-1- MONO-ENERGY AND/OR DUAL-ENERGY ENGINE WITH COMPRESSED AIR AND/OR
ADDITIONAL ENERGY, COMPRISING AN ACTIVE CHAMBER INCLUDED IN THE CYLINDER 5
The invention relates to an engine operating notably on compressed air, or any other gas, using a
chamber referred to as an "active chamber". The inventors have filed numerous patents regarding 10
power plants and installations thereof, using gases and, more particularly, compressed air, for

completely clean gRaraligh kP alhd)bRURHRAD BHERHSN Sk PRE G (Neyige 8agpternational
patent 15 application WO-A-037036088, 10 I1e Content of whicl Teference cart be made; Tegarding a
motorized compresdoHindtBRLEF ABREIGPNALWENTRES 1o -OMERH AN A AEELE air, operating

in mono-energy and in multi-enc¢ipiitie STRONT MRS cLypEF B €MGFIEIHBt operate on compressed
air and comprise a compressed-air storage reservoir, it is necessary to expand the compressed air

stored at a yery Jﬂgh Rressure iin pt‘hg: I %erggir ll;_)gt tgg pressure of 25rwt&ich decreases as the reservoir
gradually empties, To A'stable erme e pressure referred fo %)%eaeﬁ&]-%sél%@ Sute S a buffer
volume - referred¥RESFERY Féldme ChefGait iseisedlin tHéengineéylindet or&yfndes. 30 Well

known conventionat éegators inwolving valves-andsprings-have very low throughputs and their use in
such an application demands equipment that is highly cumbersome and does not perform well.
Further, they are 35 highly sensitive to icing due to the moisture in the air cooled during the expansion.
2 content of which fefeté@&PE&T Be made, retatiifto FVARLBIESthrOaGHt YyrafRte Fegidtor and
distribution gystem#erengihes tsappiiad withanadj@etidroakcompeassed  air .cohnprisiogg ses

h@hﬁnegnwecgﬂgps§g}é particularly, compressed air, for completely

clean operation in urban and suburban gituations:

In particular, they £filed an internatiocnal patent

15 application WO-Al~03/036088, to the content of which
reference can: be made, regarding a motorized
compressor/motorized alternator unit with injection of
additional compressed air, operating in mono-energy and
in multi-energy modes.

20
In these types of engine that operate on compressed air
and comprise a compressed-air storage reservoir, it is
necessary to expand the compressed alr stored at a very
high pressure in the reservoir but the pressure of

25 which decreases as the reservoir gradually empties, to
a stable intermediate pressure referred to as the end-
use pressure, in a buffer volume - referred to as
working volume - before 1t ig wused in the engine
cylinder or cylinders.

30
Well known conventional regulatcrs invoiving valves and
springs have very low throughputs and their use in such
an application demands eguipment that i1s highly
cumbersome and does not perform well. Further, they are

35 highly sensitive to icing due to the moisture in the

alxr cooled during the expansion.

In order to address this problem, the inventors have
also filed a patent application WC-Al-03/089764, to the



5 air reservoir and a working volume. In the operation of these "charge expansion” engines, the filling
of the expansion chamber still represents an expansion without work that is detrimental to the 10
overall efficiency of the machine. In order to address the abovementioned problem, the inventors have
filed yet another patent application WO-AI-2005/049968 describing a compressed-air engine 15
preferably supplied with compressed air or any other compressed gas contained in a high-pressure

storage reservoir. previously expanded tq.a pomipalvorking resgure.in aluffer yolume; referred to as

the working volume. The working volume in dual-energy version 20 comprises an dir-heating device

supplied with addfibhaPfer§ BB BH o BiEt enERF Y St iRtreadify theseRifdtaiRE and/or the
pressure of the aiypassing flrouglkeitg25 4 this tygelofehginel atcordimg toWe=A12005/049968: the

expansion chambs,ceasists:f auariableyolune fisted with meansallowing the.predugtion of work, it
is twinned and in ¢ontact via a permangent pass%qee with the sgace left above the main engine 30
piston which is fitet Wit 5 tevice o toap gr nﬁst%% att p dead center, while the engine piston

is stopped at top dead center, the pressurized air or gas is admitted to the expansion chamber when

this chamber is atitssmallest-3% valume andcurder the-thuuste Wil tncrease i valumenthereby
producing work, . 85 the £ 9%{@0%Eh%rggeréilﬁg%%@g{le AESD e "still represents
an expansion without work that is detrimental to the

16 overall efficiency of the machine.

In order to address the abovementioned problem, the
inventors have filed vyet another patent application
WO-A1-2005/049968 describing a compressed-air engine
15 preferabkly supplied with compressed air or any other
compressed gas contained in a high-pressure storage
reservolr previously expanded to a nominal working
pressure in a buffer volume referred tc as the working
volume. The working wvolume in dual-energy versgion
20 comprises an alr-heating device supplied with
additional energy (fossil or some other energy) for
increasing the temperature and/or the pressure of the

alr passing through it.

25 In this type of engine according to WO-A1-2005/049968:

- the expansion chamber congists of a wvariable
volume fitted with means allowing the production of
work, it is twinned and in contact via a permanent
passage with the space left above the main engine

30 piston which is fitted with a device for stopping the
piliston at top dead center,

- while the engine piston is stopped at top dead
center, the pressurized air or gas 1s admitted to the
expansion chamber when this chamber is at its smallest

35 volume and, under the thrust, will increase in volume,
thereby producing work,

- as the expansion chamber is kept more or lesgs

at its maximum volume, the compressed ailr contained



therein then expands in the engine cylinder, thus driving the engine piston back in its downstroke, in
turn supplying work, during the upstroke of the engine piston during the exhaust stroke, the variable
volume of the expansion chamber is returned to its smallest volume in order to begin afresh a
complete work cycle. The expansion chamber of the eggine according to this 10 invention makes an
active contribution to the work. The engine is thus referred to as an engine with "active chamber".

O A 200s/DaSaREptapy elealay-aane 3 IeTRA A Sucleahan s oeraling
mono-energy compressed air mode, thi% being characterized by’ "an isothermal expansion without

work; a transferSigKt8ghahton fRAWISKk Pt 104§ hearlisofietmar s Bisffropicdexpansion
with work; an exhaast atambientpresstire. Document WO-AI - 2008/028881, which discloses a

variant of WO-AI - 2005/049968, ¢laimsdhe samethermgedynamic.2o; eycle, but-using a.tragitional

connecting-rod/crank device. It is preferahly supplied with compressed air or any other compressed

gas contained ina‘figh PregitiEE stofadeFeservoi' Brevidadiy 2Rpandefftb W HomMal wdtkfng pressure
in a buffer volunkxefasedto 3hamhhe working velume. The workimgedluawtintheé wual-énergy

version comprises-a&levice feeheating thesair ywhichhisisupplige with-ar-additional energy (fossil or
some other energy) increasing the temperature and/or the pressure of the air passing through it. 35 In
this type of engine according to WO-AI-2008/028881.: the expansion chamber, referred to as the
active chamber, ToRsiSSRFaSERTabRIFIbME egfippB wRRFiéEEnsHoWing Bt fredudiibh of work

andis 4 10 invention makeg an active contribution to the work. The
engine is thus referred to as an engine with “active

chamber”.

WO-A1-2005/049968 notably claims a four-phase
15 thermodynamic cycle when 1t is operating in mono-energy
compressed alr mode, this being characterized by:
- an isothermal expansion without work;
- a transfer-slight expansion with work referred
to as near-isothermal;
20

a polytropic expansicon with work;

an exhaust at ambient pressure.

Document WO-A1 ~ 2008/028881, which discloses a variant
of WO-A1 - 2005/042968, claims the same thermodynamic
25 cycle but wusing a traditional connecting-rod/crank
device. It 1is preferably supplied with compressed air
or any other compressed gase contained in a high-
pressure storage reservelr previocusly expanded to a
nominal working pressure in a buffer volume referred to
30 as the working volume. The working volume in the dual-
energy version comprises a device for heating the air
which is supplied with an additional energy {(fossil or
some c¢ther energy) increasing the temperature and/or
the pressure of the air passing through it.
35 In this type of engine according to WO-A1-2008/028881:
- the expansion chamber, referred to as the
active chamber, consists of a wvariable volume equipped

with means allowing the production of work and is



connected via a passage comprising a shutter whilst allowing it to be isolated from or placed in
communication with the volume contained in the engine cylinder above the engine piston at its top
dead 5 center; the pressurized air or gas is admitted to the active chamber when the latter is at its
smallest volume and, under the thrust, increases in yol&mle, thereby producing work; 10- when the
active chamber is more or less at its maximum volume, and the engine piston is more or less at top
dead center, the intake is closed off, said chamber is placed in.communication with the engine cylinder

and the compre$S¥YEF E6ftaired théreiR 8 BFandS TS Grividy the & PstoliibhatRln its
downstroke, therebyamimd supplyingworkpe  darddg tiselexplnsion, the volodmeceithe active

chamber is returpggl#Q 48 faipiMEM ¥olumersathaba hew cyelgcanlepin afraghs 2Q 1hegxpansion
chamber of the erqut{ne ccording to the%%vention makes an active cogtribiL{ITion to the wa)rléldThe

engines according to WO-Al - 20057049968 and WO-AI2608/02888 T are fetérredh as eenglnes with
active 25 cHambefF&*optimized operation of these latter types of engine it is necessary to take the

pressure drops involved in the-transéerdtam tae aetive chambeetothe axpansies 3@ ehamnker in the

case of WO-A1l- E;LIQ 88 eg, volymes rated by canstructign ransfer in the
case of WO-AI -%%%5/0%99%%%%%&%@%%%%@ Tt?égg}gee?én; #l%er?%lgn L&régosogﬁ %’g g réess this

problem 35 whild @t HéFsafdime 'Sty e CSiHdiRiction IEFEARRRIne.5 Fivd BRGine with
active chamber inghudeldyin phedngimeccylingér; according to the invention uses the same

thermodynggnic cycles as WQ=Al -:2005/049968 and WiQ:AI2008/028881 descrihed hereipabove, and

a traditional , : , ,
maximum volume, and the engine piston is more or less

at top dead centex, the intake is closed off, s=said
chamber is placed in communication with the engine
cylinder and the compressed air contained therein

15 expands, thus driving the engine piston back in its
downstroke, thereby in turn supplying work;

- during the expansion, the volume of the active
chamber is returned to its minimum volume so that a new
cycle can begin afresh.

20
The expansion chamber of the engine according to the
invention makes an active contribution to the work. The
engines according to WO-AlL - 2005/049968 and WO-Al-
2008/028881 are referred to as engines with active

25 chamber.

For optimized operation of these latter types of engine
it is necessary to take the presgure drops involved in
the transfer from the active chamber to the expansion

3C chamber in the case of WC-A1-2008/028881, and the dead
volumes generated by constructicn of the transfer in
the case of WO-Al -~ 2005/049968 into congideration.

The present invention proposes to address this problem
35 while at the same time sgsimplifying the construction of

the machine.



5 connecting-rod/crank device. The invention thus proposes an engine with an active chamber,
comprising at least one piston slidably mounted in a cylinder and driving a crankshaft by means 10 of
a traditional connecting-rod/crank device and operating on a four-phase thermodynamic cycle
comprising: an isothermal expansion without work; _ = _ a transfer-slight expansion with work
referred 15to as near-isothermal; a polytropic expansion with work; an exhaust at

ambient pressurg?;ﬁ%re1::_>e1r1alzlll}(l su I'Egli V\Q@t%%rgprgﬁ%%%ail[ or, \Iflvg? a0y (?thielg c gressegl gas
contained in a hig -press%re %0 stlorage reservoir, via a Buffer Volume reféfred to as the working

volume which is SHppREtRFith RGeS aif Cor &MEothEr éeRiptessed'§&®S cortdinedama
high-pressure stetegenresgtvwairi whichids expandesidora medigoopressyresefesret twasthe working

pressure in 25 a M@P@z‘@é‘é@e’ RLeferably via ﬁ_gygm%gqgauflato&hggvi e, ﬂ}fﬁ%ﬁ%ﬁ% -in that

it comprises at least one piston slidably mounted in at least one cylinder of w e volume 30 swept
by the pistoR is dFIHEE fiito o RStck PRits HAME a first part constituting the active chamber CA
which is included in the cylinder and a second part constituting the expansion chamber; in that the

volume of the cylipder whichis:3%,swept by fhepistansis glgsed-atits.upper Rart Ry a cylinder head

comprising at least one intake duct and gort and at least one exhaust duct and port and which is set

out in such a way ¥ Fhen tiePRIorTistgp 2t 1east one  piston & siidably
mounted in a cylinder and driving a crankshaft by means

10 of a traditional connecting-rod/crank device and
operating on a four-phase thermcdynamic cycle
compriging:

- an isothermal expansion without work;
- & transfer-glight expansion with work referred

15 to as near-isothermal;

- & polytropic expansion with work;

- an exhaust at ambient pressure;
preferably supplied with compressed air or with any
other compressed gas contained in a high-pressure

20 storage reservoir, via a buffer wvolume referxred to as
the working volume which 1is supplied with compressed
air, or any other compressed gas, contained in a high-
pressure storage reservoir, which 1s expanded to a
medium pressure referred to as the working pressure in

25 a working volume, preferably wvia a dynamic regulator
device,
characterized:

-in that it comprises at least one piston slidably
mounted in at least one cylinder of which the volume

30 swept by the piston is divided into two distinct parts
namely a first part constituting the active chamber CA
which is included in the c¢ylinder and a second part
constituting the expansion chamber;

- in that the wvoclume of the cylinder which is

35 swept by the piston is c¢losed at its upper part by a
cylinder head comprising at least one intake duct and
port and at least one exhaust duct and port and which

is set out in such a way that, when the piston is top



- 6 - dead center, the residual volume left between the piston and cylinder head is, by construction,
reduced to only the minimum clearances that allow operation without contact between piston and
cylinder head; 5 - in that the compressed air or the pressurized gas is admitted to the cylinder on top
of the piston and, under the continuous thrust of the compressed air at constant working pressure, the
volume of the active chamber increases, producing work representing the 10 near-isothermal transfer

phase; - in that the admission of t}_[(? compressed air, or of the pressurized gas, into th]{‘e cylinder is
closed off as soo%g‘gethecr%%s&ﬁﬁum \E.Co L?mero%?ﬁé% 1éﬁ?:‘llve 3 zgrlﬁ &r Ci@’%t—‘rea%ﬁgafeaen% thatthe amount
of compressed alt} 8E 25 offié predsiifized gas asbntatnedily ssidzRtivechariber A Ands,

driving back the pistomover the.secand paikof s wavekwlish determinesitbe expansian ehamber CD,
thereby produciqgi\@g%t@agmﬁ_s @iﬁ%e@?é’éﬁh?ﬁ%‘ﬁ%%i %‘Ehg;’%;i aéta\c/i/hen the piston has
t

=4 %Oﬂérft% ;
reached bottom dead center, the exhaust port is then opened to allow the exhaust phase to take place
during the upstroke of the pistorF&der its BhtireWuRER 25 FhehaxifiumEvstiurhe ©F B inefitled active

chamber CA in the.engine eyindet add the voheneef thedexpansiorn:clhanatier ﬂ&atpis;?zeﬂlso that, at
the nominal operating piezsure ohihe £nging, ik Rresgulg:at the epd of expansion ahthg;jottom dead

center is close to 30 atmospheric pressure. For example, at the nominal operating pressure of 20 bar,

an engine with a5tal EHHRT taB St StB0BEHES “ivhich thEantheWolithe bifhectivEThamber
35 plus the volurméafits exgarnsisd skambe prdp@umnarienunveolumereithesaotivéehanttie: CA

included imthe cylinder wilhbra3anem3:heached At 4hLlegrees crank angle after top dead center, and

the volume of the - 1in that the admission of the compresged air, or

of the pressurized gas, into the cylinder is cloged off
as soon asg the maximum volume of the active chambexr CA
is reached, and that the amount of compressed air, oxr

15 of the pressurized gas, contained in gaid active
chamber then expands, driving back the piston over the
second part of its travel which determines the
expansion chamber CD, thereby producing work that thus
brings about the expansion phase;

20 - in that, when the piston hag reached bottom
dead center, the exhaust port is then opened to allow
the exhaust phase to take place during the upstroke of

the piston over its entire travel.

25 The maximum volume o©f the included active chamber CA in
the engine cylinder and the volume of the expansion
chamber CD are sized so that, at the nominal operating
pressure of the engine, the pregsure at the end of
expansion at the bottom dead center 1is c¢lose to

30 atmospheric pressure.

For example, at the nominal operating pressure of
20 bar, an engine with a total cylinder capacity of
300 cm® ~ which means the volume of the active chamber
35  plus the volume of the expansion chamber - the wmaximum
volume of the active chamber CA included in the
cylinder will be 35 cm’, reached at 45 degrees crank

angle after top dead center, and the wvolume of the



- 7 - expansion chamber CD will be 265 cm3, and the pressure at bottom dead center on opening of
the exhaust will be 1.03 bar. 5 The engine according to the invention is advantageously equipped with
a variable throughput regulator in accordance with WO-AI - 03/089764, referred to as a dynamic
regulator, making it possible to supply the working volume at its nominal operating pressure with 10
compressed air for the high-pressure storage reservoir by carrying out an expansion without work of

the isothermal type. The thermadynamic cycle of the engi ith active I‘gmber according to the
inventon 1 HenEaT TS T 01 (IS 0051049908 S SN/ AI-200Bb BB &t ahcterized by
isothermal expariforPRitR6l WEAChEIRIEd by TheBFRAMIE re§ultlsr, ffibvedthya frhnbrer
accompanied with.agety=slight near-isothermal 20 expansion - for example a capacity of 3 000

centimeters cubed in a capacity of 3 050 centimeters cubed - with work by using the pressure of the air

contained in the work volume during the filling of the expansion chamber, then followed by polytropic

expansion of the B egahsih ATRBEAR%nE @ngiie HANESWRR whFk AT AUARFRIEBIE reduction
in temperature, engingwit exlvaastingaof thesexpnded aittodhglatmosphergult #nat unheard of for

the temperature gfthe,exhaust 30;efsuginadype.of gngige ie drop to values.of theprdes of-75 to -100

degrees centigrade belgw ambient tem eratur%.\%For preference, and notably in mono-ener

y
operation 35 usitity CoMpresd&PHir tha engifie Withfactve cRARbEY 1iclub8d iR tRE tYlind&Faccording
to the invention copaprists sevéraisuctessivie cylintensthgerpredstate, maehdasignedtdnd

operating amthe poiRgiPdes8d air for the high-pressure storage reservoir
by carrying out an expansion without work of the

isothermal type.

The thermocdynamic cycle of the engine with active
15 chamber according to the invention is identical to that
of WO-Al - 2005/049968 and of WC-A1-2008/028881. It is
characterized by isothermal expansion without work
permitted by the dynamic regulator, followed by =a
transfer accompanied with a very slight near-isothermal
20 expansion - for example a capacity of 3 000 centimeters
cubed 1n a capacity of 3 050 centimeters cubed - with
work by using the pressure of the air contained in the
work volume during the £filling of the expansion
chamber, then followed by polytropic expansion of the
25 expansion chamber in the engine cylinder with work and
a considerable reduction in temperature, ending with

exhausting of the expanded air to the atmosphere.

It is not unheard of for the temperature of the exhaust
30 of such a type of engine to drop to values of the order
of -75 to -100 degrees centigrade below ambient

temperature.

For preference, and notably in mono-energy operation
35 uging compressed ailr, the engine with active chamber
included 1in the c¢ylinder according to the invention
comprises several successive  cylinder stages in

cascade, each designed and operating on the principle



of the invention that has just been described, these consecutive cylinders having increasing cylinder
capacities. 5 The first cylinder, with the smallest cylinder capacity, is supplied with compressed air by
the working volume. The next cylinder or cylinders of increasing cylinder 10 capacities are supplied
with compressed air by the exhaust from the cylinder ypstream of/preceding it. One or more heat
exchangers that exchange heat with the atmosphere is/are positioned between each cylinder, 15

namely between fwo consecutive g%lé}qgeq:sh Iqingrease, glsetterggeglatu&% 99(1; %hi%%ll’ at tp eeSZ(Qaust from

the preceding cycﬁnder and lslr]lng it close to ambient?enqperature thus Increasing <tiHe volume of the air
exhausted. 20 TREIGEFEAHGRT capHeity:4R& Folunie BEING activedrRimfidiand HelvdlgRe of the
expansion chambepateadhk=eylinder, are sized in such a way that the volume of air exhausted from
each of the cylinders, namely the 25 volume of the total cylinder capacity increased by the increase in
volume brought about by the rise in temperature in the exchangers, are substantially equivalent to the
maximum vBlume 6t the'dciive chanibeérofthe nextdyiinder 80 DePEAITFSN the Rt of cylinders
chosen, and on ttep@tal tylinderscapavipp ofithe engiriéy the charseterisiics @f sactveylindee are
defined in such gwaythat theiexhaust temperatures of each cylinder are 35 substantially identical. As
a result, the factors that lower the exhaust pressure are thus likewise substantially similar. - 9 - By
way of nonlimiting example, a 3-cylinder engine according to the invention, with a total cylinder
capacity of 508. Zem3nsappli€d kbndlavopking valbirfeats rividalpressiradf t00 badedl have the

following charactesisties:c Cylindard Cyingel ied with compressed air by the

exhaust from the cylinder upstream of/preceding it.

One or more heat exchangers that exchange heat with the
atmosphere 1is/are positioned between each cylinder,

15 namely between two consecutive c¢ylinders, to increase
the temperature of the air at the exhaust from the
preceding c¢ylinder and bring it c¢lose to ambient
temperature thus increasing the volume of the air
exhausted.

20
The total cylinder capacity, the volume of the active
chamber and the volume of the expansion chamber of each
cylinder, are sized in such a way that the volume of
air exhausted from each of the cylinders, namely the

25 volume of the total cylinder capacity increased by the
increase in volume brought about by the rise in
temperature in the exchangers, are substantially
equivalent to the maximum volume of the active chamber
of the next cylinder.

30
Depending on the number of cylinders chosen, and on the
total cylinder capacity of the engine, the
characteristics of each c¢ylinder are defined in such a
way that the exhaust temperatures of each cylinder are

35 subsgtantially identical. As a result, the factorg that
lower the exhaust pressure are thus likewise

gsubstantially similar.



2 Cylinder Cylinder capacity 89 400 Volume of the active chamber included cm3 5.5 26 129 Volume
ofhe expansion chamber m3 14.2 63 271 Intake pressure

- 9 -
By way of nonlimiting example, a 3-c¢ylinder engine
according to the invention, with a total cylinder

capacity of 508.7 cm’, supplied from a working volume at

a nominal pressure of 100 bar will have the following

i0

15

20

25

characteristics:

Cylinder | Cylinder | Cylinder

1 2 3

Cylinder capacity om® 19,7 89 400
Volume of the active chamber cm® 5.5 26 129
included
Volume of the expansion chamber | om’ 14.2 63 271
Intake pressure bar 100 22.3 4.7
Intake temperature K 293 293 283
Exhaust pressure bar 22.3 4.7 1
Exhaust temperature X 197 195 185
In its dual-energy application according to the
invention, and in the mode that uses additional fuel,

the compressed air at ambient temperature contained in
the working volume is heated at constant pressure usging
additional energy in a thermal heater. This arrangement
makes it possible to increase the amount of available
the that the

before being introduced intc the active

and usable energy because of fact

compressed air,

chamber CA, will increase 1in temperature and increase

in volume thus increasing the range of a machine {(for

example a motor vehicle) eqguipped with the engine

according to the invention, in proporticn with said

increage in volume,

This ig an isobaric heating and multiplying the

temperature by a factor of twec doubles the useful

volume of compressed air, and so on.
regervolir of alr at

of air at 293 K

Thus, a 200-1liter

200 bar,

compressed

namely 40 m’ (20° Celsius)



bar 100 22.3 4.7 Intake temperature K bar 293293 1111111111111 293 Exhaust pressure  Exhaust
temperature 1971HIMIITTIIM

- 10 =~

makes 80 m’° of compressed air available at 586 K (i.e.
313° Celsius).

The combustion, which begine at ambient temperature,
5 allows considerable results to be achieved with wvery
little energy, vremaining below the temperatures at
which the particularly pollutant oxides of nitrogen
form. The use of a thermal heater device, or thermal
heater, has the advantage that it is possible to make
10 wuse of <c¢lean continuous combustions that can be
catalyzed or rid of pcllution by any known means with a

view to obtaining minimalistic pollutant emissions.

The thermal heater may, for its energy source, use a
15 fosgil fuel such as petroleum, diesel o0il or even LPG
or vehicle natural gas (VNG). The heater may also use
bicfuels or alcohol/ethanol thus making it possible to
achieve dual-energy operation with external combustion,
in  which a burner will Dbring about a rise in
20 temperature. The heater may alsc use thermochemical

processes to bring about this rise in temperature.

According to an alternative form of the invention, the
engine with active chamber uses solar energy to heat up
25 the compressed air and for this purpcse 1is equipped
with a parabelic sclar collector, or with any other
gyatem for collecting sgolar energy, focusing in a
chamber that allows the temperature of the compressed
air passing through the working vcoliume to be increased.
30
This feature makes it possible to increase the amount
0of avalilable and usable energy through the fact that
the compressed air, before being introduced into the
cylinder, will increase in temperature and increase in
35 volume thereby making it possible to increase the range
of the machine fitted with the engine according to the

invention, in proportion with said increase in volume.



In its dual-energy application according to the invention, and in the mode that uses additional fuel, 10
the compressed air at ambient temperature contained in the working volume is heated at constant
pressure using additional energy in a thermal heater. This arrangement makes it possible to increase
the amount of available and usable energy because of the fact that the 15 compressed air, before
being introduced into the active chamber CA, will increase in temperature and increase in volume thus

increasing the range of a machine (for example a motor vzglicle eclgip ed with tge encj;flne, according to
the invention, in proepoﬁ?o%l\?v}fﬁ SSIFF mtfedsein voRIMe ThisSE AnTEEE R é’tin% anjdnmultiplying
the temperature B9elfagedr opwvo doubles the useful volume of compressed air, and so on. 25 - 10 -
makes 80 m3 of compressed air available at 586 K (i.e. 313 Celsius). The combustion, which begins at
ambient temperaf%retgeallgwg con%id%ragll(; rfg,glrtls to he g%hie%%d \E/:vcljtrh[w1 very, I.itntle ene\r]%;éﬁmaining
below the temperatures at which the partlcu?arly poelﬁﬁgnt oxres of nltréogen form. The use of a thermal
heater device, ofthbtiark&ater, Fas thegdizhtagethat itidHosamble tbifakerld usé 6iélgan
continuous comhusfibng dratlcanbereatalyzed erdd of pallution hyanyikrbwreteans with«a view to
obtaining minimajistie pliytant.emissigns, The,thermal heater may, for ifs engtgy spyrce.yyse a 15
fossil fuel such as petroleum, diésel oil gr even LPG or vehicle natural gas (VNG). The heater may
also use biofuelSEFEIREHE efianol TS Fiskihg HpodEB i achiRG S &rml- &1 55 B petafion with
external combustiorrigaghiich a bbmerteilidirgtabout d risetin@0 tepaperatuchdingeheater may also
use thermachemisal praersseste Hringahayt this fisedn temaperates Asgording ipsan alternative form
of the invention, the engine with active chamber uses solar energy to heat up 25 the compressed air
and for this purpose is equipped with a parabolic solar collector, or with any other system for collecting
solar energy, fodi@WRj"iR% chapiertiat @ the mperatife b the cOmpressedisivpassing

through the workirgvolusee f@ ba ingeasetbair of cylinders without thereby

changing the principlie of the present invention.

15
According to one alternative foxrm of this arrangement,
after each stage, the exhaust air is directed to a
single multi-stage heater thus making it possible to
employ Jjust one combustion souxce.

20
In the mode of operation using additional energy, the
thermodynamic c¢ycle of the first cylinder therefore
comprises five phases:
- isothermal expansion;

25 - increase in temperature;

- transfer - slight expansion with work referred to
as near-isothermal;

- polytropic expansion with work;

- exhaust at ambient pressure;

30 and the thermodynamic c¢ycle of the next/consecutive
cylinders in the case of a multi-cylinder engine
compriseg four phases:

- increase in temperature;
- transfer - slight expansion with work referred to

35 as near-igothermal;

- pelytropic expansion with work;

- exhaust at ambient pressure.



30 This feature makes it possible to increase the amount of available and usable energy through the
fact that the compressed air, before being introduced into the cylinder, will increase in temperature and
increase in 35 volume thereby making it possible to increase the range of the machine fitted with the
engine according to the invention, in proportion with said increase in volume. The various energies
used can be used separately or in combination. In the case of a dual-energy engine comprising
several 5 cylinde#s, t eqmeans for heati%g the air usigg additional energx are referabl%installed
between the last tWo cy ihders i orderto make it rpr)‘(?ssmle 5°ConSEVERRE additioR of aMbient thermal
energy when incredsitg theltenfderatokah hehek exehamyekor 10eexehaagemsspasitionesl between
the preceding cylinderse Eloweveri heating @ne/on tep:up:heating deviees Mayihe useddstgeen each

pair of cylinders %l%out 5%%§Q¥fggnging[}pe pcgsig %%tﬁfome p:r.L%senttiﬂ\éention. 15 According to one

gi
alternative form of this ar ement, after each stage, the exhaust air is dire&%aeto a%?njgl?g

multi-stage Reat@ RS IRARBRg RPoESBle thHipiby fist BhE BEMBUSHSH soure&. FRMAéSode of
operation using additisnakenergy, thé: thermodymnamiceyclel ghthe:first byinciendgherefore-temprises
five phases: isotfermalgxpansiop,2Sincteass,infemperature; dransfery; slight expansion; with work
referred to as near-isothermal; pqlﬁtr(%pic expansion with work; exhaust at ambient pressure;
pessible to ihcrease the temperature of the air passing
through the working volume, and therefore the volume
10 and/or pressure that can be used for the work of

charging the active chamber and expansion chamber.

The engine according to the invention is controlled by
torgue and by speed, by contrelling the presgsure in the
15 working volume, this control advantageously being
performed by the dynamic regulator, when operating in
dual-energy mode with additional energy ({(fossil or
other energy), and by means of an electronic computer
with which the engine is eguipped and which controls
20 the amount of additional energy supplied, according to

the pressure in said working volume.

According to an alternative form of the invention that
allows the engine according to the invention autonomous

2% dual-energy operation, the engine with active chamber
is coupled to an ailr compressor which, while it is
operating using additional energy, supplies the high-
pressure compressed air storage reservoir with
compressed air. For preference, a heat exchanger ig

30 positioned between the compressor and the storage
reservoir, so that the high-temperature high-pressure
compressed alir leaving the compressor 1is returned in
the resgervoir to a temperature cloge to ambient
temperature.

35
The monc-energy and dual-energy engine with active

chamber thus equipped operates in three modes:



30 and the thermodynamic cycle of the next/consecutive cylinders in the case of a multi-cylinder
engine comprises four phases: increase in temperature; transfer - slight expansion with work
referred to 35as near-isothermal; polytropic expansion with work; exhaust at ambient pressure. - 12 -
In the compressed air mode, for example on a motor \ icle in an urban situation, only the pressure of
the compressed air in the high-pressure reservoir is used for operation. In operation in the mode using
5 additional energy, fossil or other energy, for ex%nr%e on a motor vehicle on the_highway, heating of

the working volume is tR&TE8hTAhdaH, tRIE Mk TholS018 1o inéetle BRMEMpP&tRture of the air

passing through tHecWorkirig etige carid theraforeriesesiunsen0 akdést piesstiteethaticdn be used

for the work of chargingihe antive £hamhes apd-epansion chamber. The engine according to the
invention is controlled bé/ torqd%ei%%d b)éﬁpeec%hygt}f:_controlllng the ressureilgﬁhe %g worklnc? volume,

this control advantagecl)ugﬁﬁ)elng performed eeélfnra%-ﬁ/ic réngou ator, when operaﬁang i ual-energy

mode with aelditiBF& eHer§y FosSRBP befet&herg ) ehenf imedhs 6t elekdionie esmpiter with
which the enginesiscespuipped-ase which-contrala 20 themmounicof agaitionsbeaergyesidnplied,

according to the Q{&%ﬂgg{l g@idgﬁ%rkg}ge%gmehéggg@ing to an alternative form of the invention that
allows the engine according to the invention autonomous 25 dual-energy operation, the engine with

active chamber i§ coup@aTtbHNM&T comiprREESNRARRS wHi it i€ BF&Aing shg wtftiohaFenergy,
supplies the highapressoreccempressed afrtstoragesesenmirlwithacorepressed diri fFen peeference, a

heat exchanger isompressor, plus the additional energy supplied by the

thermal heater.

The heat exchangers may be air/air or air/liquid heat
exchangers or any other device or gas that produces the
15 degired heating effect.

The engine with active chamber according to the
invention «c¢an be used on all land, sea, rail,
aeronautical vehicles. The engine with active chamber
20 according to the invention may also and advantageously
find an application in backup generator sets, and
likewise in numercus domestic cogeneration applicaticns

that produce electricity, heating and climate control.

25 Other obiectg, advaritages and features of the invention
will become apparent from reading the nonlimiting
description of a number of embodiments, which is given
with reference to the attached drawings in which:

- figure 1 schematically depicts an engine according
3¢ to the invention, with an active chamber included

within the c¢ylinder, which ig illustrated in axial

CTross section at bottom dead center, and its

compressed-air supply device;

- figures 2 to 4 depict, in schematic cross-

35 sectional views, the various phases of operation of the

engine according to the invention;



30 positioned between the compressor and the storage reservoir, so that the high-temperature
high-pressure compressed air leaving the compressor is returned in the reservoir to a temperature
close to ambient temperature. 35 - 13 - operation in mono-energy mode - zero pollution - with air
previously compressed contained in the high-pressurg gtorage reservoir; operation in dual-energy
mode, with the air 5 previously compressed contained in the high-pressure storage reservoir, plus with
the additional energy s%gpl@rdeb%thedtgegrg%lsheat%ri'etaf%ec{atic__{rl\] in %urtgg%mouse gujq(lj-gner mode with
the air compressed in t & Teservair by An engine-driven air 10 compressor, p?us tﬁe additional energy
supplied by the tRétharkeaterdeTheRgardxchiakderd fidy Be SRR RIrARTERE Hé&Cexefangers or
any other devicetbiegas:thah piegicdsdherld desited heaiipgseffect. The engine with active chamber
according to the inventipn be u;g@ﬂgr@g%@ﬁeﬂ, r@gﬁf%utlgﬁl ve&%g%eTh%g@g{ne with

active chamber 20 according to the invention may also and advantageously find an application in
backup generatGt<ety sand frRERSe it AGMErHIRdohfestidCogeRéRRibhApplicatiohs that Broduce
electricity, heatingrewse climateicontrokr2b Qther bhjgbtyy ndvantages and fegiwes ofi¢he owention will
become apparent frgip 1eading thequaplimitingdesgrpticomef a,pumber Oégmppggggatsawpich is given
with reference to the attached drgw'n%s1 in vxhich: f(ij%re %schematically depicts an engine according
30 to the inventi6i, With Ant4ttive Thamper iftluded withinthé cylinder, which is illustrated in axial
cross section at bottomfdeat-eerfter, Aawiits-Compresse@<dir suipplycdevice; SHighied2 to 3 depict, in
schematicjayossx3f sectiopad wigws, theyareus phasesiefxoperatien ajtheiergine acegndiag to the
invention; - 14 "combustion;
- figure 8 sgchematically depicts an engine with
active chamber according to the invention, coupled to a

compressor supplying the storage reservoir.

15
Figure 1 depilcts an engine with active chamber
according to the Iinvention and shows an engine cylinder
1 in which there glides a piston 2 connected by a
connecting rod 3 to the c¢rank pin 4 of a crankshaft 5.
20

The velume of the engine c¢ylinder 1 according to the
invention which is swept by the piston 2 1s divided
along an imaginary line DU {(which corresponds to a
dividing plane orthogonal to the axis of the cylinder)

25 intc two parts: a first part constituting the active
chamber CA, which ig thus included within the cylinder,
and a second part constituting the expansion chamber
CD.

30 The engine cylinder 1 1is capped by a cylinder head 6,
comprising an intake duct 7 and an exhaust duct 8, as
well as assoclated means for closing off sgaid ducts,
these means here being intake 9 and exhaust 10 valves
respectively.

35
The intake duct is connected to a working volume 11 at
a working pressure which i1is supplied from a high-

preggure regervoir 12 through a dynamic regulator 13.



figure 5 depicts, viewed in cross section, a multi-cylinder engine with active chamber according to the
invention, having three stages; figure 6 schematically depicts an engine with 5 active chamber
according to the invention, viewed in cross section, and its high-pressure air supply device comprising
a device for heating up the compressed air using a_payabalic solar collector; figure 7 depicts, viewed
in cross section, a 10 multi-cylinder engine and its heating device using combustion; figure 8
schematically depicts an engine with active chamber according to the invention, coupled to a
compressor supplying the storage reservoir. 15 Figure 1 depicts an engine with active chamber
according to the TRfenfioAlarielSifdivs &n eRgPecEfinde Pl h whlktkahBrIs|iHes EgistokeR connected
by a connecting pec 3dathke cekpind ofimerankshaft 5120 The voa}t@aﬂa&w engine gyknder 1

according to the jayentio § V‘g&%hs 15, 3erLhy H}?ep'w?}SPlglﬁgd'%%ﬁxé’”Q an imagingly line.DIY (which

corresponds to a dividin ne orthogonal to the axis of th linder) 25 into two parts; a first part
constitutingthe Q&%%mﬁ@ﬁéﬁaw?ﬁch IS thddrekfded \‘RﬁlﬁWtﬁ’é‘-’cylfﬂHEr &0¢ a Séddtid part

constituting the expamsionfichahber TE- B dimeangine eyllrder lss capped by axqyindenhead 6,
comprising an infjgke dugt 7ang an exhaust duct 8, as well as associated means for closing off said
ducts, these means here being intake 9 and exhaust 10 valves respectively. 35 The intake duct is

connected to a working volume 11 at a working pressure which is supplied from a high-pressure
reservoir 12 throighdg dyagmid reguladerid:ted) , controlled by the throttle

10 pedal, controls the dynamic regulator 13 to regulate
the pressure 1in the working chamber and thus allow

contrcl of the engine.

When the piston 2 is at top dead center, by
15 construction, the residual volume between the upper
face of the pisten and the portion of c¢ylinder head 6
opposite it 1is zero, or near zero, and the voclume of
the active CA and expansion CD chambers is therefore
ZEero.
20
From piston top dead center onwards, the volume of the
cylinder swept by the piston and situated above the
upper face of the piston will increase progressively
thus creating the active chamber CA and then the

25 expansion chamber CD, in succession.

The downstroke of the piston 2 in the cylinder 1 thus
comprises, consecutively, a first “upper” part
corregponding to the progressive formation of the

30 chamber referred to as the active chamber CA, and a
second “lower” part corresponding to the progressive
formation of the chamber referred to as the expansion
chamber CD.

35 Figure 2 depicts the engine with active chamber
according to the invention during an intake phase, the
intake valve 9 having been opened ag soon as top dead

center was reached. The compressed ailr at nominal



- 15 - The high-pressure compressed air contained in the high- pressure storage reservoir 12 is
expanded to the working pressure in the working volume 11 through the 5 dynamic regulator 13
thereby carrying out the first phase of the thermodynamic cycle: isothermal expansion without work. A
device (not depicted), controlled by the throttle 10 Qedflg, controls the dynamic regulator 13 to regulate
the pressure in the working chamber and thus allow control of the engine. When the piston 2 is at top
dead center, by 15 construction, the residual volume between the upper face of the piston and the

portion of cylind& W= oBpESIE Ts 2518 8rmsst zePo, B HETHRMTE JRhERtive CAfand
expansion CD clsarpbérssi§ thereforerssten20 Froaspisten to dedtecenter badeddsa tHelvelume of the

cylinder swept by thenpistor-and situated ahove theupper face ot the-pistorauilldacrease progressively
thus creating thea%%tiveé:hamber %A nd ttgfhré the 25 exgansi'on chamber CDd in %u%creggl?on. The

downstroke of the plston%?ﬁ(etﬁe cyﬁﬁ er I'thus c%%ﬁ‘:%r?ses,conségutivjé ys,afirsf;’&vppser part ’

corresponding t@HFRIIBEFEEsHRTSrnFatdN T 130 ERambErefd ft® ddtheacthie dizinber CA,
and a second "layyeii-patacsespondingite the ragiressive fatmation: of thecchamberreferied to as

the expansion c%rg_ﬁe%}@k 3p &ig%e_e% d@gicg%tt}ge%r}g_i ne, %th ear%ié@ _chamber according to the

invention during an intake phase, the intake valve 9 having been opened as soon as top dead center
was reached. The compressed air at nominal
Figure 3 depicts the engine with included active

10 chamber CA according to the invention when the piston 2
reaches the line DD, at which moment the volume of the
active chamber CA is at its maximum and the pressure in
the active chamber is at the nominal working pressure
which is identical tc the pressure of the air contained

15 in the working volume 11. The intake wvalve 9 i1sg then
closed and interrupts the arrival of pressurized air.
The compressed air at nominal pressure contained in the
active chamber CA then expands, driving back the piston
1 toward its bottom dead center (figure 4), performing

20 motive expansion work and carrying cut the third phase
of the thermodynamic cycle: polytropic expansion with

work.

The piston 1 then reaches ©bottom dead centexr
25 {figure 1), which corresponds to the maximum available
volume of the c¢ylinder swept by the piston, and the
exhaust valve 10 1is then opened in oxder tc remove the
expanded alr - at a ©pressure clcse to atmospheric
pressure - to the atmosphere through the exhaust duct 8
30 during the piston upstroke, therxeby carrying out the
fourth phase of the thermodynamic c¢ycle: exhaust at

ambient/atmospheric pregsure.

Figure 5 depicts a multi-cylinder engine with three
35 stages of increasing cylinder capacity according to the
invention. The figure shows, from left to xight, the
first cylinder 1 of smallest cylinder capacity, in

which there slides a piston 2 connected by a connecting



- 16 - working pressure contained in the working volume 11 is supplied at constant pressure to the
included active chamber CA the volume of which increases progressively, and drives back the piston 2
in its downstroke, 5 producing work and performing the second phase of the thermodynamic cycle:
transfer with slight expansion with work referred to as near-isothermal. Figure 3 depicts the engine
with included active 10 chamber CA according to the invention when the piston 2 reaches the line DO',
at which moment the volume of the active chamber CA is at its maximum and the pressure in the

active chamber i& 3ttt AP WorkRg pradsute hich IS TASHIRBR O the preSdifte SrIHSGir
contained 15 in thg Workieyg vbluhse 81 vide ihtakeovalve 9 Isithenitlosethand interrypts tree: arrival of

pressurized air. The eempiassedaifatnamingheresswe.gontained in the: activerchasaher @A then
expands, driving Pac]é tqreigifgoln 1 towatrgl its bottom dead %%%ter gi[%ure 4), perfogni:nglzo,motive

expansion work ar carrying dut thie thir %hagg St the thermodyena Ji%%yag: f%lyﬁopic eiﬁansion

with work. The pist@PE¢hdivreachiEs befem deadicéntePPRYfiguradl ) awhichtcdfresponds fo the
maximum availablewolitine ehtheseylinderswept by-he pisien, maghibe exbhaustyaiveyl Gistthen
opened in order tg_remov X %lr - at.a pressure close tp atmospheric pressure - to the
atmosphere thro%ﬁe%%e e%%ga%gt g@gq:g,%o g&r%rt?c’g t 8 p%stégﬁc 8psltrr(l)[;[)<aea{{ﬁ1e?eb?/r}:cgar@l}%aéllﬁ%he fourth
phase of the thertRodfAaiFE cydBCextiRtrtst siblentatiiospRERE pFESuF® Figute@Sidélsicts a
multi-cylinder engingwwith three 35 stages ofdmgreagingewiner €apacity accosdingtoctheddvention.

The figure shows; fram lefido right, the fitst cylinder Lof smallestylinder, capacity (pyuhieh there

slides a piston 2 connected by a connecting - 17 - rod 3 to the crankg:n 4 of a crankshaft 5. This

engine cylinder FRANIAEGRiohg a IMEDB R o SRS aff aRE Ehaiist CAGNd- 2 {ftial
expansion chambér €Df(hostisible frethie drealingxThareggineléylinder 1 is

The second stage consists of a second cylinder 12, the
15 cylinder capacity of which is greater than that of the
first cylinder 1, in which there slides a piston 2A
connected by a connecting rod 3A to the crank pin 44 of
the common crankshaft 5. The second engine cylindexr 1A
is divided along a line DIY . into two parts: a second
20 active chamber Cal, the volume of which is
substantially equal toc the c¢ylinder capacity of the
first cylinder 1 increased by the increase in volume
brought about by heating the exhaust in the air/aixr
exchanger 14, and a second partial expansion chamber
25 CD1l. The second engine cylinder 1A is capped by a
common cylinder head 6 comprising an intake duct 75 and
an exhaust duct 8A, as well as means for shutting off
said ducts which here are intake 9A and exhaust 10A
valves. The intake duct 7A is connected to the outlet
30 of the air/air heat exchanger 14 which supplies it with
compressed air at the constant pressure of the exhaust
from the first cylinder. The exhaust duct 8A opens onto

the inlet of a second air/air heat exchanger 15.

35 The third stage consists of a third cylinder 1B the
cylinder capacity of which is even greater and is
greater than the c¢ylinder capacity of the second

cylinder 1A, in which there slides a piston 2B



5 capped by a cylinder head 6 comprising an intake duct 7 and an exhaust duct 8 as well as means for
closing off these ducts which means here are intake 9 and exhaust 10 valves. The intake duct 7 is
connected to a working volume 11 at the working pressure which is supplied 10 from the high-pressure
reservoir 12 through a dynamic regulator 13. The exhayst duct 8 opens onto the inlet of a first air/air
heat exchanger 14. The second stage consists of a second cylinder 1A, the 15 cylinder capacity of
which is greater than that of the first cylinder 1, in which there slides a piston 2A connected by a

connecting rod I HE G IR Yint4 A SR EomfhorGanikshaht $ e E8eBhdPdiyifé cfiinder 1A is
divided along a lirresDUtimtentwio partsnbsgerdnd 20 aclive chamiier<C At ythenddameldf which is
EUbSt?]ntiab”y e%@i%ﬁl@dcﬁéliﬂgﬁh@c%pqqtb{é)flﬁfgﬁ first cylindgr 1increased byﬂg%@%%%%%@ volume
rought about by heating the exhaust in the air/air exchanger 14, and a secon rtial expansion
chamber 25 cDf. r[éose%fcoﬁézenté%ee (:W%nge IAO|§e cggﬁébﬁ § cBMGH %ﬁﬁﬁ%gf%esgéggomprising
an intake duct 7A@nd-ae extiabsndect sARsAelAs meanser shaapigcoff sxibiedsts whigh here are

intake 9A and exhausb @A yalnes. The intake duelerAlls capstagied ta:the gutlet 30Rfithegir/air heat
exchanger 14 W@ligg éggﬁlies é with %%@Q{iesséed gir at the constani pressure o the exhaust from the

. . )
first cylinder. The exhaust duct 8A opens onto the inlet o & second air/air hea gic%anggra 5.35The

third stage consiStcoRL R cyidemeB the Eftinedr GipaRRy 6PWhichaEFen dreater difis greater
than the cylindervdapécity of the senend dylinderdlA, imhwehichtlenesslidegla pistan 2Bs- 18 connected

by a connegling &%%8%&9 fhe arapk pim43,gLthe,commen ciankshafa, Lhg gngige.eylingey 113 is

divided along a line.DD' into two parts: a third active chamber CA2 the volume of which is substantially

equal 5 to the cyfifider Tabagity orthBSeESnd EVITHRET FA P redRed BY #E inthsse TP vdttihe brought
about by heatincathe exhaysttin thecsec@l aifaimseal exchangentb dielra thirdsipansiét chamber

CD2, not visible inthedrawings The, engine eyindgr-43 isO.eapped by the eiindersheadds which
here is common to all three {;Mlinder% ompéigg:rg; %intake duct 7B an% aggexlgﬁust dutc__:&g as well as
[ 10B va

. Va S . e 1 1 connecte e
means for closing 0 thiese ducts Which here are intake 93 a17d exiaus Vés. The Intake duct

73 is connébted & thelsutlee £ 8f tHeisecohd ditaiF heat@ehdagerd® whithsuppiaslit 4ath
compressed air at-a gansant pressue: efitha exhaust af theseecid-cyfirderslAcTherexbaudst duct 8B
opens to the aimasphere: 20T uoh-pressyre. compresseq air coplained. i e high:pragsure
storage reservoir 12 is expanded by the d namlc,yregu ator 13 to a nominal working pressure which, in
this case, may beR§FFigher Hif &Eﬁﬁé’{l%ﬁ%ar - than in the case of a single-cylinder engine 25 like
the one described above. The values of the volumes, pressures and temperatures indicated in the

fOWMNMQ(E@CHDEQQCﬁygiQBQQQQﬂre compressed air centained in the high-
pressure storage reservoir 12 1s expanded by the
dynamic regulator 13 to a nominal working pressure
which, in this case, may be far higher - for example
100 bar - than in the case of a single-cylinder engine

25 like the one described above.

The values of the wvelumes, pressures and temperatures
indicated in the following description of the operation
are given by way of nonlimiting example of one

30 realistic and possibkle embodiment cf the invention.

When the piston 2 of the first cylinder 1 1is at top
dead center, the intake wvalve 9 1ig opened and the
compressed alxr at nominal working pressure contained in
35 the working wvolume 11 1ig supplied at constant pressure
to the included active chamber CA of the first cylinder
1 and drives back the piston 2 in its downstroke,

preducing work. The piston 2 reaches the line DD at



are given by way of nonlimiting example of one 30 realistic and possible embodiment of the invention.
When the piston 2 of the first cylinder 1 is at top dead center, the intake valve 9 is opened and the
compressed air at nominal working pressure contained in 35 the working volume 11 is supplied at
constant pressure to the included active chamber CA ](_)Bth_e first cylinder 1 and drives back the piston 2
in its downstroke, producing work. The piston 2 reachés the line DD' at - 19 - which the volume of the
active chamber CA, which is 5.5 cc, is at the nominal working pressure of 100 bar identical to the

pressure of the affcsHtaitetfin tive- Wotkiryivoluife PL FRESINtEKEVRRE 9 € cloBH-5Md 5 fhterrupts
the arrival of pressirized,airi Fhe tormpreessethairat newirtal prespurscontained intthe dsiive chamber

CA1 expands paytigllydn the expansion chambsr,driving thgisian-1 towargdsbottom dead,genter,
performing motive expansion thork. 101Dlurin% this gagia]Lexpan ion, the Qomprgsssed air coégls to
minus 78 degree‘gf.3 él?ﬁ’st"pr% oN'T arfives at Sottdrh-dead cEhterwhile the pF %ﬁ?éiof&fﬁ air

contained irfthe EirRierUPsisa totalgiverrvslurielof 1800 civr &estillgreat: of therder 120 bar. The

exhaust valve 1Q:isitpes openedsand the pisten indrives:at siear-sonstant prassure; the ggapressed
air into the air/airé%@clf@gger 14 L? Whi%{[ will Wa£r3 up andgr?\%;ﬁﬂ subsr}arg@ély to ambient

H .
temperature, 20 mcreasmgclna\% ume from 20 ¢ to 26" cm eh the é)lston 2K Sfthe second
bottom dead

cwWMerlAisatﬁﬂ?mberr driving the piston 1 towar
centexr, performing motive expansion work.

10
During this partial expansion, the compressed air cools
to minus 78 degrees. The first pisten 1 arrives at
bottom dead center while the pressure of the air
contained in the cylinder 1 of a total given volume of
15 906 cm’ is still great, of the order of 20 bar. The
exhaust wvalve 10 1is then opened and the piston 1
drives, at near-constant pressure, the compressed air
into the air/air exchanger 14 in which it will warm up
and return substantially to ambient temperature,

20 increasing in volume from 20 cm’ to 26 cm’.

When the piston 2A of the second cylinder 1A is at top
dead center, the intrake wvalve B9A ig opened and the
compressed air at the secondary working pressure
25 contained in the exchanger 14 is fed at constant
pressure (20 bar} to the second included active chamber
CAl of the c¢ylinder 1A and drives the second piston 24
in dits downstroke, producing work. The piston 2A
reaches the line DD at which the volume of the second
30 active chamber CAl, which is 26 cm®, is at the secondary
working pressure of 20 bar, ildentical to the pressure
of the air contained in the exchanger 14. The intake
valve 9A 1is closed and interrupts the arrival of
pressurized air. The compressed alir at the secondary
35 pressure (20 bar) contained 1in the gecond active
chamber CAl then partially expands, driving the second
piston 1A toward bottom dead center, producing motive

expansion work.



dead center, the intake valve 9A is opened and the compressed air at the secondary working pressure
25 contained in the exchanger 14 is fed at constant pressure (20 bar) to the second included active
chamber CAL1 of the cylinder 1A and drives the second piston 2A in its downstroke, producing work.
The piston 2A reaches the line DIY at which the volume of the second 30 active chamber CA1, which
is 26 cm3, is at the secondary working pressure of 20213%r,—identical to the pressure of the air contained
in the exchanger 14. The intake valve 9A is closed and interrupts the arrival of pressurized air. The
compressed air at the secondary 35 pressure (20 bar) contained in the second active chamber CA1

then partially expandis; grizingdheseedrd pistaraldstosvard bhtomotleac-eentdr, praduciag sotive
expansion work.. 20 m%@g%@isd%qﬂgg%xpan%pg, t@ee%ngresggg Al cools,to minys, 78 degrees.

The second piston |A reaches bottom dead center when the pressure of the air 5 contained in the

second cylinder PREWAA a REAGivertiGine oftFce, 58Sl §reat SHdof tRF ordefdf 5%5F. The
exhaust val¥e 104 istthenagpened tbdnd the sendnd pistod @A drivesyatoiear-constant pisssure, the

compressed air ipto the=sesendairiairrexchanger 45:in 10 whichit will heatup and-return seibstantially
to ambient tempgr%ure, in%lileasin%in volume from 90Q % 3 1o 129 cm3. When the third piston 23 of the

third cylinder 1B7is atis top dead c%%%gr,tthér% ke valve oEis Bﬁleeﬁledo N he coMpreS8&d air at the

tertiary working [§1egsare 15 Baprcddaihbd s the SécormrPexchRngERDSs Pagssictsat constant
pressure to the thisaiincludedactive chambet kA Z-efdbadhikd eylinder LB angrdrivies the piston 23 20
in its downstrok ucing work, The,piston 2B reaches the line DD’ at which, the.volume of the third
active ch;rfn er%ﬁ%%%whi%% is%ijzzb];:mgp é%sg at the te;%rﬁg?y vﬁoeﬁéﬂ:gn ressl’gfﬁe,:1 %Pg Jbaé% f¥ er%et(l)cal to the
pressure of the &EGHBMEHRAE 3EESISd ek&%?g%?%l&ﬁﬁ@ii%xfé[@é@%% e®sdePand
interrupts the arrivad ofpressurized air. The compressed air at the tertiary pressure contained in the
third active chamber CA2 then expands completely, driving the third piston 113 toward bottom dead

center, thereby produciggémotiv,e 30 expansion work, to attain atmospheric pressure. During this

expanﬂomthec%ﬂﬁﬁe & TPtsGisRgston 2B of the third cylinder 1B is at
15 top dead center, the intake valve 9B is opened and the

compressed air at the tertiary working pressure - 5 bar
- contained in the second exchanger 15 is supplied at
congtant pressure to the third inciuded active chamber
CA2 of the third cylinder 1B and drives the piston 2B
20 in its downstroke, producing work. The piston 2B
reaches the line DIY at which the volume of the third
active chamber CA2 - which is 129 cm® - is at the
tertiary working pressure of 5 bar - identical to the
pressure of the air contained in the second exchanger
25 15. The intake wvalve 9B 1s closed and interrupts the
arrival of pressurized air. The compressed air at the
tertiary pressure contained in the thirxd active chamber
CA2 then expands completely, driving the third piston
1B toward bottom dead center, thereby producing motive

30 expansion work, to attain atmospheric pressure.

During this expansion, the compressed air cools to
minus 78 degrees. The third piston 1B arrives at bottom
dead center when the pressure of the air contained in
35 the third cylinder 1B, which has a total given volume
of 400 cm’, is close to atmospheric pressure, and the
exhaust valve 8B is then opened and the third piston 2B



minus 78 degrees. The third piston 13 arrives at bottom dead center when the pressure of the air
contained in 35 the third cylinder 1B, which has a total given volume of 400 cm3, is close to
atmospheric pressure, and the exhaust valve 8B is then opened and the third piston 2B - 21 - drives
into the atmosphere the air contained in the third Cyﬁ”gi 1B. Figure 6 depicts an engine with included
active chamber 5 according to the invention and the high-pressure air supply device therefor which
comprises a device for heating up the compressed air using a parabolic solar collector 16 which
focuses in the W&?h‘@e\?oltﬁﬁ(g%ndzgﬁow@iﬂ‘é’@ﬁﬁéﬁtu%ﬁf tRe-EonTpres8edaf pasgsing™o through it
to be increased. Thisrarrangemédntmakes it possible to increase the amount of available and usable
energy through the fact that the compressed air, before being introduced into the included active
chamber, will increase in temperature and increase in pre sure%pd/or 15 in volume allowing an

increase in engine PERGTNTancerand/Sr Mth& TagE of theVehitte BaGHpaH WitfrtheBiYise. Figure 7
depicts the multiasfirderiasyireowithhactivié:2eehanberastordiy tb e inveatenireitssdual-energy

version, and indigaies1a,scherratie deviee-& £ for heatinththe eampiessed air which devieg is
positioned betwg,‘eg t Jgpllast lgsecgﬁg) Q:eoat e%gksl%n%er éLlSrand Emg int%ke sailc%"e 82 Ehleclast O(ﬂ{g:d) cylinder
with supply of 2 additional eﬁergy. This ﬂgatlng evice in this instancelis a burnar 1fsupp|ied from a

gas cylinder 18. TRé taritistidr pertbified fCFereBreifierdas extertalfterialleBifbudtien and
allows a considesalilevincrease irthepeatame:andiof presasure othe=3@ eampresseskais darved from

(he exhaustof thenrsgeding evipderseqana-adndan. Fgule & depigidhe:Anoaauih agiive
chamber according to the invention working in autonomous dual ,
pdssible teo increasé the amount of available and usable
energy through the fact that the compressed air, before
being introduced into the included active chamber, will
increase in temperature and increase in pressure and/or
15 in volume allowing an increase in engine performance
and/or in the range of the vehicle equipped with the

engine.

Figure 7 depicts the multi-cylinder engine with active
20 chamber according to the invention in its dual~energy
version, and indicategs a sgchematic device 17 for
heating the compressed air which device is positioned
between the last (second) heat exchanger 15 and the
intake side of the last (third) cylinder with supply of
25 additicnal energy. This heating device in this instance
is a burner 17 supplied from a gas cylinder 18. The
combustion performed is therefore here an
external/internal combustion and allows a considerable
increase in the volume and/or pressure of the
30 compressed alr derived from the exhaust of the

preceding cylinder {second cylinder).

Figure 8 depicts the engine with active chambexr
according tc the invention working in autonomous dual
35 energy mode with fossil or vegetable-based sgo-called
additional energy, according to an alternative form of
the invention, it drives a compressed ailr compressor 19

which supplies the storage reservoir 12 through an



35 energy mode with fossil or vegetable-based so-called additional energy, according to an alternative
form of the invention, it drives a compressed air compressor 19 which supplies the storage reservoir
12 through an - 22 - air/air heat exchanger 20. The overall operation of the engine is the same as that
described previously with reference to figures 1 to 4. However, this additional arrangement allows the
storage reservoir to be filled 5 during use, by using addftional energy. By comparison with the prior art
consisting of the preceding inventions of the inventors relating to engines of the type referred to as the
"active chamber®i& {e: (R preseht iRatEn dffers i fetEd for oRBBIIAG RS opératidn of an
engine comprisirghatileast oae cyknderclosetkbytheinderdwaband sweptbyua pistoni with the

possibility of stoppirg {he,pistopat jop,dead center, which aligws ap actiyg 15 champer, (4 to be

functionally and thus structurally incorporated/included in the engine cylinder, which active chamber in

the preceding inTemtRRE At ettt ndt o tFE ByifiiRr IRRRICARAT "Sierhal” Adtveeehamber
was connecked. 20 Thigiineksiolincogioratiewl 6f thecastiveasivmahyer CA inthecylinder simplification of
a referred to as an ac 25 improvementtoen

By comparison with the prior art consisting of the
preceding inventions o¢f the inventors relating to
engines of the type referred tc as the “active chamber”
10 type, the present invention offers a method for
controlliing the operation of an engine comprising at
least one cylinder closed by a cylinder head and swept
by a piston, with the possibility of stopping the
piston at top dead center, which allows an active
15 chamber CA to be functionally and thus structurally
incorporated/included in the engine c¢ylinder, which
active chamber in the preceding inventions had been
Yexternal” to the cylinder to which this “Yexternal”

active chamber was connected.

20
This inclusion/incorporation of the active chamber CA
in the = cylinder allows not only structural
simplification of a compressed gas or air engine
referred to as an active chamber engine, but alsc an
25 improvement to engine performance and engine

efficiency.

The engine with active chamber according to the
invention has been described as operating using
30 compressed air. However, 1t may use any compressed
gas/high-pregsgure gas whatsoever, without  thereby

departing from the scope of the c¢laimed invention.

The invention is not restricted to the embodiments
35 described and depicted: the materials, contrcl means,
devices described can vary within the bounds of
equivalents, to produce the same resultg. The number of

engine c¢ylinders, their cylinder <capacities, the



efficiency. allowsnotonly compressed gas or tive chamber engine, gine performance structural air
engine but also an and engine The engine with active chamber according to the invention has been
described as operating using 30 compressed air. However, it may use any compressed
gas/high-pressure gas whatsoever, without thereby departing from the scope of the claimed invention.
The invention is not restricted to the embodiments 35 déscribed and depicted: the materials, control
means, devices described can vary within the bounds of equivalents, to produce the same results. The
“number of engin@&AiHBIEFs, Hiei&Rinddr chpscitRet e - 2PafsimurholuhfsSerte attve
chamber with respieet td ke tisptacement Df thieecylinder{sjandsthe aumbenef expapsion stages, may

vary. expansion stages, may vary.



- 24 - CLAIMS 1.An engine with an active chamber, comprising at least one piston (2) slidably
mounted in a cylinder (1) 5 and driving a crankshaft (5) by means of a traditional connecting-rod/crank
device (3, 4) and operating on a four-phase thermodynamic cycle comprising: an isothermal
expansion without work; a transfer-slight expansion with work referred 10to as near-isothermal;
a polytropic expansion with work; an exhaust &t ambient pressure; preferably supplied with
compressed air or with any other compressed gas contained in a high-pressure 15 storage reservoir
(12), via a buffer volume referred to as the Workingqﬁﬁiﬁﬂé (11) which is supplied with compressed air,
or any other compressed gas, contained in a high-pressure storage reservoir (12), which is expanded

to a medium pregsure rgferred 1 as the:2Q,warking pressure i gawarking vglyme (11), preferably via a
dynamic regulatar device (13), Characterjzed: _  -in that it comprises at least gne piston 812')3 slidably
mounted in at leaStHhe c%ﬁdé’rl(%%?wgﬁgh %ﬁ@@&iﬁm@%%y%ﬁe Pt i Tdedinto two

distinct part§ naraaly adfirstvpany censtinativkpinefdctivé chambewe@s) wiick istinelddéed dm#e cylinder
and a second padsanstiuting the expansion ghamber (CP); 30- inthat thewqlumepf the cylinder (1)
which is swept b%é@%pﬁ%ﬂsg)gﬁgp&g yar;[.aixtr%iucp pce{fg fﬁg btyompris ing:
- an isothermal expansion without work;
- a transfer-glight expansion with work referred
10 to as near-isothermal;
- a polytropic expansicn with work;
- an exhaust at ambient pressure;
preferably supplied with compressed alr or with any
other compressed gas contained in a high-pressure
15 storage reservoir (12), via a buffer veolume referred to
as the working wvolume {11) which is supplied with
compressed air, or any other compressed gag, contained
in a high-pressure storage reservoir (12), which is
expanded to a medium pressure referred to asg the
20 working pressure in a working volume (11), preferably
via a dynamic regulator device (13),
characterized:
-in that 1t comprises at least one piston ({2)
slidably mounted in at least cone cylinder (1) of which
25 the wvolume swept by the piston i1s divided into two
distinct parts namely a £first part constituting the
active chamber (CA) which is included in the cylinder
and a second part constituting the expansion
chamber (CDj};
30 - in that the volume of the cylinder (1) which is
swept by the piston (2) is closed at its upper part by
a cylinder head (6) comprising at least one intake duct
and port (7) and at least one exhaust duct and port (9)
and which is set out in such a way that, when the
35 piston (2) is top dead center, the residual volume left
between the piston and cylinder head (6) 1is, by

construction, zreduced to onliy the minimum clearances



a cylinder head (6) comprising at least one intake duct and port (7) and at least one exhaust duct and
port (9) and which is set out in such a way that, when the 35 piston (2) is top dead center, the residual
volume left between the piston and cylinder head (6) is, by construction, reduced to only the minimum
clearances - 25 - that allow operation without contact between piston and cylinder head; in that the
compressed air or the pressurized gas is admitted to tha cylinder on top of the piston 5 and, under the
continuous thrust of the compressed air or any other gas, at constant working pressure, the volume of
the active chamBePIEAF inePEa SRS PRSI G WoROHpreSEHimE thE e MdtHSrE e FrafBfer phase;
in that the admissiphiafdke chaypdessed air, or 10 of the pressurized gas, into the cylinder is closed off

as soon as the maximum valume jof the agtive. Ghamber, (GA).s feached, and thatdhg amaunt of

compressed air, or of a pressurized gas, contained in said active chamber thén expands, driving back

the 15 piston ovéltfie sEcoRd e ts travERGhi Gy GeRTmeSthe Skhantion RRafbE D), thereby
producing work thatithusihfiags abeutthe eimansion phase;t inchat; nhendhe pister das teached

bottom 20 dead ggnteinthe sxhaiyst park is then epenedAa allaywthe exhaustphasedo takgdlace
during the upstroke ofn;lhe iftonhovegti:t%f\péire ravel. 2. The nqine with active chamber as claimed

in 25 claim 1, charactatized in t at the maximum Voftnie SfthE indidsT S&Rre FERBEERA) and the
volume of the expansion ChaATER{CDY dF8SiZeePso the tdrahaabniirarserativg pesssure of the
engine, the pressure at the end ehexpansion ahthashetion feadcentRifsessed air, or

10 of the pressurized gas, into the cylinder is closed off
as socn  as the maximum  volume  of the active
chamber (C&) ig reached, and that the amount of
compressed air, or of a pressurized gas, contained in
sald active chamber then expands, driving back the

15 piston over the second part of its travel which
determines the expansion chamber (CD) , thereby
producing work that thus brings about the expansion
phase;

- 1in that, when the piston has reached bottom

20 dead center, the exhaust port is then opened to allow
the exhaust phase to take place during the upstroke of

the piston over its entire travel.

2. The engine with active chamber as claimed in
25 claim 1, characterized in that the maximum volume of
the included active chamber {(CA) and the volume of the
expansion chamber (CD) are sized so that, at the
nominal operating pressure of the engine, the pressure
at the end of expansion at the bottom dead center isg

30 close to atmospheric pressure.

3. The engine with active chamber as claimed in
claims 1 and 2, characterized;

- in that 1t comprises several consecutive

35 cylinders (1; 1A; 1B) of increasing cylinder capacity,

each operating on the same principle that has just been

degcribed;



30 close to atmospheric pressure. 3. The engine with active chamber as claimed in claims 1 and 2,
characterized: in that it comprises several consecutive 35 cylinders (1; 1A; 1B) of increasing cylinder
capacity, each operating on the same principle that has just been described; - 26 - in that the first
cylinder of smallest cylinder capacity is supplied with S%m;_)ressed air, or with the pressurized gas, by
the working volume (11) and in that the next cylinder Or cylinders are each supplied with 5 the exhaust
(8A, 8B) from the preceding cylinder; in that one or more heat exchangeﬁ%for exchanging heat with
the atmosphere is/are positiShedBtwedf esthylifderidisiingthesHirtelfserafiré o5 exhaust
from the precedingmydinder ta be sngreased 1Gvicchringoitbaelcslode tolambient teinpgeratiiee and thus

increase the volumeaf the airexhgusted, 4 dihe epging agtive.sharebenas claimed in apyene of
claims 1 to 3,in |t?1dual-energr¥é, 1g%atlon, 15 charac%erlzed in that the worklnﬁ%; volume (13) comprises

the) bedating oA IaRioNE CrbioT SHhEr PS8! & tthor THER boRDroLEH air o than

a heating device _
pressurizedsgas taecansiantyiredsifre, S&d Haating dewicermakidgriopeasitiiedeincrease the

temperature 20 of the air or.ef theigas passing Byrough itandiledncreasertbe agrount of ayailable and
usable energy as a result of the.fact that I@% c%rggres%ed air or the pre§surized gas before being
2 "athosphere are Si't

introduced into tﬁé%%ﬁ%}@ %ﬂgmggrﬁvill%crease In tempera?ure andfz% increase in voldme hereby
making it possiblEferiBreasée fhie rargéd Bfamachhtefited Wilte thd ehgireTabrdiHg %o Bk invention,
in proportion withisaic:iwheaase iif volumets30:a-dbedngine-yith active ebamber as eledned in claims 3

and 4, Chqgcter@dﬂgfg%t ailﬁe%igglgec\f?gse to ambient temperature and thus

increage the volume of the air exhausted.

4. The engine active chamber as claimed in any one of
claims 1 to 3, in iteg dual-energy application,
15 <characterized in that the working wvolume (13} comprises
a heating device (17) operating on additiocnal energy,
either fossil or other than compressed air or than
pressurized gas, at constant pressure, said heating
device making it possible to increase the temperature
20 of the air or of the gas pasgsing through it and to
increase the amount of available and usable energy as a
result of the fact that the compressed air or the
pressurized gas, before being introduced into the
active chamber, will increase in temperature and
25 increase in volume thereby making it possible to
increase the range of a machine fitted with the engine
according to the invention, in proportion with said

increase in volume.

30 5. The engine with active chamber as c¢laimed in
claims 3 and 4, characterized in that a heating device
at constant pressure is positioned between the last two
of said consecutive cylinders, after the exchanger,
said device making it possiblie to increase the

35 temperature of the air or of the gas passing through it
and to increase the amount of available and usable
energy through the fact that the compressed air, or the

pressurized gas, Dbefore being introduced into the



at constant pressure is positioned between the last two of said consecutive cylinders, after the
exchanger, said device making it possible to increase the 35 temperature of the air or of the gas
passing through it and to increase the amount of available and usable energy through the fact that the
compressed air, or the pressurized gas, before being jnfroduced into the - 27 - active chamber, will
increase in temperature and increase in volume, theréby increasing the range of a machine equipped
with the engine according to the invention. 5_6. The engine with active chamber in its dual-energy

application, as cRfhedn oi8dFERIms 4 %hit’s, chafHctéied ifthat HEREXRIG dsvicETsb)
comprises a parabglicesalar cotiectorl fotasing lire treoworkingr @ salomettbencreageethe feraperature of

the compressed airgriofdhe pressirized gasand increass,the-amodptof igable apd avgjlable energy
through the fact that the compressed air, or the pressurized gas, before being introduced into the
active chamber, Will fierease 15 in temperature and increase in volume thereby increasing the range
of a machine equipped with the engine according to the invention. 7. The engine with active chamber

as claimed in any 20 offthe peeredig claines, shameierizednnsiat the torquesand thespegd of the
engine are controlled by controlling_the pressure in the warking valume, (11). 8, The engipe with active
chamber as clair%gla(ir% é%gﬁ%jdne 3? cla?r%%lzfnt%d& c?hnaragt%?izeﬁ in tﬁzlt% W %n%p&% mg?irﬁ
dual-energy mod@&\#th Hcfitictf erdrgylah efdtfrofftAEoMButePEdRIFolS 3e afffdlipt bF8fergy
supplied as a furctigrm pbithelgressaee akthercampressed dison ot the piessurized gasxandstherefore

10 wvolume to increase the temperature of the compressed
air or of the pressurized gas and increase the amount
of usable and available energy through the fact that
the compressed ailr, or the pressurized gas, before
being introduced into the active chamber, will increase

15 in temperature  and increase in  volume  thereby
increasing the range of a machine equipped with the

engine according to the invention.

7. The engine with active chamber as claimed in any
20 of the preceding claims, characterized in that the
torgque and the speed of the engine are controlled by

controlling the pressure in the working volume (11).

8. The engine with active chamber as claimed in any
25 one of claims 4 to 6, characterized in that, when
operating in dual-energy mode with additional energy,
an electronic computer controls the amount o©f energy
supplied as a function of the pressure of the
compressed alir or of the pressurized gas, and therefore
30 of the mass of air or of gas introduced into the

working velume.

9. The engine with active chamber as claimed in any
one of the preceding claims in 1its autonomoug dual-
35 energy application, characterized in that the engine is
coupled to and drives an air or gasg compressor that,

when operating with additional energy, allows the



30 of the mass of air or of gas introduced into the working volume. 9. The engine with active chamber
as claimed in any one of the preceding claims in its autonomous dual- 35 energy application,
characterized in that the engine is coupled to and drives an air or gas compressor that, - 28 - storage
reservoir to be supplied with compressed air or with pressurized gas. 10. The engine with active
chamber as claimed in the 5 preceding claim, characté&fized in that a heat exchanger is positioned
between the compressor and the storage reservoir so that the compressed air or the gas at high
pressure and high“ehfsEtattfé Fdalig the cotRpreSBBT v ety irf theYeBBRRTIBS fehipetature close
to 10 ambient temperaturesilrEhedngme.with active chamber as claimed in any one of the
preceding claims, characterized in that it operates in three modes that can be made separately or 15 in
combination: mono-energy zero pollution operation, with air or)%g; previpus%eompressed and

contained in the high-presSure Slofige Tesdhvaii t1 Ve  GiRTEret gy Shefatioiiiith & of§s, 20
previously comprasseddomtainéd imtheresepoirgids die ddditidvedl enefysesupplieldyzebieating
device;  autopempus duabarergyaperatian with airengas sempressed inHbe resgpiiicby a
compressor driven by he enainie Rlys the addiional eneray;supplied by,25 the heating, deice.
pressure and high temperature leaving the compressor
reverts 1in the reservoir to a temperature cleose to

10 ambient temperature.

11. The engine with active chamber as claimed in any

one of the preceding claims, characterized in that it

operates in three modes that can be made separately or
15 in combination:

- meno-energy zero polliution operation, with air
or gas previously compressed and contained in the high-
pressure storage reservoir;

~ dual-energy operation with air oxr gas,

20 previously compressed contained in the reservoir plus
the additional energy supplied by a heating device;

- autonomous dual-energy operation with air oxr
gas compressed in the reserxrvoir by a compressor driven
by the engine plus the additional energy supplied by

25 the heating device.



