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HEAT ENGINE WITH A DYNAMICALLY CONTROLLABLE HYDRAULIC OUTLET

Field of the Invention

The invention relates to a heat engine with a dynamically controllable hydraulic

outlet driven by a high-pressure pump and a gas turbine designed for working activities

where rectilinear action of large forces is required.

Background of the Invention

Heat engines use a cyclic process where the energy of a supplied substance is
transformed into. kinetic energy. The: torque chiaracteristic’of the heat engine energy output
may not always be suitable for direct use thereof, so we adjust it to meet the needs in
practice. For. this: purpose, we utilize the so-called interface for power transmission.
Hydraulic systems.for power transmission are currently commonly used for machine drive
and work-activities; where: rectilinear:action of largé forces tssrequiredon ~ioiia i fradans

- Inicurrent practice of sthe art; rhigh=pressure: pumps <use :the! most.common: Totary
machines; such as-an electric-engine; as the:idrive source. With higher power and special
applications or without an available electrical energy source, an internal combustion
engine or turbine is available as a drive.

One embodiment of a heat engine used as an electrical energy source for a high-
pressure pump, entltled HEAT ENG’INE WlTH HYDRAULIC OUTPUT is described in
W002070887. The hydrauhc system accordmg 16 the present mventlon is conﬂgured ‘and
constructed in"such a way ‘that repeated’ p|ston mddced pressure surges ‘serve to pump
hydraullc ||qmd and to transform mechanlcal energy of the hydrauhc ||qU|d flow into 2 linear
or rotary mot|on Thermat energy for operat|on of the present englne is obtamed from hot

flue gases Ina ba3|c embodrment a heat englne shen is"Used to transfer heat from hot

flue gas to the workmg gas In'thé engin she‘ll fromia e"of hot que gases as weII as a
side of the workrng gas inside the engine. Tameitafibs are p

from the hot flue gases to the working ¢

gas. The Workmg gas is hermetlcally sealed within

the: heat englne in a worklng chamyber resrhently separated from a main pump chamber

conta|n|ng the hydraullc Ilqu|d The' workmg cham Jer s is dlvrded into two parts upper and

jower, by a d|splacer The d|splacer is ‘connected to\a shaft 5coup|ed to an’ electnc engine
|mmersed in the hydrauhc llqurd |n the maln pump chamber The dlsplacer dees the
worklng ‘chamber into two parts an upper and a Iower one Due to° the upward and
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downward cyclical movement of the displacer,thevolurne,of. t,heupper_ and lower portions
of the working chamber alternatelyv changes, preferably so that at one stage the volume of
one of the working chamber parts is minimal and the volume ’of the other working chamber
part is maximal. The working gas entering into and exiting out of the top of the working
chamber arranged above the displacer is led past the heat engine shell. Here, hot flue
gases pass the heat energy to the working gas. In the phase of the maximum working gas
volume at the top of the working chamber, the volume and the pressure in the entire
working chamber are maximal. Expansion of the working gas exerts pressure on the
hydraulic liquid in the main pump chamber, which is subsequently forced out of the main
pump chamber by the pipeline. Hydraulic liquid flows from the pump chamber through the

plpellne reversing valve, and heat exchanger into a first contalner From the first container

to the output worklng unit and through the plpell‘;w to the second contalner from where it
flows back through ‘another reversnng ‘vaive | andd 'he coollng portlon back info the 'main

chamber of the pump ‘An accumulator”‘

re’| hlgher than the
pressure in the engme so that the pressure drop in the pump chamber does hot stop the
flow of the hydraullc l|qu|d through the reversmg valve whenwthe dlsplacer moves upwards

The containers size and plplng diameter throughout the ‘entire hydraullc system must be
Iarge enough to allow the necessary hydraullc l|qu|d flow to drain’ energy from the englne
to the output un|t In"an embodiment W|th a hydraullc pump employmg perlodlc hydraullc

liquid pressure surges asa power source “the’ hydraullc llquld is pumped tangentlally at the
mlet and elther tangentlally or axrally at the outlet ln thls embodlment wuth a pump, the

the hydraullc |quld enters the pump thr""‘ gh the lower part of the pump, where it further
flows into the three dlmen3|onal elbow whlch"‘prowdes‘the flow through the splral path to

the' tangentlal outlet.’ ThlS embodlment entatls ’a'structural llmltatlon m dependence

between pressure and velocrty of llqwd flow throughfthe englne Dynamlc output control
for these solutlons is not possrble

The Stlrllng engme useful as a hea: pum""“

is d‘“scrlbed m ‘W08200319. In " this

embod|ment a worklng vessel |s fllled wnth ?vessel |s heated at

the’ fower end and cooled at the upper end the
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workrng gas. The vessel rs closed by a ﬂexrble membrane Wthh bends under pressure
waves generated in the vessel. As the membrane bends rt drsplaces hydraulrc llqurd in the
hydraulic chamber and drives a servomotor for controllrng the lrnear alternator and the gas
Compressor.

Patent No. CN103883425 B drscloses a hydrauhc transmission of a Stirling engine
with a heat reservoir as a heat source. The engine includes a heat container in an outer
shell, a heating element, a heat exchange system, an air inlet, a heat storage element, a
Stirling engine hydraulic transmission element, hydraulic pipeline, a hydraulic system liquid
reservoir, a hydraulic engine and a hot air duct. The element of the Stirling engine
hydraulic gearing is of the two-step type. : ‘

U.S. Patent Application No. U82002073703 A drscloses a system without a piston
engme partrcularly for motor vehrcles The system mcludes at least one hydrauhc pump,
each of which is provrded ‘with a first and a second llqurd passage The internal
combustion engrne without ‘a prston includes a’ combustlon cylrnder and a hydraulrc
cylrnder A low-pressure accumulator is connected to the hydraulrc cylmder vra a liquid. A
first control valve connects the low—pressure accumulator with the hydraulrc cylrnder At
least one hrgh pressure accumulator is connected to the hydraulrc cylrnder via the llqurd
wherern said connection is provrded wrth at least one second control valve. Athlrd control
valve mterconnects the hydrauhc cylrnder with the first llqurd channel of each pump ‘A
fourth control valve connects the hydraulrc cylrnder with the second’ quurd channel of each

pump The flrst workrng pressure vessel |s connected between each pump and the third
control valve or the fourth control valve

WO8400399 A discloses a heat engme havrng a d|Splacer movable between a hot
end and the cold end of a worklng chamber rn whrch is drsposed a workmg prston driven

by a workrng Ilqurd A hydrauhc quurd workrng prston pump and a hydraulrc control valve
are connected to & hydraulrc outlet plpehne so that the ‘said valve can regulate ‘the
hydrauhc Ilqwd ‘flow. The workrng prston can be controlled usrng “a" control” unit
rndependently of the drsplacer movement

" International Patent Appllcatlon WO 0004287 A discloses a motion generator having
a housrng ‘and a chamber contarnmg an mcompressmle Irqurd An openlng in the housmg
is enclosed by a movable elément. Opposrng convex flexrble walls in the housrng form an
internal modulatron chamber contarnrng compressrble gas The opposrte ends of the walls
can be moved towards each other and apart from each other by means of a movement
converter e. g., ceramrc prezoelectrrc members for compressmg ‘and’ depressmg the

chamber, thereby movrng the movable element and generatrng the output motion.
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Patent apphcatlon WO 2006044387 A dlscloses a pump for pumplng hqurd from a
first low pressure source into a second hrgh pressure Irqurd source wherern the pump
comprises a chamber A divider member is movably posmoned |n the chamber and divides
the chamber into a first and a second sub-chambers of different volumes; The first sub-
chamber has an opening controllably connected fo either a second liquid source or a third
liquid source. The second sub-chamber has inlet and outlet openings controllably
connected to the first and second liquid sources. The pump further includes a cooling
device for cooling the liquid in the first sub-chamber. - -

Hydraulic power transmission generally involves changing the mechanical work of
an engine to potential or kinetic energy of a liquid. These hydraulic systems are made up
of three basic parts a high- pressure pump, a hqurd flow control system and a hydraulic
drive, or an englne In the hydraullc system accordlng to thrs embodrment pressure surges
can be generated in the course of controllmg the” hydrauhc ||qUId ﬂow due to inertia and
practlcal |ncompreSS|b|I|ty of the hydraullc Ilqurd Remo* 'ng ‘“‘ese \’p en

omena requrres a

technrcally demandmg and costly solutron Pressure losse: caused plpellne dlstrrbutlon
hydraulrc Irqurd flow control and pressure surges réduce the efﬂcrency and lifetime of the
entlre system

Heat englnes with external sources of thermal energy ‘have’ prevrously appeared i
technrcal practrce With technical |mprovement of combustron engmes the advantages of
heat engrnes with external heat SOUrces drd not overcome the structural dlffrcultres of their
exustrng solutions. Problems in technical practrce are malnly caused by mechanlcal power
output from a devnce with' permanent mternal overpressure and the fieed for mechanrcally
highly - loaded" mternal “movable parts Insufﬂcrent provrsron ‘of operatronal rehablhty,

hermetucrty and easy servuce prevent the use of thrs t'm' engrne in technrcal practlce

" The present |nvent|on arms to desrgn a device with a kynamlca"y controllable thermal

energy transmlssmn o a ‘high- pressure hydr,_ tput Such a devrce is a heat
engrne with a hydraullc outlet one I|qurd chamber ‘and one worklng chamber filled with
gas, wherein the movement of the gas in the worklng chamber can be controlled by means

of a pneumatlc actuator

Summary of the Invention

The above " mentioned - drawbacks.-are eliminated by a heat: engine with a
dynamically . controlled ‘outlet, :driven: by. a ":*high;presisuré%{kpump: ‘and a -gas . turbine
comprising a pressure vessel, a lid,’a movable partition, a gas: working space, a: liquid
working space, and a recuperator; the"priniple of -which: consists in that it comprises the
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pressure vessel with the lid, between which there is arranged a seal, wherein in the inner
space of the pressure vessel the partition is movably attached to a membrane which is
further attached to the lid, wherein the partition. divides the inner space of the pressure
vessel into the gas working space and the liquid working space, wherein the gas working
space occupies a larger area thereof, wherein said gas working space is surrounded by a
first permeable membrane in the area of the first partition, by a folded permeable
membrane on its circumference, and by a second permeable membrane at the point of the
recuperator connection, and further, shaped parts are arranged within the pressure vessel
which define an external gas channel which is located between a shell of the pressure
vessel and the shaped parts, while a circumferential gas channel is located between the
shaped parts and the folded permeable membrane and further between the partrtron and a
first permeable membrane wherein the gas workmg space is fllled with a mlcrostructure of
Iarge porosrty, reinforced by meshes The filled " gas worklng space is connected via the
second permeable membrane to a recuperator in the space “of WhICh is arranged an
exchanger connected to the heat energy source “whierein” the recuperator is further
surrounded by the shaped parts ‘the external gas channel is fed into the recuperator on
the opposﬁe srde of the gas workmg space |nlet Wthh extemal gas channel is connected
toa pneumatrc actuator chamber mto which is fed the i mner gas channel connected to the
circumferential gas channels” and further to'the folded permeable membrane and the
permeable ‘membrane surroundmg the gas worklng space i

"~ This is an embodiment of a gas heat englne “Whére the working gas is hermetically
sealed in the gas workmg chamber of the pressure vessel Its heat’/ VOlume r pressure
changes are performing work

The pnncrple of the present |nvent|on |s to’ replace_ the mechamcal drsplacer with a
pneumatrc actuator and therefore there |

, need to separate the hot and cold parts of
the worklng space Ongmally, the workmg space‘dlwded lnto hot and cool parts by the
dlsplacer is desrgned as a srngle worklng chamber ‘i’ t the mventrve embodlment Thrs
workspace is filled with a mlcrostructure of hlgh porosrty and thus

lth a mlnrmum volume

welght “The mlcrostructure must wrthstand"a gentle pressure of the gas ﬂowmg through the

space filled in thrs way In"order to mamtarn such a mlcrostructure on a larger scale lt is

mterlaced by meshes of relnforcmg frbres |n Iayers m a plane perpendlcular to the
drrectlon of the bulk changes of the gas worklng space The mutual drstances of the mesh
and mesh fibres will depend on the desrred dynamics of _ he; workrng gas flow within the

workspace “These drstances range in the order of 100 to 10 000 times the mean distance
of the microstructure elements
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This microstructure significantly reduces the possibilitiss of convective and radiation
propagation of heat within the gas working space. At the points of gas inlet and outlet to
the gas working space there are membranes wrth rmpeded gas permeabllrty These
membranes ensure a uniform flow of the worklng gas lnto the gas working space and
minimize, along with the mlcrostructure inside the gas workrng space the turbulent mixing
of cold and hot gas. The microstructure may have different bulk densities at different
locations of the gas working space. In this way, resistance to the passage of the working
gas through this microstructure can be determlned locally, and the dlrectlon of spreadlng of
the working gas in the gas worklng space can be determlned as well so as to make full
use of its maximum volume for changes in the physrcal parameters of the working gas.
The gas working space is filled and emptred from one side or from the centre by a higher
temperature gas and from the other side or from the' crrcumference it is filled and emptied

by a lower temperature gas The movement of the gas wrthln the mrcrostructure by

elrmmatlng turbulent flow" on a larger scale “will at the ime time create a dynamrcally
movmg zone with a hrgh temperature gradlent at’ the rnterface ‘between the hlgher
temperature worklng gas and the lower temperature workrng gas This zone will move and
change due to a change in the’ flow “of the' workrng gas controlled by the pneumatlc
actuator. Regulatmg the flow in the gas workspace wrll aim- to minimize’ the exposure to
temperature changes of the portron of the' gas workrng space wrth hrgher mass and Hence
even the thermal capacrty, rdeally only the mrcrostructure and mesh flbres Itis preferable
that the absence of a mass drsplacer in the gas workrng space “allows for any rapld change
in the average temperature and thus in the pressure Ui volumezof the worklng gas in‘the gas

working space. By pressure bondlng the’ gas ‘*the llqurd worklng space

this change of pressure / -volume |mmed|ately occurs m the quurd worklng space This
change in average temperature |s made possrble by f|ll|ng and at the same time emptymg
the gas worklng space through the coolrng ‘and” heatrng heat exchangers ‘and " 'the
recuperator The dynamlcs of the change is grven by the velocrty of thls flow, which is due
to the pressure dlfference created by the pneumatlc actuator ThlS pressure difference
created by the pneumatrc actuator lS determlned not only by its rotatlonal speed “but also
by the |mpeller settlng in the pneumatlc actuator chamber agarnst a parr of bi-directional
gas’ channels. Increasrng or decreasmg the average temperature and thus the pressure
and volume in the gas worklng space and thus the pressure throughout the entire’ englne
is glven by the drrectlon of the rnternal flow "f"" the wo klng gas The' movement of the

, crsely controlled by means of a
pneumatlc actuator itis necessary to ensure ‘that the effects of the gas flow within the gas

working gas ln ‘the gas workrng space "‘can be
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working space never exceed the limit when irreversiblecompression or collapse of the
microstructure or mechanical damage to the other pa'rts‘ occur. It is further necessary to
ensure that the working gas temperature inside the workspace does not exceed the
temperature resistance limit of the microstructure and other parts of the equipment.

The main disadvantages of the prior art are addressed by the principle of unification
of the drive and control parts of the hydraulic system. The solution conceived in this way
will greatly reduce the possibility of pressure surges in the drive and control hydraulic
system. The engine is considerably simpler in design and does not contain any
significantly mechanically loaded parts in the part with the pernwnent high pressure. In the
case of the use of a magnetic bearing with a pneumatic actuator, there is no interference

between the movable parls inside the heat englne WhICh has a sngnlflcant effect on its

rehablllty ‘and servrce life. In hydraullc appllca' W|th hlgh dynamlcs of pressure
changes this heat englne ‘will prowde a solutlon With a dynamlc that had not been allowed

by exrstlng systems Other parameters such'a

e welght-performance ratio, dramatlcally
improve due to a lower load in pressure surges |n ‘the hydraullc system and due the
possible absence of regulatory elements Due fo the potentlally short unlimited connection
to the hydraullc englne I drlve a S|gn|f|cant redUCtlon in system pressure drops can be
expected and therefore even an lncrease in overall eff|C|ency, especrally for hydraulrc
systems wrth hlgh dynamlcs of pressure changes “Since “the energy ‘source for this
embodiment is thermal energy, ‘the " choice "of power ‘souree 'is much wider than ‘with
exrstmg hydraullc systems At the ‘same timé lt allows” for ‘the Use of alternatlve ‘and
renewable ‘sources of heat and energy’” Wlti'

cllcal changes m ‘ptlmal mode the

hydraullc output of the devcce car be used ¥ ump Prefer bly; the dewce will

’operate at hlgh pressures where hlgher poWer can be achleved by lncreasmg the pressure
in the same workspace
lnappropnate operatlonal rellabllrty, hermetncnty and ease of servrcrng common with

eX|st|ng deSIgn solutlons are resolved ln the newly”deS|gned devrce ngh rellablllty is

provrded by the desngn of the dewce allowmg for complete encapsulatlon wrthout the need
for sealmg at the pomt of movement lnsrde the heat engme there ‘are no hlghly

mechanlcally loaded parts and there IS no need-for mutual contact of the movmg parts

wrthout the need for regular mamtenance an H_eplac mel _t of the mternal parts or hqunds is

possnble
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Brief description of drawings

The invention will be explained with reference to the accompanying drawings,
where Figure 1 illustrates an exemplary embodiment with an interal exchanger in the
expansion phase, Figure 2 illustrates an exemplary embodiment with an internal
exchanger in the compression phase, Figure 3 illustrates a detail of an electric recuperator,
Figure 4 illustrates an exemplary embodiment .of a heat engine with an exchanger in the
shell in the expansion phase, Figure 5 illustrates an exemplary‘e'mbodiment of a heat
engine with an exchanger in the shell in the compression phase,

Figure 6 illustrates a detail "B” of the embodiment of a gas actuator, in an embodiment
with a roller bearing, Figure. 7 illustrates a view of an-A-A section of a pneumatic actuator,
Figure. 8 illustrates a detail of the pneumatic actuator in the embodiment with the magnetic
beanng, Figure. 9 illustrates the actuator lmpeller Flgure 10 illustrates a detail “C” of the

embodiment of the f|lllng of the worklng space Flgure 11 illustrates an’ exemplary

embodlment of the mesh Flgure 12 ilfustrates a detail of the “D” embodiment of the mesh

edge fastened to the folds of the folded” permeable membrane.”

Descnptron of an exemplary embodrment

'The present invention will be" explalned in the followmg descrlptlon of an exemplary
embodlment of a heat englne wrth a dynamlcally ‘controllable hydraullc output with
reference to the correspondlng drawrngs In the present drawmgs the invention is
|llustrated by means of an exemplary embodlment of a heat englne With' an internal heat
exchanger and” a heat englne with a heatlng heat exchanger in the pressure vessel shell.”

The heat englne Wwith an mtemal heat exchanger "shown ln Flgures 1 and 2 In thls

embodlment the heat englne consrsts of a pressure ve ;1 and a lrd 1 1 between Wthh a

seal 1 4is arranged The pressure vessel 1 |n cyllndrlcal shape and is optlmal from the
perspectlve of volume compactness and mternal pressure wherein such a container
shape is not a prerequusnte for the correct operatlon of the apparatus The pressure vessel
1- is further lelded by a partltlon 2 lnto two workmg spaces These are a gas working
space 4 anda qumd worklng space 5 |nto Wthh |s fed a llqwd channel 5 2 ‘which is
termlnated by a hydraullc lnlet / outlet 5 1 servrng to dlscharge the mechanlcal work from
1, its optlmal shape is compact S|mllar to ball W|th the smallest surface relatlve to the
volume ‘wherein this gas worklng space 4 is surrounded by a flrst permeable membrane

4.5, a folded permeable membrane 44 and a second permeable membrane 46 In
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addition, shaped parts 1 8 are provnded WIthln the pressure vessel 1 Wthh deflne the
external gas channel 10 WhICh is located between the shell of the pressure vessel 1 and
the shaped parts 1.8 8 while the circumferential gas channels 4 3 are located between the
shaped parts 1.8 and the first permeable membrane 4.5, partition 2, folded membrane 3
and folded permeable membrane 4.4. In order to ensure an arranged and definable
movement 12 of the working gas and to minimize the temperature changes of the working
gas due to chaotic flow, heat radiation and conduction within the gas working space 4, it is
filled with a microstructure 4.1. This microstructure 4.1 consists of a material resistant to
cyclic temperature changes in the engine temperature range and has sufficient resilience
and strength within this temperature range. The microstructure 4.1 has porosity greater
than 99% based on its total volume with a densﬂy of from 1 x 10* to 0,03 g cm™.
Uniformity and the method of Jommg mdlwdual elements in the mlcrostructure 4 1 must
allow for volumetric’ changes without permanent 'deformatlon and with a hlgh service life.
Suitable materials for making the mlcrostruc e & '

‘ :re carb : n‘*E ceramlc and metal mlcro

and na‘noflbres aerographlte graphlte aerogel ofr‘"-» other 'ma"teri‘als 'm‘eetin'g‘ the

abovementloned conditions of material propertles

Y This mlcrostructure 4.1 can’ “be rainforced by'"‘”meshes 4 2 spaced apart from-each
other whereln the meshes 4 2 are oriented perpendlcularly to the dlrectuon of dimensional
changes of the’ gas workmg space 4 durlng the” workmg phases “The meshes 4 2 are
formed by intertwined fibres within a rlng havrng @ or W shape turned by 90°. The
fibres in the form of a nettlng can'be attached to the rmgs by soldenng, glumg, presslng
into the edge of one ring ‘of betwesn’ two nngs or by lnsertlng between two rlngs before
weldlng The rlngs and therefore the folded permeable membrane 44 are made of thin
metal plate with high elastlcny and fatlgue resnstance the ldeal material lS alloy steel or
titanium alloy ‘The rings are prowded w1th holes- 4 7 on the cnrcumference Wthh provnde
for the folded permeable membrane 4 4 assembled from these nngs l'[S permeablllty to the
workmg gas see Flg 10 and Flg 12 The spaces between the meshes 4.2 are filled with
the microstructure” 4 1. The purpose of the meshes 4 2 lS to malntaln the uniform
microstructure 4.1 both in the changes in the volume of the gas worklng space 4 and in the
internal movement 12 of the workmg gas. The arrangement of the meshes 4 2 and the
microstructure 4.1 within the gas worklng space 4is lllustrated in F|g 10 and Flg 1. F|g
12 illustrates a detall “D” of the embodlment of the edge of the folded permeable
membrane 4.4. For hlgh temperature appllcatlons the mesh 4.2 flbres could be made of
carbon, ceramic or metal.

" The design of both the gas working space 4 and the liquid working space 5 must
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allow movement of the partition 2, which separates them. The design of the partition 2 and
the folded membrane 3 is designed to withstand the pressure in the gas working space 4
even after the liquid has been discharged from the liquid working space 5. The folded
membrane 3 forms at the same time a heat exchange surface between the working gas
flowing in the internal gas channel 10.1 and the hydraulic liquid within the liquid working
space 5, forming a second heat exchanger. In this part of the circumferential gas channel
4.3, the working gas will be conducted so as to maximize the heat exchange between the
working gas and the folded rnembrane 3. The flow of the working gas in one phase (in the
other one vice versa) will be conducted from the chamber of the pneumatic actuator 6 to
the internal gas channel 10.1, then in this part of the circumferential gas channel 4.3, then
to the permeable membrane 4.5 and the folded permeable membrane 4.4 into the gas
working space 4 and into the recuperator 7, in which a heat exchanger 8 is disposed,
which is connected to the inlet / outlet 8.1 of the heat transfer medium, the working gas is
further passed through the external gas channel “IZO“':tothe: chamber 6.1 which is a part of
the pneumatic actuator 6. Structurally it is necessary to ensure best possrble ratio between
the volume of the gas working space 4 and the volume of the other parts of the heat
engine in which the working gas is located.

" Fig. 3 illustrates a variant of an embodiment of the recuperator 7 with an electric
heating element 8.2. In this embodiment, the electric heating element 8.2 is connected
between the recuperator 7 and the gas worfkihg'space“v\rhich is electrically connected by
means of electrical wires 9.1 1 to a control unit 9, which is connected to a source: 9.2 of
electric voltage The recuperator 7 further abuts the shaped parts 1.8 and is separated
from the side of the gas opera‘ung space 4 by the second permeable membrane 4.6,
wherein the second end of the recuperator 7is connected to the external gas channel 10.

 The function of the heat engrne in this embodrment rs as follows. T‘he movement of
the working gas within the gas working _s“paCefg_"e’Xtends"fvfromj the centre of the gas working
space 4 to the inner shell of the pressure ves'sel‘"‘:_"l_ and vice versa. Filling of the gas
working space 4 serves to ensure a uniform flow of the working gas within the working
space and also due to the altemation of the flow direction of the working gas to the
formation of a high temperature region 14 rnoving ’duri‘ngthe working phases in almost the
entire volume of the gas operatlng space 4 Flow dlrectlon and rate of the worklng gas
vanes throughout all parts of the heat englne Upon a request for pressure increase and
compression in the hqurd working space 5 the worklng gas rows from the pneumatic
actuator 6 through the external gas channel 10 through the recuperator 7 and the heat

exchanger 8, through the internal volume of the gas worklng space 4 into the

10
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circumferential gas channe'ls 4.3. In this way, the ayerage temperature of the working gas
inside the device increases and there is an increase in pressure and expansion in the gas
working chamber 4 and at the same time cOmpreSsion' occurs in the liquid working space.
With the request to reduce the pressure and expansion in the liquid working space, the
working gas is conducted from the pneumatic actuator 6 through the internal gas channel
10.1 to the circumferential gas channels 4.3 disposed at the walls of the gas working
space 4, further through the inner volume of the gas working space 4 and then through the
heat exchanger 8 and recuperator 7. This reduces the average working gas temperature
inside the device, and pressure reduction and compression occurs in the gas working
space 4, while at the same time expansion occurs in the liquid working space. The liquid

working space 5 reacts to the expansron and compressmn of the gas working space 4 with
| practlcally the same workmg pressure the worklng space 5 decreases upon expanSIon of
the Ilqwd workrng space 4 at the same “ratio; ‘and the Worklng space 5 increases upon
compressron of the gas operatmg space 4 at the same ratio. The engrne performs work by
changlng the pressure and volume in the Irqwd workmg space 5. The sum of the volumes
of both worklng spaces 4 and Sis practlcally the same inall worklng phases The engme in
different operating phases is shown in Flgures '1'and 2. In the case that the engnne W|Il
operate at the inlet / outlet of the heat transfer medium’ 8 1 at temperatures lower than in
the Ilqwd worklng space, and in the case that the heat transfer medium will remove heat
from the engine, the phases of expansnon and’ compressmn will be reversed W|th respect
to the direction of the internal flow of the worklng gas.

The " inventive pressure vesset 1 ‘with an internal heat exchanger in"technical
praCtlce' must resist only to normal temperatures at the joutlet of the workmg gasfrom the
recuperator 7 to the external gas channel 10

' Another embodiment of a heat engme wrth 3 heat exchanger at the shell of a
pressure vessel is illustrated” in Fig. 4 and Flg 5. This embodlment of the heat englne is
different from the 'solution shown in Fig. 1 and Flg 2. The embodlment differs in the deS|gn
of the pressure vessel 1, ‘which must in this case wnthstand hlgh temperatures The
pressure vessel 1 consrsts of the followrng parts A central part 1 :2, which is disposed
between a lid 1.4 1and a ring 1. 1.5. A central part 1. 2 abuts a bottom 1. 1.3 which is supported
on the nng 1.5, wherein said ring is connected to the hd 1 1 by means of studs 1 7 which
pass through the dlspensmg plate 1 6. Further a ‘seal 14 IS provided between the |ld 1 1
and the central part 1.2 and also the bottom 1 3 of the pressure vessel 1

 From the pomt of view of the eff|0|ency of the heat englne it is necessary that the
above-mentioned parts of the pressure vessel 1 be made of a material with the highest
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thermal resistance possible and at the same time with a mechanical strength that is
capable of withstanding the changing internal pressure. Cornmon materials that withstand
high temperatures have solid crystalline atomic bonds but they withstand the cyclical
effects of stress and relaxation only with difficulties. This load may in places of natural
defects cause them to increase and thus gradually reduce the strength of such material.
These loads also result from uneven heating of parts. Optimal design of parts loaded with
high temperature ensures that they ate in constant pressure and do not create relaxation
states with internal tensions. This can only be achieved by introducing additional pressure
on the part by preloading it. This preloading should be introduced into these parts of the
pressure vessel 1: into the central part 1.2, into the ring 1.5 and into the bottom 1.3. The
ideal preloading material is carbon fibre, which is capable of transferring high tensile stress
even at high temperatures. In the’present embodiment, said parts of pressme vessel 1,
such as the bottom 1.3 of the preSsure vessel and :the‘"‘c’entrail part 1.2 of the pressure
vessel 2, are desrgned as a composite of hrgh tensrle stress crystalhne material at high
temperatures and preloaded carbon fibres as a hlgh tensile ‘stress matenal at high
temperatures. Moreover, the material of the bottom 1.3 of the pressure ‘vessel 1 is also
required to be of the highest thermal conductivity or energy permeability, especiaily for
electromagnetic radiation, in respect to the function of its inner face as a heat exe'han'ger.
The ideal material for the bottom 1.3 of'thev‘pressur%e‘ vessel is, in terms of thermal
conductivity, for example, crystalline silicon carbide (SiC), or its modifications. In terms of
energy permeability, sapphire glass (A|203)' is "the‘ ideal material for the bottom of the
pressure vessel. |

The shell of the pressure vessel 1 adjacent"t’(")' the external gasi‘ channel 10 can at
the same time also serve as a heat exchanger and a heat recuperator in the variants of
Fig. 1 and Fig. 2 as well as in the vanant of F|g 4 and Frg 5, thereby complementmg the
functron of the folded membrane 3as a heat exchanger

"~ As can be seen from the accompanylng drawmgs the’ individual connected

components of the heat engine are sealed usrng the seal 1;4. The lid 1_.‘]_ of the pressure
vessel 1 is provided with an access to the pne'umatic actuator 6 in the form of a service lid
6.2. In the case of a maintenance-free version of the ‘prieumatic actuator 6 with magnetic
bearlngs 6.8, it is possible to make Jornts on the ser\nce lid 6 2 as well asa permanent joint
dunng productlon with higher |mpermeab|||ty »

In order to ensure the lowest possible hydraulic losses and quick engine reactions,
large cross-sections of the liquid channelswigc are ‘preffera‘bl’e." The liquid in the liquid

working space 5 also serves as a ‘cooling medium. As the power increases, liquid
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exchange in the liquid working space 5 increases Vas 'well and so does also heat
dissipation from the heat engine. In the desngn of the connectlon of the hqmd channels 5.2
to the liquid working space 5, it is preferable to prowde a support of the one-way circular
flow of the internal liquid within the liquid worklng space 5 so as to maximize liquid
exchange and transfer of heat to or from the folded membrane 3 in the liquid working
space 5.

The largest area for cooling the working gas is the folded membrane 3, in addition
to its surface; also its small thickness is advantageous. In an exchanger of such a design,
the volume of the working gas bound in its space at the completion of the expansion
phase reduces, which helps to increase the efficiency with minimal volume of the working
gas outside the gas working space. The folded membrane 3 may be supplemented with
other heat exchange surfaces and elements providing a greater flow around the entire
surface thereof. |

tis possible to modify the design with respect to a specific assignment of output
dynamics, average power and peak ‘pe'rformanc‘e‘ requirements. Appropriate dimensioning
of individual parts of the system can greatly enhance the reqUired‘hydraulic.'outp'ut 5.1
characteristics. Upon requiring high dynamics and efficiency, the device can be designed
with heat exchangers with a |arg.ekheat' transfer 'surf’aee', optimal heat storage capacity in
the recuperator 7. The recuperator 7 and heat exchangers should have the best ratio of
pressure loss and efficiency; The highver pOWer of"the‘"pneumatieactd’ator 6 ‘and the cross-
sections of the internal and external gas channels 10.1 and 10 can provide greater engine
dynamics. For high dynamics, helium is also a preferred VWOrI‘{ing gas.

As can be seen from Fig. 1, Fig. 2, F'i'g.'4'a‘;nd Fig. 5, the pressure vessel lid 1.1 of
‘both of the heat engine variants described is |dent|cal Details of an embodiment of the
pneumatlc actuator 6 in variants with different bearmgs are |Ilustrated in F|g 6 and Fig. 8.
With this arrangement of the pneumatlc actuator §_, a space is provided in the cover 1.1 for
their placement. This space is covered by a service lid 6.2 A seal 1.4 is provided in the
space between the service lid 6.2 and the lid 1.1. In fhis'sdace the stator 6.6 and the rotor
6.5 of an “electric engine and the |mpeller 6. 3 are arranged The rotor 6.5 5 of the electric
'englne is stored in the magnetic bearlng 6 8 and ! or the ball ‘bearing 6.7 7 The pneumatic
actuator 6 compnses a chamber _6_._1 vand an |mpe|ler 6.3. The lmpeller 6.3 1is secured to the
rotor 6.5 shaft of the electric engine via a flat spring 6.4. An example of the impeller 6.3 is
‘'shown in Fig. 9. The impeller 6b in this embodiment consists in"a flat spring 6.4 mounted
on a rotor 6.5, which is connected to blades 6.41 which are reciprocally housed by gas
rectifiers 6.12.
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Fig. 7 illustrates an A-A section through the lid 1.1 of the pressure vessel 1 in Wthh
the pneumatic actuator 6 is located. It is evident from the A-A section that there are liquid
channels 5.2 in the cover 1.1 between which the internal gas channels 10.1 and the
external gas channels 10 are separated by a partition 1.9. Inside the space of lid 1.1 of the
pressure vessel 1 is formed a chamber 6.1 of the pneumatic actuator 6 in which the
impeller 6.3 is arranged. In the space of the lid 1.1, electromagnets 6.10 which deflect the
impeller 6.3 are located in place above the blades of the impeller 6.3. In the middle of the
lid 1.1 of the pressure vessel 1 is located, in its axis, a rotor 6.5 of an electric engine,
which forms the axis of the impeller 6.3.

The pneumatic actuator 6 drives and controls the movement of the working gas.
This is driven by a rotor 6.5 of an electric engine. The rotation speed rotor 6.5 of the
electric ‘engine determines the rate of ﬁbVemeht" of’ the working gas. The direction of
movement 12 of the worklng gas is determlned by the settlng of the lmpeller 6.3 against a
palr of the internal gas channel 10 1 and the external gas channel 10 The change of the
settlng of the |mpeller 6 3 is enabled by its elastic attachment to the rotor 6.5 of the electric
englnes This resilient mountlng allows the |mpeller 6 3 to deflect in a direction parallel to
the axis of rotation. This deflection |deally, but not necessarlly, is enabled by the flat sprlng
6.4. The deflectlon of the impeller 6.3 3 in the dlrectlons of the axrs of rotation of rotor 6 5
can be achieved by means of electromagnets 610 but can also be carried out by
electronlcally controlled magnetlc bearings 6.8 by frrmly coupllng the impeller 6.3 with the
rotor 6.5 of an electrlc englne A posrtlon sensor 6.9 9 measures the actual posrtron of the
lmpeller 6 3 and serves as a feedback means for an electronlc control unrt 9 for controlling
the' movement of the lmpeller 6.3 3 whereln the electronlc control unrt 9 is connected fo
electromagnets 6.10, magnetlc beanngs 6 8 and the stator 6 6 of an electnc engine by
means of electrlc wires 9 2. In an exemplary embodlment of a heat\ englne comprlsmg a
heat exchanger |n its shell accordlng to Flg 4 and Flg 5 a temperature sensor / sensors
9.3 3, preferably prowded in the mrcumferentral gas channels 43 at the lnlet o the gas

worklng space ‘4, are necessary for controlllng the movernent of the |mpeller and thermal
protection of the device. -

Industnal applic‘ablllty

" The device can be used as a dynamlcally controlled hydraullc pressure '/ volume
source for hydraullc actuators W|th athermal’ energy source and with no need for hydraullc
pumps and valves. It can be used wherever hydraullc drrves are used and it is preferred

for their faster operatron ‘and wrth hlgher efﬁcrency whlle usrng a more available heat
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source. e o

In a regular cyclical mode,';of phase aiter\n’atio‘n‘,v when the hydraulic output is
replenished by two unidirectional valves, the ’device can serve as a high-pressure pump.
The device can be used to gain mechanical work if there is enough thermal energy or in
case of inability to use a normal source of motion energy, such as an electric engine, an
internal combustion engine, etc. Great possibilities are offered, for example, for the direct
transfer of solar energy to mechanical work. In technical practice, the employment of this
solution offers wide applicability as a source of energy in the desalination of seawater by
the reverse osmosis method.
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List of reference numerals

1. pressure vessel

1.1 lid of the pressure vessel

1.2 middie part of the pressure vessel
1.3 bottom of the pressure vessel
1.4 sealing

1.5 ring

1.6 dispensing plate

1.7 pretensioned studs

1.8 shaped parts

1.9 channel partition

2. partition

3 'folded membrane

4. gas worklng space ’

4.t mlcrostructure Coe

4}; mesh _ e
43 crrcumferentlal gas channels
44 folded permeable membrane
45 first permeable membrane
46 second permeable membrane
4.7 hole A

5. llqmd worklng space

5.1 hydraullc inlet / outlet

5.2 llqurd channel

6. pneumatlc actuator

6.1 chamber L

62 service lld

6.3 lmpeller

64 flat spnng

6'.5 rotor of the electnc englne a
66 stator of the electnc engme
67 bearlng ’ -
6.8 magnetlc bearlng

6.9 posrtlon sensor '

6‘.10 electromagnet o

6.'1'1 blades

6.12 gas rectifiers

7 recup_erator
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8. heat exchanger

8.1 inlet / outlet of the heat transfer medium
8.2 electric heating element

9. electronic control unit

9.1 electrical wires

9.2 source of electric voltage

9.3 temperature sensor |

10. external gas channel

10.1 internal gas channel

11. source of radiant energy

12, direction of movement of the working gas
13. direction of movement of the inner parts
14, high temperature gradient area
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CLAIMS

1. A heat engine with a dynamically controlled outlet, driven by a high-pressure pump
and a gas turbine comprising a pressure vessel (1), a lid (1.1), a movable partition (2), a
gas working space (4), a liquid working space (5), and a recuperator (7), characterised in
that a sealing (1.4) is disposed between the pressure vessel (1) and the lid (1.1), wherein
in the inner space of the pressure vessel (1) the partition (2) is movably attached to a
folded membrane (3) which is further attached to the lid (1.1), wherein the partition (2)
divides the inner space of the pressure vessel (1) into the gas working space (4) and the
liquid working space (5), wherein the gas working space (4) occupies a larger area thereof,
wherein said gas working space (4) is surrounded by a folded permeable membrane (4.4)
in the area of the first partition, and further, shaped parts (1.8) are arranged within the
pressure vessel, which define an external gas channel (10) which is led between a shell of
the pressure vessel (1) and the shaped parts (1.8), while a circumferential gas channel
(4.3) is located between the shaped parts (1.8) and the folded membrane (3) and further
between a first permeable membrane (4.5) and the partition (2}, wherein the gas working
space (4) is filled with a microstructure (4.1) made of a solid material with porosity higher
than 99 % of its volume, and is surrounded by a second permeable membrane (4.6) to
which a recuperator (7) is connected, in the space of which is arranged a heating
exchanger (8) connected to an inlet / outlet (8.1) of the heat transfer medium, wherein the
recuperator (7) is further surrounded by the shaped parts (1.8), and it is separated from
the gas working space (4) by the second permeable membrane (4.6), the external gas
channel (10) is fed into the recuperator (7) space on the opposite side of its connection to
the gas working space (4), which external gas channel is connected to a pneumatic
actuator (6) chamber (6.1), into which is further fed an inner gas channel (10.1), connected
to the circumferential gas channel (4.3).

2. Heat engine according to Claim 1, characterized in that the pneumatic actuator (6)
comprises a stator (6.6) and a rotor (6.5) of an electric engine and a chamber (6.1) in
which is disposed an impelier (6.3) provided with blades (6.11) and gas rectifiers (6.12),
wherein the impeller (6.3) is connected to a shaft of the rotor (6.5) of the electric engine by
means of a flat spring (6.4), wherein the rotor (6.5) of the electric engine is housed in a
magnetic bearing (6.8) or a bearing (6.7).

18



WO 2018/050134 PCT/CZ2017/050040

3. Heat engine according to Claim 1, characterized in that, the shell of the pressure
vessel (1) constitutes a middie part (1.2), which is disposed between the lid (1.1) and the

bottom (1.3), wherein the bottom (1.3) abuts a ring (1.5), which is disposed on a

dispensing plate (1.6), wherein the dispensing plate (1.6) is connected to the lid (1.1) by
means of studs (1.7) and further the sealing (1.4) is disposed between the lid (1.1), the
middle part (1.2) and the bottom (1.3).

4 Heat engine according to Claim 1, characterized in that the microstructure (4.1)
consists in a material with porosity higher than 99 % based on its overall volume, with
density from 1 x 10 to 0,03 g cm3,

5. Heat engine according to Claims 1 and 4 characterized in that the microstructure (4.1)
consists of carbon, ceramic and metal microfibers and Nano fibres, aerographite, or
graphite aerogel.

6. Heat engine according to Claim 1, characterized in that the folded membrane (3)
is irhpermeable to gas.

7. Heat engine according to Claim 1, characterized in that the microstructure (4.1) is
disposed between meshes (4.2) arranged at a distance from each other, wherein the
meshes and disposed in planes perpendicular to the motion vector of the partition, which
are connected to the folds of the folded membrane (4.4).

8. Heat engine according to Claim 7, characterized in that the meshes (4.2) consist
in carbon, ceramic or metal fibres, wherein the mutual distance of the meshes and the

mesh fibres in its plane are in the range of 100 to 10,000 times the mean distance of the
microstructure (4.1) elements.

19



