1 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
mechani cal energy by neans of changi ng vol une,
pressure and tenperature of the work-nmedium primarily
gas in nunber of steps, and sinultaneously refers to
the apparatus for perfo?hﬁng this process, too. There
are known concepts of the conversion of heat energy
into mechanical energy, where tenperature and
Ss I sy changed nt I ace h at
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MECHENMPEXatENERGhd pressure increases both due to this
vol ume change and primarily, in the |ast stage, due to
the vol une decreasing, or optionally, in the first
. stage of the volune reincreasing, by the additiona
DesSHplrof heat energy either fromthe exterior, or
fromthe heat generation (e.g. conbustion) inside the
wor kspace. During the volune reincreasing, the
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woul d be, at the end of the operating cycle, greater
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in tEﬁWWﬂEHSp&Ee wheéhealberth@atly changing volume. During the
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 exterior, 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
di fference and. also volunme of the supplied heat
woul d be, without viewto the |osses, zero. The heat
supply, developed in the nmedium would stop for the

| ack of oxygen, at permanently closed workspace. It
is therefore necessary to .ppen the workspace for the
-used ‘nmedi um exhaust and the fresh nedi um supply for a
certain tinme, nanely both at the begi nning 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 into 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, whéreon it transfers {during the
second stage volume decreasing) through the third stage,
simultaneously with the fourth stage heat supply and
gimultaneously 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




- simultaneously 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 expanded. The
‘concept is according to the invention described by
the transfer of work nedi through the third stage
si mul taneously 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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degr%%lumens of this second stage. The apparatus for a
multistage conversion of heat energy into mechanical energy by
means of chenging volume, pressure and temperature of the work
medium has the third stage in form of a workspace with an

" invariable volume, while the ether‘stages are arranged as
.-workspaces with variable volume (particularly as pisten
machines withrthe revolving piston) and are functionally, in a
way of the work medium transfer, arranged one behind the
other, partly before the third stége and partly behind the
third stage. The apparatus for performing the invention
concept is furthermore.adapted in a way, so that the largest
volume of the first stage is larger then the largest volume of
the second stage, while the largest volume of the fifth stage
is larqer than the largest volume of the fourth stage, while

the largets volume of the fifth stage is larger than the



third stage. The apparatus for performng the
~invention 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 largest -volune 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
-4 | argest volunme of the first stage or equal to the
| argest volune of the first stage. The apparat us,
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Picture 3 shows a concept with the first stage | oined
t9yether with the fifth stage and a concept with the
cool er between the fifth stage and the second stage.
- Work mediumis brought into the first stage 1 during
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decreasing, trans erre
s$hows a version with the cooler between the first stage and

st

the second stage and alsc between the fifth stage and the
first stage and Picture 3 shows a concept with the first stage
joined together with the £ifth stage and a concept with the

cooler. between the fifth 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, simultaneously with its wvolume 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 combustion, 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 2, sinmultaneously with its volune increasing. It
is then, during the second stage .2 vol une decreasing,
transferred into the third stage 3. Wile
transferring through the third stage 3, heat is
supplied into work nediumeither frominside by fue
conbustion, or fromoutside by the third stage heating
.e.g. by exterior conbustion. Work nediumis
transferred from the third stage 3 into.the fourth
- stage 4, whose volune sinultaneously increases,
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the fifth stage 5 back into the first stage 1, it is

convenient to insert other interstage cooler 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 volume re—decreesing) work
medium, expaﬁded during the joined stage 51 volume increasing,
into the second stage 2, simultaneocusly with this second stage
increasing, optionaliy through the joined interstage eooler
76. The basic five-stroke cycle is, 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, Sso that the third stagé 3



transfer (during this joined stage vol une
re-decreasing) work nedium expanded during the
j oi ned stage 51 volune increasing, into the second
" stage 2, simultaneously with this second stage
I ncreasing, optionally through the joined interstage
cooler 76. The basic fiverstroke cycle is, in this
case, adapted into the three-stoke cycles. The
apparatus, as described above, perform ng the
conversion of heat energy into nechanical energy is
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Wo@@ckéﬁ¥dﬁ is firstly supplied {(e.g. by sucking) into the
increasing volume of the first stage 1. After reaching
maximum, the wvolume of this.stage begins to decrease and work
hedium is exhausted into the increasing volume of the second
stage 2. Because the largest volume of 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, thié medium
has higher pressure and also higher temperature. If the
temperature increase 1s not desirable, it is possible to
insert the interstage cocler 6 between both of the stages
according to the Picture 2. During the volume re-decreasing of
the second stage 2, work medium is transferred from it through
the third stage 3 into the fourth stage 4, while increasing

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




medi um i s exhausted into the increasing volune of the
second stage 2. Because the | argest volune of the
'second stage is many tinmes snmaller than the | argest
volune of the first stage 1, the state of work nedi um
changes so that, after its shift fromthe first stage
1 into the second stage 2., this nmedium has higher
pressure and al so hi gher tenperature If the
tenperature increase i's not desirable, it is possible
to insert the interstage cooler 6 between both of the
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cycle concept. In an extreme case, it 1s possible 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
volume so that, if there is no heat supplied, the partial
expansion occurs at the beginning of the work medium transfer
'énd 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 proporticnally lowerxr
weighted quantity of work medium than it is supplied into the
third stage from the second stage and the residual quantity
generates, or optioﬁally increases, the residual pressure in
the third stage. RAccording to the size of the third stage, in
this manner also without heat supply,.the pressure in the

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




- cycle concept. In-an extrene case, it is possible to
conpletely avoid the fourth stage and to | et work
medi um expand fromthe second stage 2, during warm ng
inthe third stage 3, into the fifth stage 5. The
third stage has a nonzero volune so that, if there is
no heat- supplied, the partdal expansion occurs at the.
begi nni ng of the work nediumtransfer and after
transferring through the third stage into the fourth
stage, work medi um has | ower pressure and al so | ower
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the first stage 1, it is appropriate to insert an innerstage
cooler 7 between these two stages. At the configuration
according to the inventicn, it is possible to choose,
-independently upon the compression ratio, magnitude of the
éxpansion ratio, so that it is possible to expand compressed

- to the pressure of the surrounding environment and heated work
medium, whereby a good cycle efificiency is reached. At the
given expansion ratio, the pressure at the end of the
‘expansion is 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 envirconment pressure. If this phenomenon is not.
desirable, it is possible to use cther invention character
i.e. additional work medium inlet through the inlet wvalve B at
the end of the expansion. The power cycle, realized according

to the invention concept and apparatus, is therefore five-



- stage into the second one. It is, according to the
invention, enabled by inserting the interstage cool er
6 between the first stage 1 and the second stage 2.
At the encl osed cycle, where work nediumis
~transferred fromthe fifth stage 5 back into the
first stage 1, it is appropriate to insert an
i nnerstage cooler 7 between these two stages. At
-the-configuration according to the invention, it IS
possi bl e to choose, independently upon the
stﬁﬁuaom@&seen Aﬁl¢éhtdﬁ&g@kb§ﬂ§1éﬁ tdtg o expansuon Iﬁnﬂhé

t hat 0S and c ressed. to
218 B3 b B Sl GhaP e bRt O R gt et of
th@WﬂﬂfthﬁEdﬂuﬂbuﬂﬁ&”ﬁﬂ@ge&)gOﬁdtC@ﬁlﬁBﬁﬂé:pﬁeeﬁﬁyelét the end
f ached. At th g %gn %ﬁgaES|on ﬁgt|oa_the ressure
© %I%?pgnalg? the efﬁan5|o %era ren roﬁagnotud% 5rue
oftﬁhf mme&sunélag eﬂmardmmgmnnlng fwuthdnefopeessﬂsfbleuat
n ca herefore,..at the
end IR o0 RO e §80e1 AR OB B bltning,
whfnhuua&@npmacpressmﬁﬁatﬂﬂ%dthtsggh@nonmmumdmng not the other

1nge 3&?bk%aracter,qg?%kghetho %SEt Ven %oghe ﬁ%rst
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warm ng, which take place in the third stage 3,

according to the other invention character, to join

the fifth stage 5 wth the first
The inventicn is, both according tco the design examples and

alsc according to the other designs resulting from the patent
requirements and comparing tce 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 noise 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 intoc mechanical

enerqgy.




'stage 1 according to the Picture 3 and to transfer
wor kK medi um after expansion in the conveni ent way
fromthe joined stage 51 through the interstage
cooler 76 into the second stage 2 concurrently with
its conpression. In this case, it is also desi rabl e
to equip the joined stage,gl by the inlet valve 8. It
is therefore possible, in some cases, within the
invention, to adapt the five-stroke cycle to the
t hr ee- st r oke cycle. The invention is, both according
rattahtd RQadesi gn exanpl es and al so according to the
ot her designs resulting fromthe patent requirenments
and conparing to the other known heat engines, nore
conveni ent especially by its possibility to allow
1. rﬂgynﬂceswobkitMﬁrmu&ﬁmﬁmaqandomvmmﬁﬁqnlmfehEHEnememqyrﬂato
meg %y ekgg erb VWEHH n thg} %%edpygggu
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ter@qaaitsxr@notfhEhesmonﬂameldn@w, prsmmlanglaﬁes. Hi gher
cycle efficiency, |ower em ssions of the carbon and
c midaroger txedes: 3 owelk ndi ge i h e icase of work
medi um war mi ng by external or internal combustion is
the eorkoedane oF Fhekachvanel 6he Tirss 4296, p6ssrbreenta Y

with? eeﬂﬂyzr_%lnbnéﬁ%nﬂlé’ Nyd1Qfmet B GHQVPIJ?é@%t%fgeS Olﬂﬁé r&EOE TG
i nto nechani cal ener(% -10 Patent clainms 1
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g;essure and tenperature of the work nedium
en
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mediNén W keyredium | sn sticked i BbactPeefd I stuishadehe second
concurrently wth enlarguﬁ%_of the vol une of the

stage Yo Mg ECChART B Alte Wikdr kR AeEP RSN AREF oF PRREY

thBORGUIHHRNtY rW tPaddei (HeCh@aSiERGrth stage with this stage
volume increasing, whereon the work medium is furthermore
transferred, concurrently from the fourth stage into the fifth
stage with decreasing of the wvolume of the fourth stage and it
igs finally allowed to expand in the fifth stage, concurrently

with its wvolume increasing.

.2, A process according to the claims 1,
characterised by t hat

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

- stage volume decreasing and with concurrent warming.




of the volume of the first stage into the second stage
whith enlarging of the volume of the second stage
whereon the work .nediumis further transferred,
concurrently with the second stage volune decreasing
and with the concurrent heat supply, through the
third stage into the fourth stage with this stage
vol une increasing, whereon the work nmediumis
furthernmore transferred, concurrently fromthe fourth
stage into the fifth stage with decreasing of the

3. Wldide st sb€ofdHd Rostagecaanth it od 2,finally all owned
to expand in the fifth stage, concurrently wth its

¢ el W kenereasiing 24 A precess according to the
claime 1, char acteri sedbythat the

coaidmly pEdcbm verk mansifoer dedibtdrought tane fehi fdostdge first

Stéﬂéw¥%_%ytbgtgéégﬁafgg%é%_stage concurrently with the
cond . stage vol une decreasi ng and wi th concurrent

warm ng. -11 3. A process according to the claiml or
char acteri sedDbycooling of the work

2,
4, rﬁif&@eggr LBGot b6 g ansher ofL o the Tdibshs $tagesinto
t second stage. 4. A process according to the one of

c theClalbms 1 $0:% £hagryact eri sedby
transferring the work nmediumfromthe fifth stage into

trddreflihgt tAE 3@6r 1€ GRGURME ALY ¥hd NEiGA0l isREgeW Ao the:
vol une ecrea5|nq:of the fifth stage and with the
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' t hat the work nmediumis transferred

ri sedby
of ¥ HHEf FEEBC st age into the

5. A process according toe one of the claims 1 to 3,
characterised by t hat

the work medium is transferred from the fifth stage into the
third stage concurrently with the volume decreasing of the

fifth stage and used for a warming process.

6. A process according to the claim 1,
characterised by 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.



~third stage concurrently with the vol une decreasing of
the .fifth stage and used for a warm ng process. 6. A

- process according to the claiml, character.
sedbyt hat the work mediumis transferred from
the fifth stage directly to the second stage
concurrently with the vol ype decreasing of .the fifth
st age and/ or coollng and second stage vol une
increasing. -12 7. An apparatus for the nultistage
conversion of heat energy into nechanical energy by

7. MARSPRa€iaNGh N0 MO I8 i s PEES St ere @ nt BAPREAE LR rQfy
t he wor k nedlun1accord|n to one of the lains 1 to

ing medpagifal T Y ”‘§ 85¢°h YPERNTY Or HBSt RTIFSure
andtegerlarurs 6f ediehak matiilvasicoriegwebkbhg Space:
W th 20 i%variable volunme, while the other stages (1,
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Vol umes, anely as | ton nachj es, th t he revol ving
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pa LAl d0 henkargesie. volume of the first stage (1).

8. An apparatus according to the claim 7,
characterised by t hat

the largest volume of the first stage (1) is larger than the
largest volume of the second stage (2), whereto the largest

| volume of the fifth stage (5) is larger than the largest

volume of the fourth stage (4), and whereto the largest volume

of the fifth stage (5) is larger or equal to the largest.

~ volume of the first stage (1).

" 9. An apparatus according to the claim 7 or §,
characterised by that

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



9. An apparatus according to the claim7 or 8 <¢ h a
racterisedbyt hat the fifth stage (5) is.
joined with the first stage (1). -13 10. An apparatus
according to one of the clainms 7to0 9, c har act
eri sedbythat thethird stage (3) is created
as a conbustion chanber apgg/or as a heat exchanger.
11. An apparatus according to one of the clains 7 to
10, characterisedbythat the fifth
stage (5) is provided with an inlet valve (8). 12. An

10 AppAabdsaate i chd1@ilng @peoné dhecrad aileemg totdly, ¢ h
aracterisedbyt hat the interstage

c waolerm €617 rsip aced bbtweenttthen fti rst stage (1)
and the second stage (2) and between the fifth stage

the Phirgindtepe {3r sts strageeflysas ewitusgndnt hbagloet emd/or

as (_gq,)eai se%)ilcggg(?% bet ween j oi ned stage (51) and the
second stage ]5

11. An'apparatus according to one of the claims 7 to 10,
characterised by t hat

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

12. An apparatus according to one of the claims 7 to 11,
characterised by that

the interstage cooler (6,7) is placed between the first stage
(1) and the second stage (2) and between the fifth stage (5)
and the first stage (1) as well and the cooler (76} is placed
between joined stage (51) and the second stage (2).




