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DEVI CE FOR ADDI TI ONAL THERMAL MOTOR VEHI CLE EQUI PPED W TH
POLLUTI ON- FREE ENG NE W TH A m" RESSED Al R | NJECTION 5 The
invention relates to |and vehicles,and nore particularly to those equi pped
wi t-h engi neswbhaw/a7886ree of pollution or that reducecppirkedyooimst h
i ndependent or otherw se conbustion chambers operating with the injection

Comr essed ai F oy Dt vary BHIGH ol FATREIY el Mo 8% 27737

t he aut hor ha® TR MEHKH-Ba Eﬁb@?@l@WW?WNﬁRF@@WW WL Tih

i ndependent external cappuetrbRALCRANBREssEBER@RI PRIRATRoNWO- MDde principle
15 using two types of energy, using either conventional fuel such as

gasoline or diesel oil on the highway (single-node air/fuel operation) or,
at | ow speed, particrhariyvént ibhane atdesubyr bandakvensclesi Bgdamoaddi tion

of conpressed._ ai ny.oth non- pol.l utin gas) .into the conbustion
chanber to t%aera%&%éﬁasf‘g% &F aeelo%? hEAYREEY g‘i’h‘g‘? ERIALESi rpler ACon, t hat
is to say opereti oofw pbltlheladdl tdron tHatconpedssed ﬁDll).utlbﬂ hm&tpatent

application h h d st of this
type of engi nlgéequgélgcgg F el %@w‘l erg:ts?ngﬁfﬂiﬁ ?{Iu d| tl%g %tafltgggrrpressed
air, on serVWb%hvé%ﬁtléQJeﬂéioéx I@dﬁGWﬁobaéesCOmnr@h$%dtyﬁe?oﬁnéngine

in air/figel smgderidheg al rHigelprdxdvre é&@@é@hdr&ﬂ ands oy essed in 4n
i ndependent intake and conpression chanber. This 30 m xture_i s then

transferred, still é?lpres%h?e i AEBLASRBAst anP2tBRtme | ABBPEREEALD
conbusti on GHAME2WET £ ithd SaugRbkedhsd |des@amed he taapamwﬁﬂ and
pressure of sqﬂgﬁg1xgure Chce a transtzln port . annechlng sal n§ust|on
or expansi o™t erSWi t ftan S si 8 thhd 285 dRASRERIER nb@F £§a pened,
this nixtur&nmbds&momxphadbdrpndﬁuxdﬁndqwomhameowﬁnﬂeaptlmchblaroduce
wor k. The e dlschar dto at nps her t hrough an
exhaust i poEHE s HBTBIS , bOe b Sas B Rra s SR e e
operating orfugl plgd adldli tdamvdlinconpressietbeadi r pithien bezlmg bhehwade of
moSt i nt er ests iy it Lot exty Ay dihe J ﬁ,@vr%r&tllom e, lo%vtpor@& LpEG lel

Inj ector is no longer operated In this case
particularly in urban and suburban areas, using an

addition of compressed air (or any other non-polluting

20 gas) into the combustion chamber to the exclusion of
any other fuel (single-mode air operation, that is to
say operation with the addition of compressed air). In
his patent application FR 96/07714, the author has
described the installation of this type of engine in

25 single-mode operation, with the addition of compressed
air, on service vehicles, for example town buses.

In this type of engine, in air/fuel mode, the
air/fuel mixture is taken into and compressed in an
independent intake and compression chamber. This

30 mixture is then transferred, still at pressure, into a
constant-volume independent combustion chamber where it
is ignited to increase the temperature and pressure of
said mixture. Once a transfer port connecting said
combustion or expansion chamber with an expansion and

35 exhaust chamber has opened, this mixture will be
expanded in the latter chamber where it will produce
work. The expanded gases are then discharged to the

atmosphere through an exhaust pipe.
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5 anount of additional conpressed air froman external reservoi A9iHWLYROR
the air is stored at high pressure, for exanple 200 bar, and at anbi ent
tenperature is introduced into the conbustion chanber appreciably after the
(fuel -free) conpressed air fromthe intake 10 and conpression chanber has
been | et intyy tdy sm-pdwgrber. This small anount of conpsessadhdrdoBde anbi ent
tenperature heats up upon cont act with $he mass of air at high tenperature
contained in the co stion or ansr on_chanper, e);\ﬁands gd i.ncreases the
pressure 15 prevai | IHFA n (PRETHASr S as Th°al | BLhot | FEOp6HERo be
delivered dwdm;greae@pasmsanﬂ, i s byjeg oftheduabdende wostuahtenesgyipai r and
fuel or air ,and addi t| n C ress i) gi S iftied for
a preferred HUke FRUES 9 f &in% §§lV%g’t{il();]()ne‘%llﬂc\?"eh QW% n@l W@Qe&
particul arl worecrtmrm bﬁrseg drortﬂdmrowa/trexe vehr che§ (Ctae@a,s agambaée
trucks, 6t Clandihei beadh mralalcoeerhggasgea' T ngksnmde GREEahhEN bY
di spensing wt the elenents engr ne operates wt
convent i onalr§SRAVO5 Imewlhgh nEhepadat e§ ofigrath & nyleh nByesRMER t he
i njection offpddiddaaipale coupr eas_ed ah8 14¢ 0 dnitg e@NDYSHbAR athFEDES 5 whl ch
t hus becones, an e"g“reéfjl on cha Furtherpore, the air taken in i&
engi ne can b‘r—!‘tfliqci< - pur’t ?edc?'ﬁl?‘bibhorbnec%?m%’Fe 3BPLRSHEBLY f i I ters
or using sorﬁtmmethaecham]c-aﬂrem) chempeaksadt ladd of roml eﬂusl arlnsam;e or
sone ot rfrI prodyce I 40 e n Inthe
cur rent T?ex sree o%l?rh - er mr Ztrléras(') lLe%oulide%eﬂgﬁédeg}% as meani ng
"any non- poI'IItha ngSlgal;l 35ountt hist t ypempfespgd neairhe aiddr ainbheht
compressed dldmley JdU RE R L4t Gt BEROBBHELERN IERSHRISIAN, Chanber al a
service pressure t eter according to pressure prevailing in
t he chanber adnd hdgpr eEPBBRYaRLgRer cCOMERLREM s gy e$digr ecoRBUSLiQNIURY 2002 -

3 as to all dﬁ§idﬁaﬂﬁéﬁ5erf0%x%é%@@‘%ﬁﬁ)@ﬁ&rezgegoﬂﬂgspré§§uk§ made of
a pressure-reducing expander of conventi onal pe,. .which perforns work-free
expansi bn wiRAFTR! H8hr bt nfhRe&hamhAd t9fer2d oFé \??nltll‘?d'utmcl‘g’r&(ﬁrﬂﬁw?ﬁe

t enperat ur e,td s crdliomd gl expanded @ians(ian.about 30 bar in our exanple)
and at anbi ent terrpgrature to bg anggcte |ntodtu‘,jle_L %%r(rabrustr n or_e pansi on
chanber. This netho rﬁ/ectr ng ditronar conmpr esse tan®ir'so be
used on convertli omal atwo-angr afcbmtsmroade epgpness¢nm whirc¢h esegldler nferti on of
addi ti onal %quaeeeedmearfieéo é&e Gon PSELPRegharher ;of Eeenengweh's

performed approxi mately a op d ter on an ignition stroke
met hod &@coredampitco e @hbeﬁ?heﬁlﬁﬁoBBéeSﬂOa‘esé]lat}th]ﬂﬁldh Frake’wn t

possi bl e topnELase df’f}%@ml@ RAET Al AVad dad e cj’é‘h@baf\é‘é Cbr@@ﬂs pe used
Accordrngtoafrrst asp ’S&&fﬂﬂt resent invention, in ermal heati ng
met hod for &Y%@ngi né' or C@dﬁr pped R 257 e neSJt‘Pr% TEO¢¢ e of
pol l uti on ompehatt iledusesdpepkuting, wiper ailngthet feliemesnts omhetelagdi tional
air into a %%’éb%%gl% UpFRARSI %”rﬁ*‘t%’éb%%n%ﬁtﬁ’ghgh gs,a hi gh-pressure
conpressed-air storage reservoir, t rovi an I rpr ovemnrent

conpri s?hg expandi ng‘h@on@m@seed opierr a¢ @t a@rmbyj in thendlghpogssuvetist or age
reservoir, Rid OriB?ebE§of1'r@f 43818 oRLOWEEnPEESSUE € AN BRI g Dei Ng
introduced into a thermal heater to allow at 1east one of its pressure and
its vol une COMPHGtdLSe BERBPEIIt ‘I’%l‘Fthj ddid PREOMERe BBNbRXRF BT @R

expansi on chaa®er .t OFdr PHEERFL, | Rha Va'Mﬂ abhReMOlitiTEL $Y £heM e i PRkICT NG
wor k) the conseq enc%ﬁgf which is that OOl%‘ﬁ‘S t he conpressed air thus

expanded t 0 “&" oWt efpelt&tGre, *PAer BHF { re entfhguehe ?'Pr%sc%ﬁ(e‘do’a‘?r into a
heat exzz(brang:eermaheatflrlteaed cbhususirmj easmeat okhast waehahithd psessure
and its vol We By hesaNeidnd addiilonal, heal.engr ayfd o bl enf co.,
surroundi ngs I'n " hi's at ent applrcet 70 “he au? or has al so
descri bed aSr@etdtr‘edtborplr@ttmr ﬁng)dielaxtlenerr@ﬂufq&@m t éreg e r odmdi plys f or
this type ok.eagkne tBywi chhd NG GOMBEESERD AldeiOMb3iedshBuile ¢ orage
reservoir at very High pressure for exanpl e 200 bar, and at anbient

t enper at ur e \NAGTSERRPIRE FEANIPTPor ANy NES-BR Luséndt gasi'ewer pressure of,

for example, 30 bar 1ins e@g]p_agrded;sx{ﬁ a pressdffid,0sethe t heddr esshd e needed

for its end uen%rrerés%dVararlabl esvollg:r]rgcts:ggtem for

the combustion or
expansion chamber at a service pressure that is
determined according to the pressure prevailing in the

chamber and appreciably higher than this pressure, so



19 JULY 2002 3a exanple in a piston in a cylinder, producing worl® Ji¥XR0@n
be recovered and used by any known neans, nechanical, electrical hydraulic
or the like. This expansion with work has the consequence of cooling the
conpressed air which has been expanded to a pressure close to the service
pressure to a very |low tenperature, for exanple -100C_ This conpressed air,
19 JULY 2002 WO 99/ 37885 PCT/ FR99/ 00126 expanded to its service pressure,
and at very low tenperature is then sent into an exchanger with the anbient
air, is heated up to a tenperature close to anbient tenperature, and its
pressure and/or its volume S thus incréases, recovering the thernmal energy
taken fromt#¢ athoephet eltandtides fegat fior ofxaupdeneithdhracchy didag to the

i nvention prapises usesoidit indde WBECh | pived (% BAuBBANOdxh Qhad £CQyeri ng heat
ener gy which ' ep.10 descrjbed rei naboye and whi ch pmakes it
possible to f%??ﬁgg§%%%€o§¥p?he"éﬁﬁhn#“%?%gﬁgrd?":*QFF%bFépﬁﬁﬂl?%at can be
used. It is tHahaetepbserbing tieatearnd i bipderforeedighdunpilewpaiagcul arly by

the fact thathkhecaprphessed 8hhs ARYbASnPaseshddy o4gh the ajLi@ir heat 15
exchanger an%bﬁf ore bei nge |a%%gu%§g into the conbustion chanber, is
t e

routed into a tRefmht Aeatef Bhca™ahent, GemPesatute| to fressure
and/ or i n voliniected oietchdibegchmbnstiieredr rxpankstos octisidran and/ or

expansi on chanber, ;< qRsirdRr ¥ Vid BN R 5 bR Pe nge, that can
be achi eved ert h% en )i ne.bThe use Bf‘magtthrral ﬁeatﬁ‘é? %é’gég?‘iséseaddvant age
that it is possi 5% 15 elEl 859 oM i FOBYERELMISt FEA~ Witc hEQuwsT be

catal yzed orstFetmednpinenyiknohncheansid i inpattioe sapphiede véddl a
conventi onal chiste s 85 r25; 9850l dihe, Cg}ugﬁ%ki(%l ,chg%grrled?gs,t&peropane gas,
r

LPG or the |ike, éu,st as it my use chem cal reactions an ectrical
energy to prBUThte tiie PFELOFAGIorPR FRX Keahistles €&d tapr dprd stergretthosugh it. The
person skil |l & ignittienastreké! be able to 30 cal cul ate the anount of

very-hi gh-pressure gL tQ S ' o, t he, expansi on-w t h-wor k system
and the characteristics an 830%&%%—8% %tﬁ% Flé?tg?v%‘bt’é’é‘, BROR¥E5end of this

expansi on wid h SRdpkioandhiehr ifakdn Atndassdbieattingipowerse t shebt ain t he

chosen finalasamnd & 3hepgpssed 81 ANd: Lhe LBTBRT 8idrd: Wieah is as cold as
possi ble, and to do so according to the use of the engine. Electronic

managenent of pat@odingtosa frstieemect ¢f tipomesieh inveptiondy a thermiah heating methodopt i mi ze t he

amount s of GRHAIRGEES vatlidie daPHed KGR \ERGiRShaN IS rdbamb&itkion bhatiedusen
pollution, operating with injection of additional air into a combustion or expansion
chamber and which has a high-pressure compressed-air storage reservoir, there is -
provided an improvement comprising” expanding compressed air contained in the high-
pressure storage reseqvoir, prior to its final use at a fower pressure and prior to being
introduced into a thermal heater to alfow at least ane of its pressure and its volume to
increase before it is injected into the combustion or expansion chamber, to a pressure in
a variable-volume system, producing wark, the coansequence of which is that of cooling
the compressed air thus expanded to a low temperature, thereafter sending the thus-
cooled air into a heat exchanger to heat it and thus increase at least ane of its pressure

and its volume by recovering additional heat energy from ambient surroundings

Jao his patent application No. 9700851, the
author has also described a method for recovering heat
energy from the surroundings for this type of engine in
which the compressed air contained in the storage
reservoir at very high pressure, Ffor example 200 bar,
and at ambient temperature, for example 20°, prior to
its end use at a lower pressure of, for example, 30 bar
is expanded to a pressure close to the pressure needed

for its end use in a variable-volume system, for



19 JULY 2002 - S skilled in the art will also be able to deter nthdUthe002
engi neering details and characteristics of the thermal heater which can
enpl oy any concept known in this field without altering the nmethod of the
i nvention. According to another aspect of the invention, there is provided
a thermal heater device which conpriseg,a thermal heater (56), a burner
(57), a heat-exchange coil (58), a storage reservoir (23j) an additional
conpressed air injector (22), a conbustion or expansion chanber (2), and a
buf f er vol uesag@Be , imter@istorhdnt herghindwat grrade@ingwipch elohsh sts of the

burner (57) hRd Wt N rachvele@ndafd thScdedby EXERANIRERL | &hOSds, IS
posi ti oned between the ggorage reservair ﬁég) and the additional conpressed

air injectoMefdayicake BUFREFLIFE) BEARGUHERNQY ofthedtihy ubMthe air from
t he st or ageekpses iai rwidsh idorpadeas ther awglsetithencoi ¢£ (&8)1 0y ashd 0 | ncr ease

at | east on | r ule; andyLts u e ¢t dSpi dinto the
conbusti on g(r)ﬂ f(%%%esc?oﬁﬁghgﬁ’b%? F%% b%é%g %P?gpgeoltﬁned (%%l %g'itéra]g

posi ti oned G&PFRen tPhe tifer MErHES erPEEFW e deRli t Ronder¥onptWssed air
injector (2Rempakatgrd,l ROSSéldmpled eMBITQUiTHIN ot tbsswdyeasff ects prior
to said injection The conpressed air sent into the thermal heater cones
fromthe storage reservoir, from;the device for recovering heat energy from
t he anbi ent surroundings, froma tapping fromthe intake and conpression
chanber, separately or in conbination, in proportions that are determ ned
according to the conditions of use. OQther objects, advantages and features
of the invention will becone apparent upon reading the nonlimting
description of a nunber of particular enbodi ments which are given with
reference to the appended drawings in which: - Figure 1 is a diagrammtic
depiction in cross section of a pollution-free engine equipped with a
thermal heater device, - Figure 2 is a depiction, in cross section, of a
pollution-free engine with recovery of = heat energy (=romthe anbi ent
surroundi ngs, equipped with a thermal heater device, 19 JULY 2002 WO

99/ 37885 PCT/ FR99/ 00126 - 6 - Figure 3 is a depiction of an engine

equi pped with a thermal heater device as a bypass on the conpressed air

t hrough t he intake-conpression chanber, - Figure 9 is a depiction of an
engine 5 conbining all three solutions. Figure 1 is a diagranmatic
depiction in cross section of a pollution-free engine and of its
conpressed-air supply installation, conprising an intake and conpression
chanber 1, a constant-volume 10 conbustion or expansion chanmber 2 in which
there is an additional air injector 22 supplied with conpressed air stored
in a very-high-pressure reservoir 23 and an expansi on and exhaust chanber
4. The intake and conpression chanber 1 is connected to the conbustion or
15 expansi on chanber 2 by a pipe 5, the opening and cl osure of which are
controll ed by a sealed shutter 6. The conbusti on or expansion chanber 2 is
connected to the expansi on and exhaust chanber 4 by a pipe or transfer port
7, the opening and closure of which are



20 controlled by a seal ed shutter 8. The intake and conpressi on 1@h#Hfef002
is supplied with air by an intake pipe 13, the opening of which is
controlled by a valve 14 and upstream of which there is a

pol I ution-reduci ng charcoal filter 24. 25 The intake and conpression
chanber 1 oWer a8€37BBke a pi ston conpressor assenbl yPCH/RRPONOALRESt on 9,
sliding in a cylinder 10, is controll-ed by a connecting rod 11 and a

crankshaft 125,1B84expansi 0f and &hausir&RATRET 4n80NL £ 0l G @, Canyent i onal
pi ston-engi ne 30 assenbly with a piston 15 sliding in a cylinder 16, which,

via a conneEBMRETAGHIE7, 1%r thEs t RNt otldticon2df exXdragedhariths thme
expanded ai ambs$ef¥halist edikhriiighednupxhedist pidupekdtdhe epesengHf which
is controlled b \éal ve 20. The rotation of the crankshaft 12 of the 35

| ntake and SBRPFRESYBRPERAMBER. 1908 At PESSEY *EnAOYR o MhSc FAHRE | nk 21
by the drivehosanksteddsds, ofrddwevexxipansitbie ahbeembhusénedmnbarakén

According t e,.inv | jtted on the pipe 37A between the
hi gh-pressu?gggt Sbggggfﬁ‘égépsgh 23 and 19 JULY 2002 WO 99/ 37885

PCT/ FR99/ 00126 a bubhekhegs| deetaret inf athmpsmethedt ancordingsige threessure

43, is a thengehe D8Rt pLopaseqnal SR i0h RMERE" 3 nvb1WRISCR heoRRitie/abl Y
i ncrease the tenperature and therefore the pressure and/or the vol une of
the 5 conpr&SEed T&GOVERIRT h'9®ser #BRFI¥3 (Mhicthe RAT eciPBh ofeee arrows

F) as iio paé_égsribéﬂugﬁﬁe{}&aﬂi&}hﬁngﬁdﬁﬁmi&’ﬁ ket | aw ap@fjl@ﬂ)ﬁf:_r &l e o i th
i nprovenent _i n_engi ne _perfor pance. e _engine is equipped i ure 2 wit
a 10 devi cet PBFRPECOVRFPRG FBar SBREPG Ofr SRERAY ATEIAAPLEUAPSABAYDS, i n
whi ch the expansben widdd wor ktof ishe diateqiteasisside doypr essedmaiansst ored in
t he reservoj j rtor i_n S I | Si o] ti rod 53
and wor ki ngi%?gg%%ﬁgggcéﬁsr@%r& rpzacqitlaiycq‘lelo@rgt%tl‘ereCbg}’ﬂ)l\glljcle(§ 1gg(§%ag FSEBF?’%M S

pi ston 54 stowesesaed bliirnd heylingdarasedinth e ntihesaardeiki hgathanber 35
i nto V"‘l'SChgégﬁtégn PEN, Ly thB2BeNaNh 1 By h: lgnt%aaégae aifed Nt %F@ pi pe 37,

t he openin cfosure of ich are controlled by an electrically operated

val ve 38 an@omwsthen ot He ey hakd, EPUEshaddttpi pe BFWEHnebLadero the
2i2r/air Beﬁh@%@h?_&gebzgé raa;ﬂhi&t oanéiggﬁlelblgh i ptrggbﬁrégru}ﬁp/t&d by a pipe
to a buffer volune at_the practic caonst ant _end-usage, pressure.
Duri ng oper S FRS WHEFCThe ROYRY ng- P SIHESh (i0ta (HhE t GREAE EBnter, the
25 el ectri cahd Joopesraiad ival vehddbies,oppaed ddreriddesdd agaphosangs to | et
in a charge ry-hi gh- pr r r e i r iC i ] expand, driving
back t%@ pi %rt?%ng%ﬁy%%h a?ga§ﬁ$€sg%rgt on?cg@%%v%%nthegne\é\qddlﬂev'e t he engi ne
crankshaft 18 vi a theecoarestii gy £bdrs3l 3@abegri Ay hehepstdrekeage t he

piston 54, e el echLi ?g‘sﬁb‘ll%er@g eds &xbpush ¥ahvendQulscbRBlsepsnped and

conpressed but expande nd very-lowtenperature air contained in the
wor ki ng chatbef! i s28i Pehfidfet (3ef tae GilraBefoRYofahekRRY¥BWIERDFnt 0 t he

air/air heatt exepanger sappdsedadi a1 adleodPést @dfaM et husudie heated up
to a t?gperatsyre. cl osg.tg i, r:t tenperature and w || incre_aﬁe_ in vol une
as it FRachESThe buf FeFSGdl Se 4P R hgI7ReupEPRABE §3F6t ¥3i §hi fi cant
amount of erter gyikepmjtthe aknmispherye.use chemical reactions and/or
electrical energy to produce the heating of the
compressed air passing through it.
The person skilled in the art will be able to
30 calculate the amount of very-high-pressure air to be
supplied to the expansion-with-~work system, and the
characteristics and volumes of the latter so as, at the
end of this expansion with work, and bearing in mind
the heating power, to obtain the chosen final service
35 pressure and the temperature which 1is as cold as
possible, and to do so according to the use of the
engine. Electronic management of parameters makes it
possible at every instant to optimize the amounts of

compressed air used, recovered and heated. The person



19 JULY 2002 WD 99/ 37885 PCT/ FR99/ 00126 _ g _ According to the FhveRYid¥2
fitted between the air/air exchanger 41 and the buffer volune 43 on the
pipe 42A is a thermal heater 56 consisting of burners 57 which will
considerably increase the tenperature and 5 therefore the pressure and/or
the volune of the conpressed air comng (in the direction of_the arrows F)
fromthe air/air exchanger 41 as it passes through the exchange coil 58.
According to one feature of the invention, in 10 Figure 3, the thermnal
heater 56 is fitted as a bypass of thegintake and conpressi on chanber 1,

from which so f the ajr coppressed,b he piston 9 is directed (in the
di rection of Sgﬁégﬁ?rb%%h? f‘5\/\gfgrc’ji?heal?¥le%ﬁafa8%8aggr dgéeéﬁﬁ“%sk‘e‘? passes
t hrough the erghaegeinpideEsills drehtcdhinctedsbienerf SHei tharkblincrease
in pressure AdEOF i MP! e hf10keah9i BEntde adikgd intRitheibygfer vol une
43 and being inject ed]ﬁb the injector 22 into.the Eonbustl on and/ or
expansi on ch¥hbBeus 2 %fu‘l"@ H‘ﬁeﬁfﬁ'ﬂgdac’%i'%'ﬁr AMMELFEO%i ew of a 20 device
conbi ni ng t he t AceedinteteianetBerdesaet bftuatinientisri, Giereis plovidedla el hdatert he bur ners
57 of the thermal heater 56 at the sane tinme heating up sone_of the air
conpr essed byevichwhigh eomprises adferpplbeatai (@GR ﬁ‘ﬁ'&?réﬂhﬁr'\?gtﬁ" n B} 1 in an
exchange coi 4 sfafgdasoiar (18), ah Rgditidnal cotvpresied @5nibudc((22), ¥ obatmstioa3rand t he
conpr essed a%,%,a,fs&,{? ?.atnﬂ% (I§)t LRI RY U3, whb@intHRanddaMinsRed(sH), WG OVer i ng
m'the anbl e

heat energy 0 nt_ surroundj ngs .and the air/air anger 41. The
t her mal heat @¥sisig of dedhumes (7t il 2 ?"ds‘gq*er_' e ocro'g_g_@'r'éservoi r 23
al ong a pi pepdifidued betepart thestoragd reeendir (23) prd e adddtional gererqesseraic e gy from t he
anbi ent  sur r geNEE BRedtbH BGing MehdAa6r ARG uf Theaiitdrofntaiitirags destinaltas and

conpr essi on chamber al o third pi e i hes has a
control | ed r&Gtfi* '?‘f‘l'é the @g’f”\afé) B mggéﬁgggg%&v%%gﬁ%ng{zgégﬁf& ‘%‘é@?bl eto

det er mi ne t heefase ibjsinjacted ko the casthsfion ecaxgangion charrs @athp bUspYLE ettt are to be
heat ed accor glifaGobiabdBeti@¥ndie tharmal 1efater s@l thSydsiitiens cadprasegldicitieary val ves,

for igniti ng(%g@.g?%g%%m%%%%gw Nold"GirdeNGrel D haGSH tkidQfjedubte bur ners

19 JULY 2002 0126 - 9 are installed for heating to a
greater or |esser extent the conpressed air which passes through the

heating coil according to the e ergy requi renents for the driving of the
vehi cl e thus equipﬁg > compressed a sent into the thermal heater ;

comes from the storage reservoir, from the device for
recovering heat energy from the ambient surroundings,
from a tapping from the intake and compression chamber,
separately or in combination, in proportions that are
determined according to the conditions of use.

Other objects, advantages and features of the
invention will become apparent upon reading the
nonlimiting description of a oaumber of particular
embodiments which are given with reference to the
appended drawings in which:

- Figure 1 is a diagrammatic depiction in cross
section of a pollution-free engine equipped with a
thermal heater device,

~ Figure 2 is a depiction, in cross section, of
a pollution-free engine with recovery of heat energy
from the ambient surroundings, equipped with a thermal

heater device,



5 The buffer volume 43 placed between the thernmal heater 56 and ¥h@ULY 2002
injector 22 may advant ageously be | agged by an insulating jacket 43A, nade
of materials known for this purpose, to nake it possible for the conpressed
air toretain the heat energy accunulated in 10 the thernmal heater 56

bef ore bei ngwonj9@g¢Badsisnt o t he chanber. The person skipchrg#rion /oba2art wl |
be able to choose the size of the buffere vol unre 43 and the | aggi ng
materials and simlarl y; pisp r.k rio i my_ al so. be | agged
wi thout this in any \/va%lglnl?gr i3n3\é?ﬁe d%g’qic\r@gr?t i%osfn%v[\ﬁieea%{%s ?%‘*s]tp%ee%n
descri bed. OWi&Hur de, thREMPAVeheABAri sdaBice esaF i o edYRAdhe @nbddierent s

described angdofippiecked and €ARolghYahkedntAkBUBBROHSs ¥RYS éﬁﬁﬁﬁékb'? to
those skilled in the art w thout "in any vvaglqdepar ing fromthe splrit of 20

the invention. 19 JUFY983862 fo Gt M8 1.998i <t ier ef hedti mpdidtshod f or
an engi nes or cesbialiagequipphdewi tblaviengine that is free of pollution or
t hat reduces polluti on erating_w hglar)?! ecti.on of addjtional air into a

9 g
conmbustion or expansi oﬁugﬁar’}belrs afid 1S g esQr dnc SHftSSssed- ai r
st orage resepgokipnt heofi npaovareEitutitncte menpr esgsne ex @anadi ngf conpressed
ai r contai nedojBrLBE ngh-pre§§%5 st § oir, I to its final
use at a Iovve? grressﬁre aﬁd pri r_le)fo gé?%glfl%?rg% ﬂcedcclg}ﬁrégfsal?%err?& heat er
to allow at FBh3keondndf GampPrasssiny e chambets Vol ue comsitmerteasd uef ore it

is injeateed &8tBubbgofoBRUSKPARsbNSHPRARBIN ?Wicﬁotﬁe\%?i urg in a
t he_consequence of ich is that of

vari abl e-vol une syste roduci ng work, _ ) .
cooling the %gﬁngggég] QEF fﬁﬂl?ch?‘p"aﬁaeéuPBléeFioWlFénﬁ@F‘Qtfﬁlséﬁdt Rdreaf t er
sendi ng the shuseaol adl ai r viettyehdgheplreexaRangessépvbeat 13 angd t Ays
increase at |east one of its pressure and.its v4(S)I urT,Fh by recovering

28

addi ti onal heaP2BAEPYy Taplgm SFPERE s %di ng A mePhdleac@ddi ng to

claim1 whereompthesvani abaebenl Lnkssysheactsdatpi shoncbmbaseybhnder. 3. A

t her mal jheat | d ing to clai rei,n the conpressed air
whi ch i & sent™ %}g%{?ﬁe %ﬁ%@{m Reallr %o%%p?\r,\ggreﬁtﬁglest&pg@é es@FVoir,
froma devi celednreeebvehinl Beat comdrgy liedomyarthi e ledir sbuntdengs,. from a

tapping fromgd cBRBKEtABH GRMRLESS| Ob L hambfbe Separal elynQlcidy to.
conbi nation, in proportions that are determ ned according to conditions of
use. 4. A therfral@HERIIRP méFodedbessli ngPeBPeT aifn Y wiker BilRet her

conpressed atrandifeh psrsemnt, ivHe dpenider aRd BeakarecHresyh &N Lhg storage
reser voi fromtth devi,ce for reﬁ?v r!sﬁgheat ner from anbi ent
i

surroungiro’ngs(,:o?rf%% Y adpi nd 6 kE¥and - cofpPessNbAkenafBer
separ at el y oronpreosidmathanbef nl piopoupp binsd twnbth ad or dey eani berdarecor di ng
to conditions; of P§?'the18péhkxgzggzwhich is controlled by a valve
14 and upstream of which there is a pollution-reducing
charcoal filter 24.
25 The intake and compression chamber 1 operates
like a piston compressor assembly in which a piston 9,
sliding in a cylinder 10, is controlled by a connecting
rod 11 and a crankshaft 12. The expansion and exhaust
chamber 4 controls a conventional piston-engine
30 assembly with a piston 15 sliding in a cylinder 16,
which, via a connecting rod 17, drives the rotation of
a crankshaft 18. The expanded air is exhausted through
an exhaust pipe 19, the opening of which is controlled
by a valve 20. The rotation of the crankshaft 12 of the
35 1ntake and compression chamber 1 is controlled through
a mechanical link 21 by the drive crankshaft 18 of the
expansion and exhaust chamber 4.
According to the invention, fitted on the pipe

37A between the high-pressure storage reservoir 23 and



11 5. A thernmal heater device which conprises a thermal heater ](9565an 4002
burner (57), a heat-exchange coil (58), a storage reservoir (23), an

addi ti onal conpressed air injector (22), a conbustion or expansion chanber
(2), and a buffer volune (43), wherein the thermal heater (52), whi ch

consi sts of WOh89KY37885 (57) fed with a fuel and of t RETHERIISHOAZGge coi |
(58), is positioned between the storage reservoir (23) and the additional
Cﬁrmr_ess]ced ai rﬁurﬂf%Qtorvdl&%Da tdte Heera (o9t be&mgsﬁaaﬁmshém—l!f?@gé g? up
the air fromthe storage reservoir as it passes through the, coi S0 as
t o i ncreasePifSFEASt gge otSitd predditte glr?&%ietrs gél uﬁ%nﬁéf'éjr‘égi t‘g“?s

i njected i nbarheescdbushicn oonexgansbdp dhameese( Dhe thempberfdtanre ol une
(43) being B.%'Fmgfgf@@%w?mtgfegpﬁwalaxme 27 309 JPRuRAdLlE onal
conpressed air injector (22) naking it possible to even out and avoid surge
ef fects Ppri sempgessged iadjteckidh. tlee peshermir Réatldn dda cdizrebi@ing to
claim 5 furblFelineORRroNsNE)a A A& (Fdsanttirdidfh . dddnangdes®in the

t hermal heater (56) i.§ positioned on t i pe (42) between the ajr/air heat
exchanger o%’%ra Cat &ﬁ(oﬁ’l )i ofc‘%%elcgee‘iﬂm?eépf olrm[?"e%‘)o‘?f‘éeﬂ%g Heat Yy from

t he anbi ent psufoeamadicegs and t he buffer volunme (43) before it is injected
into the conbustion,Qf e Lon; hqﬂﬂg_r A . r.m r device
according to claim i ur%ﬁggﬁ%onﬁ% si hg paé%aeatl%ex?ﬁgrqgeer %52§?£§n a|dnt ake
and conjf essegicehafber Xagoverpipe Hert) smergwalkvem(50hy vikeridnt t he heat
exchanger (3@)rb8nB9alk),oned beideetnkhe oo ang GoMpesrsicen qhanber (1
) of the engl,ne and the buffer volunme (43) on a bypass circuit consisting
of the pipeltgByPERSFHEEN CPMBReSEEE Rl fcFHIGT ddt e HeSAHYRE Y 593 whi ch
g! | ows gorrprie?]s&cthﬁixrmelai hiﬂeaﬁnchs&fenmn})r6|§ﬁbﬁﬂsi@gbefoh@@ﬁﬁdn@f frdd becI _
irected to_the thermal. heater so that at ast _one.of it ressure and its
Vol ume- can B8 AR SRR rAReqt 14 b AReLedaat ABEEL e tBorble h ot
expansibin claafiér 188. TAitshgrinrdlorhe@at esl tldws cénaeacdildnag dyd icldairm 3 f urt her
conpri sing o] v i 4 Lecoyer | ng, heat y from
t he ambi ent gggr r%e&ﬁedll(m:igrgs agsgv;%\c?r%%&( ééh%’&é% gﬁ’ ilnrf%ieggggﬁccﬁrr%%{aegsi on
chanber (1 ppea.t loinr dhsi ponq 42 d, amdhagbonresshed péguliatiokg wdlpee (59,
59A, 59B), wher gina td;)ﬁntih@;r o hepd Sird 56} (BEEhVESCRBRAESIqdddiyy from the
storage reservoir (23) along the one plfe (37A), fromthe devi c% 41 ) for
recovering RBatekifetrghCdom CRETAAEAent2 LR r dind?hds QongleEhet JULY
2002 L2 zechaddpi pa (&Edhusang fgeon 3 heohmnéaked and capprdsyiadr dtwtber (1 )
al ong the thir iLpe 2A) ... rei a f t i P rises the
controlled F’e‘ﬁgfgglgﬁggéa églgggfwggfﬁ‘g&@) %Ehgttsr?g%z;%qo ne%z:se(sélob edo

det er mi ne t héppr oportions ouddiepr eyoddmai r 4Br oat eaddie st itdadtlvi s to be

heated accordhBg,he the-6eadkt HeRS s@fcUS@uringAdReialonhedtan, dew ce
according to claimb5, further conprises a jacket (43A) and wherein

iC
the buffer YS8F&ABIpl BtEtCBetIben I hétt héffnl tABat €224 567 BRI 1 hd-1inj ect or
(22) i 99 aggedchyithel yackrirdt43h) vhdval 3w the dirafedenehgl agesad ated in
the thermal heater, to be retained 10. A thermal heating,method for an
engi ne or v&AfEle SEquippsd vitth AR éngFHEr Yhafli ¥ Fred B A RIS or t hat
reduces pol Eamnpoasseperatr ngvividth tied li npeptndn ofiradidngi drmatk aitthe nto t he

combust i on §Es%Ha@§i QL CARDEL, i‘é@erb%t’?:g‘?ngpé’éaeésggn@& | Enhagﬁglvferom t he

i ntake and conpression chanber at the en conpressioh to be directed
toward a thehfalendier csankphafat 1%agiaonehef congestdsgurecdnd3-ts vol une

can be jocr gasegbeher st doke ected Hntohhea¢orpdstd 1191 @X4AjNSi on
chanmber. 11. A t%er mal heati ng met hﬁd,accordl ng to claim 10, wheréin the
conpressed GPFTARFENCKBAUBht VRAVE fHeifhéhRRl ORERCEr AGhECHIGHSESe st or age

reservoir, baomekbanded cad oferpcomertdigpdretuanesgy toamatihedanid ent
surroundi ngghef ‘rﬂgn\éa tap ian efrr am t(pesci natfalked and cgggrgssi on .chan&er
separately orci HOEEMBInSIRERE Y i Hroportd ohe ¢ hi &EEFMRBd “Accor di ng
to conditi ohBeof ausew . BaE. AnAocAaOhASuUaAr/AiAl . Aeah AeAchaB@¥Zp(qor
35 radiator 41. This air will thus be heated up to a

temperature close to ambient temperature and will

increase in volume as it reaches the buffer volume 43

having recuperated a not insignificant amount of energy

from the atmosphere.
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compressed air coming (in the direction of the arrows
é) from the air/air exchanger 41 as it passes through
the exchange coil 58.
According to one feature of the invention, in
10 Figure 3, the thermal heater 56 is fitted as a bypass
of the intake and compression chamber 1, from which
some of the air compressed by the piston 9 is directed
(in the direction of the arrows F) toward the thermal
heater 56 and as it passes through the exchange coil 58
15 heated by the burners 57 it will 1increase in pressure
and/or in volume before being introduced into the
buffer volume 43 and being injected by the injector 22
into the combustion and/or expansion chamber 2.
Figure 4 depicts a diagrammatic view of a
20 device combining the three devices described in Figures
1 and 2 and 3, the burners 57 of the thermal heater 56
at the same time heating up some of the air compressed
by the piston 9 of the intake and compression chamber 1
in an exchange coil 58 before driving it into the
25 buffer volume 43 and the compressed air from the
storage reservoir via the device for recovering heat
energy from the ambient surroundings and the air/air
exchanger 41.
The thermal heater 56 receives compressed air
30 from the storage reservoir 23 along a pipe 37A, from
the device 41 for recovering thermal energy from the
ambient surroundings along another pipe 42 and from the
intake and compression chamber 1 along a third pipe
427A; each of these pipes has a controlled regulating
35 wvalve 59, 59A, 59B which makes it possible to determine
the proportions of compressed air from each source that
are to be heated according to the conditions of use.
Systems of requlating valves, for igniting the

burners and for regulating the intensity of the burners
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are installed for heating to a greater or lesser extent
the compressed air which passes through the heating
coil according to the energy requirements for the
driving of the vehicle thus equipped.

5 The buffer volume 43 placed between the thermal
heater 56 and the injector 22 may advantageously be
lagged by an insulating jacket 43A, made of materials
known for this purpose, to make it possible for the
compressed air to retain the heat energy accumulated in

10 the thermal heater 56 before being injected into the
chamber. The person skilled in the art will be able to
choose the size of the buffer volume 43 and the lagging
materials and similarly the pipework and various pipes
may also be lagged without this in any way altering the

15 invention which has just been described.

Of course, the invention is not restricted to
the embodiments described and depicted and can be
varied in numerous ways accessible to those skilled in
the art without in any way departing from the spirit of

20 the invention.
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1. In a thermal heating method for an engine or vehicle equipped with an

engine that is free of pollution or that reduces pollution, operating with injection of
additional air into a combustion or expansion chamber and which has a high-
pressure compressed-air storage reservoir, the improvement which comprises:
expanding compressed air contained in the high-pressure storage reservoir, prior to
its final use at a lower pressure and prior to being introduced into a thermal heater
to allow at least one of its pressure and its volume to increase before it is injected
into the combustion or expansion chamber, to a pressure in a variable-volume
system, producing work, the consequence of which is that of cooling the
compressed air thus expanded to a low temperature, thereafter sending the thus-
cooled air into a heat exchanger to heat it and thus increase at least one of its
pressure and its volume by recovering additional heat energy from ambient

surroundings.

2. A method according to claim 1 wherein the variable-volume system is a

piston in a cylinder.

3. A thermal heating method according to claim 1, wherein the compressed air

which is sent into the thermal heater comes from the storage reservoir, from a
device for recovering heat energy from ambient surroundings, from a tapping from
an intake and compression chamber separately or in combination, in proportions

that are determined according to conditions of use.

4, A thermal heating method according to claim 1, wherein the compressed air
which is sent into the thermal heater comes from the storage reservoir, from the
device for recovering heat energy from ambient surroundings, from a tapping from
the intake and compression chamber separately or in combination, in proportions

that are determined according to conditions of use.
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S& () - S!burner (57) a heat-exchange coil (58), a storage reservoir (23), an additional

compressed air injector (22), a combustion or expansion chamber (2), and a buffer

volume (43), wherein the thermal heater (56), which consists of the burner (57) fed

with a fuel and of the heat-exchange coil (58), is positioned between the storage

reservoir (23) and the additional compressed air injector (22), the burner (57) being

means for heating up the air from the storage reservoir as it passes through the coil

(58) so as to increase at least one of its pressure and its volume before it is injected

into the combustion or expansion chamber (2), the buffer volume (43) being

positioned between the thermal heater and the additional compressed air injector

(22) making it possible to even out and avoid surge effects prior to said injection.

6. A thermal heater device according to claim 5 further comprising a pipe (42)
and a radiator (41), wherein the thermal heater (56) is positioned on the pipe {42)
between the air/air heat exchanger or radiator (41) of the device for recovering heat
energy from the ambient surroundings and the buffer volume (43) before it is

injected into the combustion of expansion chamber (2).

7. A thermal heater device according to claim 5 further comprising a heat
exchanger (56), an intake and compression chamber (1), a pipe (42) and a valve
(59), wherein the heat exchanger (56) is positioned between the intake and
compression chamber (1) of the engine and the buffer volume (43) on a bypass
circuit consisting of the pipe (42) in which flow rate is controlled by the valve (59)
which allows compressed air at the end of compression to be tapped off to be
directed to the thermal heater so that at least one of its pressure and its volume can
be increased before it is injected into the combustion or expansion chamber.

8. A thermal heater device according to claim 5 further comprising one pipe
(37A), a device (41) for recovering heat energy from the ambient surroundings, a
second pipe (42), an intake and compression chamber (1), a third pipe (42A), and a
controlled regulating valve (59, 59A, 59B), wherein the thermal heater (56) receives
compressed air from the storage reservoir (23) along the one pipe (37A), from the
device (41) for recovering heat energy from the ambient surroundings along the
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Ent r yWothirQo pipee (2A), ahd Serein* eaeh / ﬁl%ééﬁﬁiﬁék ,comprises the controlled
<=2 @\Bregqur_lié %%W%TWthat makes it possible to determine the proportions
of compressed air from each source that is to be heated according to the conditions

of use.

9. A thermal heater device according to claim 5, which further comprises a
jacket (43A) and wherein the buffer volume placed between the thermal heater (56)
and the injector (22) is lagged by the jacket (43A) to allow the heat energy
accumulated in the thermal heater to be retained.

10. A thermal heating method for an engine or vehicle equipped with an engine
that is free of pollution or that reduces pollution, operating with the injection of
additional air into the combustion or expansion chamber, wherein compressed air is
taken from the intake and compression chamber at the end of compression to be
directed toward a thermal heater so that at least one of its pressure and its volume

can be increased before it is injected into the combustion or expansion chamber.

11. A thermal heating method according to claim 10, wherein the compressed air
which is sent into the thermal heater comes from the storage reservoir, from the
device for recovering heat energy from the ambient surroundings, from a tapping
from the intake and compression chamber separately or in combination, in
proportions that are determined according to conditions of use.



