11! METHOD AND DEVI CE FOR CONVERTI NG HEAT ENERGY
| NTO MECHANI CAL ENERGY Description The invention
refers to the process of the conversion of heat
energy into nmechanical energy by means of changing
vol une, pressure and tenperature of the work nedi um
primarily gas in nunber“?[ steps, and simultaneously
refers to the apparatus or performng this process,
too. There are known concepts of the conversion of
heat energy into nechanical energy, where tenperature
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alternately changing volune. During the volune
MECHBIE ©aki P REenper at ure and pressure increases both
due to this volune change and primarily, in the | ast
stage, due to the volune decreasing, or optionally,
in the first stage of the volune reincreasing, by the
Des@gthbitiganal supply of heat energy either fromthe
exterior, or fromthe heat generation (e.gqg.
conbustion) inside the workspace. During the vol une
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for pes ety teliespdovesk, space concept, the work
medi um tenperature (due to the additional heat energy
supply) would be, at the end of the operating cycle,
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volume decreasing, temperature and pressure increases both due
to this volume change and primarily, in the last stage, due to
the volume decreasing, or optionally, in the first stage of
the volume reincreasing, by the additional supply of heat
energy either from the exteriocr, or from the heat generation
(e.g. combustion} inside the workspace. During the volume
reincreasing, the pressure (originated from the previous
workspace volume decreasing) performs, after loss deduction,
work needed for consecutive volume decreasing. While the
pressure, originated from the additional heat energy supply,
performs, after the loss deduction, the resultant mechanical
work. At the permanently closed work space concept, the work
medium temperature {(due to the additional heat energy supply)
would be, at the end of the operating cycle, greater then the
temperature at the beginning of the previous volume
increasing. So that, during an exterior heat supply, the

medium temperature would reach the temperature, where the heat




2 is supplied fromthe exterior and the tenperature
difference and al so volune of the supplied heat would
be, without viewto the |osses, zero. The heat
supply, developed in the nedium would stop for the
| ack of oxygen, at permanently closed workspace. It
is therefore necessary to.fppen the workspace for the
used nedi um exhaust and the fresh medi um supply for a
certain tinme, nanely both at the beginning of the
vol une decreasing, or before it and at the end of the
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of the first stage, or respectively at the end of the second
one, then there is the two-cycle process implemented. All of
these processes take places according to the known state of

art in one workspace, exceptionally divided inteo two parts.

Work medium is sucked according to the invented conversion of
heat energy into mechanical energy by means of pressure and
temperature change of the work medium into the first stage
simultaneously with the volume increasing of this stage,
whereon it transfers into the second stage during the first
stage volume decreasing, whereon it transfers (during the
second stage volume decreasing) through the third stage,
simuitaneousiy with the fourth stage heat supply and
simultaneously with this fourth stage volume increasing,
whereon it transfers from the fourth stage (during its stage

volume decreasing) into the fifth stage, where it is let to be




simul taneously with this fourth stage vol une
i ncreasing, whereon it transfers fromthe fourth
stage (during its stage volunme decreasing) into the
fifth stage, where it is let to be -3- expanded. The
concept is according to the invention described by
the transfer of work nediwnthrough the third stage
simultaneously with the second stage decreasing,
simultaneously with warmng, into the fifth stage, or
can be described by cooling during the transfer of
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trans arranged on
directly into the second stage, 51multaneously with increasing

des volumens of this second stage. The apparatus for a
multistage conversion cof heat energy into mechanical energy by
means of changing volume, pressure and temperature of the work
medium has the third stage in form of a workspace with an
invariable volume, while the other stages are arranged as
workspaces with variable volume (particularly as piston
machines with the revolving piston) and are functionally, in a
way of the work medium transfer, arranged one behind the
other, partly before the third stage and partly behind the
third stage. The apparatus for performing the invention
concept is furthermcre adapted in a way, so that the largest
velume of the first stage is larger then the largest volume of
the second stage, while the largest volume of the fifth stage
is larger than the largest volume of the fourth stage, while

the largets volume of the fifth stage is larger than the




other, partly before the third stage and partly behind

the third stage. The apparatus for performng the

i nvention concept is furthernore adapted in a way, so

that the largest volune of the first stage is |arger

then the | argest volune of the second stage, while

the | argest volunme of the4.ifth stage is larger than

the | argest volunme of the fourth stage, while the

| argets volunme of the fifth stage is larger than the

it -4- largest volunme of the first stage or equal to
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f1het waewet hedfals'@ taperande henedcodeseaget st
St%ﬁgMeen the fifth stage and the first stage and
cture 3 shows a concept with the first stage joined
together with the fifth stage and a concept with the
cool er between the fifth stage and the second stage.
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baén? ﬁﬁﬁ§&;on concept can be seen on Picture 1. Picture 2
shows a version with the cooler between the first stage and
the second stage and also between the fifth stage and the
first stage and Picture 3 shows a concept with the first stage
joined together with the fifth stage and a concept with the

cooler between the Ffifth stage and the second stage.

Work medium is brought into the first stage 1 during the first
stage volume increasing, see Picture 1, whereon it is, during
the first stage 1 volume decreasing, transferred into the
stage 2, simultaneocusly with its volume increasing. It is
then, during the second stage 2 volume decreasing, transferred
into the third stage 3. While transferring through the third
stage 3, heat is supplied into work medium either from inside
by fuel compustion, or from outside by the third stage heating
e.g. by exterior combustion. Work medium is transferred from

the third stage 3 into the fourth stage 4, whose volume




stage vol une increasing, see Picture 1, whereon it is,
during the first stage 1 vol une decreasing,

transferred into the stage 2, sinultaneously with its
volume increasing. It is then, during the second

stage 2 vol une decreasing, transferred into the third
stage 3. Wiile transferrifg through the third stage

3, heat is supplied into work nedium either from

inside by fuel conbustion, or fromoutside by the
‘third stage heating e.g. by exterior conbustion. Wrk
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insert other interstage cooler 7 between the
the closed cycle, where the work medium is transferred from
the fifth stage 5 back into the first stage 1, it is
convenient to insert other interstage ccoler 7 between the
fifth and the first stage. It is also convenient, in some
cases, according to the other invention concept, to join the
fifth and the first stage into the joined stage 51 and to
transfer {during this joined stage wvolume re-decreasing) work
medium, expanded during the joined stage 51 volume increasing,
into the second stage 2, simultaneously with this second stage
increasing, optionally through the joined interstage cooler

76. The basic five-stroke cycle isg, in this case, adapted into

the three-stoke cycles.

The apparatus, as described above, performing the conversion
of heat energy into mechanical energy is according to the

invention, arranged in a way, so that the third stage 3




fifth and the first stage. It is also convenient, in
sone cases, according to the other invention concept,
tojointhe fifth and the first stage into the joined
stage 51 and to transfer (during this joined stage
vol unme re-decreasing) work nedium expanded during
the joined stage 51 volunesdincreasing, into the
second stage 2, simultaneously with this second stage
increasing, optionally through the joined interstage
cooler 76. The basic five-stroke cycle is, in this
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creatéguégly Egmggg%ﬁzégéﬁimber and/or as a heat exchanger.
Work medium is firstly supplied (e.g. by sucking) into the
increasing volume of the first stage 1. After reaching
maximum, the veclume of this stage begins to decrease and work
medium is exhausted into the increasing veolume of the second
stage 2. Because the largest volume c¢f the second stage is
many times smaller than the largest volume of the first stage
1, the state of work medium changes so that, after its shift
from the first stage 1 into the second stage 2, this medium
has higher pressure and also higher temperature. If the
temperature increase is not desirable, it is possible to
insert the interstage cooler 6 between both of the stages
according to the Picture 2. During the volume re-decreasing of
the second stage 2, work medium 1s transferred from 1t through
the third stage 3 into the fourth stage 4, while increasing

its volume. Heat is supplied intc work medium in the third




created as a conbustion chanber and/or as a heat
exchanger. Work nediumis firstly supplied (e.g. by
sucking) into the increasing volune of the first
stage 1. After reaching mnmaximum the volunme of this
stage begins to decrease and work nediumis exhausted
into the increasing volumg-of the second stage 2.
Because the | argest volune of the second stage is
many tines smaller than the | argest volune of the
first stage 1, the state of work nmedi um changes so
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apparatus according to the invention,
cycle concept. In an extreme case, it is pOSSlble to

completely avoid the fourth stage and to let work medium
expand from the second stage 2, during warming in the third
stage 3, into the fifth stage 5. The third stage has a nonzero
voiume so that, if there is no heat supplied, the partial
expansion cccurs at the beginning of the work medium transfer
and after transferring through the third stage into the fourth
stage, work medium has lower pressure and also lower
temperature then in the second stage. However, due to this
lower pressure, the fourth stage takes proportiocnally lower
welighted quantity of work medium than it is supplied into the
third stage from the second stage and the residual guantity
generates, or opticnally increases, the residual pressure in
the third stage. According to the size of the third stage, in
this manner alsc without heat supply, the pressure in the

third stage very guickly rises, so that expansion, within the




so that the largest volune of the fourth stage 4 is
| arger than the |argest volune of the second stage 2,
so that the partial isobaric to isothermal expansion
bet ween both of the stages will occur and this
adaptation will reach Carnot's cycle concept. In an
extrene case, it is possifde to conpletely avoid the
fourth stage and to let work medium expand fromthe
second stage 2, during warmng in the third stage 3,
into the fifth stage 5. The third stage has a nonzero
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the first stage 1, it i1s appropriate to inseri an innerstage
cocler 7 between these two stages. At the configuration
according to the invention, it is possible to choose,
independently upon the compression ratio, magnitude of the
expansicon ratio, so that it is possible to expand compressed
to the pressure of the surrounding environment and heated work
medium, whereby a good cycle efficiency is reached. At the
given expansion ratio, the pressure at the end of the
expansion 1s given by magnitude of the pressure at its
beginning and this pressure, at the end of the expansion, can
therefore, at the smaller heat supply, drop under the
surrounding environment pressure. If this phenomenon is not
desirable, 1t is possible toc use other invention character
i.e. additicnal work medium inlet through the inlet valve B8 at
the end of the expansiocon. The power cycle, realized according

to the invention concept and apparatus, is therefore five-




order to supply the | argest possible heat quantity

into the third stage and to decrease the work

expended during the conpressional stage of the cycle,

it is, if possible, needed to decrease tenperature

during the transfer fromthe first stage into the

second one. It is, accordiéng to the invention,

enabl ed by inserting the interstage cooler 6 between

the first stage 1 and the second stage 2. At the

encl osed cycle, where work nediumis transferred from
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and this pressure, at the end of the expansion, can
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cotdi:eeaR 1 he; il Bts vatee8sabn. the wnd ehskheit is also
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nitude inthe fifth sta .e. the ratio
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stages), not only the pressure at the end

The invention is, both according to the design examples and
also according to the other designs resulting from the patent
requirements and comparing to the other known heat engines,
more convenient especially by its possibility to allow higher
working pressure and temperature then turbine engines, longer
warming of the compressed work medium and lower pressure and
temperature at the end of the expansion then so far know
piston engines. Higher cycle efficiency, lower emissions of
the carbon and nitrogen oxides, lower nolse in the case of
work medium warming by external or internal combustion is the
outcome of the invention. It is also possible to use this
invention for the conversion of solar energy into mechanical

energy.




of the expansion, but also the tenperature drops to
the value of the surrounding environnment. It is
therefore possible at the enclosed cycle and at the
out si de work nmedi um warm ng, which take place in the
third stage 3, according tQ the other invention
character, to join the fi fth stage 5 with the first
stage 1 according to the Picture 3 and to transfer
wor k medi um after expansion in the conveni ent way
fr t joined stage 51 through the interstage
Paten%d% é?g 6 into the second stage 2 concurrently with
its conpression. In this case, it is also desirable
to equip the joined stage 51 by the inlet valve 8. It
is therefpre sible, in some cases, within the .

1. B BIRRATT oft = LR RGHp ¢ he 7 Ve STTOKE difet e T THe Lnto
mechanir®ke-astenke loyaheanThef i civangion telutot hoeesond nghd
to the desiagn anples_and . al so, according to the
tenpe TS dk | Greo T AT Y 17 SHITHE e  requirement s

nd_ conparin t he ot her known heat engines, nore
Chara%%%@%ﬁggn 1%(e'tsqu"‘%eégialIy by its possibility to allow
hi.gher ,. workin ressure and.tenperature then turhine
the wdr MR IRGHL o BLET TR oF “ThETEor B e Kok i o
with anthtoivey @f essairesande dEnpes af ret adtdde, enteofort hehe
L X ansi on then so far know gist n eng%nqﬁz q%%her .
work REEHA et i oF BHEVE T TOMer C¥MT S5 OHs o Tt het Larbort S 9
of thditshgen oKites,fioverstejseinto thescasel ddtayonkith
medi u rmng by external or internal conmbustiqgn is
enlar i ‘Ol B o R VRt PO ¢ T m S oA e Nk -
mediumses thisthé nvierd nofe £ oed [ heoconvessi on wfttsaliar eneirgy
into nmechanical. energy..it 10 Patent clains 1. A
stage Ncdls %?C%e?r?ﬂ‘?‘? st ech%%vé?%i%‘ﬁl%#r%%& IKHeT YR

through a third stage intc a fourth stage with this stage
volume increasing, whereon the work medium is furthermore
transferred, concurrently from the fourth stage into a fifth
stage with decreasing of the volume of the fourth stage and it
is finally allowed to expand in the fifth stage, concurrently

with its velume increasing.

2. A process according to claim 1,
characterized in that

the work medium is transferred through the third stage
directly intec the fifth stage concurrently with the second

stage voclume decreasing and with concurrent warming.

3. A process according to claims 1 or 2,
characterized by

cooling of the work medium during the transfer from the first

stage into the second stage.




mechani cal energy by neans of changi ng vol une,
pressure and tenperature of a work nedium primrily
gas, characterized in that the work nediumis sucked
into a first stage, concurrently wth enlarging of
the volune of the first stagkl whereon the work
mediumis transferred, concurrently with the
decreasing of the volune of the first stage into a
second stage with enlarging of the volune of the

4, AS§EB@@s§tQ@@of@?ﬁ@oﬁotﬁﬁy“%h% oredhuinks1fupt her 3,
transferred, concurrently with the second stage

Charaggggqge@e%?easing and with the concurrent heat supply,
through a third stage into a fourth stage with this
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urthernmore transferred, concurrentlélfron1the fourth
[
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to expand in the tfifth stage, concurrently wth its

of theolfdmweti s¢reasi ng. 2. A process according to claim1,
characterized in that the work nmediumis transferred
through the third stage directly into the fifth stage
concurrently with the second stage vol une decreasing

5. Aapdowesk eé6reufiBAt tRaPRyng§ne3 0fACRRABESS  adecoPdi Ag to
clainms 1 or 2, characterized by cooling of the work

charagggivdmedudirn§helie transfer fromthe first stage into
the second stage. 11. 4. A process according to any

the wom& sfddba s frapsferrsd fewar &beediifEl pyage into the
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fifth stage and used for a warming process.

6. A process according to claim 1,
characterized in that

the work medium is transferred from the fifth stage directly
to the second stage concurrently with the volume decreasing of
the fifth stage and/or cooling and second stage volume

increasing.

7. An apparatus for the multistage conversion of heat energy
into mechanical energy by means of changing volume, pressure
and temperature of the work medium according to any one of

claims 1, 2, 3, 4, 5, or 6,
characterized in that

the third stage (3) is created as, at least, one working space
with an invariable volume, while the other stages (1, 2, 4, 5)
are created as workspaces with variable volumes, namely as

piston machines with a revolving piston, and are functionally

(in sense of the work medium transfer} arranged one behind the




first stage concurrently with cooling, with the vol une
decreasing of the fifth stage and with the vol une
increasing of the first stage. 5. A process according
to any one of clainms 1, 2 r 3, characterized in
that the work nmediumis tr]ansferred fromthe fifth
stage into the third stage concurrently with the
vol une decreasing of the fifth stage and used for a
warm ng process. 6. A process according to claim1,
t.endzed- [ f
Othelc:%g&rrﬁlﬁ/gﬂfl fthé ;ttﬁa%?hl rec ﬁ%tn%qt %ds con ryc, k%r(ﬁgd this
stageoncurrently with the vol ume decreasing of the flfth
stage and/or cooling and second stage vol une
increasing. 7. An apparatus for the nultistage
conversion of heat energy into mechanical energy by
8. Aeappagiearfiasydisiune Prdgsue  and tenperature of
the work mediumaccording to any one of clains 1, 2,
chareg:tegxizmd gm g;hagharacterized in that the third stage
(3) is created as, at |east, one working space wth
the lardenfaricdbine vl dre Whidte srthaegeot Her i&it d@es;e(ﬂ tian 4 he
| e u
larg%rrevq{/l%n@ %ahlt gtqlgﬁ%nﬂdﬁﬁl%?% 3 r éVol r\alleibcng pl%s rﬁ?arg%t
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r r |
VoL T Srae (3 309 Shry Domind et votume
of thet dgdthi stage Ad) apgaﬂanwgzaccOGMumg tt@ dlhai hatgest

volume of the first stage (1).

9. An apparatus according teo claim 7 or 8,
characterized in that

the fifth stage (5) is joined with the first stage (1).

10. An apparatus according to any one of claims 7, 8, or 9,
characterized in that

the third stage (3) is created as a combustion chamber and/or

as a heat exchanger.

11. An apparatus according to any one of Claims
7, 8, 9, or 106,
characterized in that

the fifth stage (5) is provided with an inlet valve (8).



characterized in that the |largest volune of the first
stage (1) is larger than the |argest volunme of the
second stage (2), whereto the |largest volune of the
fifth stage (5) is larger than the |largest volune of
the fourth stage (4), and Wlereto the largest vol une
of the fifth stage (5) is larger or equal to the

| argest volune of the first stage (1). 9. An
apparatus according to claim7 or 8, <characterized in

Lfth e ( LS. joined h.the first
2. A% géga?%th 6cc§ﬁggﬁgagét6§ya888raﬁmga?6m§ny one of
clalg% 101 9, <characterized in that the third
T stag (Bf |s created as a conbusti on chanber and/ or

t.ex ger. 11. An apparatus accordlng to any
Charagﬁerlfga if %%% , 8, 9, or characterized in that

fifth t e ) hS . |de | e
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(1) a@bamns seco8d 8ta®6, (Bf ddd bhawaeherhzedifdht hakgan(5)
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cooler (76) is placed between joined stage (51) and
the second stage (2).




