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(54) OPPOSED COLD STEAM ENGINE AND METHOD OF OPERATION

(57) Opposed cold steam engine according to the
invention comprises: a first refrigerant and a second
refrigerant; a first circuit with the first refrigerant absorb-
ing thermal energy; a first refrigerant compressor; a
second heat exchanger of the first refrigerant; an expan-
sion valve of the first refrigerant; a heat exchanger of an
injected fraction of a second refrigerant; a circuit of the
second refrigerant; a reservoir of the second refrigerant;
valves of condensate of the second refrigerant; a mem-

brane; a chamber for themembraneaccommodationand
operation; two membrane chamber cavities; cyclically
opening valves of the second refrigerant inlet to cavities
of themembrane chamber; a second refrigerant conden-
sate discharge/separation reservoir; a crankshaft with a
flywheel; valves of the second refrigerant nozzles; noz-
zles of the second refrigerant; a second refrigerant noz-
zle pump.
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Description

Field of the invention

[0001] The invention relates to energy transformation
machines, and, more specifically, to machines that con-
vert thermal energy into mechanical energy.

Background of the invention

[0002] Among thermodynamic energy transformation
machines using low-temperature, from 0°C to 90°C,
thermal energy as the main or additional energy source,
heat pump is best known and most widely used. How-
ever, heat pump does not generate mechanical energy.
Prevailing heat engines and generators in the industry
transform only thermal energy of relatively high tempera-
tures, from a few hundred to a thousand and more
degrees Celsius into mechanical or other type of energy.
Chemical energy from burning fuel is used as main en-
ergy source. Low-temperature thermal energy is usually
released into the environment as waste. Almost all mod-
ern heat engines work according to the direct Carnot
cycle, i.e. work in a temperature range that is very far
from temperature of a used material, energy carrier, and
phase transitions.Forexample, inan internal combustion
engine, which is still very widely used, the energy source
is burning hydrocarbon fuel. In principle, it is a hot ex-
panding gas of which only a small part of the energy is
used as a mechanical energy. Rest of the energy is
emitted in the form of thermal energy. Steam turbines
in thermal and nuclear power plants work similarly.
[0003] Heat pumps as mechanisms are special in that
they consumeseveral times less energy than they collect
from theenvironment and serve to theuser. For example,
in the most common compressor heat pumps, heat of
material phase transitions is purposefully used - the
material is cyclically changed from liquid phase to gas
phase and back. This is done by changing pressure in
circuits in which refrigerant circulates. When the refrig-
erant gas is compressed by the compressor, it heats up,
but changes its aggregate state from gaseous to liquid,
condenses, and at a higher temperature gives thermal
energy to the user. After losing thermal energy, the liquid
phase of the refrigerant passes to another expansion
circuit. After reducing pressure in it the refrigerant boils
andevaporates: it changes its aggregate state from liquid
to gas and absorbs the heat required for phase transfor-
mation from the environment, the medium in which the
expansion circuit is placed. Temperature of this medium
can be significantly lower than that of the environment to
which the condensation thermal energy is transferred.
Many modern heat pumps have a coefficient of transfor-
mation (COP) of 4 or even higher. This means that the
device provides the user with 4 times more thermal
energy than the electricity consumed by its compressor.
[0004] The heat pump supplies thermal energy to the
consumer as a product.

[0005] European patent No. EP3457052 discloses a
device designed to transform waste or natural low-tem-
perature energy accumulated in nature not only into
thermal but also intomechanical energy. An atmospheric
pressure cold steam engine is described for generating
mechanical energy using ambient thermal energy or
excess low temperature thermal energy released during
manufacturing processes. The working principle of the
atmospheric pressure cold steam engine is based on the
ability of materials to absorb or release thermal energy
when they change from liquid to gas phase and vice
versa. Main structural unit in which mechanical energy
is generated is a cavity with a membrane. The engine is
named atmospheric because mechanical energy gener-
ated by condensation of liquid in a membrane cavity is
generated by the atmospheric pressure acting on the
membrane. Although it is mentioned that not only atmo-
spheric pressure can be used as an accumulator. When
the membrane moves under atmospheric pressure, the
engine generates energy, and when the membrane re-
turns to its original position under the inertia of the fly-
wheel, the engine stores potential energy. Therefore, its
operation is cyclic and only half of the revolution of the
shaft (theoretically 180° out of 360°) generates mechan-
ical energy. Main disadvantage of the atmospheric pres-
sure cold steam engine is that relatively little mechanical
energy is generated, considering mass and dimensions
of themechanism - in other words, a poormass-to-power
ratio.
[0006] The invention does not have the above-men-
tioned disadvantages related to the small angle of rota-
tion of the motor shaft in the generation of mechanical
energy, and includes additional advantages.

Summary of the invention

[0007] The invention is an opposed cold steamengine.
The invention comprises: a first refrigerant and a second
refrigerant, a thermal energy absorbing first circuit with
the first refrigerant; a first refrigerant compressor; a sec-
ond heat exchanger of the first refrigerant; expansion
valve of the first refrigerant; a heat exchanger of injected
fraction of the second refrigerant; circuit of the second
refrigerant; a reservoir of thesecond refrigerant; valvesof
condensate of the second refrigerant; a membrane; the
membrane accommodating and operation chamber; two
membrane chamber cavities; cyclically opening valves of
the second refrigerant inlet to cavities of the membrane
chamber; the second refrigerant condensate discharge-
separation reservoir; a crankshaft with a flywheel; valves
of second refrigerant nozzles; nozzles of the second
refrigerant; the second refrigerant nozzle pump.
[0008] Structure of the opposed cold steam engine
according to the invention allows to avoid using atmo-
spheric pressure or another accumulator to generate
mechanical energy. The gas phase of the refrigerant
liquid, the vapor, is not used as a means of storing
potential energy by overcoming atmospheric pressure,
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but as a means of doing mechanical work of expansion.
Therefore, it becomes possible to carry out both steam
filling on one side of themembrane and condensation on
the other side of the membrane in half a revolution of the
shaft, i.e.,180°. Through 360°, i.e. two power generation
cycles, a complete revolution occur. During generation of
the mechanical energy the area of the membrane is
affected by the refrigerant vapor pressure, which can
be made from 10% to 50% higher than the atmospheric
one, while obtaining a greater pressure difference on the
opposite sides of the membrane.
[0009] Since the membrane is cyclically affected from
both sides, i.e. the engine is a two-cycle engine - me-
chanical energy is generated by a 360° rotation of the
shaft, and the pressure difference becomes greater than
thedifferencebetween theatmospheric pressureand the
pressureof thecondensing liquid. These factors increase
the power by more than 100%.

Short Description of Drawings

[0010] Features of the invention believed to be novel
and inventive are set forth with particularity in the ap-
pended claims. The invention itself, however, may be
best understood by reference to the following detailed
description of the invention, which describes exemplary
embodiments, given in non-restrictive examples, of the
invention, taken in conjunction with the accompanying
drawings, in which:
Fig. 1 shows principal schemeof the opposed cold steam
engine according to the invention.
[0011] Preferred embodiments of the invention are
described below with reference to the drawings. Each
figurehas thesamenumbering for thesameorequivalent
feature.

Detailed description of the methods of implementation
of the invention

[0012] It should be understood that numerous specific
details are presented in order to provide a complete and
comprehensible description of the invention embodi-
ment. However, the person skilled in art will understand
that the embodiment examples do not limit the applica-
tion of the invention which can be implemented without
these specific instructions. Well-known methods, proce-
dures and components have not been described in detail
for the embodiment to avoid misleading. Furthermore,
this description should not be considered to be constrain-
ing the invention to given embodiment examples but only
as one of possible implementations of the invention.
While the examples of the invention, or aspects thereof,
as shown and described, include a plurality of compo-
nents depicted in a particular common space or location,
some components may be remote. Scale of elements in
relation to other elements is not accurate, the aim is only
to show the basic functional relationships between the
elements. Materials that are presented as one of the

possibilities can also be replaced by materials with simi-
lar functional properties. It should be understood that the
examples provided are not limited to the components
described and include other elements necessary for their
functioning and interaction with other components, the
presence of which is self-evident and therefore not de-
tailed.
[0013] According to the exemplary embodiment of the
invention and as shown in Figure 1, the opposed cold
steam engine comprises a first refrigerant and a second
refrigerant, absorbing thermal energy in a first circuit (1)
with the first refrigerant; a first refrigerant compressor (2);
a second heat exchanger (3) of the first refrigerant; a first
refrigerant expansion valve (4); a heat exchanger (5) of
injected fraction of the second refrigerant; a circuit (1’) of
the second refrigerant; a reservoir (6) of the second
refrigerant; second refrigerant condensate valves (7,
9); cyclically opening valves (15.1, 15.2) for the second
refrigerant inlet tomembrane chamber cavities; a second
refrigerant condensate discharge-separation reservoir
(8); a membrane housing and operation chamber (11’);
two membrane chamber (11’) cavities (10.1, 10.2); the
membrane (11); a crankshaft with a flywheel (12); valves
of the second refrigerant nozzles (13.1, 13.2); second
refrigerant nozzles (14.1, 14.2); a second refrigerant
nozzle pump (16). Operation of the opposed cold steam
engine comprises two main working stages and two
different refrigerants circulating in these stages. Here-
after concepts of "the first refrigerant" and "the second
refrigerant" will be usedassuming that the first refrigerant
circulates in the first working stage and the first circuit (1),
while the second refrigerant circulates in the second
working stage and the second circuit (1’).
[0014] In the first stage, which is similar to operation of
a typical compressor heat pump, in the first circuit (1), the
first refrigerant, such as R410, R32, R290 or others
common for compressor heat pumps, boils and evapo-
rates due to pressure reduced by the compressor (2). For
evaporation it uses thermal energy of its own and that of
the surrounding structures, i.e., the first circuit (1). When
the temperature of the first refrigerant drops below that of
the environment, i.e., medium in which the first circuit (1)
is placed, thermal energy from this medium passes to
structures of the first circuit (1), and these, due to their
thermal conductivity, transmit heat to the first refrigerant
circulating in the first circuit (1). Next, the first refrigerant,
in the gaseous phase, entering the compressor (2), is
compressed to thepressure atwhich condensation takes
place. For example,when the temperature of themedium
from which the thermal energy is absorbed is between
10°Cand20°C, the common refrigerantR32 canbe used
as thefirst refrigerant. From thecompressor (2) of thefirst
refrigerant the compressed vapor of the first refrigerant
enters the second heat exchanger (3) of the first refrig-
erant. There, the first refrigerant, when condensed into a
liquid, significantly reduces its volume, thermal energy
concentrates, temperature rises, and thermal energy is
transferred to the second refrigerant reservoir (6) through
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walls of the second heat exchanger (3) of the first refrig-
erant. Cycle of the first refrigerant ends when the first
refrigerant returns to the first circuit (1) through the ex-
pansion valve of the first refrigerant (4) and the heat
exchanger (5) of the second refrigerant injection fraction.
[0015] Theabsorption of thermal energy takes place at
lower temperatures than the transfer thereof. Elements
that have to absorb thermal energy from the heat source
must bemaximally conductive to heat, and elements that
have a different temperature compared to the environ-
ment must be thermally insulated. The amount of energy
consumed by the compressor (2), as in conventional
compressor heat pumps, is on average 4 times lower
than the amount of energy absorbed in the first circuit (1)
and concentrated in the second heat exchanger (3) of the
first refrigerant and transferred to the reservoir (6) of the
second refrigerant.
[0016] The second stage of work begins in the reser-
voir (6) of thesecond refrigerant.Propertiesof thesecond
refrigerant - boiling point, heat capacity, specific heat of
vaporization, vapor pressure in the working temperature
range - are such that the second refrigerant boils and
evaporates after absorbing concentrated thermal energy
of the first refrigerant in the second heat exchanger (3)
during the first cycle. Next, the vapors of the second
refrigerant rise towards the cyclically opening valves
(15.1, 15.2). These cyclically opening valves (15.1,
15.2) open cyclically depending on the position of the
membrane (11) in the membrane chamber (11’). The
membrane (11) is connected to the crankshaft with a
flywheel (12), so the membrane in the chamber (11’)
canmove cyclically from one extreme position to another
(from the left end to the right end and back). Fig. 1 shows
position of themembrane (11) in themembrane chamber
(11’) when, after the membrane (11) passes the right
extreme position, the second cyclically opening valve
(15.2) opens and the vapor of the second refrigerant fills
the second cavity (10.2) of themembrane chamber (11’) ,
located behind the membrane (11). The vapor of the
second refrigerant in the second cavity (10.2) presses
the membrane (11) and performs mechanical work. A
pressure difference occurs because in the first cavity
(10.1) of the membrane chamber (11’) in front of the
membrane at the same time an opposite process takes
place - condensation of vapor of the second refrigerant.
[0017] For example, using a solution of ammonia and
water as the second refrigerant, the pressure difference
between the first cavity (10.1) of themembrane chamber
(11’) and the second cavity (10.2) of the membrane
chamber (11’) is about 120 kPa, when the temperature
difference of Δt=40°C. Condensation in the first cavity
(10.1) of the membrane chamber (11’) is induced by
injecting the same second refrigerant, or, partially, its
components, through the first nozzle (14.1) for injecting
the second refrigerant into themembrane chamber (11’).
The said fractions have different boiling temperatures
and are rectified during the process. When the mem-
brane (11) reaches the extreme left position, the con-

densate from the first cavity (10.1) of the membrane
chamber (11’) is discharged to the condensate collection
reservoir (8) through the valve (9) for the condensate
outflow from the membrane chamber (11’). In the con-
densate collection reservoir (8), the second refrigerant is
separated - the heavier fraction, such as water, goes to
the heat exchanger (5) of the second refrigerant injection
fraction, and the lighter fraction, which evaporates more
easily, such as ammonia, to the reservoir (6). As the
flywheel (12) rotates, the cycle that took place on the
right side of the membrane (11), in the second cavity
(10.2) of themembrane chamber (11’), is repeated on the
left side, in the first cavity (10.1) of the membrane cham-
ber (11’). The first cyclically opening valve (15.1) opens
and steam fills the first cavity (10.1) of the membrane
chamber (11’). And at the same time, on the right side, in
the second cavity (10.2) of themembrane chamber (11’),
condensation takes place.
[0018] The first cavity (10.1) of the said membrane
chamber (11’) and the second cavity (10.2) of the mem-
brane chamber (11’) are tightly separated from each
other by means of the membrane (11).
[0019] Mechanical energy is generated during the en-
tire revolution of the flywheel (12), 360° shaft rotation, as
themembrane (11)moves to the left extremepositionand
to the right extreme position, in the membrane chamber
(11’).
[0020] When generating mechanical energy, it is im-
portant to have the pressure difference between the
opposed sides of the membrane (11) as large as possi-
ble. One side of the membrane (11) is affected by the
vapor pressure of the second refrigerant, which can be
significantly higher than the atmospheric pressure. On
the other, the opposite side of the membrane (11), the
pressure of the condensing steam of the second heat
exchanger acts, which may be lower than atmospheric,
but not necessarily. The pressure difference generates
mechanical power.
[0021] The opposed cold steam engine according to
the invention cangeneratemoremechanical energy than
the atmospheric pressure cold steam engine for the
same membrane area.
[0022] The conditions for the formation of a signifi-
cantly larger pressure difference on the opposite sides
of the membrane (11) occur because the mechanical
work is performed by the pressure of the refrigerant
prepared in the second refrigerant reservoir (6), and
not atmospheric pressure or another energy accumula-
tor.
[0023] Both fromphysical and technical point of view, it
is possible to prepare a higher than atmospheric pres-
sure in the second refrigerant reservoir (6). For example,
the vapor pressure of an ammonia-water solution at the
beginning of the membrane cavity filling cycle is about
170 kPa, at the end of the filling cycle is about 120 kPa,
and the average pressure is about 140 kPa, which is 40
percent higher than the atmospheric pressure.
[0024] In the opposed cold steam engine, on the op-
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posite side of the membrane (11), the pressure of the
condensing vapors of the second refrigerant is only 5‑10
percent higher than the atmospheric pressure in the cold
steam engine. This results in a greater pressure differ-
ence on the opposite sides of the membrane (11) and
more mechanical energy per 180° shaft rotation. The
solution of ammonia and water is presented here only
as an example of substances well known to everyone,
and using other, more purposefully selected substances,
it is possible to obtain several times higher pressure
differences on the opposite sides of the membrane in
the opposed engine than in the atmospheric pressure
cold steam engine.
[0025] In the opposed cold steam engine, mechanical
energy is generated during 360° of shaft rotation, so it is
theoretically possible to obtain more than twice the me-
chanical energy using a membrane of the same area,
compared to when mechanical energy is generated dur-
ing 180° of shaft rotation.
[0026] Although the present description includes nu-
merous characteristics and advantages of the invention
together with structural details and features, the descrip-
tion is given as an example of the invention embodiment.
There may be changes in the details, especially in the
form, size and layout of materials without departing from
the principles of the invention, in accordance with the
widely understood definition of terms used in claims.

Claims

1. Opposed cold steam engine, comprising a thermal
energy absorbing circuit, a first refrigerant compres-
sor, a second heat exchanger of the first refrigerant,
an expansion valve of the first refrigerant, a heat
exchanger of injected fraction of a second refriger-
ant, the second refrigerant reservoir; the second
refrigerant condensate valves, a membrane, cycli-
cally opening valve for the injection of the second
refrigerant into cavity in front of the membrane, re-
servoir for the second refrigerant condensate dis-
charge/separation, injection cavity for the second
refrigerant injected fraction in front of themembrane,
crankshaft with a flywheel, a the nozzle valve for
injecting the second refrigerant into the cavity in front
of the membrane, pump for the second refrigerant
injector, characterized in that it further comprises a
chamber (11’) for containing and operating themem-
brane (11), the chamber (11’) comprisingafirst cavity
(10.1) for injecting the second refrigerant, located on
one side of the membrane (11), in front of the mem-
brane (11) intended to fill with thevapor of the second
refrigerant, and a second cavity (10.2) for the injec-
tion of the second refrigerant, located on the other -
opposite - side of the membrane (11), behind the
membrane (11), intended tobefilledwith the vapor of
the second refrigerant, where the first cavity (10.1)
and the second cavity (10.2) are separated cavities,

sealed from each other by the membrane (11), the
chamber (11’) further comprises a second nozzle
(13.2) for injecting the second refrigerant into the
second cavity (10.2), a second nozzle valve (14.2)
and a second cyclic opening valve (15.2).

2. The method of operation of the opposed cold steam
engine according to claim 1, comprising two stages
of operation with different refrigerants in separate
circuits, wherein first stage of operation comprises
transferring the ambient heat of a first refrigerant for
heating a second refrigerant in a heat exchanger,
and a second stage of operation comprises convert-
ing the second refrigerant to vapor, wherein the
second refrigerant, in form of vapor, is supplied to
a cavity in front of a membrane to change position of
the membrane, wherein change of membrane posi-
tion moves a crankshaft with a flywheel, character-
ized in that properties of the second refrigerant -
boiling point, heat capacity, specific heat of vapor-
ization, vapor pressure in the operating temperature
range - are such that the second refrigerant boils and
evaporates after absorbing concentrated thermal
energy from a first refrigerant in a second heat ex-
changer (3) during the first stage of work, and

in that vapors of a second refrigerant rises to-
wards a first cyclically opening valve (15.1) and
separately towards a second cyclically opening
valve (15.2),whichopencyclically dependingon
the position of the membrane (11) in a mem-
brane chamber (11’), wherein
after the membrane (11) passes the right ex-
treme position in the membrane chamber (11’),
the second cyclically opening valve (15.2)
opens and the vapor of the second refrigerant
fills a second cavity (10.2) located in the mem-
brane chamber (11’) behind themembrane (11),
at the same time pressurizing membrane (11)
andperformingmechanicalwork,where in afirst
cavity (10.1), located in themembrane chamber
(11’) in frontof themembrane (11), condensation
takes place at the same time, triggered by the
injection of the same second refrigerant or, par-
tially, its components through a nozzle (14.1) of
the first cavity (10.1),
after the membrane (11) reaches the extreme
left position in the membrane chamber (11’), the
condensate of the second refrigerant from the
first cavity (10.1) is discharged through a con-
densate valve (9) into a condensate collection
reservoir (8) and there the second refrigerant is
separated,whereheavier fraction goes toa heat
exchanger of the second refrigerant and the
injected fraction (5) which is lighter and easier
to evaporate goes to the reservoir of the second
refrigerant (6),
as the flywheel (12) rotates, the cycle that took
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place on the right side of the membrane (11), in
the secondcavity (10.2) of themembranecham-
ber (1 1’), is repeated on the left side, in the first
cavity (10.1) of the membrane chamber (11’),
the first valve (15.1) of the second refrigerant
opens and steam fills the first cavity (10.1) of the
membrane chamber (11’), and at the same time
condensation takes place in the second cavity
(10.2) of the membrane chamber (11’) on the
right side, thus generating mechanical energy
through the complete rotation of the flywheel
(12), 360° shaft rotation, while the membrane
(11)moves to the left extremeposition and to the
right extreme position in the membrane cham-
ber (11’).
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