| MPROVED COMPRESSED- Al R OR GAS AND/ OR ADDI Tl ONAL

ENERGY ENG NE HAVI NG AN ACTI VE EXPANSI ON CHAMBER The

invention relates to an engine operating in

particul ar on conpressed air, or on any other
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eat er, despite the use of a fossil fuel, has
the advantage of being able to use cl ean contlnuous
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from the storage tank, is directly, or after having been passed through the
heat exchanger or exchangers of the ambient thermal energy recovery

device, and before being introduced into the combustion chamber, is

.conveyed to a thermal heater where, as a result of its temperature
increasing, it will further increase in pressure and/for in volume before being
introduced into the combustion and/or expansion chamber of the engine,
thereby again considerably increasing the performance that cf_an be

~achieved by the said engine.

The use of a thermal reheater, and despite the use of a fossil fuel, has the
advantage of being able to use clean continuous combustions that can be
catalysed or depolluted by all known means for the purpose of cbtaining
emissions with infinitesimal poliutants.

The use of a thermal heater, and this is true in spite of the fact that a fossil
fuel is used, has the advantage that clean continuous combustion can be



enpl oyed which can be catalytically converted or rid
of pollution by any known neans with a view to
obtaining infinitesimally snall |evels of pollutant
em ssions. 5 The inventors have filed a patent
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20 i &PEP¥AN n such a way that during the exhaust cycle

it is possible to charge the first one of these

In order to solve this problem, the inventors have aiso filed an international
patent application WO-A1-03/089764, to the content of which reference
" may be made, concerning a variable flow rate dynamic regulator and a

25  distribution system for engines supplied with an injection of compressed

30

air, comprising a high-pressure compressed air tank and a working

capacity.

The inveniors have also filed a patent application WO-A1-02/070876
concerning a variable-volume expansion chamber consisting of two distinct
-capacities, one of which is in communication with the compressed air intef
and the other one of which is twinned with the cylinder, which capacities
can be placed in communication with one another or isolated in such a way

that during the exhaust cycle it is possible to charge the first one of these



WO 2008/ 028881PCT/ EP2007/ 059161 - 3 - capacities wth
conpressed air and then establish the pressure in the
second one, imrediately at the end of the exhaust

while the piston is stationary at top dead centre and
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remai ni ng i n conmuni cati on-and- expandi ng together in
order to 5 performthe power stroke and. that
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2% 3aldredpplication WO-A1-2005/049968 describing an engine with an

active chamber in which the expansion chamber consists of a variable
volume equipped with means for producing work and is twinned and in

permanent contact via a passage with the space above the main dﬁving

piston.

WO-A1-2005/049968 (FR-A1-2.862.349) in particular illustrates a four- -
phase thermodynamic cycle in operation in compressed air mono(single)-
energy mode, characterized by: ' ' |

- an isothermal expansion without work;

- a transfer-slight expansion with work said to be quasi-

isothermal; '

- a polytropic expansion with work;

- an exhaust at ambient pressure.
The engine operates on the above thermodynamic cycle and uses a
conventional connecting rod/crank arrangement. It is preferably supplied
with compressed air or any other compressedkgas centained in a high~
pressure storage tank through a buffer capacity known as the working
capacity. The working capacity in the dual-energy version comprises a
device for heating the eir which is supplied by an additional energy (fossil
or some other energy source) so as fo increase the temperature and/or the



a polytropic expansion with work; - an exhaust at

anbi ent pressure. The engi ne operates on the above

t her nodynam ¢ cycl e and uses a conventi onal

connecting rod/crank arrangenent. It is preferably

supplied 30 with conpressed air or any other’

conpressed gas contained in a high- pressure storage

-tank _througE a buffer capacf‘ity known as the worKking

capacity. - The working capacity in the dual -energy.
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activeigxpdnsion chastben, the working crankshaft and th
pi ston of the active expansi on chanber. '

Embodiments of the present invention seek to simplify the design of such an
engine, while keeping all the above mentioned advantages.

SUMMARY OF THE INVENTION

According to an aspect of the invention, there is proVided an engine supplied with
compressed air, or with any other compressed gas contained in a high-pressure
storage tank and comprising : ' _
' at least one main drive piston which slides in a drive cylinder driving a
crankshaft in a conventional connecting rod/crank arrangement,
- and at least one active expa‘nsioh chamber which consists of a variable volume
éduipped with means allowing work to be produced and which is connected, by a
passage, with the volume, called dead volume, contained in the driving cylinder
above the driving piéton at its top dead centre, characterized:

‘ - in that the said passage comprises a shutter thus allowing the said
active expansion chamber to be isolated from or fo be placed in contact with the
dead volume, , |

- in that the engine comprises an inlet duct which opens in the active
expansion chamber and which allows the engine to be supplied with compressed

air or with compressed gas,
- in that the compressed air or gas is let into-the expansion chamber

when this chamber is at its smallest volume and which, under the thrust of the
compressed air, will increase in volume, thereby producing a work,
- . in that when the expansion chamber is more or less at its maximum

volume and the dﬁving piston is more or less at its top dead



Enbodi ments of the present invention seek to sinplify
the design of such an engine, while keeping all the
above mentioned advantages. SUVMARY OF THE | NVENTI ON
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e engine conprises an inlet duct i ch opens
thermodyreanaictdyole: expansi on chanber -.and which al l ows the

*a en i negrgtgagagé%{islﬁ&{)whﬁ&t\%&lg conpressed air or with

I'n" that the caonpressed air or
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amMﬁOﬁH@tpaaﬁlomf@ heWis essed air, will increase in
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expansi on chanber IS nore or Iess at its maxinum
vol une and the driving pistonis nore or less at its
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Ve expansion chamber is placed in
conmm; gaitl ggadwidlomiehis eduvéchdo dhe inmidienuraritiat the mechanical-
ressed air, or the co ress
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medm?’rr'l r{)?gglsnu?én gal e working pressure, in the said working capacity,
preferably through a dynamic regulator device; the engine according is
advantageously equipped with a variable flow rate regulator in accordance with
vinternat'ional hatent application WO-A1-03/089764 known as a dynamic regulator
which allows the working capacity to be supplied at its service pressure with
comp‘ressed air from the storage tank by performing expansion without work of

the isothermal type;

- the working capaclty comprises a heating device for heatlng the
compressed air or gas using an additional energy, fossil fuel or some other form
of energy, the said heating device allowing the temperature and/or the pressure
of the air passing through it to be increased,; this arrangement



* an isothermal expansion wthout work; * a
transfer-slight expansion with work said to be
quasi -i sothermal ; a pol ytropic expansion with work;

.an ex st at anbi ent pressure. Accordi ng tmEEP2007/059161
wolluiihRL

S

1

<

1

Ul

2

(]

25

30
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V"Bibibg‘iﬁal”tﬁrdcﬂ?hh&hﬁworﬂgreﬁed air or gast ifee wogikerigen being

“capacity conprises, a heating,.devi for heating the
conigtebean sxterngt 'nﬁ%{aawﬁ"?%%gﬂnsaﬁ%ﬁ onal ener gy,
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I eteras EP-A10eBPRRAT ang EP- B1-0.382.586, the system operating like
a thermal battéry; |
- the engine operates in a dual-energy mode with an additional
energy, and in that the thermodynamic cycle in this dual-energy mode is
characterized by an isothermal expansion without work with the
conservation of energy performéd in the said working capacity, by
increasing the temperature of the air or gas by heating it using fossil
energy, fol!oWéd by a very slight expansion known as quasi-isothermal,
with work, polytropic expansion with work in the driving cylinder and finally
exhaust at atmospheric pressure, representing five successive phases as
follows:
* an isothermal expansion;



10- the conpressed air or gas is heated by burning a
fuel - fossil or biological - directly in the
conpressed air or gas, the engine then being said to
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heater is a thermal heater which
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contained in the high-pressure tank and/or it opierates_in dual-energy mode
with additional energy, and, in order tc allow autonomous operation when
the compressed-air or gas storage tank is empty-and when being used with
additional energy, the engine with active exbansion chamber is coupled to
an air or gas compressonr éllowing the high-pressure compressed-air or gas
storage tank to be supplied with compressed air or gas;

- the said compressor directly supplies the work'fng capacity; in such
a case, engihe control is performed by controlling the pressure of the
compressor, and a dynamic regulator arranged between the high-pressure
storage tank and the working capacity remains shut off;

- the coupled compressor supplies in combination the storage tank
and the working capacity;

- the engine operates in mono-energy mode With fossil fuel, plant
fuel or the like, allowing the air or gas contained .in the working cépacity,
compressed only by the coupled compressor, to be heated, the
high-pressure compressed-air or gas storage tank then being quite simply

omitted ;



~* a transfer-slight expansion with work said to be
guasi -i sothermal; * a pol ytropi c expansi on with work;
* an exhaust at anbient pressure; 5- the engine
torgque and engi ne speed are controlled by controlling
the pressure in the said working capacity; the said
control advantageously being provided by the dynamc
regul at or; the engi ne operates in dual -energy
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comprassol;s t he amount of additional energy suppl i ed
depe t sged
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exengigy positioned hebve:ebelreaoml saagem aumm&;hwﬂb appatdilidnahenergy
% the conpressed-air or gas storage tank is enpty
he t'bei ng used with 20 additional energy, the
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conpressor directly supplies the working capaci ty, in '
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caf= dlab50 cubic centimetres - with a first work by use of the pressure of
the air or gas contained in the working capacity, while the active expansion
chamber is being filled, followed by polytropic expansion of the expansion
chamber into the driving cylinder with a second work and a reduction in

temperature ending with exhausting of the expanded air fo the atmosphere.

According to one altei'nétive embodiment of the invention, the engine with an
active expansion chamber is equipped with a thermal heater with burner, or the
like, and with a thermochemical heater of the abovementioned type which can be
used together or in succession during phase 1 of the thermochemical heater
during which the thermal heater with a burner will regenerate (phase 2) the
thermochemicél heater when the |a_tter is empty by heating its reactor while the

unit continues to operate with use of the burner heater.
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of SRETHNd AMfed té?e eé&@ﬁﬁ@%trmﬁét bﬁé}ﬁgn@%lmt&ﬁqﬁmugh an

stage 1s equip an additional -energy heati
excdwgee in-w ich Qﬂﬁ@ e rendies oS aP@idt R Dfo ) n@Xfééﬂﬂ'%&ema'
coﬂbﬁ%t , -together or separately, into a
ge devi ce using the sane source of energy.
The thernndynan1c cycl e according to enbodi nents of

In Méem'oﬁéecﬁtddéf’atlo‘h @ﬂﬁra%l@ttﬁfnblz efergy, e iheanbeymarhic cycle then
expansi on, Wi t hou which is allowed by the

CO'H?H%T@erWSlﬂbQV%F”eV}g’BPP RYESEY a transfer acconpanied

by a very small quasi-isothermal expansion - for

exa e, capaci t 3000 ,cubi ¢ et e t
DUE RS ARP4or N RO BN Do) 2 eMup TR o fropl Setfing for
example, byilyuthe mbssive gf thescoreprebsédairanrtherhigapressure tank is

oo ST TS, SRR Rl B, 25 s or

sompelotherdpim oélepangm on aofehidle oeﬂbarhs}mvayd‘haﬁwm%thﬁ heating
of &r%ed ng }'u%éﬁ Q:%RQ%G Edﬁ{env‘ﬁér“aﬁ%é& Cr‘i’]@?lnﬁqf lf:o@éﬁgleato mcfrease the

erature en exhausti ng
ternprratexpaidbel 2l passing frogghdb pnférteerei@@dhau\ﬁ@um@ ior the
pre%gprﬁer fat bé(rfb@ TRL4 ¥drRAL wark 'bh Ehérg}f%r{hb Rtivd BRo£XHrEhamber
an active expansion ch I's equipped with a
and ggpangdioheat er with burner, or the like, and with a
t her nocheni cal heater of t he aboverrenti oned type

whi ch. can be used_together or in su sion duri ng .
The klwakenergy anging With AcAgMecaIPaRaion r{gANHPRG ElERg two
mo%i@@rl#]r@h% hgatevehidd iR thhnﬁfr dxdnhpiéeWQéﬁi-ﬁol(Lnimasmode of
t he

‘her nbchem, cal heat e atter . is e
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at tHeesdrhy dinte e high@resswue mbom‘ge Hami tseresappleshwyill tairdpy an air
chanber, known as an external conbustion engine.
CO“HBW@%F, ei ther the conbustions of the said heater
may be internal if the flame is brought directly into
h p ti
g0 28 hndighy; S PRI, RAECBRBASER Shomih, deceing to
embodimesits oﬁtt@ngvemlon inifactiieay: baya tree mainmodre of gpgration:
heat erﬁﬂ'ﬁﬁre@é&ﬁ%ﬂ%o% ERefgyenader ating air heat ed

t hr oug exchanger, 1In ich case the engine is
sai d {eorDpressed ai ki el diisnA FHAIY A BERI SRR ne”



In the node of operation with additional energy, the
t hernrodynam ¢ cycle then conprises the five above
nmenti oned phases. During operation in conpressed air
node, on a vehicle in an urban setting for exanple,
only the pressure of the conpressed air in the
hi gh-pressure tank is used for running; during
operation in additional eneggy node, using fossi

her form of ener on a yehicle on the

g,r;gne@(%%qnaéggﬁ{gyé‘ueltqqgn%égﬁg‘ydﬂ% ©-the working

capacity is then demanded, neking it possible to
|ncrease he .t enperature of fhe |r [ o} )
The (STOEE Pty S E RS 9B, el oo ) e e PR OHES mono
ené@y fbssilfietof ssme fathevdukl wdrsiohavtginnepuples tocan we compressor
ansjon chamber. an p eper
su@ﬂ@pg Jhe. Wﬂngr}g ggpﬁcv‘lg/ 5 g%s:dlr@%d I;I—J}FST%QHBVe {F'n% ﬂ}ﬁh pressure
cofmprassedaicstsragsitank then Izemgatalullﬂ gimipty @lﬁwﬁdf or exanpl e,
the zero-pollution node of operation with conpressed
air contained in the high-pressure storage tank and,
~ In dive wcaee Hifghweaynpragsschall JROBXERPINY, CRgiee agpansiin the first
~ oylflder havirg I SMS?%e OQedrﬁb' iANteWdeRatlfesS the &dimdill Baﬁérﬂé?eously be

supplie ossi | "energy or sone_other form
healedrig pniitaieexghanger exshandingecnaray Wit MHRReE é”"o”nd'"gs
~storage tank is resupplied with air by an air

conpressor. The dual -energ ctive
In thepeasei ofrp én@rﬁj@f%@eamu%rw%ewﬁﬁ'ﬂ?@ﬁ “EnejoY e, the air
is h&Xeatsiy haditiesdl émygiaaw & tharagl h&dter, fodesaraple using fossil
operation: conpressed-air mono-energy node
fuslonpressed air plus additional energy dual - energy |
“nmode 10 - additional-energy fuel nono-energy node.

“The. engi ctiyve expansion r
ACBRGHEL G 3 SLemaRe dHEPGY TUs ot erBHBe by A8ngeT idde. the
exhaiglt aveksdimtiowhenacsingibadulticstage heatec thysr wsking it possible to
u e morkln capacity as descri bed
us%g%goﬁgggg@)usy%swra ~pressure conpressed-air storage
tank then bei ng quite sinply omtted. In the case of

Th? rfe%?B Sﬁ'asiﬁg fﬁaﬁ@glrw&géf r- &g& R&ch ot 9Ry iothdrhfvice

&auged rop in-tenperature,
orgaetrmtlprwwlesmaﬁ%lm}b@f@mty be heated in an air-air
exchanger exchanging energy with the anbi ent
surroundi ngs. In the case of a dual -ener

engi ne ;
Themmgine wihian @muetemaasw@rré\agybqrr@&eordmetgoaﬁfmbg@mems of the
mJ&ﬁ%ﬁ%H%b%eﬁ% A el nﬁ?iﬁé?béll'di ar \Fé!ﬁdlé@'THEaGéﬂg?rﬁe with an

or exanple using fossi] fue

ccor di ) |
actiye @xpﬁiﬁt%cmqjﬁherogcqulggépreéﬂ Rpts gj{n tﬂ@rm@‘ﬂwn may also
an§t%ntéd&u@?&hﬁh@ta@hbam&s‘jid eatiedpt @er@r&ﬂoﬁg&i@s and also in

nup%éd%aérﬁggqugﬁqer{?ﬁé@gﬁga@cap gns pro%&cs:lﬁg belleectltic(:Jlty and heat and

providing climate control.

BRIEF DESCRIPTION OF THE DRAWINGS

Other‘objects, advantages and features of the invention will become



The heat exchangers may be air-air or air-liquid
exchangers or any other device or gas that produces
the desired effect. The engine with an active

. ' -chanber accordi ng to enbodi nents of the )
AR b Rfpurnse

can be used on all land, marine, r
air vehicles. -The engine wrthlan active expansion

- chagpheentarsA rehdiag e ABBOHITRN bveRfwilhdat BRY BRbIIGD iMRdtion,

i
al so and advantageously find applications in back-u
gefePaiiyinbseta gRYpoSimBNtsn Maderwills Telreses clo the attached

COHSfHARA QRichPP! i cations producing electricity and
heat a l%%\‘/@di ng climate control. BRI EF DESCRI PTI ON

OF THE DRAWNGS - WO 2008/ 028881PCT/ EP20071059161 -

1%~ - _appanent fr j.ng the descrjption i ven ,
V\A']Ft'%lgﬁt |{?a @‘elr'&?}fclaggq é?@]g{sagpoﬁ,ﬁglag -‘énth u%erégﬂ’e expansion
embatibee ntieyedriddongitiding esctivee dndt he Hghaebadire (HP) air
dr awi !ng:&‘s’a in which:- Figure 1 schematically depicts an
egPRE VIR an active expansi on chanber viewed in

~ longitudinal section, and its high-pressure (HP) air
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s%péﬁvlg_g devi ce. | Figures 2 to 4 depict schematic

Vi ? R P ordpRiciciematiccvipwn infongitedial seafiontaef the various
p gg%gomﬁ;bgﬂ i j of Figure 1. Figure
SBdepi cts a graph ofe tnl’??e t?@?%’%&nam c cycle in -
conpressed-ai r nono-energy node. -15 Figure 6

seherdtd gab: | | WM n.active .
exlp%%nsi ogéétkéngg?éé$§mfg@eﬁﬁgtrﬁo ai\ﬂg?qy Hh§ompLesged-air
amongusirgy aedece conpri sing a device for heating the
air by conbusti on. Figure 7 depicts a graph of -

the thernodynam c cycle in conpressed-air 20 and
aiguts i stbamaticailygemiute. an Rrgie withdemi Clativel | SRflsion
s engtrl.\}:al[ an _engipe. W th ﬁ‘.ﬂ:a-‘:t"’e expansion
cﬁ%m ¥ d%‘ﬁ%‘f{ EHCfPas CHPR apd iS4 8 supplvsigvige eomprising a
addiereofop heaEihataiPBy combustion.

Figure 7 depicts a graph of the thermodynamic cycle in compressed-air

and additive dual-energy mode. "

Figure 8 depicts, viewed schematically, an engine with an active
expansion chamber coupled to an air compressor allowing for autonomous
operation. '

Figure 9 schematically depicts an e'ngine with an active expansion
chamber coupled to a compressor supplying the storage tank and the
working capacity.

Figure 10 depicts an engine with an active expansion chamber in fossil fuel
mono-energy mode. .

DETAILED DESCRIPTION OF THE DRAWINGS

RECTIFIED SHEET (RULE 91)
ISAJEP



25 Figure 9 schenatically depicts an engine with an
active expansi on chanber coupled to a conpressor
supplying the storage tank and the working capacity.

vﬁpz 10 depicts an engine with an acti vg, CTl]é]éZOO?/OSMGI

xpan3|on chanber in fossil fuel nono- ener gy
DETAI LED DESCRI PTI ON OF THE BRAW NGS WO
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_3 fodl 3 feethefopdik mih @ of sofrapksttafinkshaft 5. The driving

cylinder 2 is in comunication near its top via a
passage 6 equipped with a shutter 7 with an active

- eXPRA QMg CEARES 2 %"nh RefmdScatibriibahitd ey Qlashl ;ﬂa‘%‘éa@e 6

pi st on 14 said as the charge piston connected ){
copaidppechyith gshuiier 8 with prmctiye Axpansiabehaperagfipder 13 in

op t n f

¢ hEREh GoRClBE bIcIEHe (el ds R kR BeRlfcfilfectecly 2

d ucnnnlaEting: oot 51t edcrbpk pirv 4 BwsaibsBntiele appasitecanchpositioned

SIO ch I|nd 3 apd allo

it IS a8 pi B el bedder B Froiifna®

wor ki ng chanber 19 kept at t he wor ki ng pressure and

itself

An inlet duct 17, controlled by a valve 18, opens into the active expansion

chamber cylinder 13 and allows the engine to be supplied with compressed

air from the working chamber 19 kept at the working pressure and itself

supplied with compressed air through a duct 20 controlled by a dynamic

| regulator 21 by a high pressure storage tank 22.

Formed in the upper part of the cylinder 1 is an exhaust duct 23 controlied

by an exhaust valve 24.

A device controlled by the accelerator pedal controls the dynamic regulator
21 to regulate the pressure in the working chamber and thus control the

engine.

Figure 2 depicts the engine with an active expansion chamber according to
the invention during the inlet phase. The driving piston 1 is in its upstroke
and is exhausting, through the duct 23 and with the exhaust valve 24 open,
air that was expanded du_rihg the previous cycle. The inlet valve 18 is open
and the pressure of the air contained in the working capacity 19 drives the
charge pistbn 14 back thus producing its downstroke, whiie at the same
time ﬁlling'thé cylinder of the active expansion chamber 13 and producing a
first work th'ereby, via its connecting rod 15, turning the crankshaft 9, this
first work being considerable because it is performed at quasi-constant

pressure, i.e. substantially without relief.



15 supplied with conpressed air through a duct 20
controlled by a dynam c regul ator 21 by a high
pressure storage tank 22. Forned in the upper part of

' der 1 is an exhaust duct 23 control
w@!}ﬁ%su %és? ﬂ(ﬁ%ﬁ%'/}%gblsl
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val ve 24. 20 A device controlled byt
accel erator pedal control s t'Re-dynamic regul ator 21
to regulate the pressure in the working chanber and
thus control the engine. 25Figure 2 depicts the
entgs theomilrtthesatn tiarot - R/lgurexlbaﬂra divinghpisieer 1 Bocepoiesy reaches

t d th
B L e ks B0 TR e B RBvene 24
thatrwgte et dalog %aemdhem t:losteheawhaam:lt theabhatéMT of the
open, air that was ex the ﬁtgew ous

cngngecmge HE @t's\%e{? gh‘?§ éﬁ%‘h L ogap erggg[grpgseﬁ air

t h’%n?éuﬁe@ GAt AENEEkVEN ekPEneH kiHRenerPRT | éxpahls dbLRAg the
charge piston 14 back thus producing its

doimiﬂgr RiREEN Whackeindis davensiake appdiaug in mrrhsrqdﬁemg a second
CXMHQ %her%y t[]ﬁtlﬁé:tthe\! ecr?ﬁ%%ﬁ' 8N gL elis RwiRfoke of the

ting Yy, Vvia rts connectin
r ahtivirg;, ptB’((Dnl’ﬁ riig)e tmmgemtdaus Réafcontinueashiogisis towardsder its dead
bei n%_ consi der abl e because it is perfornmed at
qUEStconst ant pressure, i.e. substantially without
relief. WD 2008/ 028881PCT/ EP2007/ 059161 - 13 - As it
continues to turn - Figure

- the drivi i ston
wo‘?«?e't sonfiades foelEhe£igure 4 oé"edg‘a\d”% Bintos T yedohas B Bptiom
daéerftFee af@MRe ldhBRyd B%t&?(hﬂtt‘éhcl"{ée i€ 189 ead dditre. The
_ are then closed again and the shutter
7 aijmttehé’ is then closed again and the inlet 18 and exhaust 24 valves are
then opened to aliow a further charge to be let into the active expansion
chamber 13 and the previous charge expanded in the drlvmg cylmder 210

be exhausted towards the atmosphere

Figure 5 depicts the graph of the thermodynamic kcycie of the engine
opereting in compressed-air mono-energy mode and Figure 5 shows the
'various phases of the cycle in the various capacities (aiong the abscissa
axis) that make up the engihe with an active expansion chamber according

to the invention, the pressures being shown on the ordinate axis.

in the first capacnty, which is the storage tank 22, there is a collection of
zsothermai curves ranging from the storage pressure Pst to the initial work
pressure PIT, the storage pressure reducmg as the tank becomes empty
while the pressure PIT will bé controlled ‘according to the desired torque_
between a minimum operatlng pressure and a maximum operating

pressure, in this example, between 10 and 30 bar.

In the working capacity 19 during charging of the active expansion
“chamber 13, the pressure remains almost the same. As soon as the inlet

valve opens, the compressed air contained in the working capacity is



5 connecting duct 6 is opened. The charge or quantity
of conpressed air contained in the active expansion
chanber 13 expands, pushing the driving piston 1 back
W 2¢08/8288%81wnst r oke and thus in turn produci ngPeT&ezonesisel
work, thereby turning the crapkshaft 9. During this
' domnstroke of the driving piston 1, the charge piston
- 14traa$f@rrﬁqes}ntoo Hies eaeidigar eEpANGION t ehafaler, 1Grediaing  work

pi SF éH’é&‘ \%t'i%{)@tﬁ red'u nem greists[]?e dIE rV%)ﬂa%ple for a
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oM St 28 1 18 5 e RO e & PYgrRle, on actual
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chanber 13 and the previous charge expanded in the

‘driving cylinder 2 to be exhausted towards the

at mﬁémﬁr@ nP.Etch ?&Hﬁq{‘ssd&bﬁstﬂ%%pﬂltﬁfp&lﬁﬁ) ic expansion

t her nodyn o cyc e engl ne operatin
cowpichseducdsr wnﬂhwtbrferegi)uch@dm aressEfegunid tﬁesaxbwsst valve

CodR Lo ANaRR, Ao bl i B PR appopppenc
10 engressunel dutingnhaekhaest erpkebeftretiaginvdng aceor clickg t o

the invention, the pressures being shown on the
ordinate axis. 25In the first capacity', which is the

st pigage 6tdpicts Zhe telhgrr@ inSitPef@ehyert inB0di- én%ﬁqmér%ln and

~curves ranging fromthe storage pressure Pst
i NPV, IR WaFERG @ﬁ@a%’ﬂg tehechermatisdreaiingsiayice for heating

t
oy ctatioRRsbd cait 3K SBERORESafiRiel ey, B #8E SASUAE: o
-15 t obuoer Betswppliedhbyriengasicylower 261 hbe moeﬁ:mstlen alegicked in this
SHHELR 8355 8830 080 el Qe SR B e voume
dusndir phessgiragofothd engressed expaosi ane chiemger tahk, to be
the pressure re |ns al nost the same. As soon as the -

i NP5 CRNYPEREY t he conpressed air contained in
“the working capacity is

20 Figure 7 depicts a graph of the thermodynamic cycle in additional-energy
dual-energy mode and shows the various phases of the cycle in the various
capacities that make up the engine with an active expansion chamber

according to the invention with the pressures on the ordinate axis.

25 In the first capacity which is the storage tank there is a collection of
isothermal curves ranging from the storage pressure Pst to the initial
working pressure PIT, the storage pressure decreasing as the tank is
‘emptied while the pressure PIT will be controlled according to the desired
torque between a minimal operating préssure and a maximum operating

30 pressure here, for example, between 10 and 30 bar.

In the working capacity 19, heating the compressed air aliows the pressure
o be.increased considerably from the initial pressure PIT to the final
working pressure PFT. For example, for a PIT of 30 bar, an increase in



WO 2008/ 028881PCT/ EP2007/ 059161 - 14 - transferred
into the active expansi on chanber, produci ng work
acconpani ed by a very slight reduction in pressure.
woerrenmsql e, for a working capacity of 3000 eoBEemd7/o059161
an active expansion chanbeL_Q 35 cre the pressure
drop is 1.16% nanely, and still by way of exanple,
. anteraperaurs hymbdut@mf@ssak@ bfpodsibEStchabtairolm BiRT of about

i ni.tical Ki Th .
i SboR AR es ReTRL Vi St e WopiepebBgincontaines
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ressure until the exhaust. val ve (for exanple
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at PEdyGg "ZOFBaﬁ?CQFBW'BQ\%@yb@ Ve %lgﬁ ﬁeql'@t‘ﬁf‘ B PEesure - for

5 10eRARBIBUKS 5%%# Bspéeﬁt}aaﬁtso@@ ERREand@hOktive expansion
- beginning a ne gure 6 depicts the engine in :

i t Shamberrafi3p Qfﬁ tthfepmsaumetﬂr@pg@ﬂ V8i/s inemeincanshelildy way of
t hgxzﬁ‘g biK] Qg %ﬂﬁ’é\c BM(lrﬁ ge%sﬁ@%%' 30 Qﬁfdﬁg& G étc\?fork_mg

for atin alr by supp
adpressoneadf 6@rrgy, in this instance a 15 burner 25
supplied by a gas cylinder 26. The conbusti on

depi-cted in this figure 6 is therefore an

10 i NTigg @abmgm@bnmhemg@@.hgmsodbmroabI\mvﬁatdwmpiwaﬁpansxon
and/ or pressure of the conpressed air fromth

stWPQBé)rPWSt‘BO'erWW@r r@&é‘@%orb BhRiegayrepymt t%ﬂxﬂﬁ[ﬁ% valve
%bé{ss (16 SXARMe At 4rB6nd PEBAFP BIRAECH)E ¥ Tefirh Mo atmospheric

tional - ener gy
pressure during the exhaust stroke, in order to begin a new cycle.

.15 - The engine with an active expansion chamber 'a-is'o operates in dual-energy
mode autonomously using energy known as additional ‘energy which may
be of a fossil or plant origin - Figure 8 - when, accdrding to an alternative
form of the invention; it drives a compressed air compressor 27 which

supplies the storage tank 22.

20
The overall operation of the machine is thé' same as described before with
respect to Figures 1 to 4. However, this arrangement allows the storage
tank 22 to be refilled during operation using additional energy but leads to
a refatively substantial energy loss owing to the compressor.

25

According to another alternative form of the invention (not depicted in the
draWings), the air compressor supplies the working capacity directly. In this
form of operation, the dynamic regulaior 21 is kept closed and the
compressor 27 supplies the working capacity with compressed air and it is

30 in this working capacity that this air is heated by the heating device and
increases in pressure and/or in volume in order to be fed into the active
expansion chamber 13 as described in the preceding cases. Again in this

| ~form of operation, engine control is performed by regﬁlating the pressure

directly using the compressor and the less of energy due to the compressor



dual - energy node and shows the various phases of the
cycle in the various capacities that nake up the

engine with an active expansi on chanber according to
WOR0UBHMEHL i on With the pressures on the ordi RET/EP2007/059161
axis. 25In the first capacitygwhich is the storage

tank there is a collection of isothermal curves = -
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wor ki ng pressure PIT, the storage pressure decreasing
-as the tank is enptied while the pressure PIT w il be
cofrinally) artl acoooding tpanathehaltetosiivesidrt of thecinbentivperFigure 9

or o8 coPREREITArPlERRNISE By bR ARG g cheray

5 | nrécduéremmnis, mgppmmmetmgrl@reéseaé slvgadd @Ik AWERS FRIworking

‘increase in 2008/028881PCT/EP5607

10

air all.o t he pressure be i ncreased considerably
fr smq#aévf% g “WaY NG ég Fﬁ”fPW?cF"‘thﬁé the ﬁ@FaQﬁoFﬁﬂlkn%? br the

Pr e&RkiE cBbdcityr I, &XEHIR| smuk@iecd s:’t% Pé’d wlltgnaiur. The

t eRpRIFREY F@%?e%tsi@ﬂt 8000e rAtlessy reqwsganttﬂ @f the engiae rwith
a FéE ég@tf toaﬁ%uéneﬁgsé gcilﬂréﬁ?erﬁé’%* the cbgﬂ‘f:)r Qoﬁt if YA éSmaﬁd on

t.he co air contain
caMcengme & [aiatn@fyeiomeme blgihmeasmmWanbxmﬂml supplled if the -

¥ cBEe sy LIRS S H@TaR N B Werlpd oty i ther

15

20

cagawplibg. of 3000 cnB and an active expansi on chanber

of 35 cnB, the pressure drop is 1.16% nanely, and

still by way of exanple, an actual working pressure

of FigBre3f0 BRGwS A'mao-BRbLY qvjmc,rm

barIé F1 0 The Vgrl vrlnn pi st gaén en élg%mﬁsﬁ??g& oﬁ%@gh?(mber
WI @neratlrpgapytarfogsm@k Wr@tamatmlyc hmpar ol o planb ok seiinetother

(1S 8 tdd AR e HRL) Yo L BpRRARAR! 2 Whki? REpRes

atcrospreesed ajp rtceslsrwmrlmg capadifyet Qewhmhstters bbmlpases 8 burner

or n_a ne cIe 15 T

o SR S o R e bR 6 T VSrelin iy tne
MOtlectiné WPk Hs)daistibed ReiriibovBown as addi ti onal
energy which may be of a fossil or plant origin -
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7 which supplies the storage tan
usmg compressed air. However, it can use any compressed gas without

that in any way altering the invention as described.



The overal |- operation of the machine is the same as
descri bed before with respect to Figures 1 to 4.
However, this arrangenent allows the storage tank 22
to be refilled during operation using additional
energy but leads to a relatively substantial energy
| oss owwng to the conpressor. 25 Accordi ng to anot her
alternative formof the in¥téntion (not depicted in
the drawi ngs), the air cghprmdSsor supplies the
“working capacity directly. In this formof operation,
the dynamic regulator 21 is kept closed and the
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with the driving cylinder and the compressed air, or the compressed gas, which is
contained in the active expansion chamber expands, thus pushing the driving
" piston back in its downstroke, thereby in its turn supplying a work,

- in that during the expansion, the volume of the active expansion .

chamber is returned to its minimum volume to allow a new cycle to commence,

in such a manner that the engine works according 1o a four-phase



20 The engine with an active expansion chanber is
descri bed for operation using conpressed air.
However, it can use any conpressed gas w t hout that
in any way altering the invention as described. 17
CLAIMS 1. An engine supplied with conpressed air, or
Wi th any other conpressed gas contained in a

hi gh- pressure storage t ank 1&nd conprising: at |east

e piston which slides in a drive
,the?ﬁ?dﬂ%kerlc Fl\\él ng a crankshaft in a conventi onal

anmwmaigxpwwwﬁkoﬁwqhgenem and at | east one
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umse means all owing work to be
RobiepEeRAISIARI W Walksonnect ed, by a passage, with

g@&hgﬁt%mlf;@{tlﬁ@gﬁ?@d vol une, contained in the
riving cylinder above the driving piston at its top

dead centre, characterized: in that the said
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conpressed gas, in that the conpressed air or

| et t h

o ARHbe ol D8 Y PABR 90y SFSEclBET By suppe
with heorhpriessed afir ohegaso tppeg!s el baiffer oapacity, reaid dse then working
caﬁvla(gltﬁ%lcthhlgr &4 th@gh@h ??éé‘sure compresslea atulhééntamed in

e ex 1 ONn nore or | ess at
themaboragemtank ané \almdhtlheewndedmgom SpeuMsPespeysajd g the

woﬁ& od ?ﬁeés‘&ﬁ’e dRagheCEA r\ﬁorkHbecé;SHcﬁtS/ b rabfy ﬁﬁéﬁﬁérﬁ%\eﬂynamlc

he sai'd active expansion er is placed
FeQMﬂWﬁﬁ@%@ﬁlon with.the dr|V|ng cyllnder and the
conpressed air, or t he conpressed gas, which is

.contained in the active expansi on chanber e nfl |
4.t hu8n pRRHI GVt A —ACTY S SPREBIGR ShaiRben, apgfaing (o Claim 3,

chalavesibe@keihat iRy Wbkind capakity Wompsise bieadng dewick for heating
the compressed air or gas 'using an additional energy, fossil fuel or some other
form of energy, the said heating device allowing the temperature and/or the
- pressure of the air passing through it to be increased. '

5. An engine with an active expahsion chamber according to Claim 4,
characterized in that the compressed air or gas is heated by burning a fuel -
fossil or biological - directly in the compressed air or gas, the engine then being
said to be an external internal combustion engine. '

6. An engine with an active expansion chamber according to Claim 4,
characterized in that the air contained in the working capacity is heated by
burning a fuel - fossil or biological - through an exchanger, the flame having



in that during the expansion, the volunme of the
active expansion chanber is returned to its m ninmum
volune to allow a new cycle to comence, in such a
manner that the engi ne works .according to a
four-phase 18 thernodynam c cycle: an isothernal
expansi on without work; a transfer-slight expansion
with work said to be quasi 1Psothermal ; * a pol ytropic
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7. wor An fanginee wiiingn GStivp HXPRABICR thambes 3reRd 189, 11Ehé‘am‘o@Pe of

Cld@sm f&c§ Ot GOTBY ICREE (2 § g/l;ﬁﬁ ltﬁé%téi"elé‘% fﬁ@FrHﬁﬁweat& which

ne”according to one al s 2,
usesh arthemGrEadcaercﬂlu anethodi gass tqa@tloredbaﬁﬁd wnctbwpwy@eaion by

evq?%):rﬂﬁ{b Es thr? Wﬂq (%ﬁ];]{ eﬁedﬁﬁ'ﬁ?ﬁ éo%%ofeﬁb f%ls etxgﬁple liquid

amithdHia 6 S @wﬁmmnms:@gdt Wit acsvmtiarea@@htlomntdmedsimaagactor
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reachamxeovac canm berrggenelelt%d hy suppliiaodeat ie fedraastariaorder to
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~energy, fossil fuel or some other formof energy, the
sai d heating _device allow n er at ure nd
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in Hnavqlrngwg cylinder and finally exhaust at atmosphenc pressure, representing
five successive phases as follows:
* an isothermal expansion;
* an increase in temperature; _
a transfer-slight expansion with work said to be quasi-isothermal;
* a polytropic expansion with work; '

* an exhaust at ambient pressure.

9. An engine with an active eXpansion chamber according to any one of
claims 3 to 8, characterized in that the engine torque and engine speed are

controlled by controlling the pressure in the said working capacity.



19 no contact with the conpressed air or gas, the
engi ne then being said to be an external external
conmbustion engine. 7. An engine with an active
expansi on chanber according to any one of Clains 4 to
6, characterized in that the thermal heater is a
~ thernmal heater which uses t hernochem cal solid
net hod gas reacti on based on t he conversion by '
peva i . V. n
105080 GNP il %l 6 “Pranisf ERBhAE" SEed Rl o claim &,
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saig ygubing capa@ht a whi ch-will then recondense in the
evaporator. 8. An engine with an active expansion
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13.  An engine with an active'expansion chamber according to the preceding

_claim taken in combination with claim 3, characterized in that the said
| compressor directly supplies the working capacity; in such a case, engine control
IS performed by controlling the pressure of the compressor, and a dynamic
regulator arranged between the high- pressure storage tank and the working
capamty remains shut off.

14. ~ An engine with an active expansion chamber according to Claims 12 and
13, characterized in that the coupled compressor supplies in combination the
storage tank and the working capacity.



20 10. An engine with an active expansi on chanber

according to claim@8, characterized in that it

operates in dual -energy operating node with

addi ti onal energy, and in that during the dual -energy

node, an electronic control unit controls the anount

of additional energy supplied depending on the

pressure of the conpressed2dir or gas, and therefore
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j I, Sp€ ected by a connecting rod to the

qu@?%h 4%2?'&%? the engine. 12. An engine with an

active expansi on chanber according to any one of the

precedi ng cl.ai ns har act.er i ' tynl T4l : :
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operates in dual -energy node with additional energy,
CORARtFSSAl-t hat, in order to all ow aut ononbus operation

when the conpressed-air or gas storage tank is enpty
.-and when being used with additional energy, the )
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stagleb hot angreasingdeylindeor cyasity, Bach Astagagtorapusing am  active
active expansi on chanber accorﬂ‘n% ’o theLPrec dLﬁg
eXRANGION tHREWET nCRHBINGCr o YATER % VRIURIS, cauipped Wit means
all&piﬁgaﬁBﬁJ 't(ﬁ% bfodutal bR A athdt TRIPDESS TRkh déthget there is an
suppl ies the working capaC|t¥; in such a case, engine
exchengeoto heatgbe piyraxbausied dom sl PreMigus 58838r essur e of
the conpressor, and a dynam c regul ator arranged
bet ween the hi gh-pressure storage tank and the
18Wor It egmisiaption tigcording tosClaimt17ofcharacietizedrin éhnafi iheperates in
with an active expansi on _chamber, .accordi n 0. C aj s,
aughenaya 130% WP RLBRMAL NPT G 18 Eat: Deppranger boSitoned
befIBN St tage! R d ASpd d Wi BRiduditioRBl-éhsrg s heaBepdéviok
eand t he mor%#ng(%gﬁgcity. 21 15. in gonbination
. according to Caim13, characterized it operates in
nong- - & lilnsf H£l iZ2d hRat th
1977 k8 EQfbRT SBpdty I ERne' HEapa M RhaldtfiR et the
extwHrieny and plae hewting depice sse domblined) yogdikercougspadately, into a

onpressor, to be heated, the _high-pressure
m‘ﬁ%g%g@é&?edﬁm%E‘eg%@"§?8w§8é’flegﬁf9 then being quite
sinply omtted. 16. in conbination according to
Caim6 and Caim 12, characterized in that the
exhaust followng relief is recirculated to the inlet
side of the coupled conpressor. 17. in conbination
according to Claiml, operating in conpressed air
nono- energy node, characterized in that the engine
consi sts of several expansion stages of increasing
cylinder capacity, each stage conprising an active
expansi on chanber consisting of a variable vol une
equi pped with neans allow ng work to be produced and
in that between each stage there is an exchanger to
heat the air exhausted fromthe previous stage. 18.
i n conmbination according to Caim17, characterized
in that it operates in dual-energy node with
addi tional energy, and in that the exchanger
positi oned between each stage is equi pped with an
addi tional -energy heating device. 19. in conbination
according to Clainms 17 and 18, characterized in that
t he exchangers and the heating device are conbi ned,
together or eparately, into a nmulti-stage device



