erste Raum (34a) ein fluides Medium
(340) umfasst und der zweite Raum (34b) ein fluides
Medium (345) umfasst, wobei der zweite Zylinder
(44) des weiteren Kolbensystems (2) einen hin- und
herbewegbaren Kolben (45) umfasst, der den zwei-
ten Zylinder (44) abdichtbar in einen dritten (44a)
und vierten (44b) variablen Raum teilt, wobei der drit-
te Raum (44a) ein fluides Medium (440) umfasst und
der vierte Raum (44b) ein fluides Medium (445) um-
fasst, wobei der zweite Raum (34b) in Fluidverbin-
dung mitdem vierten Raum (44b)ist, wobeidie zwei-
ten (14b) und vierten (24b) variablen Raume des
Hauptkolbensystems (1°) uber die Fluidleitungen
(30a1,30a2, 30b1, 30b2) in Fluidverbindung mitden
ersten (34a) und dritten (44a) variablen Raumen des
weiteren Kolbensystems (2) sind.

Energieerzeugungssystem (1) nach einem der An-
spriiche 1-3, wobei die zweiten und vierten Rdume
(14b, 24b) des Hauptkolbensystems (1°) in Fluidver-
bindung mit einer Mehrzahl von weiteren Kolbensys-
temen (2, 2’), die mindestens ein erstes und zweites
weiteres Kolbensystem (2, 2’) umfassen, in einer
ahnlichen Anordnung wie in den Anspriichen 2-4 be-
schrieben sind.

Energieerzeugungssystem (1) nach Anspruch 4,
wobei ein Bewegungszyklus des Hin- und Herge-
hens der Kolben des weiteren Kolbensystems (2) in
Relation zu der Zykluszeit mindestens eines der
Mehrzahl von weiteren Kolbensystemen (2’) zeitver-
setzt ist.

Energieerzeugungssystem (1) nach einem der An-
spriche 1-5, umfassend ein zweites Hauptkolben-
system (1") ahnlich zu dem Hauptkolbensystem (1°)
nach einem der Anspriiche 1-5, wobei das zweite
Hauptkolbensystem (1") zu dem weiteren Kolben-
system (2) angeordnet ist,

wobei die ersten und zweiten Energielibertragungs-
vorrichtungen (30a", 30b") des zweiten Hauptkol-
bensystems (1") die kinetische Energie aus der hin-
und hergehenden Bewegung der hin- und herbe-
wegbaren Kolben (15", 25") zu der Energieerzeu-
gungsvorrichtung (30) Ubertragen, die angeordnet
ist, in einer Energielibertragungsverbindung zu den
ersten und zweiten hin- und herbewegbaren Kolben
(15", 25") zu sein,

wobei ein Bewegungszyklus des Hin- und Herge-
hens der Kolben des zweiten Hauptkolbensystems
(1") in Relation zu dem Bewegungszyklus der Kol-
ben des Hauptkolbensystems (1’) zeitversetzt ist.

Energieerzeugungssystem (1) nach einem der An-
spriiche 4-6,
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wobei das zweite Hauptkolbensystem (1") zu dem
zweiten weiteren Kolbensystem (2’) nach einem der
Anspriiche 4-6 angeordnet ist,

wobei ein Bewegungszyklus des Hin- und Herge-
hens der Kolben des zweiten Hauptkolbensystems
(1") in Relation zu dem Bewegungszyklus der Kol-
ben des ersten Hauptkolbensystems (1°) zeitversetzt
ist.

Energieerzeugungssystem (1) nach einem der An-
spriiche 2-7, wobei ein Vorspannzylinder (74), ahn-
lich zu dem ersten Zylinder (34) des weiteren Kol-
bensystems (2) wie in einem der Anspriiche 3-7 be-
schrieben, in Fluidverbindung mit dem zweiten
Raum (34b) und dem vierten variablen Raum (44b)
des ersten Zylinders (34) des weiteren Kolbensys-
tems (2) zum Erzeugen einer Vorspannung auf das
Fluid des zweiten Raums (34b) und des vierten va-
riablen Raums (44b) angeordnet ist.

Energieerzeugungssystem (1) nach Anspruch 1,
wobei die erste Energielibertragungsvorrichtung
(30a) mit dem ersten hin- und herbewegbaren Kol-
ben (15) verbunden ist, und die zweite Energieliber-
tragungsvorrichtung (30b) mit dem zweiten hin- und
herbewegbaren Kolben (25) verbunden ist, wobei
der zweite Raum (14b) in Fluidverbindung mit dem
vierten Raum (24b) ist, wobei wahrend einer Expan-
sionsbewegung des ersten Kolbens (15) das fluide
Medium aus dem zweiten Raum (14b) in den vierten
Raum gedriickt wird, was eine Kompressionsbewe-
gung des zweiten Kolbens (25) unterstitzt, so dass
der dritte Raum verringert wird, und wobei wahrend
einer Expansionsbewegung des zweiten Kolbens
(25) das fluide Medium aus dem vierten Raum (24b)
in den zweiten Raum (14b) gedriickt wird, was eine
Kompressionsbewegung des ersten Kolbens (25)
unterstitzt, so dass der erste Raum verringert wird.

Energieerzeugungssystem (1) nach einem der vor-
hergehenden Anspriiche,

wobei das erste Warmetauschsystem (11) einen
ersten Warmetauscher umfasst, der ein erstes Ventil
(12) umfasst, mitdem eine Leitung (12a) fiur ein hei-
Res Medium und eine Leitung (12b) fir ein kaltes
Medium zum gezielten Aufnehmen eines heillen
Mediums und eines kalten Mediums in den ersten
Warmetauscher (11) verbunden ist,

wobei das zweite Warmetauschsystem (21) einen
zweiten Warmetauscher umfasst, der ein zweites
Ventil (22) umfasst, mit dem eine Leitung (22a) fiir
ein heiles Medium und eine Leitung (22b) flr ein
kaltes Medium zum gezielten Aufnehmen eines hei-
Ren Mediums und eines kalten Mediums in den zwei-
ten Warmetauscher (21) verbunden ist, wobei die
ersten und zweiten Ventile (12, 22) durch eine Ven-
tilsteuereinheit (50) gesteuert werden.
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Energieerzeugungssystem (1) nach einem der vor-
hergehenden Anspriiche, wobei das erste Warme-
tauschsystem (11) in Fluidverbindung mit dem ers-
ten Zylinder (14) uber ein drittes Ventil (13) ist, und
das zweite Warmetauschsystem (21) in Fluidverbin-
dung mit dem zweiten Zylinder (24) Uber ein viertes
Ventil (23) ist, wobei das Offnen und SchlieRen der
Ventile (13, 23) durch die Ventilsteuereinheit (50)
steuerbar sind.

Energieerzeugungssystem (1) nach einem der vor-
hergehenden Anspriiche, wobei das erste Warme-
tauschsystem (11) und das zweite Warmetausch-
system (21) jeweils zwei separate Warmetauscher
umfassen, wobei ein erster Warmetauscher des ers-
te Systems (11) ausgelegt ist, das erste (140) fluide
Medium zu erwdrmen, und ein erster Warmetau-
scher des zweiten Systems (21) ausgelegt ist, das
zweite (240) fluide Medium zu erwarmen, und ein
zweiter Warmetauscher des ersten Systems (11)
ausgelegtist, das erste Medium (140) zu kiihlen, und
ein zweiter Warmetauscher des zweiten Systems
(21) ausgelegt ist, das zweite (240) fluide Medium
zu kihlen.

Energieerzeugungssystem (1) nach einem der vor-
hergehenden Anspriiche, wobei das erste Warme-
tauschsystem (11) in dem ersten variablen Raum
(14a) des ersten Zylinders (14) angeordnet ist
und/oder das zweite Warmetauschsystem (21) in
dem dritten variablen Raum (24b) des zweiten Zy-
linders (24) angeordnet ist.

Energieerzeugungssystem (1) nach einem der vor-
hergehenden Anspriiche, wobei das erste Warme-
tauschsystem (11) extern von dem ersten Zylinder
(14) angeordnet ist und/oder das zweite Warme-
tauschsystem (21) extern von dem zweiten Zylinder
(24) angeordnet ist.

Energieerzeugungssystem (1) nach einem der vor-
hergehenden Anspriiche, wobei das fluide Medium
(140, 240) einen Phasenubergang von einer gasfor-
migen Phase in eine flissige Phase wahrend der
Kompressionsbewegung und zurtick in eine gasfor-
mige Phase wahrend der Expansionsbewegung un-
terlauft.

Energieerzeugungssystem (1) nach einem der vor-
hergehenden Anspriiche, wobei das Energieerzeu-
gungssystem (1) ausgelegt ist, ein Erwarmen des
ersten fluiden Mediums (140) im Wesentlichen
gleichzeitig mit einem Kihlen des zweiten fluiden
Mediums (240) und umgekehrt ein Kiihlen des ers-
ten fluiden Mediums (140) im Wesentlichen gleich-
zeitig mit einem Erwarmen des zweiten fluiden Me-
diums (240) zu steuern.
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Revendications

1.

Systeme de génération d’énergie (1), comprenant :

un systeme de piston principal (1’), comprenant
en outre, un premier cylindre (14) comprenant
un premier piston déplagable en va-et-vient
(15), dans lequel le premier piston (15) divise
de fagon étanchéifiable le premier cylindre (14)
en un premier (14a) et un deuxiéme (14b) es-
pace variable, dans lequel le premier espace
(14a) comprend un premier milieu fluide (140)
etle deuxieme espace (14b) comprend un milieu
fluide (145),

un premier dispositif de transfertd’énergie (30a)
raccordé au premier cylindre (14),

un premier systeme d’échange de chaleur (11)
en raccordement fluidique avec le premier es-
pace (14a), dans lequel le premier systéme
d’échange de chaleur (11) est adapté pour
chauffer et refroidir de fagon alternée le premier
milieu fluide (140), moyennant quoi la pression
dans le premier espace (14a) est augmentée et
réduite respectivement,

un second cylindre (24) comprenant un piston
déplacable en va-et-vient (25), dans lequel le
second piston (25) divise de fagon étanchéifia-
ble le second cylindre (24) en un troisieme (24a)
et un quatriéme (24b) espace variable, dans le-
quel le troisieme espace (24a) comprend un se-
cond milieu fluide (240) et le quatrieme espace
(24b) comprend un milieu fluide (245),

un second dispositif de transfert d’énergie (30b)
raccordé au second cylindre (24),

un second systeme d’échange de chaleur (21)
en raccordement fluidique avec le troisieme es-
pace (24a), dans lequel le second systéme
d’échange de chaleur (21) est adapté pour
chauffer et refroidir de fagon alternée le second
milieu fluide (240), moyennant quoi la pression
dans le troisieme espace (24a) est augmentée
et réduite respectivement,

dans lequel le systéeme de génération d’énergie
(1) est adapté pour commander le chauffage du
premier milieu fluide (140) et le refroidissement
du second milieu fluide (240) et inversement le
refroidissement du premier milieu fluide (140) et
le chauffage du second milieu fluide (240),
moyennant quoi les résultantes augmentation
de pression due au chauffage et réduction de
pression due au refroidissement dans le premier
espace (14a) et le troisieme espace (24a), res-
pectivement, font en sorte que le premier piston
(15) et le second piston (25) se déplacent en va-
et-vient entre un mouvement d’expansion du-
rant le chauffage, dans lequel les premier et troi-
siéme espaces variables (14a, 24a) augmen-
tent, et un mouvement de compression durant
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le refroidissement, dans lequel les premier et
troisieme espaces variables (14a, 24a) se ré-
duisent, moyennant quoi les premier et second
dispositifs de transfert d’énergie (30a, 30b)
transférent de I'énergie cinétique du mouve-
ment en va-et-vient des pistons déplacables en
va-et-vient (15, 25) a un dispositif de génération
d’énergie (30) agencé pour étre en raccorde-
ment de transfert d’énergie avec les premier et
second pistons déplagables en va-et-vient (15,
25)

moyennant quoi, durantle mouvement d’expan-
sion du premier piston (15), le milieu fluide (145,
245) est forcé hors du deuxieme espace (14b)
ainsi que dans le quatrieme espace (24b), aidant
le mouvementde compression du second piston
(25), et moyennant quoi, durant le mouvement
d’expansion du second piston (25), le milieu flui-
de (145, 245) est forcé hors du quatrieme espa-
ce (24b) ainsi que dans le deuxiéme espace
(14b), aidant le mouvement de compression du
premier piston (25), caractérisé en ce que les
premier (30a) et second (30b) dispositifs de
transfert d’énergie comprennent une premiéere
(30a1, 30b1) et une seconde (30a2, 30b2) con-
duite de fluide respectivement, raccordant res-
pectivement le deuxieme espace variable (14b)
et le quatriéme espace variable (24b) a un sys-
teme de piston supplémentaire (2), moyennant
quoiles premiére et seconde conduites de fluide
(30a1, 30b1, 30a2, 30b2) transferent I'énergie
cinétique des pistons déplagables en va-et-vient
(15, 25), par l'intermédiaire du systeme de pis-
ton supplémentaire (2), au dispositif de généra-
tion d’énergie (30).

Systeme de génération d’énergie (1) selon la reven-
dication 1, dans lequel les deuxiéme et quatrieme
espaces variables (14b, 24b) du systéme de piston
principal (1), par l'intermédiaire des conduites de
fluide (30a1, 30b1), sont en raccordement fluidique
avec un premier cylindre (34) du systéme de piston
supplémentaire (2), parI'intermédiaire d’'un dispositif
de soupape (33), et dans lequel les deuxiéme et qua-
trieme espaces variables (14b, 24) du systeme de
piston principal (1°), par I'intermédiaire des conduites
de fluide (30a2, 30b2), sont en raccordement fluidi-
que avec un second cylindre (44) du systeme de
piston supplémentaire (2), par l'intermédiaire d’un
dispositif de soupape (43),

dans lequel les dispositifs de soupape (33) et (43)
sont commandés par une unité de commande de
soupape (50).

Systeme de génération d’énergie (1) selon la reven-
dication 2, dans lequel le premier cylindre (34) du
systeme de piston supplémentaire (2) comprend un
piston déplagable en va-et-vient (35), divisant de fa-
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¢on étanchéifiable le cylindre (34) en un premier
(34a) et un deuxiéme (34b) espace variable, dans
lequel le premier espace (34a) comprend un milieu
fluide (340), et le deuxieme espace (34b) comprend
un milieu fluide (345), dans lequel le second cylindre
(44) du systeme de piston supplémentaire (2) com-
prend un piston déplagable en va-et-vient (45), divi-
sant de fagon étanchéifiable le second cylindre (44)
en un troisieme (44a) et un quatrieme (44b) espace
variable, dans lequel le troisieme espace (44a) com-
prend un milieu fluide (440), et le quatrieme espace
(44b) comprend un milieu fluide (445), dans lequel
le deuxiéme espace (34b) est en raccordement flui-
dique avec le quatriéme espace (44b), dans lequel
les deuxieme (14b) et quatrieme (24b) espaces va-
riables du systéme de piston principal (1°), par I'in-
termédiaire des conduites de fluide (30a1, 30a2,
30b1, 30b2), sont en raccordement fluidique avec
les premier (34a) et troisieme (44a) espaces varia-
bles du systeme de piston supplémentaire (2).

Systeme de génération d’énergie (1) selon l'une
quelconque des revendications 1 a 3, dans lequel
les deuxieme et quatrieme espaces (14b, 24b) du
systéme de piston principal (1’) sont en raccorde-
ment fluidique avec une pluralité de systemes de
pistons supplémentaires (2, 2'), comprenant au
moins un premier et un second systéme de piston
supplémentaire (2, 2’), dans un agencement similai-
re tel que décrit dans les revendications 2 a 4.

Systeme de génération d’énergie (1) selon la reven-
dication 4, dans lequel un cycle de mouvement du
mouvement en va-et-vient des pistons du systéme
de piston supplémentaire (2) est décalé en temps
par rapport au temps de cycle d’au moins un de la
pluralité de systeme de piston supplémentaires (2’).

Systeme de génération d’énergie (1) selon l'une
quelconque des revendications 1 a 5, comprenant
un second systeme de piston principal (1") similaire
au systeme de piston principal (1°) selon I'une quel-
conque des revendications 1 a 5, dans lequel le se-
cond systéme de piston principal (1") est agencé sur
le systéme de piston supplémentaire (2),
moyennant quoi les premier et second dispositifs de
transfert d’énergie (30a", 30b") du second systeme
de piston principal (1") transférentI’énergie cinétique
du mouvement en va-et-vient des pistons déplaca-
bles en va-et-vient (15", 25") au dispositif de géné-
ration d’énergie (30) agencé pour étre en raccorde-
ment de transfert d’énergie avec les premier et se-
cond pistons déplagables en va-et-vient (15", 25"),
dans lequel un cycle de mouvement du mouvement
en va-et-vient des pistons du second systeme de
piston principal (1") est décalé en temps par rapport
au cycle de mouvement des pistons du systeme de
piston principal (1°).
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34

Systeme de génération d’énergie (1) selon l'une
quelconque des revendications 4 a 6, dans lequel le
second systéme de piston principal (1") est agencé
surle second systeme de piston supplémentaire (2’),
selon I'une quelconque des revendications 4 a 6,
dans lequel un cycle de mouvement du mouvement
en va-et-vient des pistons du second systeme de
piston principal (1") est décalé en temps par rapport
au cycle de mouvement des pistons du premier sys-
teme de piston principal (1°).

Systeme de génération d’énergie (1) selon l'une
quelconque des revendications 2 a 7, dans lequel
un cylindre de précharge (74), similaire au premier
cylindre (34) du systéme de piston supplémentaire
(2) tel que décrit dans I'une quelconque des reven-
dications 3 a 7, est agencé en raccordement fluidi-
que avec le deuxieme espace (34b) et le quatrieme
espace variable (44b) du premier cylindre (34) du
systeme de piston supplémentaire (2) pour générer
une précharge sur le fluide du deuxiéeme espace
(34b) et du quatrieme espace variable (44b).

Systeme de génération d’énergie (1) selon la reven-
dication 1, dans lequel le premier dispositif de trans-
fert d’énergie (30a) est raccordé au premier piston
déplacgable enva-et-vient (15), et le second dispositif
de transfert d’énergie (30b) est raccordé au second
piston déplagable en va-et-vient (25), dans lequel le
deuxieme espace (14b) est en raccordement fluidi-
que avec le quatrieme espace (24b), moyennant
quoi, durant un mouvement d’expansion du premier
piston (15), le milieu fluide est forcé, hors du deuxié-
me espace (14b), dans le quatrieme espace, aidant
un mouvement de compression du second piston
(25), pour que le troisieme espace soit réduit, et
moyennant quoi, durant le mouvement d’expansion
du second piston (25), le milieu fluide est forcé, hors
du quatrieme espace (24b), dans le deuxiéme es-
pace (14b), aidant un mouvement de compression
du premier piston (25) pour que le premier espace
soit réduit.

Systeme de génération d’énergie (1) selon l'une
quelconque des revendications précédentes,

dans lequel le premier systéeme d’échange de cha-
leur (11) comprend un premier échangeur de cha-
leur, comprenant une premiére soupape (12) a la-
quelle une conduite (12a) pour un milieu chaud et
une conduite (12b) pour un milieu froid sont raccor-
dées pour sélectivement recevoir un milieu chaud et
un milieu froid dans le premier échangeur de chaleur
(1),

danslequel le second systéeme d’échange de chaleur
(21) comprend un second échangeur de chaleur
comprenant une deuxiéme soupape (22) a laquelle
une conduite (22a) pour un milieu chaud et une con-
duite (22b) pour un milieu froid sont raccordées pour
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sélectivement recevoir un milieu chaud et un milieu
froid dans le second échangeur de chaleur (21).
dans lequel les premiére et deuxiéme soupapes (12,
22) sont commandés par une unité de commande
de soupape (50) .

Systeme de génération d’énergie (1) selon l'une
quelconque des revendications précédentes,

dans lequel le premier systéme d’échange de cha-
leur (11) est en raccordement fluidique avec le pre-
mier cylindre (14) par I'intermédiaire d’'une troisieme
soupape (13), et le second systéme d’échange de
chaleur (21) est en raccordement fluidique avec le
second cylindre (24) par I'intermédiaire d’'une qua-
trieme soupape (23), dans lequel l'ouverture et la
fermeture des soupapes (13, 23) sont commanda-
bles par I'unité de commande de soupape (50).

Systeme de génération d’énergie (1) selon l'une
quelconque des revendications précédentes,

dans lequel le premier systéeme d’échange de cha-
leur (11) et le second systeme d’échange de chaleur
(21) comprennent deux échangeurs de chaleur sé-
parés respectivement, dans lequel un premier
échangeur de chaleur du premier systéme (11) est
adapté pour chauffer le premier (140) milieu fluide,
et un premier échangeur de chaleur du second sys-
teme (21) est adapté pour chauffer le second (240)
milieu fluide, et un second échangeur de chaleur du
premier systéme (11) est adapté pour refroidir le pre-
mier milieu (140), et un second échangeur de cha-
leur du second systeme (21) estadapté pour refroidir
le second (240) milieu fluide.

Systeme de génération d’énergie (1) selon l'une
quelconque des revendications précédentes, dans
lequelle premier systéme d’échange de chaleur (11)
est agenceé a l'intérieur du premier espace variable
(14a) du premier cylindre (14), et/ou le second sys-
teme d’échange de chaleur (21) est agencé a l'inté-
rieur du troisiéme espace variable (24b) du second
cylindre (24).

Systeme de génération d’énergie (1) selon l'une
quelconque des revendications précédentes, dans
lequelle premier systéme d’échange de chaleur (11)
est agencé de facon externe au premier cylindre
(14), et/ou le second systéme d’échange de chaleur
(21) estagenceé de fagon externe au second cylindre
(24).

Systeme de génération d’énergie (1) selon l'une
quelconque des revendications précédentes, dans
lequel le milieu fluide (140, 240) subit un transfert de
phase depuis une phase gazeuse en une phase li-
quide durant le mouvement de compression et de
retour en phase gazeuse durantle mouvementd’ex-
pansion.
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16. Systéme de génération d’énergie (1) selon l'une

quelconque des revendications précédentes, dans
lequel le systeme de génération d’énergie (1) est
adapté pour commander le chauffage du premier mi-
lieu fluide (140) sensiblement simultanément avec
le refroidissement du second milieu fluide (240) et
inversement le refroidissement du premier milieu
fluide (140) sensiblement simultanément avec le
chauffage du second milieu fluide (240).
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