-1 - SELF-PRESSURE-REGULATING COMPRESSED AIR ENGINE COMPRISING AN
INTEGRATED ACTIVE CHAMBER  The invention relates to an engine operating in particular with
compressed 5air, or any other gas, and using a chamber called an "active chamber". The inventors
have filed numerous patents concerning motor drives and their installations, using gases and more
particularly compressed air for totally clean operation in urban and suburban sites. 10 They have

notably filed an intemafiepel pRESSURERITBUV RS XM R ESEE S AT fieh eference
can be made, relating to an itional iL.injection motor-compressor - motor-alternator
set operating on single andﬁﬁ%@%i&%@g ﬁﬁ‘%%@g &%igﬁgﬁ’égygmg with compressed
air and comprising a compressed air storage tank, it is necessary to expand the c_ompressed air stored
at very high presgue im@rﬁianképa@yh@%r}éggﬁ%%%%g %%W%Jd?d?'ﬁﬁfﬂ%ﬁp@@sé@?'eb f
intermediate_pressure call inal pressure of 20use, in u vessel - called working vessel - before
it is used in t%e e%r?g’mgé g}j‘l n%ti]re%tg%ﬁingﬁgfg ST WEEKRe% ncéj)[ﬁefﬁﬂio%% ‘b?ec ?égulators with
valves and springs have very low throughputs and their use for this application requires very 25 heavy

and not very efficiéiet apearats haughenaiantbryarparivtsensibenimiensiog dadhie ipdhe
humidity of the cgqled iﬂgtgH'é'ﬂ?%@.‘eﬁ?ﬁ’gﬁ%@&&ﬁ&%&&%ﬁ@&?ﬁé‘?m’ég%g‘%@ A sgr?@(gial_so filed a
patent application 30 W%ﬁl -03/089764, 16 the content of which reference can be made, re.apn_g tc_) a
variable throughﬁﬂfaﬂ%g B POGIALIBR AhHTR BRSSO R)ISEs fed with compressed air injection,

comprisingi®@ high-pressure compressed air tank and a working vessel. 35In the operation of these
"load relieving” engieshifie filfiaesfyheigapalsianehamBRLR HaYSHERIBSRELHAN aXReNSion without
work that is detrlgﬁa%é%éb%gﬁ%a %rﬁgﬁeor}c%r%%h?e e?gnlcneeban be made, relating to an
additional compressed air injection motor-compressor — motor-alternator
set operating on single and muitiple energies.

15
In these types of engine operating with compressed air and comprising a
compressed air storage tank, it is necessary to expand the compressed air
stored at very high pressure in the tank but whose pressure decreases as
the tank empties, to a stable intermediate pressure called final pressure of
2G  use, in a buffer vessel - called working vessel - before it is used in the
engine cylinder or cylinders.

The well-known conventional pressure regulators with valves and springs
have very low throughputs and their use for this application requires very

25 heavy and not very efficient apparatus. Furthermore, they are very
sensitive to freezing up due to the humidity of the cooled air during the
expansion.

To resolve this problem, the inventors have also filed a patent application

30  WO-A1-03/089764, to the content of which reference can be made, relating
to a variable throughput pressure regulator and a distribution for engines
fed with compressed air injection, comprising a high-pressure compressed
air tank and a working vessel.

35 In the operation of these "load relieving" engines, the filling of the
expansion chamber always represents an expansion without work that is
detrimental to the general efficiency of the machine.



- 2 - To resolve the above problem, the inventors have even filed the patent application
WO-A1-2005/049968 describing a compressed air engine preferentially fed with compressed air or any
other compressed gas contained in a storage tank at high pressure, previously expandedto a 5
nominal working pressure in a buffer vessel called wokking vessel. The working vessel in dual-energy
version comprises a device for reheating the air fed by an additional energy (fossil or other energy)

making it possible 1o, ] S e ng/ar ressure of the air whi agses through it.
10 In this type of?eégi%gggcgpgl re;a @%é@fgﬁbﬁﬁ%&?gg‘%ﬁ I5%(\3“%>§3p§/aerl?sif(\){‘\réla(ézch%rgnt?ear??sn‘irnade up of

v I . ) " -
a variable volum8RIYGaie M@r%‘éa%@%@&ﬁ@@%&%%@@%@a@%ﬁwﬁd #lls ®A8Ed and in 15
contact via a perpreferenjiabgafedwitlita spaopresstainedr abovarihe attadn dibrapissendvhiab is

equipped with  geii it sipRPLia igaPistian af IRdanslead Fenisrahpill g utipthing. 81qRRIN0 Of the
drive piston at its top.dead center point, 20 the agﬁ the‘(%as ynder pressure is admitted Into the
expansion cﬁamﬂgﬁ)\ﬂﬁ:’eﬁl‘”{ﬂg‘fﬁﬁepﬁ%ﬁqu SIS NRIUPRE S CRllfe MREIRGLYE STl inERSase its

p . .
volume while prodediigwessel in duawaher@/mammmmbermdmgmammmmmt@|y at its
25m3ximuhm V0|l§ﬁ€e$§3ﬁ@¥?}@€§ﬁ_§@ﬁa?iéﬁ&’§§‘ {%%%ﬂt@}rt&%é'ﬂ%ﬁ%ﬂé@?&ﬁﬁ@‘i@%ﬁﬁé{%ﬁft@“gme
cylinder, thus pushin ckt rive piston in its down stroke while ying wark in its turn,
during the upstro's[ggrg% gwge E}ﬁlit%ms?gr'% ésldrr?nga ézoé’xm%sif '}ﬁ?ﬁ%‘?tﬁf gg@aﬁg%}\g\'/%ﬁ%%?ﬁ]e
expansion chamBBéPGfetlirned to its smallest volume to recommence a complete work cycle. The
expansionihamber of the engine according to this invention actively participates in the work. The

engine is thus cqquigaﬁygm "a%g%mi%%ggg%%ydq%%-z005/049968 claims in

particular a thermodynamic cyclen four phases during its operation in'compressed air single-energy
mode, characterized by:
- the expansion chamber is made up of a variable volume equipped

with means making it possible to produce work, and it is twinned and in

15  contact via a permanent passage with a space contained above the main
drive piston which is equipped with a device for stopping the piston at its
top dead center point,

- during the stopping of the drive piston at its top dead center point,

20 the air or the gas under pressure is admitted into the expansion chamber
when the latter is at its smallest volume and, under the thrust, will increase
its volume while producing work,

- with the expansion chamber being maintained substantially at its

25 maximum volume, the compressed air which is contained therein then
expands into the engine cylinder, thus pushing back the drive piston in its
down stroke while supplying work in its turn,

- during the upstroke of the drive piston during the exhaust phase, the
30 variable volume of the expansion chamber is returned to its smallest
volume to recommence a complete work cycle.

The expansion chamber of the engine according to this invention actively

participates in the work. The engine is thus called "active chamber” engine.
35

The document WO-A1-2005/049968 claims in particular a thermodynamic

cycle in four phases during its operation in compressed air single-energy

mode, characterized by:



- 3 - an isothermal expansion without work; a transfer - slight expansion with so-called
guasi-isothermal work; a polytropic expansion with work; 5an exhaust at ambient pressure. The
document WO-A1-2008/028881, which presents a variant of WO-Al- 2005/049968, claims the same
thermodynamic cycle but using a conventional conneagting rod-crank device. It is preferentially fed by
10 compressed air or any other compressed gas contained in a storage tank at high pressure,
previously expanded to a nominal working pressure in a buffer vessel called working vessel. The
working vessel in the dual-energy version comprises a device for reheating the fed air by an additional
energy (fossil or other SHERRNAIRNGTFESDN MY R the temperature 15and/or the pressure of
the air which passes theotrghsfem-tklightpecphrsigineviihcaseinddo YuasAls@BesHRA888K; the

expansion champer, caj] %@Fa’&&ﬁﬁﬁht?{%ﬁoﬁm#ﬁ@&&f’f a 20 variable volume equipped with means
making it possible to pro uce?work and it is linked by a passage comprising a blocking device thus

making it po%sibl'e to isOYAte %V%%IQ&% 1Rt SRERY Gith the volume contained in the engine cylinder
above the drive piston at its top dead center point; 25the air or the gas under pressure is admitted into

Vol Whle o e Wher 1o Seat e T ame. 30 and
;/r?eué?i?/gv pils?o%r%@%Q%gﬁywaﬁ%in}gi eecl';lc;a Sé%erﬁag r E()%(;ellrr?rtr,]su é’s'?rgt'gli% ?%%?L%ké’d’,tsalfai@ﬁarﬁber’is
connected with tRRMEGHRNQ lifeEngsHH e higrsdsedayiceonthiria d preieniardiaiandedhdy pushing
back the drive pistonpreiiseatbwin sireks abauppiypressek gadsinained in a storage tank
~at high pressure, previously expanded to a nominal working pressure in a

buffer vessel called working vessel. The working vessel in the dual-energy

version comprises a device for reheating the fed air by an additional energy

(fossil or other energy) making it possible to increase the temperature

15  and/or the pressure of the air which passes through it.

In this type of engine according to WO-A1-2008/028881:

- the expansion chamber, called active chamber, is made up of a

20 - variable volume equipped with means making it possible to produce work
and it is linked by a passage comprising a blocking device thus making it
possible to isolate it or to place it in contact with the volume contained in
the engine cylinder above the drive piston at its top dead center point;

25 - the air or the gas under pressure is admitted into the aciive chamber
when the latter is at its smallest volume and, under the thrust, will increase
its volume while producing work;

- when the active chamber is substantially at its maximum volume,

30 and the drive piston is substantially at its top dead center point, the intake
is blocked, said chamber is connected with the engine cylinder and the
compressed air contained therein expands thus pushing back the drive
piston in its down stroke and supplying work in its turn;

35 - during the expansion, the volume of the active chamber is returned
to its minimum volume to allow for a new cycle.



The expansion chamber of the engine according to the invention actively participates in the work. The
engines according to WO-A1-2005/049968 and WO-A1-2008/028881 are called active chamber
engines. 5More recently, the inventors have filed a new patent application for a compressed air engine
with so-called "included" active chamber which implerpents the same thermodynamic cycle as the
engines according to WO-Al- 2005/049968 and according to WO-A1-2008/028881, as well as a

conventional co%ec% ro%lc¥1 nﬁ de er O,%(%ﬁor r%% tglc%ge nFr?cp%Rel?negrtm nt aépi&hc% ion number
FR1058005 filed on 2 iRventors. ave ropose an engnew ctive Chamber

included in the eﬁ@iﬁ@'fé‘?’(ﬁﬁjéﬁ H&ﬁnbﬁ%hgﬁﬁeﬁﬁﬂw RO AR YO Shd 2058 and

driving a crankshaft! Wy Ovéar20f 80 288&N ties Aatienasing dodrekankefgiiee.and operating according
to a thermodynamic cycle with 15four phases comprising: an isothermal expansion without work; a
transfer - sllght expansion with so-called quasi-isothermal work; a polytropic expansmn with work;

20an exhaust at MG etRG5ES5U e pRYSERISIDINE Hiad rﬁpP@é’geB fnbrepRlcatiep cf%;ﬁessed gas,
contained in a stovays ¢ankdtdiigle poassuneththsoucslad dffervdsd| aclies \wloakihgneskehwhich is fed

i 1 XA e hac e O 'ée%”tﬁé@m@?%ii“ r"‘e‘ﬁi‘;’;?auy
which is ex W
through a dynami W@é?sﬁ?ﬁ%?%gﬁeﬁs é(i/%%coéﬁé{?gctf% %ﬁi %@@&%\éﬁg {;eassa‘f’ Pdhe piston
mounted to slidecPraeriitaonaestinderothaiainth dexivelufirseidiny B tidsphewn lyendded into two
distinct patts, a fPataart senmiubag mmivqrmm@@mm.micmw@w@d in the pylinger and a
second part con %H? ghﬁ %Q%?&%Ga % eB\%& th ttlt\pe VR|urTbe of. thc? d)él (pdert hich is

In its

swept by the piston Is c osed art nder comprising %Gt [east One Thtake duct and
orifice and at leaRPGRE e%ﬁl?ﬁrdd&@ﬁ&%ﬂﬂc@taﬂﬁa%i@ms %ﬁﬁ@dﬁi%ﬁ&?ﬁa Rafligat ividen the
piston is at its topytieddrcenteidpeing thecresickladft by means of a conventional connecting

rod-crank device and operating according to a thermodynamic cycle with
15 four phases comprising:

- an isothermal expansion without work;
- a transfer ~ slight expansion with so-called quasi-isothermal work;
- a polytropic expansion with work;

20 - an exhaust at ambient pressure;

preferentially fed by compressed air, or any other compressed gas,
contained in a storage tank at high pressure, through a buffer vessel called
working vesse! which is fed by compressed air, or any other compressed
25  gas, contained in a storage tank at high pressure, which is expanded at an
average pressure called working pressure in a working vessel preferentially
through a dynamic pressure-regulating device,
characterized:
- in that it comprises at least one piston mounted to slide in at least
36 one cylinder, in which the volume swept by the piston is divided into two
distinct parts, a first part constituting the active chamber CA which is
included in the cylinder and a second part constituting the expansion
chamber CD;

35 - in that the volume of the cylinder which is swept by the piston is
closed in its top part by a cylinder head comprising at least one intake duct
and orifice and at least one exhaust duct and orifice and which is formed in
such a way that, when the piston is at its top dead center point, the residual



5 - volume contained between the piston and the cylinder head is, by construction, reduced to just the
minimum gaps allowing for the contactless operation between the piston and the cylinder head; 5-in
that the compressed air or gas under pressure is admitted into the cylinder above the piston and,
under the continuous thrust of the compressed air at gonstant working pressure, the volume of the
active chamber increases while producing work representing the quasi-isothermal transfer phase; 10
in that the intake of the compressed air, or of the gas_under pressure, info the cylinder is blocked when

the maximum voXSHEGr tietRiRRs chsines e ANE r@iRiRBy alich fhe qEEIRASof teArSssBY air, or of
the gas under pressatejatoniaiadddadsiidusitive chininbientgepeapawis) 05 hesbinddedlelsshe piston

over the second pait-Qfidis SEQKSW D wlsts iR sHE RirRansilaghamber CD while producing work

thus ensuring the expansion phase; in that, the piston having reached its bottom dead center point,
the 20exhaust orifice is then opened to ensure the exhaust phase during the upstroke of the piston
over all of it§ stroke. Thié thakitheeoroRigrses ths atods thsieberasalss dstrd Milligsh énds the expansion

chamber CD areciiingBpicissl i sheh pivtay thatdat thriepmiigl cinapesatingHHRISWE @iéhe engine,

The i vol R e e G VR RCEREE U FolGR BER g pressure

Advantageously CHATRETIPK #RERTH RN IRAYSHaRr v ierEspsR g dpefuast-iBRIENAh active

chamber includettangfes pylisger described above comprises a number of successive cylinders of

increasing-gylinder size. The first cylinder, of smallest cylinder size, is fed with compressed air by the

working vessel. The subse uentrgl]i_nder'or cgl
tf

iPhders, of increa irrég 35 C)%n%er sizes are fed with
compressed air by the &h ipiakseRbding &B&I@?ﬁ‘?@ﬁi Br. Hn%irfAF n8at eXefighger with
the atmosphere pressitiendutiddtweopiithdetwis dyiinleds wharpaireofsaioassiveatytimelars tivis making it
possible to increggavleirpRIALPE B B MUK the quantity of compressed air, or of

the gas under pressure, contained in said active chamber then expands,

15  pushing back the piston over the second part of its stroke which determines
the expansion chamber CD while producing work thus ensuring the
expansion phase;

- in that, the piston having reached its bottom dead center point, the
20 exhaust orifice is then opened to ensure the exhaust phase during the
upstroke of the piston over all of its stroke.

The maximum volume of the active chamber CA and the volume of the
expansion chamber CD are dimensioned in such a way that, at the nominal

25  operating pressure of the engine, the pressure at the end of expansion at
the bottom dead center point is close to atmospheric pressure. The
maximum volume of the active chamber is determined by the closure of the
intake.

30  Advantageously, and notably in single-energy operation with compressed
air, the engine with active chamber included in the cylinder described
above comprises a number of successive cylinders of increasing cylinder
size. The first cylinder, of smallest cylinder size, is fed with compressed air
by the working vessel. The subsequent cylinder or cylinders, of increasing

35  cylinder sizes are fed with compressed air by the exhaust from the
preceding upstream cylinder. An air/air heat exchanger with the
atmosphere is positioned between the two cylinders of a pair of successive
cylinders thus making it possible to increase the temperature of the exhaust



- 6 - air from the preceding cylinder, to bring it close to the ambient/atmospheric temperature and thus
increase the volume of the air exhausted. Preferentially, the engine is fed in a manner after the
teachings of the 5 documents WO-A1-2005/049968 and WO-A1-2008/028881, by compressed air, or
by any other compressed gas, contained in a storageéarlk at high pressure, previously expanded, to a
nominal working pressure, in a buffer vessel - called working vessel. 10The working vessel in
dual-energy version comprises a device for reheating, or thermal reheater, the air or gas which is

powered by an ZGitiBAAMA G RURSIBHSEr hBFR fhekRg iPﬁBEﬁH@t%ﬂH@F@%@h%*C
temperature andfemther phessars dhtiserairevsie iipagskartbroligie ibihidengiad.is said to be with
"included" active chamber. 15 However, even if it is possible, in the case of an engine with a plurality

of stages, to feed the first of the cylinders at high pressures, it is sti]l necessary to expapd the air
compreseed at vEIS RIS AULed SRRty e G B A 2 o ERANGS Fo ihal working
pressure, arkd thio2OBReEH sioN\Eperatikli &% vokerad [0y OFAfeieRdPatdadh théyse of a
conventional presshigresgeitair obr\wihdhe @ﬂ@eﬁpfdbﬁnpﬁagaiéw@b@&t%d@fﬁmﬁm W@to%g%/0897f4,
incurs no energy, cost, byt this ex [ i sible to.perfor expansion wor
between the higﬁgpﬁr%gftﬁ'gwcgﬁ%%e h% ?ﬁqé?(t%?nsﬁggn%b%?gj éépfﬁ%él J\)\?O%ﬁ%‘ﬁ%%ﬁ?%y in %’% 5constant

volume working e8dt R @srfihe GRllPE MOEKKIAMASS Included in the cylinder according to the
present invention sets out to resolve this last problem and it uses the functional arrangements of the

engine cylingler wilf agiiy pRAMBELS0 IRcludefdndhe,ciBdssnit Repis thecqmplste gypansion of
the storage tank, %ope,rates |net§§FIe- and/or dual-ener?g modes with %ddltlonal energy. This novel
r

engine, called "SI BRSO 6N TERGRIE CoMGitEIELE 9ABINE e!Se RGHERAN YA chamber
included in the cglilsitéonahdrssosnossipressiiner regatglornekmgdtipessiida thlusgeasestean engine,
comprising at leaghna siyliadghdiod ane &é@hwmmw%ﬁpfjgge@ theayindermaypd which
drives a crankshgft by means 4 3 LR N3 SIM AR ala% o prgnk device, in
15
However, even if it is possible, in the case of an engine with a plurality of
stages, to feed the first of the cylinders at high pressures, it is still
necessary to expand the air compressed at very high pressure contained in
the storage tank at high pressure to a nominal working pressure, and this
20  expansion operation, either provokes a loss of efficiency through the use of
a conventiona! pressure regulator or, with the use of the teachings of the
document WO-A1-03/089764, incurs no energy cost, but this expansion
does not make it possible to perform any expansion work between the high
pressure contained in the tank and the nominal working pressure in the

25  constant volume working vessel.

The engine with active chamber included in the cylinder according to the
present invention sets out to resolve this last problem and it uses the
functional arrangements of the engine cylinder with active chamber
30 included in the cylinder, it performs the complete expansion of the storage
tank, it operates in singie- and/or dual-energy modes with additional
energy. This novel engine, called “self-pressure-regulated" engine
constitutes a "multi-mode” engine with active chamber included in the
cylinder, and serving as pressure regulator.
35
The invention thus proposes an engine, comprising at least one cylinder
and one piston which is mounted to slide in the cylinder and which drives a
crankshaft by means of a conventional connecting rod-crank device, in



- 7 - which the volume of the cylinder swept by the piston is divided into two distinct parts, a first part
constituting the active chamber CA which is included in the cylinder and a second part constituting the
expansion chamber CD, the cylinder being closed in its top part by a cylinder head 5 including at least
one duct and one intake orifice and at least one duct and one exhaust orifice, and which is arranged in
such a way that, when the piston is at its top dead center point, the residual volume contained
between the piston and the cylinder head is, by construction, reduced to the veaémi'nimum gaps

enabling the con4f8step¥rPitins RlihseRiiedat pigeh BhdhReRisinridt KiddedHat fich
compressed air, distingtofisetsgas dinste ppressumefiiipgictidramtvataaam bank(Oh catniphessed air, or

of any other gas;HBRRIRAEFSYHR igyadRtHesHAtQ the.ceyiaderLAbeyA IR RIRICI@nskpudssthe
continuous thrust of ;ﬁwﬁ co rgased ir, or %%r oth%?%ags _uncger ressu'}{ , the v luwe f the active
chamber increas‘f‘:!}.aw & @g’r ﬁc‘?HSWSFk, &3 fifhé %3&%@ afr, 9" flro gas under
pressure, info théneluidiner as slagketathest ardmaa iniake clifive cntahisRal onenslbet Bn@ached,
and the quantity §h&URRERRSESHAEe OLARWIING BASKBAGEARSSUEh coN@Nakhin adidraetye chamber

then expands whj shin k isto ;. the second part of jts stroke while 20 producing work
thus ensuring th@I§§<8p%n%o%t%%%s{esﬁh%gqégo%\éﬁ%ﬁn5 Oréﬁagth% itge%lo#t‘gri \@ggﬁ f:aercft%rr!%")iolcr)l]re?té,]| the

exhaust orifice iLPEBPREIRISIORsANS tHiEeRWiIARHAGSE WhilbMIRO pRTEAtIL s BAUSRS EI of its
stroke, charactetizedvémthairtineustogaestamiabficgnipse ssathaticaishighepitisautsstaeehathye250ther

gas under piessiirarl fRe &y iHAdNAKES! (R SRANAAYIRREressdl IRt thepglivyghamber CA

in the cylinder is filled at a constant intake ure on each engine rfevolutlon, this | e pressure

res _
decreasing as tHe35r&0dfe F?ﬁel?@é%r%ﬁ@%ﬁk BB G SN i QrogRERE L AP G b this tank,
30-in that the maximuptheslgae ofdhe aeteesahanibea@niiedaiidblelendiiodesedbpvegibssively as

the pressure in thesEIAragRItANAIGE SeHarDibes SrikisrlRRERTIEIE8 8RS any olfdhat the
means for opening and ﬁlosm?ﬁthe mtatlﬁe of the comPr&Issed glr m%%/th active chamber @ake it

possible not onl oSoijg CBPIRETHIEKE B ARG Aot USRIy sE t{%ﬂ%’&& Tehtef point of the
stroke of tA& pisteipdsaiagsveilakér poedieletdhacuifppressarhadh ahaity gibengatatBeetor of the

intake, as well aptbespRssage spetiopipbtieiopsBiEigd-Svhen thangdrithatthemaednysnthgolume of
the active chambel:CA is.di o]yl the [ epr IS .progressjvely
increased so tha j%rggﬁﬁalgr@%%’stlﬁe%%é g %’re&%ﬁ?%%%&r t;’ﬂagioCHc})f%?’(fﬁj{)rﬁéeé'sg%gtv%t’apén h%% ctive

chamber CA an®iR&'eSBanEIgR CREFRBIEIEC B BRIBGH bRl A GHE . RRFERBR P MR ARABAS the
opening of the extalestpgashing back the piston over the second part of its stroke while

20  producing work thus ensuring the expansion phase, the piston having
reached its bottom dead center point, the exhaust orifice is then opened to
ensure the exhaust phase while the piston rises up over all of its stroke,
characterized:

- in that the storage tank of compressed air at high pressure, or of any

25  other gas under pressure, directly feeds the intake of the engine cylinder;

- in that the active chamber CA in the cylinder is filled at a constant
intake pressure on each engine revolution, this intake pressure decreasing
as the pressure in the storage tank decreases during the progressive
emptying of this tank,

30 - in that the maximum volume of the active chamber CA is variable
and increases progressively as the pressure in the storage tank which
determines said intake pressure decreases;

- in that the means for opening and closing the intake of the
compressed air into the active chamber make it possible not only to open

35  the intake orifice and duct substantially at the top dead center point of the
stroke of the piston, but also make it possible to modify the duration and/or
the angular sector of the intake, as well as the passage section of the
opening;



close to atmosphere pressure. By virtue of the above, the engine according to the invention also
serves as pressure regulator, the invention thus making it possible to propose a "self-
pressure-regulating” engine which requires no independent pressure 10regulator, regardless of its
type, to feed the active chamber. The multi-mode self;pressure-regulating engine with active chamber
according to the invention notably |mplements in its operation in compressed air single energy mode,
a thermodynamic cycle with three hases comprising: an ispbaric and isothermal transfer a

polytropic exparision witSvdik ﬁug?a&i'% eXehiBss . BefiN o R amebs tHe Shgine
according to thedh’venﬂmnaﬂefmaihﬂumaxﬁume chtdregectiveesharabdhéarclis geragthestydiyder

determines the GhgRiiyf %ﬂﬁﬁe%%e&d@iﬁgt% ﬁh@ hﬂ'&%ﬂlﬂé’%% PI&SSIHE: Faﬁo'sre@"er the
volume of the active chamb hasrg 5AI gﬁig ﬁi éﬂtake goressure,nthe ?eﬁr

potential power OP][HE englne BF one-and the same gyll P A& 6K vé)rpcg/% the

increase in the riExipTEREYERUA SIS Ma&ﬁémbﬁf@ﬁ%@w|ﬁ@ﬁélaﬁ|ﬁ8§ﬂe&¥§mﬁfgi%o the
decrease in intakfpeegsuttdvakereippessipie to keep the power of the engine almost constant, within

a cerain usage B ISR IANGRo HETANIOMARIRAAL et Baignr o ue s the power

of the engine thert drops progressively eF 8176 Of the engine has to be able to

increase as the meﬁeiﬁ%e@e&m@@écﬁeeg@ge@méwrﬁ@%%m&'ﬂq@.Hmﬁe@] ahgeéingine
according to thepnveniienreguiptings atrieast tweh@tindegs:0é e cneasimdepdniiatisipeeasacheoperating

according {Q the sme NS WEIEAS IplLRs RedastibsEy AndihAmsterized:

The multi-mode self-pressure-regulating engine with active chamber

according to the invention notably implements, in its operafion in

compressed air single-energy mode, a thermodynamic cycle with three
15 phases comprising:

- an isobaric and isothermal transfer

- a polytropic expansion with work

- an exhaust at ambient pressure.

20 In the operation of the engine according to the invention, the maximum
volume of the active chamber included in the cylinder determines the
quantity of compressed air injected. The higher the intake pressure, the
smaller the volume of the active chamber has to be.

25  Also, the higher the intake pressure, the greater the potential power of the
engine for ocne and the same cylinder size. For a given cylinder size, the
increase in the maximum volume of the active chamber included in the
cylinder, according to the decrease in intake pressure, makes it possible to
keep the power of the engine almost constant, within a certain usage

30 pressure range, for example from 210 to 140 bar. Below the lower value,
the power of the engine then drops progressively, so ideally, the total
cylinder size of the engine has to be able to increase as the intake
pressure decreases.

35 Accerding to a variant of the invention, the engine according to the
invention comprises at least two cylinders of increasing cylinder size each
operating according to the same principle which has just been described,
and characterized:



-9- -in that, when the intake pressure is in its top range, corresponding for example to the top third of
the values of the intake pressure, only the cylinder of smallest cylinder size is fed; 5in that, when the
intake pressure is in an intermediate range, corresponding for example to the median third of the
values of the intake pressure, only the second cylindey of larger cylinder size is fed; and in that,
when the intake pressure is in its bottom range, 10corresponding for example to the bottom third of the
values of the intake pressure, the two cylinders are fed at the same time. On the same principle, it is
possible to prodiice an'@n%ﬂe ﬁ’?‘:eé}&l?% 'fbt"ﬁﬁﬁ RRSRBH SIRTRIRPAABEE: FREERARIRS, including
said at least twofor Seeglinderdothectoasihigdopiriber wihee v \olithgeivfakhichdsipossitile tlreadjust more

finely the total cyindeepigedmanas & firelianef thesintake pressure, by having said at least three
cylinders of the engine operate in succession, jointly and/or in combination. 20In its dual-energy

application and in additional fuel mode, in an engine according to the invention, between the storage
tank and thé intake of the Bijinavhaerdhe aftim api@sHeeciofmifg 2ih isdeariediaieatengfaking it

possible to incresseespontiigrfopressiiplctie thepesaidre wirheRinovafuaay sithes gaskehich
passes through @QQJPe',”&ﬁ%ﬁg«:geggc%WéWﬁe?%ﬁQgdg}‘ WRIERF LB eyl and is available

through the fact that the com air, or any other gdas, at'constant pressuré and before its
introduction into the active chamber CA, will increase its temperature and increase its volume while
making it possible to inerehsie thieaiangb i atineachtakee qipgad-svith tie dsginettamproparéon to said

volume inGrease, GRLERIMREP ISP S RUARRI G IHLXRMRE MeNdheeNgiRGRCEPIIRG R lae invention

is installed on a vehicle in an urban site, only the pressure of the air, or of any other gas, compressed
in the high-presﬁf?es?‘é’ﬁﬁ'i&ﬁé@@ffﬁﬁ%@ﬁ%ﬁ %Iﬁt(%grﬁﬂm?%%de with additional energy, fossil or

other, for example when the engine according to the invention is installed on a road vehicle, the
reheating of the compsesarfbaifiiscibr) RoshRiathithus prakingitn engine according to the
invention comprising at least three cylinders, including said at least two
15 cylinders of increasing cylinder size, by virtue of which it is possible to
‘adjust more finely the total cylinder size used as a function of the intake
pressure, by having said at least three cylinders of the engine operate in
succession, jointly and/or in combination.

20 In its dual-energy application and in additional fuel mode, in an engine
according to the invention, between the storage tank and the intake of the
engine, there is a thermal device forming an isobaric reheater making it
possible to increase, at constant pressure, the temperature of the air, or of
any other gas, which passes through it and to increase the quantity of

25 energy which can be used and is available through the fact that the
compressed air, or any other gas, at constant pressure and before its
introduction into the active chamber CA, will increase its temperature and
increase its volume while making it possible to increase the range of a
machine equipped with the engine, in proportion o said volume increase.

30
In compressed air mode, for example when the engine according to the
invention is installed on a vehicle in an urban site, only the pressure of the
air, or of any other gas, compressed in the high-pressure tank is used for
operation.

35

In operation in mode with additional energy, fossil or other, for example
when the engine according to the invention is installed on a road vehicle,
the reheating of the compressed air is then controlled, thus making it



- 10 - possible to increase the temperature of the air and consequently the volume that can be used for
the load work of the active chamber and of the expansion. 5The heating is isobaric and by increasing
the temperature two-fold, it becomes possible to double the useful volume of compressed air, and so
on. Thus, a tank of 200 liters of compressed air at 200,bar, or 40 m3 of air at 10 293 K (20 Celsius)
makes it possible to have, at 586 K (or 313 Celsius), 80 m3 of compressed air. The reheating of the

compressed air, initiad?lgv at ambient temperature, makes it %o sible, with little e%ﬁg, ‘o cmickly obtain
significant temp&2ates v&ﬂil@"&éﬁmiﬁ%%ﬁw{@%e’or‘a r’f?k?re?érreﬂﬂgll)‘?,%s iHelB&
temperatures at wohichepdacatarh e okheihtp atte poisbneuk obtiiecydivexibesbes forthetiththe use of a
thermal device fappingreheater offers the advantage of being able to use clean continuous
combustions which can be catalyzed or depolluted by any known means, in order to obtain

infinitesimal pollutant 20emissions. The thermal device forming a reheater can, for energy, use a fossil
fuel such a$ petriedideatliog elferseharior ¥NG RyadnfreasinG i deorriaite dwetslbtitnol, thus

making it possibe: tapresl pes sitslvabededyeoey atirfuRbolith X tarh pessbestisin ianwhigh a burner
will provoke a tegpperature rise. It can also use thermo-chemical methods allowing for such a
temperature rise. According to a variant of the invention, the engine uses solar energy to 30 reheat
the compressed air, or any other gas, and - to this end - the thermal device forming an isobaric
reheater compriddsis, solamdisif 200ditegdntd thentiressatideivieé 20Onbray, avr id0bari ofehieater to make

it possible 1g incpeasg i temneratyis A4S GBRRIBESRA kO 4 o8l RS 938° Adpdgcrease the
guantity of ener can be used and is 35 avzz,labl.e thr%li%h the fact that the com.prg:ssg\? air, or
i

thay
any other gas, at tdRst3hBMRRLEFECdJTheofe RO GRIOGURESRA B THREGRIRR riBREEA il
increase its tempethiant Wdnatktdase velkaseinpoksiblakingtit [idlssierayintrentekiiecokiate of said
machine. significant temperatures while controlling their value in order, preferentially,
to remain below temperatures at which particularly polluting and poisonous

15  nitrogen oxides are formed.

The use of a thermal device forming a reheater offers the advantage of

being able to use clean continuous combustions which can be catalyzed or

depolluted by any known means, in order to obtain infinitesimal pollutant
20  emissions.

The thermal device forming a reheater can, for energy, use a fossil fuel
such as petrol, diesel or even LPG or VNG gas. It can also use bio-fuels or
alcohol/ethanol, thus making it possible to produce a dual-energy operation

25  with external combustion in which a burner will provoke a temperature rise.
It can also use thermo-chemical methods allowing for such a temperature
rise.

According to a variant of the invention, the engine uses solar energy to

30 reheat the compressed air, or any other gas, and — to this end — the
thermal device forming an isobaric reheater comprises a solar dish
focusing into the thermal device forming an isobaric reheater to make it
possible to increase the temperature of the compressed air, or of any other
gas, and to increase the quantity of energy that can be used and is

35 available through the fact that the compressed air, or any other gas, at
constant pressure, and before its introduction into the active camber CA,
will increase its temperature and increase volume while making it possible
to increase the range of said machine.



The different energies used and the reheating thermal devices used separately or in combination can
vary, without in any way altering the principle of the invention. 5 In operating mode with additional
energy, the thermodynamic cycle of the engine according to the invention has four phases comprising:
an isobaric increase in temperature; an isobaric/isptlﬁmlal transfer; 10-a polytropic expansion with
work; an exhaust at ambient pressure. According to a variant of the invention, which allows for
stand-alone operation of the engine according to the invention in dual-energy mode, the is engine
serving as pressure regulator, is coupled with and drives an air compressor making it possible, during
its operation withiar adiffeimrdl enengyeso fsed cantprissedeh@atingnihetheal gdeyvtoatheustedage tank at

high pressure. 2QBsaferenfiallyir RealsxshaRIeLAIlAY owaisl: Whichis RagitiansshBetween the

compressor and the stqra tank so %hat the compressed air, or any othér gas, at high pressure and at
high temperaturé) 2 HRD 6[]?6?1’??@ %?npressor returns, in the storage tank, to a temperature close
to ambient temperature. 25 In this configuration, the engine according to the invention operates

according to a thersesimgiseriewithRIKiRBASE S SOPP!iHRIharRYyARIA By Bke ST BReof the
ambient/atmospligyie, At 305 AP IDRH ATLHRBH HILIRDFI: SURGIRIE, Y Storage: an isobaric
increase in temperature; = _
- an isobaric increase in temperature;
- an isobaric/isothermal transfer,;
10 - a polytropic expansion with work;
- an exhaust at ambient pressure.

According to a variant of the invention, which allows for stand-alone
operation of the engine according to the invention in dual-energy mode, the

15 engine serving as pressure regulator, is coupled with and drives an air
compressor making it possibie, during its operation with an additional
energy, to feed compressed air, or any other gas, to the storage tank at
high pressure.

20  Preferentially, a heat exchanger, air-air or other, which is positioned
between the compressor and the storage tank so that the compressed air,
or any other gas, at high pressure and at high temperature at the output of
the compressor returns, in the storage tank, to a temperature close to
ambient temperature.

25
In this configuration, the engine according to the invention operates
according to a thermodynamic cycle with six phases comprising:

- a polytropic compression of the ambient/atimospheric air;
30 - a cooling to ambient/atmospheric temperature for storage;
- an isobaric increase in temperature;
- an isobaric and isothermal transfer;
- a polytropic expansion with work;
- an exhaust at ambient pressure.
35
The control of the engine in terms of forque and speed is managed by a
preferentially electronic device, the torque and the speed of the engine are
controlied by a device driven by an accelerator which controls the opening



an isobaric and isothermal transfer; a polytropic expansion with work; an exhaust at ambient pressure.
35 The control of the engine in terms of torque and speed is managed by a preferentially electronic
device, the torque and the speed of the engine are controlled by a device driven by an accelerator
which controls the opening - 12 - and closing of the Llr%aps for opening/closing the intake duct which
feeds compressed air, or any other gas, to the active chamber CA while making it possible not only to

open the opening/c OSI substantl at the top dead nter int, but also.to modlfy the
duration and/ort% 1?99 B'setior §fthe 1R %l%e%'g%% 3';9%1 ﬁagé % uHHL‘ ening in
order to determlﬁewfﬁﬁ%ém@,ﬂftﬁéseﬂwﬁf grpalsibe, astiysunmioher % wi’e&m@hmﬁé storage

tank, the quantitp@fsprapieseeyaib @b@hameQib@hm@am@m@teﬁemvgmgaaﬁﬁn@ agtive chamber
CA by the closm%of&heé)p%nnlteg/gé)%pgon}egpso iL mo%’%(ggberd%ner and \ﬁ%’c en ine

according to the irfvention equi IN'ths wa erates tﬂree modes hecan be used
separately & in é@ﬁﬁerr@&m tEtSﬁ‘ﬁ%ﬁﬁg’”qIS%@ﬁ@éséﬁ@@?e‘z’@%‘ SIeoAPBRERIMGHBe, with the
air, or any other gagepsaviogshheopppsessedat dhtaisad l@ftleagﬁamqﬁ taigk atfhrghiqrestuhe; the

dual-energy op | | ned in the
storage tank pmﬁ%]%&a%ﬁ‘?ﬁ‘gl %ar?ter ggaﬂka{%%ﬁﬁ al device ﬁn%ﬁf%iz%?ﬁ:i
[ torage

stand-alone duaf@ReAfUiethdAg Hg‘%ﬂﬁ% %ﬁt"ﬁi‘ gRTBhRY GAsPY

tank by a compregsminiyickrsing theans.

10
The single-energy and dual-energy engine according to the invention
equipped in this way operates according to three modes, which can be
used separately or in combination, comprising:

15 - the single-energy, zero poliution, operating mode, with the air, or any

other gas, previously compressed contained in the storage tank at high
pressure;

- the dual-energy operating mode, with the air, or any other gas,
20 previously compressed contained in the storage tank plus the additional
energy added by a thermal device forming a reheater;

- the stand-alone dual-energy operating mode, with the air, or any
other gas, compressed in the storage tank by a compressor driven by the

25  engine, plus the additional energy added by the thermal device forming a
reheater,

The heat exchangers can be air/air or air/liquid exchangers or any other
gas or device producing the desired effect.
30
The engine with active chamber according to the invention can be used on
all land, sea, rail and air craft. The engine with active chamber according to
the invention can also advaniageously be applied to emergency generator
sets, as well as numerous domestic cogeneration applications producing
35 electricity, heating and air conditioning.



25engine, plus the additional energy added by the thermal device forming a reheater. The heat
exchangers can be air/air or air/liquid exchangers or any other gas or device producing the desired
effect. 30 The engine with active chamber according to the invention can be used on all land, sea, rail
and air craft. The engine with active chamber accarding to the invention can also advantageously be
applied to emergency generator sets, as well as numerous domestic cogeneration applications
producing 35ele6{lb?it|y heating and air congﬁjtionéng. - J@q Qther E\ims, dvantaB%es and features of the
invention will becOme gb'ﬂ?gr Wil %%%?n%r& SRoniirit e'QgﬁB 1Gh &f ?1%?’8 it 8PRAIBE iments,
given in light of tB@ Eppingdhelravlgdinoteseistigoretasonermeti@lligrandisesnisag¥agine
according to thejtnughtion iz astveaiharnbandiclodasidn the cylinder which is illustrated in axial cross
section, represented at its bottom dead center point and with its compressed air feed device; 10figures
2 to 4 represent the different phases of operation of the engine according to the invention; figure 5
represents &n erigine at@BFaing tSHEMARHGRIYN ERRRPPRING (1R SNAMS s atsordingyife &'presents
an engine and ittheentjressitd adtifeedideuive; catogesing thdeyibeder vatieatiadltratedpressed air
by means of a solanisR2QigHsR TSSRAMBASRLY IRAIERERISARE RN ARSI R AR vention
coupled to a compressor feeding the storage tank. Figure 1 represents a self-pressure-regulating
engine with acti\feomﬁ%"e?ﬁa% ﬁﬁaéa?d”ﬁ‘\% invention on which can be seen an engine cylinder 1 in

10 - figures 2 to 4 represent the different phases of operation of the
engine according to the invention;

- figure 5 represents an engine according to the invention comprising
two cylinders;

15
- figure 6 represents an engine and its compressed air feed device,
comprising a device for reheating the compressed air by means of a solar
dish;

20 - figure 7 schematically represents an engine according fo the

invention coupled tc a compressor feeding the storage tank.

Figure 1 represents a self-pressure-regulating engine with active chamber
according to the invention on which can be seen an engine cylinder 1 in

25  which a piston 2 slides, linked by a connecting rod 3 to the crank pin 4 of a
crankshaft 5.

The volume of the engine cylinder 1 according to the invention which is
swept by the piston 2 is divided according to an imaginary line DD’

30 (corresponding to a division plane orthogonal to the axis of the cylinder)
into two parts: a first part constituting the active chamber CA, which is thus
included in the cylinder, and a second part constituting the expansion
chamber CD.

35 When the piston 2 is at its top dead center point, by construction, the
residual volume between the top face of the piston and the portion facing
the cylinder head 6 is null, or quasi-null, and the volume of the active CA
and expansion CD chambers is then null.



25which a piston 2 slides, linked by a connecting rod 3 to the crank pin 4 of a crankshaft 5. The
volume of the engine cylinder 1 according to the invention which is swept by the piston 2 is divided
according to an imaginary line DD' 30 (corresponding to a division plane orthogonal to the axis of the
cylinder) into two parts: a first part constituting the_actiye chamber CA, which is thus included in the
cylinder, and a second part constituting the expansion chamber CD. 35When the piston 2 is at its top
dead center point, by construction, the residual volume between the top face of the piston and the
portion facing the cylinder head 6 is null, or quasi-null, and the volume of the active CA and expansion
CD chambers isftrem f0f. top Aegfopetietopinead dentrisiomt bethvebiserotibs siiingsast the
cglinder swept bywaptpbyom@nd;ﬂwt@dcamf@ﬁé@ @ﬁ)fﬁsetmi thgppfaian u?]ﬂlltH@rgmmmmrgssively,
thus creating, in, [ ivie € : NSio own
stroke of the pis@%%%%h%%%%%%ﬂ%ih%rﬁ'i)e'ngsﬁeg’jﬁnglr%l?égglg?‘é ﬂ?%t %t%{rs{%:)a%%c@ﬁ%sponding to
the progressive fofmERshtbe daressianehasabe Bmber CA, and a second "bottom* part
10corresponding to the progressive formation of the so-called expansion chamber CD. The engine

cylinder 1 is cappgd by joPsgiadesend Grapiprising aintalieurt 7 apd,an Sxhanskguct 8

opening into the cylinder 1, as well as,15gssociated meana_for bIo%king said ducts, these means here
being intake 9 aRETEARHIRED) Falls 195 dAeRgTesPondng to the Progressve formation

of the so-called active chamber CA, and a second "bottom" part
10 corresponding to the progressive formation of the so-called expansion
chamber CD.

The engine cylinder 1 is capped by a top cylinder head 6 comprising an
intake duct 7 and an exhaust duct 8 opening into the cylinder 1, as well as

15  associated means for blocking said ducts, these means here being intake 9
and exhaust 10 valves respectively.

In accordance with the invention, the intake duct 7 is directly linked to the
high-pressure tank 12 which thus directly feeds the active chamber CA via
20 the intake duct 7.

The compressed air at high pressure contained in the high-pressure
storage tank 12 directly feeds the active chamber CA via the intake duct 7
at constant pressure during each engine revolution, this pressure

25 decreasing as the pressure drops in the storage tank, while it is emptying,
that is to say progressively as it empties.

To allow for the engine speed and load to be controlled, a device (not
represented) controlied by an electronic computer which takes into account
30 in particular the position of an accelerator such as an accelerator pedal, the
pressure of the compressed air contained in the storage tank, the speed of
rotation of the engine, as well as other operating parameters, and which
controls the opening and the closing of the intake valve 9 of the intake duct
7 which feeds compressed air to the included active chamber CA, making it
35 possible not only to open the valve substantially at the top dead center
point, but also to modify the duration and/or the angular sector of the
intake, as well as the passage section of the opening by modifying the



In accordance with the invention, the intake duct 7 is directly linked to the high-pressure tank 12 which
thus directly feeds the active chamber CA via 20the intake duct 7. The compressed air at high
pressure contained in the high-pressure storage tank 12 directly feeds the active chamber CA via the
intake duct 7 at constant pressure during each engingdevolution, this pressure 25decreasing as the
pressure drops in the storage tank, while it is emptying, that is to say progressively as it empties. To
allow for the enq&E spege and | ad to b co tr Pid a.device (n rg?r[)rese t%ﬂ) controlled Py an
electronic compu PHRCH YaKES fFtd en |c%lar§h (515 18R a2c&RMAtoP such as an
accelerator pedé_lhﬁtﬁ@ b@é@ﬂﬁ@@ﬂﬁ@*@éﬁ]pressed air contained in the storage tank, the speed of

rotation of the engine, m@m@tbeb@p@m@@mam@cﬁnd which controls the opening and the

closing of the intake va{ %&Ur% e gt'ah%dg Newgh%gvgg\slceag}wj?q?@gcﬁy & tegit% 0%1%41%@ active

chamber CA, making |t poss not only to open ead center
point, but al%o td’ﬁ%%ll%r the duration and/or the angular sector of the intake, as well as the passage
section of the opening themeekiying thehe £bd liffiagpaindiervalve in order to determine, as a function of
all or some of these various parameters: the quantity of compressed air admitted; the volume of
the active chamher CA hrou h the closm% of the 5va e 9, th gressure at the en of expansion.

Figure 2 represert&fife %S§8E%tt8f?1§ e AGGER 5'9(5% {RLERIR PR NE R RERe valve 9
having been opeﬂf@‘ﬁ@nﬁ@cﬂhﬁﬁ@qh@m Adwvitq deerer ppaned enpreasoingetheoinprdesed air

contained iy the sdatagpdank frefprassine R lisieph RUARIARTNABHAITAARE YRIVRR infRases
progressively a tPusheSthlck tr]eip ton % in its,down strgﬁ odéjcmv%}/vork and erformlng the
tranerer

first phase of the ermod ynamic cycle: SGsslanc anla |soqﬁer ume increases
progresswe!y and it pushes back the piston 2 in its down stroke, producing

work and performing the first phase of the thermodynamic cycle: isobaric
and isothermal transfer.

15
Figure 3 represents the engine according to the invention when the piston
2 reaches the line DD' at which the volume of the active chamber CA is
maximum and at which the pressure in the active chamber is at the
pressure contained in the storage tank. The intake valve 9 is then closed

20 and it stops the arrival of air under pressure. The compressed air contained
in the active chamber CA then expands, pushing back the piston 1 toward
its bottom dead center point (figure 4) and working as an expansion
engine, and performing the second phase of the thermodynamic cycle:
polytropic expansion with work.

25
The piston 1 then reaches its bottom dead center point (figure 1)
corresponding to the maximum available volume of the cylinder swept by
the piston, and the exhaust valve 10 is then opened to evacuate, through
the exhaust duct 8, the expanded air, the pressure of which is close to

30 ambient/atmospheric pressure {o the atmosphere, during its upstroke,
producing the phase of the thermodynamic cycle: exhaust at ambient
pressure.

Figure 5 represents an engine according o the invention with two fwo-

35  stage cylinders, of increasing cylinder sizes, on which can be seen, from
left to right, the first cylinder 1 which is the cylinder of smallest cylinder size,
in which a piston 2 slides, linked by a connecting rod 3 to the crank pin 4 of
a crankshaft 5.



15 Figure 3 represents the engine according to the invention when the piston 2 reaches the line DD' at
which the volume of the active chamber CA is maximum and at which the pressure in the active
chamber is at the pressure contained in the storage tank. The intake valve 9 is then closed 20 and it
stops the arrival of air under pressure. The compres air contained in the active chamber CA then
expands, pushing back the piston 1 toward its bottom dead center point (figure 4) and working as an
expansion engine, and performing the second phase of the thermodynamic cycle: polytropic expansion
with work. 25 The piston 1 then reaches its bottom dead center point (figure 1) corresponding to the
maximum availablesvilghenginaewnaeei dyvdptidsataspisiingdadcthieeiialustodve paris then

opened to evacuaiexdtiveughaing extaushdustshitie expandrmhaihdhderessusdgiiwdigs is close to 30

ambient/atmospn]erig r[giressLjre to the atmosphere, during its upstroke, producing the phase of the
. ne ar wungu. . . : .
thermodynamic cyclé: exhaust at ambient pressure. Figure 5 represents an engine according to the

invention wfth two two- 35 stage cylinders, of increasing cylinder sizes, on which can be seen, from left
to right, the first Thiindiestlembicl isihedeindes ebppedesycylingendizehsndhichenpsising slides,
inked by a conngsing, (o3 LG, A Rinh @ kEARiEh bRy ahGxThiR{RIanone gyjnder 1 1s
divided according to a line DD Into"two parts: an active chamber CA and a partial expansion chamber

CD (not visible iATHEeRARif). BoRkngrseidh giHetey fBee Meaap D PaRYIiIINRk A ehd & comprising,
opening into theexyhimaigr 10 anlirdaké fthiottakend @t éxbdirdtatlitt Shashighltpresseamdaok BiBcking said

ducts, these megsAgie heipgdatals, O A PRUSHIO \alvawsTha jeiake dush? isdigkagido the

high-pressure tank 12 10through a three-way valve 21. The exhaust duct 8 opens into the atmosphere.
The second stade CORRILESf a second cylinder 1A, the cylinder size of which is greater than that of
the first cylinder 1, in which a second piston 2A 15slides which is linked by a connecting rod 3A to the

crank pin 4A of theeceaunal eiikskafisists of a second cylinder 1A, the cylinder size of
which is greater than that of the first cylinder 1, in which a second piston 2A
15 slides which is linked by a connecting rod 3A to the crank pin 4A of the

common crankshaft 5.

The second engine cylinder 1A is divided according to a line DD into two
parts: a second active chamber CA1 and a second expansion chamber
20 CD1.

The second engine cylinder 1A is capped by the cylinder head 6, here
common, comprising, openings into the second cylinder 1A, an intake duct
7A and an exhaust duct 8A as well as means for blocking said ducts which

25  here are intake 9A and exhaust 10A valves. The intake duct 7A is linked to
the high-pressure tank 12 through the three-way valve 21. The exhaust
duct 8A opens into the atmosphere. |

The compressed air at high pressure confained in the high-pressure

30 storage tank 12 feeds, through the 3-way valve 21, either the intake duct of
the first cylinder 1, or the intake duct of the second cylinder 1A, or else the
two cylinders 1 and 1A at the same time.

The pressure values indicated below in the brief description of the
35 operation of the two-cylinder engine are given as nonlimiting examples of a
realistic and possible embodiment of the invention.



The second engine cylinder 1A is divided according to a line DD' into two parts: a second active
chamber CA1 and a second expansion chamber 20 CD1. The second engine cylinder 1A is capped by
the cylinder head 6, here common, comprising, openings into the second cylinder 1A, an intake duct
7A and an exhaust duct 8A as well as means for blocking said ducts which 25 here are intake 9A and
exhaust 10A valves. The intake duct 7A is linked to the high-pressure tank 12 through the three-way

valve 21. The exhaust duct 8A o eni\si??to the atmospherfe The comé)ressgd air atrgi%]h %:essure
contained in the %&{‘-%@85’6%' '&éqgn@r ?ﬁsfégdg, tH?Su@‘H’ER C3RA y‘?%l% i, &ith&} the intake
duct of the first dkngtgragertekirtake dudbefitr semmotiliadetals, prasiserthealvesylividers 1 and

1fA ﬁt the SarFed@%@np;Eha mﬁ@sﬁweﬁma@%_ﬁ@mnedvhe@évm?mmbrfﬁbwi@ti@z;ﬁoheasﬁodperationf
of the two-cylindgr engine are given a imi es istic and po embodiment o
the inventon. 1P BRI B R e A Y e
storage tank 12 {Btaken84sp fangacbirretatii@ rayyseses ws lavEsddhmn Btk dush thebl, for a tank
whose maximuniherésstireyimdap banHichexariplehatereoré4Giarcpeda2ib ki iibedhghseway valve
blocks the 5 intake duet 74.and ditects fhe compressed air toward the intake duct 7 of the first
cylinder 1 which on its own ensures the operation of the engine according to the invention. When the
intake pressure of the compressed air contained in the storage 10 tank 12 is in the intermediate range
of the intake pre¥éoes Thkigsidior @xasspike curtesponmdipetsedeanediatathizd of the istakegpressure

values, for,g tanigypose E@??HWH@‘ F?ﬁ%?%&ié’i_eﬂg 15‘?rt@|@m%ﬁ‘<@eﬁ&%ﬂr€0%éﬂdf&flo bar, the
three-way valve blocks the intake dtéTt 7 %?Tg?edlrecté mptzjrfe%%gg ?lr toward the intgke duct 7A of
] .

th
the second cyIin%?TRlelg‘Wtﬁéﬂodh hf éaffé%)f)de at f ﬁéesgﬁ?ﬁég?u\‘g}r’ggulating
engine. When tHeiralanraduse sfanecompresseeds edtdmedin weastolagectiraen2q@ in the

bottom range of fae Brake4UessuRyaes-aneyamplBlodksarespN@ENLE theretErsdiird of the
intake pressure yglugs,{ F&%%@‘A{Yﬁfé\ﬁé%a%ﬁ%{ﬁ%? P20 bR 485@%”%{?!%’ fugen S bar

and 70 bar, the three-way valve simultaneously he compressed air War§ the intake duct
7 of the firdEeylitddFR. &M iSwariM RS HRtoReEHiAe QicHiR SpihBGSEUIRHE WG Enders 1
and 1A togetheremgingng the

When the intake pressure of the compressed air contained in the storage

tank 12 is in the bottom range of the intake pressure values, for example
20  corresponding to the bottom third of the intake pressure values, for a tank

whose maximum pressure is 210 bar, for example between 5 bar and 70

bar, the three-way valve simultaneously directs the compressed air both

toward the intake duct 7 of the first cylinder 1 and toward the intake duct 7A

of the second cylinder 1A, the two cylinders 1 and 1A together ensuring the
25  operation of the engine.

Figure 6 represents an engine according to the invention with its high-
pressure air feed device comprising a device for reheating the compressed
air comprising a solar dish (16) focusing into a chamber making it possible

30 to increase the temperature of the compressed air which passes through it.
This device makes it possible to increase the quantity of energy that can be
used and is available through the fact that the compressed air, before its
introduction into the included active chamber CA, will increase its
temperature and increase its volume making it possible, for one and the

35 same performance level, to take from the storage tank 12 a lesser volume
of air and increase the range of a vehicle equipped with this engine
according to the invention.



250peration of the engine. Figure 6 represents an engine according to the invention with its high-
pressure air feed device comprising a device for reheating the compressed air comprising a solar dish
(16) focusing into a chamber making it possible 30 to increase the temperature of the compressed air
which passes through it. This device makes it possibigto_increase the quantity of energy that can be
used and is available through the fact that the compressed air, before its introduction into the included
active chamber gA will increase it temrperature and increase it H/olume ahinéqﬂitrp?ssible, for one
and the 35 samé | rrf%rmarr%)er?g\?gl,stoatak%n@bqﬁ tRESoTA nk'£2'38588F vBRi#E GPall and
increase the rang@of@lgsicilvabenpay vitbdaivdhgifer agxarame, 1@ tsenetedicrddittmalrigure 7
represents an efigig apeprdingsie heanheniandmesatinghipssansg alone suareneigemede with, for
example, a so-c i ft] il.ene; i ﬂBr r evice comprising a burner 17 included
in a chamber 17%\“%(#(? (\%V?’I?C?‘lﬂ%ll e%{dsat%b%ﬂd%g!%&cﬁgal%% %@%ﬁa%’kshaft 5, in its rotation, drives a
compresse@ air compressor 19 which feeds the storage tank 12 through an air/air heat exchanger 20.
The general opeTakonrahishaitginerisitslentisidng thatcsdeactibetpresalisly bOmwitresstareitce to
figures 1 to 4. HaWRYPT. LS AEAGBRIBRNEMEHESH-BASAIR L /ilithe Sf¥age R dyring operation
with an additional energy. The self-préssure-regulating engine with included acitive chamber is
described with an operation with compressed air. However, it can use any 15 compressed gas without
in any way depaftigdener #he henatovoot tfarengirsdnidenticadin Thal descriirdiprmyidusied to the
exemplaryi@mbagitherifefasssibe aqesapresented Hbg.swieris thasantmbmeanskdle devices

-described can 20 vsag%yé/ig):?lmﬁeligzits of the ?(oéjivalents totporodu%:ne the ﬁpe results. The number of

) : orage tank during operation with an additiongl enerqy. ..
engine cyllnders;,j?new cylinder size sf, ﬁ‘le maximunrvaolume of tWe ac{l]ve C amger in rgyatlon to the

displaced volume of the cylinder(s) and the number of expansion stages, can also vary, without
thereby departingHeonsdlfg-feassemorscpiithepresenbivaitionncluded active chamber is

described with an op'eration with compressed air. However, it can use any
15 compressed gas without in any way departing from the framework of the
present invention.

The invention is not limited to the exemplary embodiments described and
represented: the materials, the control means, the devices described can

20  vary within the limits of the equivalents, to produce the same results. The
number of engine cylinders, their cylinder size(s), the maximum volume of
the active chamber in relation to the displaced volume of the cylinder(s)
and the number of expansion stages, can also vary, without thereby
departing from the framework of the present invention.



- 19 - CLAIMS 1.An engine with active chamber, comprising at least one cylinder (1) and one piston
(2) which is mounted to slide in the cylinder (1) and 5 which drives a crankshaft (5) by means of a
conventional connecting rod-crank device (3, 4), in which the volume of the cylinder (1) swept by the
piston (2) is divided into two distinct parts, a first part;constituting the active chamber (CA) which is
included in the cylinder and a second part constituting the expansion chamber (CD), the 10 cylinder
(1) being closed in its top part by a cylinder head @;Anﬂgmg at least one duct and one intake orifice
(7) and at least one duct and one exhaust orifice hich is arranged in such a way that, when
the piston (2) is at its top dead center point, the residual volume contained between the piston (2) and
the cylinder 15 head (@)riseiyieensithiclitiveretaasiskto ¢bmmrsmgirdmamsgaps epmisﬂieg(th)e

contactess operation apyesh W en IS CHogeIReRs sAad 1 1Y Beiplr, or any

other gas under pressure, suppl rom astoratge tank of compressed air, 0 of any other gas under

pressure, is"admitted nt'fHéq,erﬁ%ié‘r ¢igniishREtiR B PRAGS, %frfél CBHM@P?H@%&RW?%M& of the
compressed air, or anyrotheragdsdaviles (Bedsuire whielv thenve loitieccd chieecyliraebdl | S picreases

while producing work, the |ﬂ{§kglg{(§he(9qm§r%@g@lrngg q%o@@ﬁ AHQ,q!gr %re%r%g_jﬂto the
cylinder is blocked when th maX|m m Vv lum %é WB et (CE 3 3 hed | and the
guantity of compressec?%ﬂ%b 3H9 ﬁe@c X& 8 Bp%'rag a%fe éﬁrﬁné}& i ?élépa ?ngéﬁ fber then
expands while pushingasstietisepestdnpeveroprssading iﬁwt@)m@@mkecmﬂr@pfoﬁiﬁmghﬁork thus
ensuring the expansionsphasss g Fﬂ@i@@ hewigtreachediip hedtond gleaccgrntRir PREEdte)exhaust
orifice is then opened to, 30,Gnsuie ﬁgb %éﬁtcPQﬁé SHE Jﬁé@%%ﬁ%&r@%%’ QURLEY gfds stroke,
characterized: -in that the Storage tan mpressed air a or of any other
gas under pressure, difé¢ly3e d@*tﬂeeﬂgé‘k@tof’fﬁ@%éghgﬁ@cwm@%r'%lﬁ*r[ﬁi’ﬂﬁﬂ {AeSHEIVE chamber
(CA) in the cylinder is fillagt ahatcavistanthistgketpres2uiie an ¢actopndie revoliatiopoitits inake - 20 -
residual volume contained between the piston (2) and the cylinder
15 head (6) is, by construction, reduced to the very minimum gaps
enabling the contactless operation between the piston and the
cylinder head, and in which compressed air, or any other gas under
pressure, supplied from a storage tank of compressed air, or of any
other gas under pressure, is admitted into the cylinder (1) above the
20 piston, and, under the continuous thrust of the compressed air, or
any other gas under pressure, the volume of the active chamber
(CA) increases while producing work, the intake of the compressed
air, or any other gas under pressure, into the cylinder is blocked
when the maximum volume of the active chamber (CA) is reached,
25 and the quantity of compressed air, or any other gas under pressure,
contained in said active chamber then expands while pushing back
the piston over the second part of its stroke while producing work
thus ensuring the expansion phase, the piston having reached its
bottom dead center point, the exhaust orifice is then opened to
30 ensure the exhaust phase while the piston rises up over all of its
stroke,
characterized:
- in that the storage tank (12) of compressed air at high pressure,
-or of any other gas under pressure, directly feeds the intake of the
35 engine cylinder (1);
- in that the active chamber (CA) in the cylinder is filled at a
constant intake pressure on each engine revolution, this intake



pressure decreasing as the pressure in the storage tank (12) decreases during the emptying of this
tank, - in that the maximum volume of the active chamber (CA) is variable and increases
progressively as the pressure in the storage 5tank (12) which determines said intake pressure
decreases; - in that the means (7, 9) for opening and,¢Josing the intake of the compressed air into the
active chamber (CA) make it possible not only to open the intake orifice and duct (7) substantially at

the top dead center point of the stroke of the piston, but also make iilOpoE)sible tcllm di{x tﬂe duration
and/or the angular sectdPSPHE | %%'E_ee,aa%r{ﬂelﬁgs .% %g?a%esé%ti o é%ﬂ?en%ﬁ - 2t at the
maximum volume of theéeieaseh gy toapmriinghefdhistesithe maximum storage pressure, then

is progressively increased §9 that depemndiienomtheiniake ¢rapsursstife osHAR batio/giaolemes

between the included a\péir\{gbtfgaar%ab é()%%)]sggdpgé?g%%%ﬂpg &Wgs%eés(&lgg, iWﬁ]%r%;g‘%r%at the end

of expansion before the opening of aus close’to atmosphere pressure. e engine
with active Ehamber ast@lirhbdl WHEHH aleEmirsssAKLIMAR RIRSIERESCIRAABINg to a
thermodynamic cycle with tinrdeapties esczoraisgfcarn satiag caanidcisatngrihal itrenefert, tagolytropic

expansion with work; 25/ sXhaus! af ARRIARPLREY 3hBe RGP WitRARtINE LR as claimed
in claim 2, characterized In that It comprises af least tw%gcélinﬁfrs of Incre sigagogxg:g)%r size (1;

1A) each operating acc¥Hirg BRARR LR R LSRRI (L SHBsIPaHaLY;
characterized: in that, dérmh tantetakwintesdutiedsstradketopf riing epistorespohditgpfonakaniple to the

top third of e values gidbainiaks rigaryrenenbuaasYliBAS/RT sraaliggimitindaisizefsted; in that,
when the intake pressurei iF in an in rmei%iate rang}g :’aS%Porre§pLRndingf or example to the median
A , 4

third of the values of th& 1A e?keaspr\ggsuar %I@atﬁ%a et’:%% lgﬂiﬂ 1P E'Qrgéylinder size is fed;
- in that the maximum volume of the active chamber (CA) is

dimensioned for the maximum storage pressure, then is
progressively increased so that, depending on the intake pressure,

15 on the ratio of volumes between the included active chamber (CA)
and the expansion chamber (CD), the pressure at the end of
expansion before the opening of the exhaust (8) is close fo
atmosphere pressure.

20 2. The engine with active chamber as claimed in claim 1, characterized
in that it operates according to a thermodynamic cycle with three
phases comprising:

- an isobaric and isothermal transfer;
- a polytropic expansion with work;
25 - an exhaust at ambient pressure.

3. The engine with active chamber as claimed in claim 2, characterized
in that it comprises at least two cylinders of increasing cylinder size
(1; 1A) each operating according to the same principle which has
30 just been described, and characterized:
- in that, when the intake pressure is in its top range,
corresponding for example to the top third of the values of the intake
pressure, only the cylinder of smallest cylinder size is fed;
- in that, when the intake pressure is in an intermediate range,
35 corresponding for example to the median third of the values of the
intake pressure, only the second cylinder of larger cylinder size is
fed;



- 21 - -and in that, when the intake pressure is in its bottom range, corresponding for example to the
bottom third of the values of the intake pressure, the two cylinders are fed at the same time. 54.The
engine with active chamber as claimed in claim 3, characterized in that it comprises at least three
cylinders, including said at least two cylinders of incrggsing cylinder size, by virtue of which it is
possible to adjust more finely the total cylinder size used as a function of the intake pressure, by
having said at least three 10cylinders of the engine.operate in succession, joiptly and/or in

i S RARB ST Hhal it

Aith Bctive chARBer Ss'Caie 8 iRaH Fohe Of P £ %s

combination. 5. The engine“with a

dual-energy applicatiorC@gsaetediradft wsamelsvieihd o8 ihe tahkha 2edrbtied theake of the

engine, there is a thermaizievirederminthanvsobaiitderbesie redakifigdispessibliado increase, at
constant pressure, the temperature of the air, or of any other gas, which passes through it and to
increase the quantity of energy which can be used and is available through the fact that the
compressed 20 &ir, or diiESRENG Yt RPhGFRanbssAe slmRidrsleimub fiaisatRidae active
chamber (CA), will incrégadbatsiterapgrases ahtkaxtrédase itspliohlene Witledirakisgidt possise to

increase the range of atW@:%ﬂﬁo%}lHiQﬂeﬂc‘f\fEBénﬁ e&QfHSeF‘ QE%?OISS}OOiItRJéa_E* ‘_WWEPP ingrease. 25 6.
i

The engine with active chamber as claimed in claim 5; in.its dual-enérgy application, characterized in
that the thermal device RSFHRG aR i?é%‘é??c %‘?f?al{égééﬁn‘?ﬁﬁs £l s%‘filf%fgh FEdifi§IneSuR thermal
device forming an isob&vicatitreaér themikekepossiisiore invrehswing theitbrapeieaste tbfehe
compressagair, or of apyiathasdas, Med Engiseeasseiaeawaniteeéensroy tiatgagnerdisad and is

available through the facc(;rtnrba}tntq%gompressed air, or any other gas, at constant pressure, and before
its introduction into the Active Ghamber (CA) will increase its temperature and increase volume 35while
making it possible to increase the range of said machine. - 22 - 7. The engine with active chamber as

claimed in one of claim¥ feamthfh<hatiacietize dhaittasitashbamady rasmg eyelehamiow phases
comprising: an increasg, in e iSRRG IS BIPSIHHES tion, characterized in that, between the
15 storage tank (12) and the intake of the engine, there is a thermal
device forming an isobaric reheater making it possible to increase, at
constant pressure, the temperature of the air, or of any other gas,
which passes through it and to increase the guantity of energy which
can be used and is available through the fact that the compressed
20 air, or any other gas, at constant pressure and before its introduction
into the active chamber (CA), will increase its temperature and
increase its volume while making it possible to increase the range of
a machine equipped with the engine, in proportion to said volume
increase.
25
6. The engine with active chamber as claimed in claim 5, in its dual-
energy application, characterized in that the thermal device forming
an isobaric reheater comprises a solar dish focusing into the thermal
device forming an isobaric reheater to make it possible to increase
30 the temperature of the compressed air, or of any other gas, and to
increase the quantity of energy that can be used and is available
through the fact that the compressed air, or any other gas, at
constant pressure, and before its Introduction into the active
chamber (CA) will increase iis temperature and increase volume
35 while making it possible to increase the range of said machine.



5an isothermal transfer; a polytropic expansion with work; an exhaust at ambient pressure. 8. The
engine with active chamber as claimed in one of claims 5 and 6, 10 in its stand-alone dual-energy
application, characterized in that it is coupled with and drives an air compressor (19) making it
possible, during its operation with an additional energy, to feed compressed air, or any other gas, to
the storage tank at high pressure (12). 159.The engine with active chamber as claimed in claim 8,

characterized in that it comprises a heat exchanger, air-air or other, which is positioned between the
compressor (19)/and S GBHESME (75] L8 BETTRPL6mPIALLE0 B O0F g B BADLE hign
pressure and at high teghesasterizadtie dhgiutisf thewoathressue reymies hashéorROswragestank, to a

temperature close to argigptitgrgperature. 10. The engine with active chamber as claimed in claim 9,

characterized in that its thermod namic.cyfﬁle.coggris?s SiX Pt}ases comprising: a polytropic
) o incregse inine [ig lemperatuiig .
compression of the amblen%tmosp eric air; Zba cooling to ambiént/atmospheric temperature for

storage; an Increase inthe AbisARAEHA)HRAAE an isobaric/isothermal transfer; a polytropic
expansion with work; an exhaiusyiebpicbigrdmsesswieth 3ad. The engine with active chamber as

claimed in any one of the pﬁpggﬁ?g{aé%g@@ﬁg&%qén that the torque and the speed of the
evice dr '

engine are controlled by a device driven by an accelerator which controls the opening and closing of
the means (9) for 35 opening/closing the intake duct (8) which feeds compressed air, or any other
gas, to the activé chambbe @wjnehitémeaiting ithzosbitieaaiaintgdoimper tifectrsirigaridding means,

substantiajly, at the top gead sRMEINSHE. R alpR gy apsiiic e S urpticaaadrenthe Maewas
coupled with and drives an air compressor (19) making it possible,
during its operation with an additional energy, to feed compressed
air, or any other gas, to the s{orage tank at high pressure (12).

15 9. The engine with active chamber as claimed in claim 8, characterized
in that it comprises a heat exchanger, air-air or other, which is
positioned between the compressor (19) and the storage tank (12)
so that the compressed air, or any other gas, at high pressure and at
high temperature at the output of the compressor returns, in the
20 storage tank, to a temperature ciose to ambient temperature.

10.  The engine with active chamber as claimed in claim 9, characterized
in that its thermodynamic cycle comprises six phases comprising:
- a polytropic compression of the ambient/atmospheric air;
25 - a cooling to'ambient/atmospheric temperature for storage;
- an increase in the isobaric temperature;
- an isobaric/iscthermal transfer;
- a polytropic expansion with work;
- an exhaust at ambient pressure.
30
11.  The engine with active chamber as claimed in any one of the
preceding claims, characterized in that the torque and the speed of
the engine are controlied by a device driven by an accelerator which
controls the opening and closing of the means (9) for
35 opening/closing the intake duct (8) which feeds compressed air, or
any other gas, to the active chamber (CA) while making it possible
not only to open the opening/closing means, substantially at the top
dead center point, but also to modify the duration and/or the angular



- 23 - sector of the intake, as well as the passage section of the opening in order to determine the

pressure at the end of expansion, as a function of the pressure in the storage tank (12), the quantity of

compressed air, or of any other gas, admitted, the volume of the 5active chamber (CA) by the closing

of the opening/closing means (9). 12. The engine with active chamber as claimed in one of claims 5

and 6, characterized in that, during operation in dual-energy mode with an 10 additional energy, the

engine comprises an electronic ¢ mpL{t r which c ntroﬁ the quantict% ogener ﬁéadded as a function of
8t X

the pressure of the conﬁ%%tggeocf |e ) edn?/so @%&,%H&'?ﬁ@p& Pthe ?g?l?%‘f“&g, Br of any
other gas, introduced irtédgie ectieietmaimd dheC RjessuTs. Fhdhenging withexewnsisiangse@as claimed
in any one of the precedingtdaings, eRAmessnedin that therageinarperaiesiascaidingtjodhree
modes, which can be_“éS%cﬁjé’ééé@f%’]iPréP S?rBRg;b‘l}ggr y é‘s‘?%%ﬁﬁnéﬁ'%eesb L%a%”%?g%pe .
zero-pollution, operating mode, with the air, or any other gas, ‘previously compressed contained in the
storage tanke at high prex&ixe; champgs dGrAD s oplefhegOh i ARRRIHEERSIPOaMEdlfer gas,
previously compressed{€jntained in the storage tank plus the 25additional energy added by a thermal
device forming a reheater; the stand-alone dual-energy operating mode, with the air, or any other gas,

compressed in the storage tank by a compressor driven by the engine, plus_the additional ener
addepd by the the‘}%al di%i%@f&jﬁlé a’(tbr% %\éﬁéﬁ]amber agciaime in one of claims 5 and 6, %y
characterized in that, during operation in dual-energy mode with an

10 additional energy, the engine comprises an electronic computer
which controls the quantity of energy added as a function of the
pressure of the compressed air, or of any other gas, and therefore of
the weight of air, or of any other gas, introduced into the active
chamber (CA).

15

13. The engine with active chamber as claimed in any one of the
preceding claims, characterized in that the engine operates
according to three modes, which can be used separately or in
combination, comprising:

20 - the single-energy, zero-pollution, operating mode, with the air, or
any other gas, previously compressed contained in the storage tank
at high pressure;

- the dual-energy operating mode, with the air, or any other gas,
previously compressed contained in the storage tank plus the

25 additional energy added by a thermal device forming a reheater;

- the stand-alone dual-energy operating mode, with the air, or any
other gas, compressed in the storage tank by a compressor driven
by the engine, plus the additional energy added by the thermal
device forming a reheater.



