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BACKGROUD OF THE ART

More particularly, the inverntion relates to an engine operating in
particular with a cryogenic fluid and, for example, using a device
for controlling the stroke of the piston having the effect of
stopping the piston at its top dead centre for a period of time ahd
of rotating the engine, and a variable volume active chamber
producing work, an integrated (or separate) compression device
and a device for recovering ambient temperature thermal energy.

The inventors have filed many patents and patent applications
relating' to drives and their installations, using gases alnd more
particularly compressed air for a totally clean operation in an
urban and suburban site: 7 .

WO 96/27737 - WO 97/00655 - WO 97/39232 - WO 97/48884 -
WO 98/12062 - WO 98/15440 - WO 98/32963 - WO 99/37885 -
WO 01/69080 - WO 03/036088. '

To apply these inventions, they have also described in patent
application WO 99/63206, to the content of which it is possible to
refef, a method and a device for controlling the stroke of the
engine pistons making it possible to stop the piston at its top dead
centre; a method also described in their patent application
WO 99/20881, to the content of which it is also possible to refer,
relating to the operation of these engines with single energy or

with dual-energy, dual or triple supply modes.



To apply these inventions, they have al so descri bed

in patent 25 application WO 99/63206, to the content
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20
The inventors have filed a patent application WO 03/036088, to
the content of which it is possible to refer, relating to an
additional compressed air injection motor-compressor - motor-
alternator set operating on single and multiple energies.

25

In these types of engine operating with a gas, more particularly
with compressed air and comprising a high pressure compressed
air reservoir, it is nec'e‘ssary to relieve the compressed air
contai‘ned in the high pressure reservoir but whose pressure
30 reduces as the reservoir empties to a stable intermediate
pressure called the final pressure of use in a buffer tank before it
is used in the engine cylinder or cylinders. The well known
conventional pres*sure reducers with valves and springs have very
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20 buffer tank called the work tank. The work tank in a dual-energy
version comprises a device for reheating the air supplied by an
additional energy (fossil or other energy) making it possible to
increase the temperature and the volume of the air passing
through it. The work tank is therefore an external combustion

25 chamber.

In this typ-e of engine, the expansion chamber inside the engine
consists of a variable volume fitted with means making it possible
to produce work and is coupled and in contact via a permanent
30 passage with the space lying above the main drive piston. During
the stopp'ing of the drive piston at its top dead centre, the
pressurized air or gas is let into the active expansioh chamber
when the latter is at its smallest volume and, under the thrust, will



20 buffer tank called the work tank. The work tank in

a dual -energy version conprises a device for
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In its dual-energy application and in the additional fuel mode, an
20 air compressor supplies either the high pressure reservoir or the
work tank (combustion chamber) or else both volumes in

combination.

The active chamber engine can also be produced in single-energy
25 mode with fossil fuel. In a version as described above, the high
pressure compressed air storage reservoir is then purely and
simply removed and the air compressor directly s_upplies the work
tank that comprises the air reheating device supplied by a fossil
or other energy.
30
The active chamber engine is an engine with an external
combustion chambef, however, the combustion in the reheater
may be either internal, called "external internal” by bringing the
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Where for.constant P, V1/V2 =T1/T2

The temperature increase at constant pressure has the effect of
increasing in the same proportion the volume of compressed air,
and an increase in volume of N times will require an identical

temperature increase of N times.

In the dual-energy mode and operating autonomously with
additional energy, and when the.compressed air is let into the
high pressure reservoir, the thermodynamic éycle then comprises
seven phases: |

- Aspiration

- Compression

- Isothermal expansion in the work tank

- Temperature increase _

- Transfer - slight expansion with work called quasi-

isothermal _
- Polytropic relief with work

Exhaust at quasi-atmospheric pressure

When the compressed air is let directly into the work tank or
combustion chamber, the thermodynamic cycle comprises six
phases and becomes: '

- Aspiration

- Compression

-  Temperature increase



flame directly into contact with the work conpressed
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reservoir and greater if it comes directly from the compressor and
the increased volume is achieved in the following phase of the

cycle by inc}'ease of the pressure.

15 Originating directly from the compressor, the air temperature may
reach, for rexample, values of the order of 400°C (673 Kelvin

degrees) above the ambient temperature.

To fix ideas, as a nonlimiting _example,' for the purpose of

20 supplying an active chamber of 30 cm® at 30 bar, a compressed
air lead of 5 cm® at 30 bar and at ambient temperature of 293 K
(20°C) is taken from the storage reservoir in order to be inserted
into a work and constant pressure reheatihg chamber in which, to
obtain the required 30 cm?, it is necessary 1o achieve a

25  combustion that will take the témperature to six times the initial
value namely 1758 K or 1485°C. '

If the 5 cm® load originates directly from the compressor, ‘it is

subst'antially at a temperature of 693°K (420°C) and, for the same
30 result, the temperature of the load must be taken to six times 693
~ Knamely 2158°K or 1885°C.
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KelB/eiltréngea%rp?%sél‘io%bﬂl\éeogag4§'}bﬂ.F-qsgl—tA—tZ(?g@?.rfn@ﬁrr%lating to a low
temperature motor-compressor set with continuous "cold"'
combustion at constant pressure and with an active chamber that
proposes to solve these stresses by allowing, for equivalent
performance, much colder combustions which, paradoxically,
provide a considerable increase in output of the machine.

The low temperature motor-compressor set with continuous "cold"
combustion at constant p}esAsure and with an active chamber
comprises a cold chambér making it possible to lower to low or
very low temperatures the atmospheric air that supplies the inlet
6f a compressed air device, that then discharges th_is' cOmpresSed
work air, still at low temperature, into an external work tank or
combustion chamber fitted with an dir reheating device, where it
considerably increases in volume in order then to be‘preferably let
into an active chamber according to patent application
woO 2005/049968 where, during a stop of the drive piston at its
top dead centre, the pressurized air or gas is let into the active
expansion chamber when the latter is at its smallest volume and,
under the thrust, will increase its volume while producing work;
when the active chamber is substantially at its largest volu.me, the
inlet is then closed and the still pressurized comp:ressed air
contained in the active expansion chamber expands in the engine
cylinder thereby pushing the drive piston in its doWnstque and
providing work in its turn; during the upstroke of the drive piston
during the exhaust stroke, the variable volume of the expansion



To fix ideas, as a nonlimting exanple, for the

pur pose of 20 supplying an active chanber of 30 cnB
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- Exhaust to the atmosphere at quasi-atmospheric pressure.

SUMMARY OF THE INVENTION

In the low temperature motor-cdmpressor set using the
thermodynamic cycle according to embodiments of the invention, the
inlet air of the compressor is very greatly cooled in the cold chamber
of a refrigeration (or cryogenic) machine using liquids that absorb the
heat in order to vaporize, where a refrigerant or cryogenic fluid
initially in the gaseous state is compressed thanks to a cryogenic
compressor and discharged into a coil where it liquefies, this
liquefaction phenomenon. gives off heat, and the liquid is then
inserted into an evaporator p.bsitioned in the cold chamber where it
vaporizes '(a phenomenon that absorbs heat). The vapour thus
generated returns to the compressor and the cycle can recommence.
The work air contained in the cold chamber is then considerably
cooled and contracted, it is then aspirated, and compressed by an air
compre-ssor again at low temperature, into
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To fix ideas,' as a comparative example, if a 5 cm® load of
compressed air originating from the air compressor at 90 K passes
through an air/air exchanger and sees its temperature brought to
virtually ambient temperature or 270 K, the volume inserted into the
work and reheating chamber is then 15 cm®, and, still to supply the
active chamber at 30 bar, it is then necessary to achieve a
combustion that will take the temperature to only twice its value (or
540°K) thereby making a considerable saving of energy provided by
the fuel.

The descriptions of these foregoing embodiments of the invention
and of the present text indicate air tembe.ra'ture values under generic
“denominations - "very low temperatures”, "low temperatures”,
"ambient" or
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exchanger before being djrecte

t
LikGo e SV Sc TR SEnn Wer GTF r e GEd, (Pl 3o R gmotor-

coH?ﬁeQQbr e@bt t ﬁfmsrcﬁhgr etoWF feih atpnpatiaTtald pplicetiemsiNwg FR
nsert.ed,i,nto th

05BR4Hef SSTHEC Heahovsy JNROBRDIEN! (RETRRIATUF gy el energy
anﬁf @bﬁh%taﬂﬂ press ey %@b@e@(b@sem@nmblacdoedmcto Thef present
arat i
iy 488l SOBPrar et Mo B ehd Bretefqily, dBE for onl.
an¥rtirpabaahdhraigghvannedtricadevimechanger and sees its |
tenperature brought to virtually anbient tenperature
or 270 K, the volune inserted into the work and _
Accehdialg figadiramaapecs aftde peesard, ingratiosy ithere és provided
supply the active chanber at 30 bar, it is then
necessary to achi eve a conbustion that will take the -
ant enpbieatturtempe@itige t Wewnat senardie o sHUtaphepPERgSUre
@g\é@g BngRIE | ‘%ﬁ hgPhe éévbegcﬁﬁnﬁd@ﬂ 9B IRheYiidediRdf device

rlptlons of these foregoing
copgisdtnonehta veriatie YoM i Hﬁe%rm'tbfmﬁﬁélspwé@ﬂg it pgssible

to g%%'eféé&?mﬂirk WRERSE & ﬁﬂ@dvaﬂoweundﬂa .@enerl c

enom nations - "very l'ow tenperatures”, "Iow
tenperatures”, "anbient" or 10



"anmbi ent tenperature” and "cold conbustion". The
operating tenperatures are in fact relative to one
anot her, however, in order to clarify ideas and, in a
non-limting manner, the author uses the term"very
- low tenperatures” for values less than 90 K, the term
"l ow terrperat ures" for values less than 200 K, the
term"anbient"” for values bBétween 273 and 293 K - as
pefiaanehe denatt Vipladpassahesmitnthe sptades yangomipavé somain

wth the conbustign tenperatures of cyrren
driyeeRiEion naRd2800 TRESTPERd Jar aangh: (eaitss vaufiBiession
de@fh‘e 14 aktedired his type of |ow tenperature

r-conpressor set with continuous "cold
conbusrttrmt the worktgan ipresaageHAd! Wi HS% incelioped cycle

chamb caordin
050643978¢ {8 @}yﬂgé‘ﬁ? PR WRAERE i RR %ﬁé is PRgsg and
chanbestiirmed desi gmaegreomrmluoer inhidh et Boyp it ahase of the

air or of th vvork as to possi hl e

t enpelat thpe 3D éHH 'b’n‘\ge Ujflyr ¥ agaporized in the
appf SR Y h?a%% Kt Jeh@ Ri it6 st afest higbstantially at its
howev r remar ns limted by the tenperature of the

wor k polisadonhienpesalise, band egdppligs thfe inlet of a gas
tenp kisgas [

the 20T bEsnSho b RUfigIic et i BuEh 108 compkEssed to
not orits enprkepearsuset  accor di ng to French patent

appl i catr on FR 0506437 descr i ov
anbt elft hﬁﬁ?ur“e"’f‘ﬁé‘?%‘?&e%‘?r&/ g%ﬁ %Hélt afif very low
pr eSSrérrﬁ EfAQ9881 £t m@Idmr@tcaertﬁengom@rébeopreserscharged
i nvent | on uses a conpressed work gas and refer aglp(/
but niotto oan yexpanaien Janknahitsr waki are en, by
devi c c t farst f

feaf &?(ﬂ%r{‘@e Qith th heS a m er! %UBSPJrﬁ%ﬂW to the

i nventi on, ere"1s provi lent t enper at ure.
t her naiéast gyermpdraiumet asuclpr th;:ﬁur endeyog‘emr effeati ok the

usi ng, an act chanber vol u Lc re v
cons|H?Pﬁge ¥zh95}]ﬂ ENETGY) ftﬁ?tae'lﬂb r%th?erhggrature its
maki nﬂarhbepélférfﬁeh'n@ré@s%n@bﬁéﬁiembw Nﬂ@mdltrmeSmr;reases in
filled, coupled, and in cge mane contact Vi

passafe SaMB ﬂrepepfaeesr§r>ﬁaf Bav &C athi FORFTANM pfeSsure
pi sto e or a non integrated
corrprfebss?c@ﬂ 3“\}{:\/?2 gfﬂ’g%j\cterl zed: in that the work
gas-im atrxartyUgsensald | gagl etifd atnitsl osed ayeissuseopad still

?&EP%@ S%d‘ltg?' haﬁZgﬁ”[{@@M{ Itér%ﬁ)e?%&ﬁ%“?su | d%%elé‘r”‘i’nto a

in thabunlr@trr@rrenemdemet inadh wvdrkqthat, commmramoactwe
in the gaseous phase at verggl ow t enperat ures,

subst axpaasion apdjredief fion tenperature, and

Squl erSthtal?m}]Hé”\%BernggaénCB &eséolr%hé/t@kiuﬁﬁiml ¢he said
ressed to its work

pr essuommetrmtmatref h|d®V¢@¢rpr\"e§|$edVCW€6r kagaly) &fij|veryr low

very er at e ¢

ooy L8RP FAREE S FRistetd 8§ HioHared Rwards the storage

i ts Weirkk P6&ESGyogedie flalr@nwhb:yehetatrsehqharh@ei vint lerder  to

t he atnosphere,- substantially to the anbie
t enpefREUPEICRGRIT MHRAY Cyﬁiﬁersuf’ﬁeaéftf’eepnép Yigean ambient

transfgp Qf'attd?grf@rn%ﬂeéﬂé(rd)f adt 86n seEkitgfessure cryogenic
tenper atB I'ts tenmperature increasing considerably,
its vehm;ar ncreases in the sane proportions
according to the constant pressure relation: V1/V2 =
T1/T2, in that the said gas still at its work
pressure and still substantially at the ambient
tenperature is then let into a volunetric relief
device with work that conprises an active expansion
and relief chanber, 1in that the work gas, on being
exhausted ,fromthe said velunetric relief device
with work again at very |low tenperature after its
relief, is discharged towards the storage tank of



WD 2008/ 009681PCT1EP20071057380 - 12 - According to
other features of engine : its thernodynamc cycle
conprises the followi ng seven phases: Vaporization

W@%{@s/q%%i)gem c fluid 5- Conpression of this gdkipshi@hsizso

10

15

20

25

30

OW tenperatures Reheating at constant pressure
by the anbi ent tenperature ‘Ci?as‘l -isothermal transfer
produci ng work Pol ytropic relief
providing work with tenperature 10reduction

Cl gsed cl g exhaust_.in rage reservoir

Li M&g{qgoﬁo8 §rh€eagtggé$gﬁ‘%ﬁwi@8t-o t he storage

r esety ehérmodyrea mapeyceatomprisfest ine fdildwdinigns¢ven phases:
liquid phase in the st

Vaporization ofozra %gy?ogenic fluid

- Compression of this fluid at very low temperatures

- Reheating at constant pressure by the ambient
temperature o

- ',Quasi-isothermal' transfer producing work

- Polytropic relief providing work with temperature
reduction

- Closéd cycle exhaust into the storage reservoir 4

- Liquefaction of the gas returned to the storage reservoir.

* the vaporization of the fluid in the liquid pha‘se in the'étorage
reservoir is obtained by heating by using a work fluid/work fluid
exchanger in which the cryogenic fluid then in the semi-gaseous
phas‘e and returned from the exhaust of the volumetric relief
device and that is at a sufficient temperature to do so, heats and
vaporizes a portion of thé cryogenic fluid in the liquid phase that
is in the storage reservoir while cooling and liquefying.

* the cryogenic fluid liquefaction vaporization heat exchanger
consists of a coil immersed in the tank in which the fluid
originating from the exhaust of the engine will terminate its
cooling and its liquefaction while giving off the heat neceésary to
vaporize the fluid in the liquid state in the storage reservoir.

* a cryogenic machine is positioned between the exhaust outlet of
the volumetric relief device and the fluid storage reservoir in order
to make it possible to adjust the temperature of the work gas
relieved at the outlet of the exhaust then in the gaseous or semi-
gaseous phase and befbfe it is inserted into the heat exchanger of
the storage reservoir in order to be liquefied therein; the fluid in



15 reservoir is obtained by heating by using a work
fluid/work fluid exchanger in which the cryogenic
fluid then in the sem -gaseous phase and returned
fromthe exhaust of the volunetric relief device

and
WRABOPEBE 4 sufficient tenperature to do soPCHERRI0S7380

and vaporizes a portion of thé3cryogenic fluid in the
liquid phase that 20is in the storage reservoir while

coothdgagBauki slusé i fhsedtes Bt attemicColitigt @f the exhaust of
~liquefaction vaporizati on heat exchanger consists_ of

a cHig neheérdewcen it Hdanamealad wAHERIt HE PRE§FAJe In a heat
ori gi pahh§gr fﬁ@g‘gb‘ﬁ%de)ﬁhaltﬁe Qfol?héhﬁﬂﬂjéte R4 |the cryogemc

termnate’its ooling and its liquefaction whil

gi vingghati¢. t he heat necessary to vaporize the fl ui d

Ei)n the liquid state in the storage reservoir. a
Cryogeni c machine is positioned between the exhaust

out t éheadryblgeniuolmmetiinecopetdtet bhewisteg dhd mlagnfeltic-dalorific

.stor r srv0| i n _order it i bl e

oo GRER B Ing Br8bETY 3t kY dub faraiE ViAo Reat up
t heypdkt etheofefidid @haushadhetic i fieldher@hseOwod’ down to a
sem - gaseous phase and before it is inserted into the

heateTeREFRIHERI0WET tthénstf@tra@é“?'eEE‘éFQ%"srth% adiedeline magnetic

1€ tibRUREL $sdNeE &Y of R8tdr dhvEriaf thi tic field.
D ool i Bas HiedmEesid of afer 4 gron T s daadaege field

sem - gaseous state at the outlet of the exhaust of

the il Ermihes b e aeleds dudngnitsspassage

eal” exc an EF Posttione chanber of
the cr yoger\!apormzﬂtum of a t:n&)gxrryogtandc machi ne
operates by. usi t.he tﬂ %&‘?Iorlf]lc effectsttha
use the pr P THAP I MEMR QWP R TA THERY
~134p under- t rrfdtarg of tﬁlsml@.n@tby? thicelath iiedt t @r6e6tature at
down to a terrperature | ower than their initial

t enper at ur EORFEII PIRSSHBnetic 10field has
di sappear et isiabbBie fn¥PirhAtiaNpvidifigSwBRenet i ¢
- Polytropic relief providing work with temperature
reduction -- | '
20 - Closed cycle exhaust into the storage reservoir
- Cooling in a cryogen‘ic machine

- Liquefaction of the gas returned to the storage reservoir.

* the constant pressure expansion tank consists of a large volume
25 working pressure storage reservoir in which the work gas
contained therein, kept at the amblent temperature, according to:
the heal exchange surface area of its casing with the atmosphere,
its volume and the storage time in the said reservoir, and in that
the compressed work gas originating ftom the compressor is
30 taken virtually to the ambient temperature naturally by mixing with
the work gas at ambient temperature already contained in the said
pressure storage reservoir. Depending on the volume of the
storage reservoir and the storage time in the said reservoir, and



its thernmodynam c cycle conprises eight phases:
Vapori zation of a cryogenic fluid Conpr essi on of
this fluid at very | ow tenperatures 15- Reheating of

this fluyid by the anbient tenperature at con},%gﬁﬁ

Wﬁ’r@ sé({??(gg Quasi -i sothermal transfer providin 007/057380
work Polytropic relief provitfng work wth

tenperature reduction 20-C osed cycl e exhaust into

thehet sudgeer @sey odi its v@alblinngontad withoteniatmeseiiane, the
urned to the

f f
edER o a4 PR Bl lel e ehbaRaTbliEE aturatly by

conﬁixsﬁg With ahkagge a&obmmeaﬁtmrpl@ragjr@r gseuye contalned in
st or age reservolr 1n n which %as cont al ned

t hdpe rﬁesﬂé‘ﬁ%“aﬁnf‘hé‘%%laénfh? eﬁﬁ@‘r'ﬁ briemeegrer ngy heat

5t Olexdcdh@in .tﬁxmaagx%lfw f&ﬁﬁe?ét%@e OfhroLighCiel Wi t h
t he atnosSphere, its volune and the storage tine in

the said reservoir, and in that the conpressed work

9as ?ﬁ% Q%‘wign%ef %‘stal?ﬁ §Pé§35rlﬁ'§sgfoﬂ 3Qe5?ﬁﬁﬂ5 comprises

virtu erature natura
m >e><|agrnmlt Anther ok nghsh et ewbhangetmm@lsasucb as fins for

al ready .cont d in the sai Lessur
e Pt o Rarhdstarie RANERT e pafifdere and the
10r93/ﬁc§r\k0| gadndchMisear agereime tHud hensidnd r&sqwmnble to
an
considerably increase the heat exchange su_rface areas and

improve its efficiency of heat exchange with the atmosphere.

15 * .at least one atmospheric airfwork gas exchanger is installed
between the compressor and the constant pressure expansion
tank and/or the work pressure expansion reservoir, and/or
between the said reservoir and the relief device with work, in
order to activate the return of the said work gas to the ambient

20 femperature.

* a work gas heating device is positioned before its insertion into
the engine making it possible to obtain temperatures higher thah
the ambient temperature, the temperature increase then being
25 - achieved in a combustion chamber of the external-external type
through a heat exchanger so as not to soil by combustion the

‘cryogenic fluid in its gaseous phase.

* its thermodynamic cycle comprfses the following nine phases:
30 - Vaporization of a cryogenic fluid
-  Compression of this fluid at very low temperatures
- Reheating of this fluid by the ambient temperature at

constant pressure
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area of its wall in contact with the atnosphere, the
return to anbi ent tenperature may be obtai ned

naturally by mxing with the gas at amnbi ent B
W‘éﬁﬂ?@f’%%fe al ready contained in the reservols/EHGI7/057380
hel d at the anbient tenperatuilé by heat 5exchange

with the anbient tenperature, through the wall. the

casing of trehsatisly PseSStBpstaiuageinceeasEogfeater than the
conpri ses external and/or internal heat exchange
nmeans such aBbEMderRerglg®ot i ng t he heat exchange

bet ween th DSRICE 6 AN il @apk cont ai ned
t herein, t%@ﬁ%@n@éu téqugéigﬁreé{?)gm@lgﬁsi ger ably -

i ncrease t Rolpbapiexdklinge Mg ameds amdth npemaerature
_ é’lts effici ?Efiﬁcﬂgnheat exchange with the atnosphere.
5* at | east one atnospheric air/wrk gas exchanger
i s install eGldsddvegole BehaosipimdsSbe sHndagdeesenstiant
‘pressure e?g%gsi on tank and/or the work pressure

expansi on i 2 YHGP& ' HEISEEA®t he sai d

reservoir anguéftiosl bethalgusaetwiridy wwike thnkor der
to activate the return of the said work gas to the

anbi ent 20tenperature. a work gas heating device is

1(POS4 ti oneg tb%fn?;gﬁséé Sal AEGIE 98r | (BrRréINAgERIENStroke of the
making it possible to obtain tenperatures higher than
t hepiahtyt epausiogpéhat RisEQN tihe steprpl tsuteri derdagentre for a
then. DE4E 1R e2GNEYE Dot PeifANBYUSL I On chamber of the
ext'ernal -external type through a heat exchanger so as
not to soil by combustion the cryogenic fluid inits .
gaseous ph

conpri s€s uf’gﬁ'igr &PFOW#@DS'HEE% gﬁ%ﬁggmeg@%@ﬁ@ﬂ i§3, fop, dead
19f a cryogemite,fing Pressurized gas is let into an active expansion
and relief chamber, - which consists of a variable volume
fitted with means making it bossible to generate work, and
that is coupled and in permanent contact via a passage,
~with the space lying above the main drive piston - when
20 _ the latter is-at its smallest volume and which, under the
thrust of the work gas, will increase its volume while
producing work; _

- in that, when the active eipansion and re-iief chamber is
substantially at its largest volume, the inlet is then closed
25 and the work gas still cdmpressed under pressure,
contained in the said chamber, expands in the engine
cylinder thereby pushing back the drive piston in its
downstroke while producing work in its turn and thereby

undergoing a major reduction of tem'perarture,
30 - during the upstroke of the drive piston during the exhaust'
stroke, the variablé volume of the active expansion and
relief chamber is returned to its smallest volume in order

to recommence a complete work cycle.



Conpression of this fluid at very | ow tenperatures
Reheating of this fluid by the anbi ent tenperature at
constant pressure W) 20081009681PCT/ EP2007/ 057380 -

\ﬂ'(zzaosm gleatl ng and tenperature increase 9re?éﬁ¥:1»fﬁ@ﬂi§7ssn_

rent tenperature QJaSI -isothermal tran

provi di ng work Pol ytropic refPef providing work with
tenperature 5reduction C osed cycle exhaust into the
storage reservoir Cooling in a cryogenic machi ne
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(He) as the cryogenic fluid whose Vaporlzatlon temperature is five

degrees Kelvin (5 K), and to make it possible to supply with work

' gas an active chamber of 30 cm® at 30 bar, the aspirated volume

of the gas compressor is 15 cm® at 5 K, and the discharged
volume is 1.91 cm® of work gas at 19 K and 30 bar. This same
work gas, taken by heat exchange to the ambient temperature of
293 K (i'sochoric heating), finding its energy in the atmosphere
increases by (293/19) 15.42 times in volume, at the same

‘pressure (30 bar) to reach the required 30 cm® (1.91*1542 =

30 cm®). The gas relieved in the volumetric relief device and after

" having supplied work is at a temperature of the order of 90 K at

atmospheric pressure. It is then cooled then liquefied and

returned to the storage tank to allow a new cycle.

In the above example, the compression by engine revolution of a
small volume of gas (15 cm® aspirated) represents negative work
of little importance, substantially of the order of 0.88 KW (1.2 hp)
at 4000 rpm, making it possible to obtain 1.9 cm‘3 at 30 bar, and,
at only 19 K, the ambient thermal energy then makes it pdssible,
by heat exchange with the atmosphere, to take the volume of this
gas to 30 cm® which, ekpanded in the active chamber volumetric.
relief device, produces work of almost 12 KW (16 hp), while the
energy necessary to return the tem'perature.of the exhaust gés
from 90 K to its liquefaction temperature (5 K) represents 3.29 KW
(4.4 hp). Almost 10 hp (7.65 KW) are therefore provided by the .
ambient temperature thermal energy during the temperature

increase.

The very low temperature work gas compressor advantageously
consists of a cryogenic compressor allowing its operation at the
temperatures used; it is either driven by the engine shaft of the



pi ston causing the piston to stop at its top dead
centre for a period of tine, and an active chanber,
during the stopping of the drive piston at its top
dead 15 <centre, the pressurized gas is let into an
active expansion and relief chanber, - which consists
of a variable volune fitteq W th neans neking it
possi bl e to generate work, 4nd that is coupled and in

acﬁ@é ”Eﬂﬁmbé%omoqﬁhé’[h@ QeﬁéﬁS@QﬂceV\ﬂdrh ihbersraced| yitag the
above the main drive piston - when 20 the latter is

deatgn tof threlvadsmatsicureliahdamieen(fourmmampie Wikubvosytage
p:s&Poamﬁ‘hegﬁ&mb‘@'rl Jnfnsﬁ%?é%ﬁ iHS AR W d4d its operating

I ng worK when the '‘active expansi on
meahddr ekitetnsthagberistonssubstant i pistyn at ratasy | aritfespaddles,

col Lo e Lo S5 Py At

chafhthENTBeciSrPantise iMvéMeoengi ne cylinder thereby
pushi'ng back the drive piston in its downstroke while

producing work in its turn and thereby undergoing a

ArFHar’lgﬂo naéﬁ{jsuc r{ 090@1“ bgﬂBﬁr%toLhﬁ risi 6l &I ¥ th8re constant

e of I'ston durl e exhaust
prcsssrmleeexplaesma'r itahks, \odl grexntef mihéemftﬂ weitenaparﬁ;mbrpne or

B 58 R S EATE b B, PR S st
exBQR&(&pWﬂﬁ’gy BR2 Q11 64026380y -thbs e- sRidleld in ltldeaesrt without,

a non-limting exanple, wth the use of heli

foraglit Heater ghRging fnei arinAde ohgBei FEndien fdf The
salnsé Eb}.’)ﬁes to the design of the heat exchanger or exchangers that

may use gases (ambient air/gas), liquids (liquids/work gas) or solids
(solids/work gas) making it possible to provide the work gas with the

caloriés of the ambient temperature of the atmosphere.

The vaporization of the fluid in the liquid phase in the tank may be
achieved by all known means of heating or reheating but preferably,
and according to embodiments of the invention, it is achieved by
using the temperature of the cryogenic fluid returned from the engine
exhaust, that is at a sufficient temperature to do this, by heat
exchange in a heat exchanger consisti'ng for example of the coil
immersed in the storage tank and in which the fluid originating from
the enginé exhaust terminates, by reciprocal exchange, iis cooling

and its liquefaction by giving off the heat necessary for-vaporization.

Advantageously, the output of the coil is placed in the bottom of the
tank containing the cryogenic fluid in liquid form with the arrivai of
the said coil in the portion immersed in the top portion of the liquid

that is the first to have to be vaporized.



degrees Kelvin (5 K), and to nake it possible to
supply wwth work 5 .gas an active chanber of 30 cnB
at 30 bar, the aspirated volune of the gas conpressor
is 15 cnB at 5 K, and the discharged volune is 1.91
cnB of work gas at 19 K and 30 bar. This sane work

- gas, taken by heat exchangq to the anbi ent
tenperature of 293 K (|sochor|c heating), finding its
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imes in volunme, at t 3
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flua darthefga@e«uatorasmm@ﬁwqopéggfarb are itdstingprted into
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th@Cg”mieiﬁfs etatey engrgiagr frooh llheoemn@rheaexhau*st volthes ofoled
% 15 cnb aSEI rated resents neqgative
in h?tq

f
1% GikebaRia BAG o dthodruliisgn3 apord
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obtain 1.9 cnB8 at 30 bar, and, at only
in anbeergasdrusmistaier iy coampiaseed i thaesi B9 e @ bgryogenic

co e3P 005 bl g BB, ke e
Iaq@lbwﬂ?@rl\zlmhm?n@nr glived cﬁévhesa,é tineo tigoied lmthemfmserted
inoARGAHPTELY PosEviade tBe THId ShaBaer. yRER D Hebgrizes

(agpﬂéhdﬂqénbhqm%fta&tﬁé&rbst ﬁ@ﬁ@raﬁftdlh@nﬁé KodRyLEBM)Sand the
.29 KW (4.4 h Al nost 10 hp (7.65 KW are

p) .
vapher dhese ppedveeiddebyrnsdoatiisl eMRIERSEr A2 nd dhensyfig can
re?gﬁ%ﬁ¥ rlng the tenperature increase. 30 The very
ow teénperature work gas conpressor advantageously
.consists of a cryogeni c conpressor allomnng its
used:; IS, either

A ,aﬁ{;gtgéggs%eélgﬁ ﬂHErrggrﬁgh @?e {rh\éeﬂtlon may use a magnetic-

calorific effect cryogenic machine.

A first technology, based on the use of large-sized superconductor
magnetic \assembli-es, is used in laboratories and in the field of
nuclear research to reach temperatures close to absolute zero. In
particular, patent US-A-4,674,288 is known that describes a helium
liguefaction device comprising a magnetizable substance that can
move in a magnetic field generated by a 'sﬁperconductin'g coil and a
reservoir containing helium and in thermal conduction with the said
éuperconducting ~coil. The movement in translation of the
magnetisable substancé_ generates cold that is transmitted to the
“helium by means of conducting elements. Also known is patent
WO 2005/043052 to which reference can be made that describes a

heat flux generation



17 active chanber volunetric relief device or

incorporated into the design of the volunetric relief
device (for exanple with two-stage pistons). The

- _nunber of stages of the conpressor and its j

“ﬁ%?ﬂ%ﬂw 1 ternating pistons, rotary piston, pg%yﬂﬂsxmu
wi th paddl es, conpressor wi thiftenbrane, turbine, my

vary without for all that changing the principle of
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5m'rﬂ%bﬂ%ecgu%ltelaevdlfhv?ﬁ‘é'rﬁﬁ desier mizeths hergafio move them _
—applies tot design of the heat exchanger or
excﬂadm@w sotthatmagypetisecajasiéis glamsrdatingidegde)subject them
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1greans of heating or reheatlng but preferably, and
according to enbodi mrents of the invention,
achTfe%eéebgﬁelﬁPﬁgr?'h%att”é@mHPeat WPEK 0§ 2a% hB%FW@‘%‘ﬁ hefore its
1 ulhdoFEEMTRRALH & R ﬁﬁ@rﬁﬁge§¢tﬁéggwﬂétot@@@nthﬁkmﬂau”es
sufP|C|ent tenperatgre to do eat exchan?

in grehaéat tbmrtaag@mbct@rmtstesmpﬁgawe éyﬁmpeeafmﬂhe the work
coi | [ o]

£ 9% 255}3. naob'?aﬁw%ﬁc‘ioﬁ&tée S9%u588% 8P HSsaked) th@dditional

tin engi ne exhaust term nates,
150y fueti moeaeal thexcdmmgessdeds @iootontpiaed it sthe work tank is

i quefactiopn by givin off t he hea e y
VaRBTEAEHoRY Rey AHEIBeBHSI S ETBNe il pUIC I FefEalsr: This

l S Hrafgdnidhtt e ket it osEfiblchto timee acentred muragntitth@f energy

cryogenic fluid in liquidf W, t h th %

t heth&diepre i usgdt RBAplsy ?i"@ﬁ Hﬁn@f { é ?6%9 work gas

porédrﬂ?ré’gséﬁ‘eblelf&r‘é dit hat ihSethRy flrftét th@ haytevd 0 chamber

vapor | vantageously, t he cryogeni ¢ machi ne,

20desvcynmjatri@ mi@iwtfew@el\wll mrpawﬂr%ﬁ%p@é@Menari%ncrease
engln u I f; I kO
oo SRR L Boa IR, h et pergignckoor e
exhamgmef lfoi corien drie t@&seame omyisre:iﬁr- gaseoity. phageuse of a

bef serted . into the ea [ f
Canerial haftaEd ok Re BRI OB Rie b LEE crear
st %&atu@@u@ld@ﬁnbﬂ@ﬂbhbahemgmeq bahealsitlysed tdredepolluted by

cooled in the cold chamber of a cry%ﬁenlc mach € it I
2i5|%@ KngWindsMerRays aiegortBet RSP 6#H@F“P8 hfinitesima

Vap@ﬁhﬁ%nt%ﬂﬁm@ﬂmﬂ?'Ch the cryogenic fluid initially
, e gaseous state is conpressed thanks to a

cryogenic conpressor t hen di scharged into a coi

wheyp el #eﬂnﬁ rafit f'| Preéﬁs s It ﬁf Aehii Ve PNRNOIRGMbustion
gives o udis t en inserted 1nto an

ev aglaraber qn‘othet |eoﬂema!ﬂexﬂeeneblt}ﬂpeﬁhn@e§h awad exchanger

by oothase bl gV b4pop TReERHERE AN PR Geseous

to phgsgonpressor and the cycle can reconmence.
Advant ageousl y, enbodi nents of the invention may use
a magnetic-calorific effect cryogenic machi ne. A
first technol ogy, based on the use of |arge-sized
superconduct or magnetic assenblies, is used in

| aboratories and in the field of nuclear research to
reach tenperatures close to absolute zero. In
particul ar, patent US-A-4,674,288 is known that.
describes a heliumliquefaction device conprising a
magnet i zabl e substance that can nove in a magnetic
field generated by a superconducting coil and a



- 19 - device nade of magnetic-calorific materi al
conprising a unit of.  heat flux generation provided
wth at |east two heat nenbers each containing at

| east one magnetic-calorific el enent, magnetic nmeans
arranged to emt at |east one magnetic field,

nmovenent neans coupl ed w tgot he magnetic neans in
order to nove themrelativé“to the magnetic-calorific.

el enents. i n order ect .themto a i Qn...or
Thee R RoBanls fuglroeT 176 iiaihghbestelhd 3Bl Rlhpbathent
of tthepigvahtioe isocharagGteaize dnimatisafl drcompoisesi tie tbeve listed
cal rles and/or refrigeration emtted by these
ning % €€:calorific el ements. 10 The device for
_reheatl ng the work gas positioned before its

- i n 4 i iRle i-N
Tl ke RS PRSRBobimBRes oA Bl B may
opﬁlnate refbatdlhgthef kmewnordtygasnimyflbelsobtdgipesdling on the

spgegmﬁﬂ%e ggf h@ r‘rﬂﬂghgtfﬂ% #e@fmqéﬁé@%u% j1§;|"1'§|the costs -

resse alr contalned in the
generatathatewWegrain addet itonabtadnedi@aten RoWkrirayill use the

Ui EiRG: tﬂ_é“l%mﬁﬁtaﬂgﬁiﬁ‘tteﬂ%‘&%tﬂe Hﬁ%%'ﬁ’ll@w%othe Iargest

I NCr eas quan |ty of ener? hat can g used and
pOiS§Itdea|t¢la|9|eéawet KuifesRRCE hae W%” wHek 1gadd cBhpeesapd its

vapetioagioht tér%p'e'i‘éﬁfr‘éegnldnﬂ%tthpﬁéﬂaltMﬁa CdTafﬁ@rﬂLaa close to
volunetric relief device wll increase

the eifperettuiempREatHEr dasE'd Waf%tee P df g dnserted
intohénhé Wi@n@%@ bﬂtn@ré@w@mmbethehsngamefrarur@naxfmnce

e _sane er ca t The use of- a thernal
deﬁ%mﬁ't' g tﬁéset{fllﬁée%@oﬁﬁ%h@)éerbq'nse. ng able to use cl ean
conti nuous conbustions that may be catal ysed or
depol | ut ed al_l 1 ur po f
ARG e etk TauBnnal oSy CRENE LR Ba AR Rn are
heherrpQH@t)uwhosech)eam ite;mpleeatLHehlseﬁeK |hycﬁog@nnb(l§§)i whose

bo@ anbﬁeé%'?(g%ggee%g (? {( 1 %F:ﬂ%l m{t?” {I\(I’ﬁg ﬁoé@%mlmg

as no 0O SOl
temppogkmedsf T Uikl that miay Igamtqm@é@m thzee) results sought.

Gas mixtures modifying these features according to requirements
may also be used.

The compression mode of the refrigeration'machine, the evaporators
and the heat exchangers, the materials used, the refrigeration or
cryogenic fluids, the type of quuefaction cryogenic machine used to
app!y the invention may vary without for all that changing the
invention described. ‘

All rhebhanical, hydraulic, electric or other érrangements allowing the
accomplishment of the evaporation, compression, active chamber
work cycles, namely insertion of the inlet load by



The thernodynam c cycle of the engine according to
this enbodi nent of the invention is characterized in
that it conprises the above |isted nine phases. The
cryogeni ¢ engi ne according to enbodi nents of the
invention nmay operate with all the known cryogenic
fluids, depending on the sggcifications of the
notori st, the perfornance ught and the costs

chSQ%adedoll]ﬁ‘V@V@rded"nQrﬂ@?ktmlk@b\tea:l rbgrmaiee npower at a
it will use the fluid having the | owest bail

ng
detearny@edt kUt that] methae aals §o3Mbsysyypme “during the
exﬁ?ﬁ?%rnagﬂﬁﬁeddfftfheé' gRGE Metdketh é\téf taybeihes Rsafithimum
va orlzatlontenperature and t eten‘perature of
Volmefllnuoddercltmsallmw aheewnbyert meppee atsad, withouhefor all

wh t t l'i nd
7 chRbokte 106 Enanuen, theke Ll Bee feSEfpRY: ence.
determ ning the eff|C|ency of the engine. AmDngst t he

refrigeration and cryogenic f|UIdf that areﬁkg are ..
Thﬁeunt@ﬁﬂe(n.@’p%ﬁjg@ B mPsg Hethseratuiretis rgli evice of the

ﬁ% npgf attHee ifvedftidh Oractively
engyse nltro nqmﬁg édrﬁ%rﬁ%ng tenp eratlure |Is 77a?<lvey
pattlmapam |betlusadotlo a"bmteauvmltumtmesﬁﬂl@ doutet .aacgsding to

ireitemaed bR hEIR TR HAMEE Y roae

of the refrigeration machine, the evaporators and the
heat exchangers, the naterlafs used

Theepairpdratr veHBe EPIgSioR ?P9|6§“9§H§“¥VB8roPa"9d active
chhirfs’ Ag k 9&&§¥Qﬂe§'pqsfﬁcﬁhﬂ§dbb9%@e§§u@ kstohheliding in a
Inventi o vary without for all that changing the
cylimyenta ruh cdnmatbddwama mmrrtmlrodhwraucramkpm of the
el ectric t n
engﬁ%ﬁﬁ??éﬁh@ﬁt Hggfw?ay]era;b&ggg:}é%?@%hf&‘éﬂ Sléé}ﬁcm or hydraulic
aritigetfe ARMEXInYOItkp 6¥Sibés , tonpearioymi tha@rstame imlhdtlmens and
inlet load by 21 increasge of voILim Eﬁgﬂuciﬂghmnrk ti
the dheonedyBdntiai Y ERaREeOING e BERAHRE RIS QiEhE Havention
| e ! erfofObHMeh ST che epRANSIiOEiple of the
rn%fr { U§§@ “mwgﬁnvékblston t hen gphﬁke re?ﬁ?n Fo its
‘inveriorum vol une in order to allow a new cycle, may be
used without, for all that, changing the invention

that has just been described. The internal expansion
Allcthgrassvatilet dgu \pohenteof itber\ﬂilijefetdievried*efodeWiIce @rigiqreand
accord| to e di ments of the.in on_actjvel .
ProRa eI piRi0a's RAHRCTRRY SHMENGUId HEE: e Rty Befond its
[mﬁﬁ}’dlf‘ee E6GOT S NGivoe, %‘?Ogl WRiRteT Qfrebberd NaRri @pposite in
called "active cha The vari abl e vol une
diregpiansi symerairicel |aaﬂd &falﬁ%?tl%%ll inedtiacte wehighaibtitached,
-y, .C i st_ of t ' r u i th
- aoffa MY o o B3, Parael 38 MEPES OF MbsLRibn: of the
pigtod, ta; ade:mtmﬂdpmemb Wbegrelnghdeom;pcmkshafd|re<&bmvterthat of
ot her .neg anlcg hydr au
th%r‘?'&ﬁ%’éne & 'ﬁ"‘akl‘sngcqﬁfe‘%oti"& t?lrgd{%{jr? hb‘? nVeights Simes the
didtdReki ONfsahir8af §eiviBdysanecpeintldd @rFensmtaglr the case
enbodi.nents of the Invention nay be used w thout, for

ofa Imlﬂ|ﬁla6y||l@<ﬂ1%lhg|0ﬂiynleﬁ@0prﬂ|kﬂfl ‘fb‘P\é'CSf thReoppYeiiei Waight may
L f [ lieef

L i8R PP PR kol WAL el
extendlng the | ower arm beyond its i mmobile end, or
pivot, by a mirror pressure.lever opposite in
direction, symmetrical and of identical inertiato
which is attached, able to nove on an axis paralle
to the axis of novenent of the piston, an identica
inertia weight and opposite in direction to that of
the piston. "lnertia" is called the product of the
wei ght tinmes the distance of its centre of gravity to
the point of reference. In the case of a
mul ti-cylinder volunetric relief device, the opposite



22 The device according to enbodi ments of the present
invention may use this latter arrangenent in which
the axis of the opposite cylinders, and the fixed
poi nt of the pressure |ever are substantially in |ine
on the same axis and where the axis of the contro
connecting rod linked to t crankshaft is positioned
on the other hand not on t connnn axis of the
articul ated a el f bet

ut the a -
TheoAaKices 8LE0 Hgtﬁé EBQ”BSP cgr pagsen lnvenFon may
usé\CCtﬁrsdl lagiey, dr@némrntaﬁmn avtdcht shey mixes r wf r dps esppbsﬂe

f
oy e Snd s "tk Ba R e, B b AR e ubsiantiany
in Ohei ¢15 theesarmedsxisameatieard the keiopidbedcgitsdbasnnecting

f h f
rod B RE gt 6 AR Mo B el Bl g i oSl fahe ot on
thqarecﬂmmdmz yasat ofi rlhevelmtmum:teds asfng vieulopposihey arm  itself
é{? ﬁegmgr aﬁlf’isﬁ're 'fﬂ(eQir ﬁ%fntt 8r Cﬂ%ﬁt néccordmgly,
eater cyc regular
the mWekanrm anfdts sumrsekryetezpreA@@éradrsr@leoarmde@rthe pivot,
or ?ﬁ&%ﬁgﬁﬁﬂt Qlfbsttgﬁtlbﬂgeﬂt (teeedire ATPitRBL sbﬁfmgéaétuéﬁch of

nic engi ne consists of several
ttse‘mmdmcgmg@t@ é'he Q%@%ﬁtﬁtpgﬁng an active

chanber according to the invention where, between
each stage, a _heat exchanger |s positio e$ﬁﬂak|n
Thpordmbles ¢ oy bRdats rhay ssaiueithaul. &' ol %%ng the
rlﬁbgﬂ@ aﬂ%er|W@ftmm%w|$éqjoef@ra@5:e§étswgn devé € enwnblrs of
tional ener i nder._si zes

twgt%@%Oﬁélgnﬁvb%%?%@r?haﬁgf’h%&’a? ﬂ?\eorﬂreév{]oﬁ?%glrbé;éeater
cydife reghiaty, hedeerraintRotddimedrsefier gyxaaipledonstansix etc.
pressure cryogeni c engi ne advant ageously uses a
volunetric relief device with work fitted with an
Acaotd“n@ abanhmithae cernti odjmentpaiferiheappye o n onthAD ambient
2005/.049968. Accordin n e
terpﬁgé%ttuir ?h?rﬁg?f; q%ergg/o\ﬁ?&gggﬁ% %?]&i%bcéor}% slts %f several
expanpimat stageder eath erstagy andﬁtmrﬁ;ngntatpr @ndivee chamber
ni | c ed:; h
acERiggact; 308 BRENTEAC WHareS between edgh, B0, OB, heat
exshangdr iis ]:tchaetlbnqm aaktnag ot viorsdible ie reheaydbeosxhaust air
of HH@Sﬁ d@&%d.hgt urRd é@d/%rsmre@senésésgéw 2 'ré]héQﬁng device

the initially
witdy mighhonaf leanedgi's va@ocﬁylzrecber r$'¥5h°e @‘aé%uéeméé%g%tbemg
W thResAinE 8scaitdiSypdd es the inlet of a gas
gr%%%%ﬁ2§5|o%&%eV|ce %Mglch thgﬁjdlscharges thi s gas,
conpressed to its working pressure and still at |ow

TheeM8h RN ¢emiptratiale atrheahrmsré?@rgg aind W3 kstaas. pressure
exchanger, . and/or di rect| into const ant

CBGRING DD ERIVBHATST R ST Kolirs ¢lhEe iE hag| Ry with
wolRVfited WwthMairc Rictivies ch@WBéﬂtaUcﬂ)rdntg gaspagent application

its volune increases in the sane
VVéiggggﬁ gﬁg%according to the constant pressure
relation: V1/V2 = T1/ T2, in that the said

Ao3airihia pi oo aFBREL A ARGTREhGor: Tkl Ty RovidEL

conventional engines with the conventional crank
connecting rod device, or else on rotary piston

ei ngi nes or other internal conbustion devices
producing a relief with work, in that the
work gas at the exhaust of the volunetric relief
device with work, again at very |low tenperature after
its relief, is discharged to the storage reservoir of
the cryogenic liquid through a cryogenic nmachine
posi ti oned between the exhaust outlet and the fluid
tank (Al) in order to make it possible to adjust the
tenperature of the work gas relieved at the exhaust
outlet then in the gaseous or sem -gaseous phase and



24 The thernodynam c cycle of the engine according to
enbodi nents of the invention is characterized in that
it conprises seven phases: Vaporization of a
cryogenic fluid Conpression of this fluid at very
| ow tenperatures Reheating of this fluid by the
anbi ent tenperature at constant pressure Polytropic
relief providing work with28enperature reduction
anC apbiemly dempxisduse theonahecterdy @ndl icegsiany pressure

cryogeni c nmachin ..guefaction of the gas returned

cr %g?'ﬁg TIRKE %)ﬁ%'%éﬂélhgﬁg' tenperature thermal energy
and- compstiaat tipe ewsotk @ yogenirgogeginéiuidnuded Uised dosed
all land, sea, rail r vehicles .as, wel |

cyflessiotchin dheabiglit A ae RaKIng 1 it gashms olase and
re@rh¥UNG ¥ althPitie BESHIE il BRE ighed tpielse,for exanpl e).

- in thatr the initially liquid cryogenic fluid is vaporized in the
gaseous phase at very low temperatures and supplies the inlet of a
Qas compression device, which then discharges this gas, compressed
to its working pressure and still at low temperature, through an
atmospheric air/work gas exchanger, and/or directly, into a constant
pressure expansion tank comprising or not comprising a heating
device, in which, its temperature increasing considerably, its volume
increases in the same proportions according to the constant pressure
relation: V1/V2 = T1/T2, '

- in that the said gas, still at its working pressure, is then let
into a volumetric relief device with work used, on conventional
engines with the conventional crank connecting rod device, or else on
rotary piston eingines or other internal combustion devices pfoducing
a relief with work, o

- in that the work gas at the exhaust of the volumetric relief
device with work, again at very low temperature after its relief, is
discharged to fhe storage reservoir of the cryogenic liquid through a
cryogenic machine positioned between the exhaust outlet and the
fluid tank (A1) in order to make it possible to adjust the temperature
of the work gas relieved at the exhaust outlet then in the gaseous br
semi-gaseous phase and before its insertion into the heat exchanger
of the storage reservoir in order to be liquefied therein; the fluid in
‘the gaseous or semi-gaseous state at the exhaust outlet of the relief
device is then cooleci during its passage into a heat exchanger
" positioned in the cold chamber of the cryogenic machine, and

liquefied in order to recommence a new cycle.



The anbi ent tenperature thermal energy and const ant
pressure cryogeni c engi ne may al so and advant ageously
find its application in standby, energency and/or

el ectricity-produci ng generator sets, as well as in
many donestic cogeneration applications producing

el ectricity, heating and akr condi ti oni ng. According
to other features of the e éines according to

Themdiiedysamic theld bBY@Rki @fgine* agtordingl @ atyodiments of
butterfly valve is positioned on the inlet duct of .

the frvediems charpelqrezeddyiteat il IHNROBRS 1R HEN3SES:
make '%/apBﬁ%Pi'o%kBPaC&%pglni%'ﬂ%i@ng' ne by letting

nore or ess work gas into the active chanber and/or
i nto iCempresster of thi® 1008A00S681PETERRPOILOSY 380 -

25 - *_ap_agcel erator bytterfly.val ve i 0S) L] .
2t 1neREReREAge 5T B Hhid Py S shb e Wi diatlre at
conpr essdtaanghresehieg ably controlled by an el ectronic
device_ in order to make it possi bl'ﬁhto adj ust

t he .
i nl et , Pelvdrenicd edief mievidingréedoitthi¢mPRERI IR sdyetion
desi rfﬁmrge%sggg% LOhR %pg]tgqlﬂ%t &/Hk pressure expansion:

t ank at tends to fall depending on the quantity of
~ gas- t akeanliby inhe cvpbgeeio machéneéef devi ce. BRI EF

aavantgueaiion & mecesbr o= ST RE T appear

on reading the non-limting description of several

enbodi nrents, nmade with respect to the appended ,
Thgr ANt fempegture thermalpeqgrgy reQRsient pressure

cr%dé&ﬂ‘icd'éﬁgﬁ%ncfaw BeadedSo§CAIENBhHCAda) SAENaIrvERRSSs as
secti o

n, an active chanber cryogenic engine according
wetlb ash&n ianyeffivdesh station applicateen 2sueh A% epmea@it pump set,

ariggi§ Vahlot AR b M rs 3B s 5 4 BB ee e ne
according to the invention.

The ambient temperature thermal energy and constant pressure

cryogenic engine .may also and advan{ggeously find its application in

sltan-dby, emergency and/or electricity-'producing generator sets, as

well as’' in many domestic cogeneration applications producing

 electricity, heating and air conditioning.

According to other features of the engines according to embodiments

of the invention :

* an accelerator butterfly valve is positioned on the inlet duct of the
volumetric relief device with work in order to make if possible to
control the engine by letting more or less work gas into the active

chamber and/or into its cylinder.



20- Figure 5 represents schematically a

t enper at ur e/ vol une di agram of the thernodynam c cycle

of the cryogenic engine. DETAI LED DESCRI PTI ON OF THE

\*é\%%lg@gggq 25Figure 1 represents, in block db@%ﬁ?ﬁﬁbwmvsgo
fmand s

chematically seen in cross section,
anbi ent tenperature thermal erfergy cryogenic englne
according to the invention conprising its five main

el efremt accelbeamrymgeeﬂfbr ¥ & lviedisr pegitivoied &hthd quitr@nce of the

phase e ver ow te ture
Cnoy Sl Salifergeh AL e fIHEsRoE S BRI ARG ePot'oed by an
rﬁl e%‘ctﬁtﬂﬁbc@e\v\rfcewn\l\bfcﬂ%@r mtrhlaaetur \é:&)fscslﬂallebaf ddjusinthe inlet,
the cryo enlc machi ne for coo| i ef ore ction
£ etk 0780 PR e aoNIdle Frepisbie dlebiigd preSSure i
- 3hi gfp EBﬁsPJM%ﬁs‘Erré'ék dsﬂoh't@%'kdth@tmétéﬁdé%o' fall depending
~stored, and t WO 2008/ 009681PCT/ EP2007/ 057380 -
26 onithel mﬁltar Pleass sxkpRtyetd ¥PluMeies seli¢loheving-
vaporization A3. This reservoir is connected via a
duct. A4 to the inlet of a very |ow tenperature
"cONBRAEEODEB GRIREI@INHABSEHESDBAWHLES] via a duct B5
~ 10 a cryogenic fluid/anmbient air exchanger Citself
connected via a duct O to a constant pressure

1EXpanseonobjaeks, 1 ddvasrbfesonnectiedtdrest ff ithe eindehtidn will
the active chanber. vol unmetric hel i.ef device

conpPP&fhg O& dF‘?%‘”Eu stsh DonsHBUWING: deSCTtRiPedd several
cent fi®lod i Mlein® NSnade awinl r88gEcR tanthE Upend@d davangs in
‘pressure | ever’. The drive piston 1-is connected via
it sWBITt to the free end 1A of a 10 pressure Iever
consi stin n .ar ul at,edp,
5 to anot %e$u§m14 %ée‘%éoﬂstgl I ﬁ‘gtl ng y on a gjrf
1Esha$¢h@maainaityrse/wn ¢h dresargeniged, alslmm\i@nclnarnlbyerrcrryogemc ,
its mddlet haf ﬁA.to \thch is attached a control
- confieB gt reE <§8nt &NEE lémt he crank pin 8 of a
cr ankShafFErgardé@t at iteg4omreptresani,s ilObldak idiggtde Horm and
rotation of the crankshaft, the control connectin

F odSNGTRAHGOHENS IMbGEISSHPREHORN NS EriHT DPEFAERG Rhases of

a ft‘PfeCSnQIhé B@c@r%mgﬁosﬂh@fﬁnv%rﬂfori he two. arms 3 and 4
of the pressure leveéer, thereby allow ng the piston 1

200 nove AIBHEE theraplipsests t RheyRticaly 2, tam@erature/volume

ret
et FRRARBP S St AnblifnafAl SRR brind Ty babAEepgine.
thereby causrng it to rot at e. The engi ne cylinder 2

- ssﬁg Epﬁ%ﬁlln its top
A=t e e—ttranbe ?N%% det—13 in which
a plston 14 slldes cal | ed the pressure pi st on
nlQected via a connectr rod 15 to - crankdm

i@ eed |F?ﬂggsq5} St HB b?ock dragram orm an

seen in cross section, an ambient temperature thermal energy

schematrcally

cryogenic engine according to the invention comprising its five
main elements: the cryogenic fluid reservoir in liguid phase A, the
very low .temperature compressor B, the gas/ambient air
30 exchanger C, the volumetric relief device with work, with active
| chamber D, and the cryogenic machine for cooling before
!iqu'efaction E, where it is possible {0 see the reservoir Al in
which the cryogenic fluid in liguid phase A2 is stored, and that



25 crankshaft 9. An inlet duct 17, controlled by a
val ve 18 opens into the passage 12 that connects the
engi ne cylinder 2 and the active chanber cylinder 13

‘ i {1 possible to supply the engine with 5738
“ggﬁ%@%@%%d gas (cryogenic fluid in the gaseéﬁgw%ﬁgggymm)
originating fromthe expansro%6ténk 19 kept at a
quasi -constant pressure. In 30 the upper portion of -
themehgieree acyeahdmrchanger évhbavefafign 2ad yapgdgization A3.

h t
g-béﬁsar@%e&’] l‘,;ﬁg (S)gwa cﬁ%g;/\ﬂ% %§ A‘ﬁo gr'rﬁ% zr?leig)f 4‘%ery low
havﬂeﬂ%ﬁ@%ﬁ&@ cbrtmegboa(%mgtgstgg?x;mgfségzs%m rct)mﬂee%vta a duct
e to coo -
D285 e iy ogenic TIGATBE N AN G N abarannected

It §igral Hacl icHebagt coRstantt Peesate exphasgeai téak AG itself
accelerator butterfly valve 17A is 03| ti oned on

i nleannreiedstoothe Haletol Grift e BeEVPosh %‘é‘\?leée"%ﬂt?t”c relief
e &t

AR K58 e 1 Ao oot

13, siidngAm gceyliedard? And (irglaity APTESSUre lever. The

posi ti oned, on ,t he %
erer TPt dnf sBpBhudy e s NPl ip JRerfEE g 1A of 2
1oby ;ﬁ:%s@ueétlbﬂﬁr Ccdi}i;lsnagth@f r:mkarmt SPastﬁmUIataed ®n a common
ulate at the inlet e ,out put..of the conpre
wni ik of ABOTHY B4 doprexalrufo SR CERERIRE shatt o,
Pr essyich FRRENH afrdriyad, @bé@hﬁbllf{&hh% dﬁaereqlanghenft 4A to
the quantity of gas taken t he engi ne. he
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the e p [ ahypxeha h
BT DTS R A T Pitind B MR Draeing the
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- fluid aseoqus f r
tenfil PE 38 e RuCh i (GlertE R A 8Pyt gommon
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alr/cryoge c fluid xchan ere its e
o | RITOVEE the pitbry ! 15 TRLS BN e, Exised ol i By 1H0F . and
caugi PulrRerhASMERS Qﬁelér%n\k@huﬁegltme)f@iefes exerted on the

subsequent | be directed vig th uct O to the
2Q;ong1tsg¢,m d)l/JI'Ing the drive stroke ther %y causing |t to rotate The

.

engine cylinder 2 is in communication via a passage 12 made in
its top portion, with the active chamber cylinder 13 in which a
piston 14 slides. called the pressure piston conneCted via a
connecting rod 15 to a crank pin 16 (in dotted line) of the
25  crankshaft 9. An inlet duct 17, controlied by a valve 18 opens into
the passage 12 that connects the engine cylinder 2 and the active
chamber cylinder 13 makes it possibie to supply the engine with
compressed gas (cryogenic fluid in the gaseous phase) o_riginating
from the expansion tank 19 kept at a quasi-constant pressure. In
30 the upper portion of the engine cylinder 2, an exhaust duct 23 is
'made, controlled by an exhaust valve 24, connected to the
liqguefaction and vaporization heat exchanger A3 after having
passed through a cold chamber E that makes it possible to cool



25 pressure expansion tank 19 connected via an inlet
duct 17 to the volunetric relief device with work
with active chanber D where, Figure 2, the drive

iston 1 is stopped in its top dead centre PP
Vg @Oglﬂoéﬁqlnl et valve 18 has JUSt been opened:; (?hﬂ»z%fi‘msnso

pressure of the gas contai ned?’n~t he const ant
pressure expansion tank 19 30 pushes the pressure
pi sthen ddyogsrie ffldidi g tthe ceyﬂnauﬁr wfd t peepate vé for its

chanber and pro r k ausing viaits
coﬁ%%%?“%%“ybﬁ‘éi? P%Fﬁgpgﬁ ‘the crankshaft 9,
the work being WO 2008/009681PCT/EP2007/057380 - 28
- considerabl e because it is carried ou

QUAD- R RO o S48 LT VOIS 1A SubgsaieRe G dhe ipet duct

: 50f CSEWE vB'E@r'h%"t‘:'l&Areh%Y kL Wit Ovb S DF ahat ingikest A ossible
crankshaft allows - Figure 3 - the 5 drive piston 1

to woeentre!| the leoginen kledatituhtmeramd KasvHi gepyinto the
%ﬁ@?%ﬂg tlpg iRl et valve 18 is then closed
aga

d cont8ined in the active chanber then
expands whil e pushlng the drive piston 1 which inits

tur roduce r-k. by rotat f1..9
t hrSngiee S aab AUty (kA8 45 JREIRAEE IR e iy ouct A4
1010 &f mﬁjvér@l&mttbm 0 e c@ﬁmreebbﬂgltrgd)réfer@lﬂly I’d@ntrolled
this cycle of the drive piston ressure%ﬁg ?tt
F he inlet,

14 BY& plgesrqnis ck%\fieﬁéotraabet'iﬂ &ﬁ\sa B lodfiguda
Conﬂﬁ%”ﬁﬁ?putt 8f YRELEARPréSsdrt Whﬁl@pkgéém @rﬁ‘érchSIﬁéd pressure

the el ements being set up so t hat url'r%gl
upsitr Gieeconstand pessone eXD@é@'W gaﬂb 1P,-wh f@rl@sgapendmg

R T
1%iston 1 will stop and the pressure piston 14 wll
D0tRe 3epa8e BRIl PGl Fike b2 BEARTIISE i HE%ascous
~phase with the aid of the heat exchanger A3 and aspirated
thirough the inlet duct A4 by the cryogenic fluid compressor B; the
) "cryogenic work fluid in_ gaseous form but ‘still at very low
20 temper‘ature is then compressed for exam-ple to 30 bar and
discharged through the duct B6 to the ambient air/cryogenic fluid
exchanger C where its temperature will rise virtually to the
ambient temperature causing the increase of its volume in order
subsequently to be directed via the duct C1 ‘to the constant
25 pressure expansion tank 19 connected via an inlet duct 17 to the
volumetric relief device with work with active chamber D where,
Figure 2, the drive piston 1 is stopped in its top dead centre
position and the inlet valve 18 has just been opened; the pressure
of the gas contained in the constant pressure expansion tank 19
3¢ pushes the pressure piston 14 while filling the cylinder of the -
active chamber 13 and producing work by c'ausing via its
connecting rod 15 the rotation of the crankshaft 9, the work being



20 pistons 1 and 14, the exhaust valve 24 is opened

in order to return the cryogenic fluid, intensely

cool ed during its expansion through the exhaust duct
cryogeni ¢ machine E and its heat

\Eﬁ:ﬁ@%s%ﬂe reservoir A where it will be Ilquﬁq“ﬁE Qﬁkzwo

during its passage into the “hé&t “exchanger A3 and

returned to the 25 tank in order to reconmence a new

cyctensifiegabie becepsesens sadriednper at gugsiglanmant pressure

rvaker B e AR RY PRE PR UITP RIS O can be

seen the tenperatures and on the vertical 30 axis the
as_vol unes e
e Byt Re Sy alo0aper: SAnSHB S EHER: ° fiokre.? - the

CONYPFiQESHiofbri @ fohmover ko nrse@@tlﬂm fsagranitréeind) suﬁbﬁmtlauy ‘
gas is then taken to the (quasi) anbient tenperature

at §l(5wgllt@|h¢mp?ms§'\ﬁénggégq{gﬁﬁ@tlﬁAghen Wesed again; the load
200@59@9@@&@@%9% é?é”r%@er thef exbé‘n@é dghile pushing the

subsequently to be transterred a quasi -i sotherm
anddeivecpissemant whedsuneitahiure pr@@w@fﬁmgwmﬁf Ky rotating the
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During this cycle of the drive piston 1, the pressure piston 14
continues its stroke to bottom dead centre and commences iis
upstroke to its top dead centre, all the elements being set up so
that, 'during the upstroke of the pistons - see Figure 4 - the
pressure piston 14 and the drive piston 1 arrive substantially
together at their top dead centre where the drive pision 1 will stop
and the pressure piston 14 will begin a new downstroke in order
to recommence a new work cycle. During the upstroke of the two
pistons 1 and 14, the exhaust valve 24 is opened in order to
return the cryogenic fluid, intensely cooled during its expansion
through the exhaust duct 23 and the cryogenic machine E and iis
heat exchanger E1, to the reservoir A where it will be liquefied

during its passage into the heat exchanger A3 and returned to the 7

tank in order to recommence a new cycle.

Figure 5 represents a temperature/volume diagram of the
thermodynamic cycle according to the invention in which, on the
horizontal axis, can be seen the temperatures and on the vertical
axis the gas volumes employed and the various segments relating
to the cycle, vaporization (segment V) then compression {o the
work pressure (segment Com). The gas is then taken to the
{(quasi) ambient temperatu.ré'at constant pressure (segment EthA),



5 atnospheric pressure, in order subsequently to be

inserted into a cryogeni c machi ne (segnent REFR) in

order to be intensely cooled then liquefied L and to
ossi bl e to recomence the thernod

«%?ﬁﬁthTg The invention is not limted to ¥Eﬂ@%@bmmmmsnso

exenplary enbodi nents describéd and represented; the

materials, the control neans, the devices descri bed

rrayinvaarc;emuuasmuemtly toribe t:sfansfmrr@d;mwalcmﬂ% isotherm and at

d h
Chari g n vk PN irPUHEEY b aBkbmldly g dnto the
- 38ctivéichbiMberloAthaehigind ahenpepatdifseymentad 1) according

ener gy and const ant pressure, cr [ ine u
an 0P RO VERBePrOBHEiRG: WPEK f EPPRR oaévf 6@0\6893519??550 the
Of  Rny@sprrdiie prakyire finf b&ﬂjer\/\ﬁshbs@@@@ﬁﬂ?ﬂblw@ |m§erted into a
possible to generate work when it is , coup

andcry@g@@rtmri@thmnf%@ﬂmena BESd3kdfe OTHPE hict htée mtensely
SPACEH Y Qﬂ@ﬁgﬂgﬁéqubﬂdqﬁ'M k%H? siABGodfbcommence the
integrated o ntegrate ression device,
chathectrerdynednic ¢yclehat the mork gas is a cryogenic
ftuid used in closed cycle stored in the |liquid phase
working in the gaseous phase and returned to a
1gst onage i eSSyl ks i not hl&mhﬂeau,ll i pihes eexempldriaterthediments
wor k as |n|E£aII isS Vv

oriz

gas fenthserilgn: tarpertboniss e fatdfh maans. the

at ddwickaPQsdZé®mhgnpaakvithen taadisiPBY ites éd’lﬂva!ents to
~inlet of a %as conpression volunetric device

whiReduce dhec sapreseasiito Moy kfosr adls Grat, changing the

th Il at very | ow

eﬁ%gﬁeﬁ{tlﬁpg@%theﬁ@%‘ﬁég g%ﬁctlﬁgﬂconpr essor, is

dlscharged into an expansion tank at its mork

pressure and taken, by heat exchange with the

at nosphere, substantially to the anbient tenperature,

such that, under the effect of the transfer of

thermal energy fromthe

ambi entt enperat ure, i tstenperatureincreasing

consi derably, its volune increases in the sane

proportions



accor di ngt ot heconst ant pressurerel ation: V1/V2 =
T1/T2, in that the said gas still at its work
pressure and still substantially at the ambient
tenperature is then |et-i3bo-a volunmetric relief
device with work that comprises an active expansion
and relief chanber, in Ch&iM®e work gas, on being
exhausted fromthe said volumetric relief device with
work again at very - 31 - low tenperature after its

1religh, é]‘?‘tfb%ﬁfha%%ﬁ%rb% dshdMRapt anaggyt advd ofconstant

cryogenlc is liquefied inorder to
pfEITRERTPoge Ny €ygine, sioh asm tastivenstharmberamolumetric

anbi ent _t t t |
rqﬂwgsgw% e@\%ﬁf’if%e b vasaie Yol SR With, means
m‘afk?ﬁgg’t i Rl 7 é}%}%ttéf\koﬂfwet (& Y0ERD) coeplgidieand

acco 1, characterized in that its
int bermmdwﬁm@nmml\eacamﬂ$me,t wéthi the smase depgnabove a

oG SHSET AR, Sy RN ol tcnen, piggrated
compression device, characterized:

- in that the work gas is a cryogenic f|u1d used ‘in closed
cycle stored in the liquid phase ,workmg in the gaseous
phase and returned to a storage reservoir in the liquid

rphase,'

- in that the work gas, initially liquid, is vaporized in the
gaseous phése at very low temperatures, substantially at

| its vaporization temperature, -and supplies _the iniet of a
gas compression volumetric device, in which . it is
‘compressed to its work pressure, o

- in that this compressed work gas, s‘till at very low
temperatures at the outlet of the compressor, is
dischérged into an expansioh tank at its work -pr-essure and
taken, by heat exchange with the atmosphere,
substantially to the ambient temperature, such. that, under
the effect of the transfer of thermal energy from the
ambient _'temperature, its temperature increasing
considerably, its volume increases in the same proportions
according to the constant pressure relation:
V1/V2 = T1/T2,

- in that the said gas still at its work pressure and still
substantially at the ambient temperature is then let into a
volumetric relief device with work that comprises an active
expansion and reilief chamber,

- in that the WOrk gas, on being exhausted from the said

volumetric relief device with work again at very



Reheating at constant pressure by the anbient
tenperature Quasi-isothermal transfer produci ng work

Pol ytropic relief providing work with tenperature
reduction C osed cycle eXxhaust into the storage
reservoir Liquefaction of the gas returned to the

st or agewr esepenature 3fteAritsanbiieht is dipehatdmd towaras the

energy ,and constant pressure, GLY. > ' il

accor StARID RNk fégfoéﬁgﬂ%g&“é?i‘@gg% it ﬁlgpnt‘éﬁgd in order
vapor izatdi Omafehbe &l wed idydiBe suehi dsphaseonstitute an
storage reservolr Is obtained by heating by usi n% a
wor k Binbigntor kemipgrdtesechdhgemaln #REEGYt hand — tonstant
cryogenic fluid then.in bng sem - gaseous phase and

r et ur REASPHERCI HRIERHAEEE DY the vol umetric relief
device and that is at a sufficient tenperature to do

so,. heats and vaporizes a portion of the cryo
2.£ 1 UiAh | rrobit qlerippRaBKet HieTaal nenREIKt G

reservoir whil.e ' 14 f g 4 ized in
PreRBHEs CyaRsnS, SrQreh SeRBrAl e Bl 1 ohdihoterize
thRk ESBUI theiheDenahiengyete acompliisgst ¢hel dothoging seven

characterized in - 32 - that the cryogenic fluid
phasgssf acti on vapori zati on heat exchanger consists of

a coil j . ' b gch the fluid

origi nat%@?ﬁ?ﬂhﬁfggﬁkggégl&oﬂﬁ‘%e engine will -

t er m n@eEmptession ohghsntluid at viegudpacte mperptures

giving off the heat necessary to vaporize th | uj :

i n t-he Rekgaldngt aBd i ROTH %‘%/orpafggsﬁg%ersgi r.?héS. é%nb'ent
anbi enttang;g}grt@FéJre thermal energy and const ant

pressureé cryogenic engi-ne according to Cl aim 3,

charact@uagieisdtherimatl teansfesgeigduGagWaEK i s

posi tigned, between thge exhaust out] of k
- vol umetreI¥tHoRIc ef F%Q@Fceorz?ﬁ(cﬁaﬂé fWﬁl}%l _S%Aféfrhggetemperature
reservophuchiopr der to neke it possible to adjust the '

temperature of the work gas relieved at the outlet of
t he -exiGlosedt tpalei axhaushieothe §toAas rgasBBUS phase

he -ot drageraidn e 45, aLrdF (e, S AgR R cRolr

therein; the fluid in the gaseous or sen -gaseous
state at the outlet of the exhaust of the reli

;
3deviAr iambiait cRMESTathiehg thetmahs S5 Wn gnﬁeaqonstant
p%@ié%&@o@eﬁh? 8H§ﬂ1é L ddit dfiPy doC BARRET 2 Ochbgcterized in

ni c
e constant

né o
that the vaporization of the fluid in the liquid phase in the storage -

reservoir is obtained by heating by using a work fluid/work fluid
“exchanger in which the cryogenic fluid then in the semi-gaseous
phase and returned from the exhaust of the volumetric relief
device and that is at a sufficient temperature to do so, heats and
vaporizes. a portion of the cryogenic fluid in the liquid phase that is

in the storage reservoir while cooling and fiquefying.

4. An ambient temperature thermal energy and constant

| pressure cryogenic engine according fo Claim 3, characterized in



6. An anbient tenperature thermal energy and const ant
pressure cryogeni c engi ne according to Caimb5,

characterized in that the cryogenic machi ne operates
by using the magnetic-cal gui tic effects that use the
property that certain materials have to heat up under

thdetieé f @8logeinie fraahetquefhitibd mapotiaation heminexohanger
tenperature lower than their initial tenperat

A re .
canseist o maghel | MMeIsethald difeaddly dF o¥Nifh cfhg fluid
vart i at.i ' t4¢G ol ; ; ' : i
o BT Ty bl BPRERE e Ehdine fo ASrARRARIS cooling
aﬁﬂw?ﬁeitrqqéfanﬂﬁnewagleogwing afd toediaeatenechasacy éeivanprize

in that its thernodynam ¢ cycle conprises eight

thsn Sl in _thod 0, BSOS PEEHE Pl d - 33 -
Conpression of this fluid at very | ow tenperatures
Reheating of this fluid by the anmbient tenperature at
5consfant apidsstr eemersituisothermal engigyerand constant

oy 5% i, RS R GBSl BB ARt i
{FSHOR a5 oLRHEE YRR BI04 igdiiiBnadoseness chavskhaest outiet
of the volumetric relief device and the fluid storage reservoir in
order to make it possibie to adjust the temperature of the work gas
relieved at the outlet of the exhaust then in the gaseous or semi-
gaseous phase and before it is inserted into the heat e'xchanger of
the s_torage reservoir in order to be liquefied therein; the fluid in
the gaseous or semi-gaseous state at the outlet of the exhaust of
the relief device is then cd_oled during its passage in a heat

exchanger positioned in the cold chamber of the cryogenic

machine.

8. An ambient temperature .the'rmal ' energy and constant
pressure cryogenic engine according to Claim 5,'charac'terized in
that the cryogenic machine roperates by using the magnetic-
calorific effects that use the property'that certain materials have to
heat up under the effect of a magnetic field and to cool down to a
temperature lower _thaln their initial temperature after the magnetic

field has disappeared or after a variation of this magnetic field.

7. An ambient temperature thermal energy and constant
pressure cryogenic engine according to Claim 6, characterized in
that its thermodynamic cycle comprises eight phases:

- Vaporization of a cryogenic fluid



Li quefaction of the gas returned to the storage
reservoir. 8. An anbient tenperature thernmal energy
and constant pressure cryogenic engi ne according to
anyone -of the precedi ng-cl3@ s, characterized in that
t he constant pressure expansion tank consists of a
" large vobuimewsidn g thiesisud atstenyalpev tesgeraturés
whi ch the work gas cont aj ngd- th?[]e-i n keg; ?t t he t
anbi entRebepéingt e thisc dbHdi Ry (€8S MPIRLL: (RPRIAYYE 2
surface f.d sing with the atnosphere, its
vol une %%&%ﬁg ps'ieg’r§§8§ time in the said reservoir,
and in Qbakiidethermuicsaadfevop koydsnomafiknat i ng . from
the conpressor, is taken virtually to the i ent
t enper alt QRATRICur e{?l‘fl'??bprﬁ"k'Hh@gvm MY he k gea@pg{atyre
anbi ent ture already contained in . the said o
pressurreelog“[ggﬁgge reservoir.. 9. An anbient ] '
t enper atGipeetheycial exxnau gl intadhsoatnrage MEYdie
cryogen_&c E’ngi.ne accor di ng {Q ael m 6, characterized
i n" thatCPRENEAE AFTEPOEREC SARF M%essure storage
reser vai iy 298efibRest e 9_%%a+‘etﬁrﬂdéartoi theestialagrepgservoir.
exchange neans such as fins for pronoting the heat
“exchange between the atnosphere and the work gas
contained therein. 10. anhi t elfpef A U '
8t her il %H@'Ev?aﬁan}:poeﬁ&@ﬂ? gﬁgg@t&}e cry en%@dena?ﬂgtant
pAESAId ROybGef Aidhginechataedieng 1edanyohbadt ahel pesteding
one at nosphéeric air/work gas exchan%er is - 3

4 -
claistsal gharaséeviged imthabtfin constagh rgiguﬁ%ﬁg&pﬁﬂsmn tank
[ esSSur e, ex | ] i o
s

whesEr YRér vaork tasr eldrahineyi ceereinh wepk. atltheAmmbient

- anmbi ent tenperature-thermal e er% and Conift ant fits

teynessatures racrpisliedetyi the FhgaRgCany bie o TERe" 'S
el " ChENABFhd AnldhBHe dtdRide BRse in the

Cﬁéﬁlqe%ﬂgéﬁlé?etﬁf%s%lg%% Itctaﬁevl Eeforcra1 its insergﬁ on |

shht qesbevengiared nimkithgt ithepoosiplessest opo e gas originating

Sl aiiel Mo han (oA, i) ARBIARE dms
nBRNAAL 5, EARGC W e WerRr B it Aimiflertty bemperature

xchanger so as not to soil by .
abremhiystoptainkd ior Yloyeaid pregpdre PtPfagYy48€6L%CHhase.
12. An anbient tenperature thernmal energy and
constant pressure cryogenic engine according to Claim

98, CR@raghffibAed tempdaiturés threnmaldyspeigy cynid constant
conprises the follow ng nine phases. Vaporization of .
pressyrsgenyegenis @ngivapaeserdindofo thiaim pyichafacieriged in

| ow, t enper.at ur ‘Reheat | t Qi [ hes; :
o g PR e O HITNTE o Sasl JesREygRroqmerises
e MRRHA LAt MRTleAsat gegrahengehancahe subheas fins for
tenperature : )
promoting the heat exchange between the atmosphere and the

~ work gas contained therein.

10. An ambient temperature thermal energy and constant
pressure cryogénic engine according to Claim 7, characterized in

that at ieast one atmospheric air/'work gas exchanger is



Quasi -i sothermal transfer providing work Polytropic
relief providing work with tenperature reduction
Cl osed cycl e exhaust into the storage reservoir
Cooling in a cryogeni c raCKki re Liquefaction of the
gas returned to the tank. - 35 - '13. An anbi ent
tenperature thermal energy and constant pressure
. C ni c,engi ne, characterized: - iLn_that, the
'“\ﬁg[ﬁg‘gabeitg’e Ner PSyeiPRORTEEFAT 888 ithe g?raggadwtcﬁrleésure
exi M Een RahRe didrerdtipdag@rvopkesguid £RBalidarAPUReservoir,
phase and returned to a storage reservoir in the
and/qui ke twtesre the-sa@d reservoir andfhenealiafhéevisier waih ywork.
liquid cryogenic fluid is vaporized in the gaseous
phase at very |ow tenperatures and supplies the inlet

1Pf AQasarRBiBMES M @petaniee, thimal t ke rdyschadgesonstant
“this gas, conpressed to its working pressure and .
presisure agryagenienpegin@raccantinggle anyanpghthe preceding
1L wo nger dior, dig ectly, hd QA dayica i
oSBT DR A LY b iR% ggvice i

pogitibhiesi bgferehiatinsgrtiewi ingo the ahgote making it possible to
nperature increasing considerably, its volune

t
Obt%émeh%’@ﬁ’eirﬁtq'}?@ g esr hap: thas ambisndi fgmperatere, the

teﬁﬂS?itef}H?e priﬁé?é*é@e r qb@fwi Peingt/ \a{%hi_"?(\?—éé T2n a combhBtion
a e sald gas, still af 1'ts working pressure, is
cttdmbek atf thet exbe nna lvedtiernal tybhé déhraiegh ce hwiat re xwranger so

used, on conventional .engines wi'th the conventional
ase itk (R oRARCRY nEOMRUSIRIT de Y Rgeio, 1ok iy th; degRous
pﬁa&wi nes or other internal conbustion devices

producing a relief with work,

12. An ambient temperature thermal energy and consiant
pressure cryogenic engine according to Claim 8, characterized in
that its thermodynamic cycle comprises the following nine phases:
- Vaporization of a cryogenic fluid
- Compression of this fluid at very low temperatures
- Reheating of -this fluid by the ambient temperature at
constant pressure
- Réheating and temperature increase greater than the
ambient temperature
- Quasi-isothermal transfer providing work
- Polytropic rei-ief providing work with temperature
reduction
- Closed cycle exhaust into the storage reservoir
- 'Cooling in a cryogénic machine

- Liquefaction of the gas returned to the tank.



in that the work gas at the exhaust of the volunetric
relief device with work, again at very | ow
tenperature after its relief, is discharged to the
storage reservoir of the 8vsyegenic liquid through a
cryogeni ¢ nmachi ne positioned between the exhaust
outlet and the fluid-tank in order to nmake it -

i bl 1 0. ' t the ¢ t f th
1§0r A e@mbiae ERRBLEE | L theh PRETRY Lo onstant
gﬂ%%ghT@Q§2gHéané%%iﬁ@QﬂﬁﬁﬁQﬁ@Hkéé:inseftion into the

eat exc ger of "the storage reservoir in order to
be ki qiefthadl thheweirk;gashés f4 gryoganinfuigdessnd inra closed

I - tate. at .th . I
coR S BRSNS BAEHElrG BRI 1 hbcbagbolieraps and
refuliRal t&%CoRIage ROSSMviconad the liqidophalsehanber of
the cryogenic machine, and liquefied in order to

recommence a new cycle. 14. An anbient tenperature
thermal energy and constant pressure cryogeni c engine
according to any one of the preceding clains,
characterized in that an accelerator butterfly valve
is positioned on the inlet duct of the volunetric
relief device - 37 - wth work in order to nmake it
_possi ble to control the engine by letting nore or

| ess work gas into the active chanber and/or into its
cylinder. 15. Anbient tenperature thernmal energy and
constant pressure cryogeni c engi ne according to any
one of the above clains, characterized in that an
accel erator butterfly valve is positioned at the
entrance of the very |ow tenperature conpressor and
preferably controlled by an el ectronic device in
order to nmake it possible to adjust the inlet, the -
rate of the conpressor while keeping the desired
pressure in the constant pressure expansion tank that
tends to fall depending on the quantity of gas taken
by the volunetric relief device.
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- in that the initially liquid cryogenic fluid is vaporized in
the gaseous phase at very low temperatures and supplies the inlet
of a gas compression device, which then discharges this gas,
compressed 1o its worklng pressure and still at low temperature,
through an atmospheric air/work gas exchanger, and/or directly,
into a' constant pressure expansion tank comprising or not’
corhr)rising a heating device, in which, its temperature increasing
‘considerably, its volume increases in the same proportions

“according to the constant pressure relation: V1/V2 = T1/T2,

- in that the said gas, still at its working pressure, is then
et into a volumetric relief device with work used, on conventional
engines with the cenventiona[ crank connecting rod devic_e,- or else
on rotary piston eingines or other internal combustion devices
producmg a relief with work, |

- in that the work gas at the exhaust of the volumetric relief
device with work, again at very low temperature after its relief (s
discharged to the storage reservoir of the cryogenic liquid through _

~a cryogenic machine positioned between the exhaust outlet and
the fluid tank in order to make it possible to adjust the temperature
of the work gas reheved at the exhaust outlet then in the gaseous
or semi- gaseous phase and before its insertion into the heat
exchanger of the storage reservoir in order to be liquefied therein;
the fluid in the gaseous or semi-gaseous state at the exhaust
outlet of the relief device is then cooled during its 'pas'sage into a
heat exchanger positioned in the cold chamber of the cryogemc

machine, and Izquefled in order to recommence a new cycle.

14. An ambient temperature thermal energy and constant
pressure cryogenic engine according to any one of the preceding
claims, characterized in that an accelerator butterfly valve is

‘positioned on the inlet duct of the volumetric relief device
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with work in order to make it possible to control the engine by

letting more or less work gas into the active chamber and/or into

its cylinder.

. 15.  Ambient temperature thermal energy and constant pressure
cryogenic engine according to any one of the above claims,
characterized in that an accelerator butterfly valve is positioned at
' the éntrance of the very low temperature compressor and
preferably controlied by an electronic device in order to make it
possible to adjust the infet, the rate of the compressor while
keeping the desired pressure in the constant pressure _expa.n.sion'
tank that tends to fall depending on the quantity of gas taken by

" the volumetric relief device.



