;e3e~cTTUTYZJb6*cT~c*l ai um~~n~~wd HI GH EFFI CIl ENCY LOW POLLUTI ON HYBRI D
BRAYTON CYCLE COVBUSTOR BACKGRQSIND This application is a
continuation-in-part of U'S. Application Serial No. 08l232, 04

26, 1994 now U.S. Patent 5,743,080 issued April 28, 1998 whi c% mm“mmmm
Nat i onal Stage of PCT/US93/10280 filed 5 October 27, 1993 and
continuation-in-patent of U S. Patent 5,647,719 filed October 27, *58992 all
of which are incorporated by reference. The invention herein constitutes
the new matter not discl osediHEFFICIENGY LOW/PaU@oN and patents. FIELD
OF THE | NVENTI ON 10 The present invention is directed to a vapor-air steam
engi ne whi ch operates at hiH}BRIPeBRAYE QM EYQLE COMBUST®ORKi ng fluid
consisting of a m xture of fuel conbustion products and steamw th a

m ni mal anount of excess conpressed air. The invention is further directed
to processes for producing electrical energy, usable shaft horsepower
and/or large quantities of steam 15 in a fuel burning system at high
efficiency and | ow specific fuel corBA&KQRQ.H,_Q/\/ni | e generating
insignificant ano 3 f. [ I anmen | u tes,
unburned fuel). TE@% ?Q% %sgg?}'ﬁ‘l'u ﬁcﬂ '&j y\? p&’dqtﬁ@% u‘h on
of potable waosrzslsnohe meaemn 28] W REhbicelS.raeht BI24R0B0RSddedt Apgl t he
environnment or _significantly reducing the efficienc increas 20 ing the
fuel consunpt 28n19BRCKEROURBhEE . FHN afiRVENTIa0R qfrﬁ%'F/{nlﬁg%b%ﬁgtfi'% engi nes
are gener Iy i I r ure.
ato cycl Zéenglg{nog’?ojgéﬁﬁgﬁa %hﬁ"é@‘?’%@%@g‘{‘ gzé?‘%n‘{%?u%s %%Pga’hg%ﬁé?a vol une
of conpr essedfilrbroaobkee 20 e98l2 alye6t &hiciare-incbrporatédesigicie@nbelr mheuel in a
nodi fied cycle, the burning being approxi mately characterized as constant
pressure. ExtVABIOR HRIAIS COBATWRST HiNaWeMakenpPt fisel@say ik saidmdigi nes,

st eam t ur bi ne r It is well known to supplyagasturblne
with ab gase%pﬁeaggﬁéﬁét}f#%haﬁégenerat ed by conbusting a fuel with
conpressed air and to operate various notor devices fromenergy stored in
this high pressure areou stream In these devices, tenperature control is
usual Iy the régéﬂgg:ﬂ%@éﬁﬁ%—%ge quantities of excess conpressed air. It
is also kpgwn to e, ; on
product's |90 a work Ryt IMgRren A aREcRto DAk ol SR FRRe Whbh 2T, on
of small quantpearates arfhng/latpeessrmrre shdamlrz&'ha&eommg ﬁhsiocdresiatin@ss‘ia tiemliras
external conbu I nes deVIC s have been oposed in which
conbust i on ch%fri{}’@? SEBBIpé?fRWSzf&‘g Tteam wit vﬁa’f"é’?'"@ aEPé’EﬁPBP%S%%d

ei ther internadth¥reb8e@aire Xt l?\@lehﬁon% 'furlthé’frmFéE:?éd tOpBREsEPRATROMSCIAGS
been proposed for opera tion on fuel injected into a conbustion cylinder as
t he tenper at walectrigkl energy, usable shaft horsepower and/or large quantities of steam

15 in a fuel burning system at high efficiency and low specific fuel consump-
tion, while generating insignificant amounts of environmental pollutants
(NO,, CO, particulates, unburned fuel). The invention is still further directed
to the production of potable water while generating electrical power without
polluting the environment or significantly reducing the efficiency or increas-

20 ing the fuel consumption.

BACKGROUND OF THE INVENTION

Internal combustion engines are generally classified as either constant
volume or constant pressure. Otto cycle engines operate by exploding

volatile fuel in a constant volume of compressed air while diesel cycle

AN
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having neans to term nate fuel injection when the pressure reaches a
desired val ue. Each of these prior engines has encountered difficulties
which [imt 20 their general adoption as a power source for the operation
of prime nmovers. Anong these difficulties have been the inability of such
“an engine to nmeet sudden demand and/or to maintain a constant working
tenmperature or pressure as may be requi ed for efficient operation of such
an engine. Furthernore, control of such engines has been inefficient, and
the 25 abi | iengings btum@fg@!gngvevm@udeftqﬁrcmbe,rtbe%uamingibtem apprexgnateby condition

has been whqglly | a ] actical applied engine configurations
the requi re%ﬁ%/ac#%?&%g% %%St%ﬁte&(]:eoﬁ l{ehi ng walls of the work cylinders has

resul ted in | ossEgferedifdorhiustioraahifes argnentdlifieti ) s@apndnginkagsteam
previously inherent in internal conbustion engines. 30 The present

i nventi on oVebinaseand gas LyrRines: i s well knrwnpta epRly @ eRSsturbtieovitbove. ‘
First) the r i re . Of. f . jr or
ext or hal O 1 G0 e ARRing e pEReRARRLED BoMbuSHRF TR Wieh oRplaRRE M1 % e
conmbust i on ahdnbepetratecmniousImbiie deeities fRinkRerfy $toeed BEtHis ihigh wor ki ng
fluid. When water is injected it is converted instantaneously into steamin

the conbust PHIFSEFABIROUSATERaT- Padbaredayicasnfivinesiatyre $omary iGwiskaty f1 ui d
itself, thus.d i : i fluid without
mechani cal g%énp%ggiﬁo%gd Fﬁég?i’{s}g'ﬁ%o‘%f%ﬁ% 8%§a%f%%§e£ngent control of
the a) conbusti ol i latsvekrieapas dum ¢udl)in @adRanstidr @ndcdrdrdust the apamisur e

profile_bhy liquid water injection and c¢c) fuel to air ratio allows the

physi call Opr HREMRrPAYCtSfINtnh WMekilsr RyliRger PLFRRrIBeh SOBRLIMES ¥t Bie hi gh
efficiency j ' je 0 ' L’ iJiting the
avai |l abi | i tW%t@xggggggx%égﬂ?eﬁ%fdwc%ﬁa %fﬁgﬁ’g ﬁ%éefs?’%rk{ea'%‘ge%%??% sE} e and
conmbust or t éepasaixemapeofblustiah eagipeevents the formati on of NOx, and
favors the conpl (ﬁte conversion of burning fuel to Q02, mnimzing CO

g . .
production. 15 Ti %’Tﬁr%@éhﬂewﬁ% Ay HReEN Q@Rﬁsﬁpi'ﬁ&h'ﬁhgﬂ?“ﬁ%%re ratios as
a way of '”EH%EEF&Qar%deo‘Férfﬁ@édaﬂ%n WERR W stédth | o vidBH! difae fhelyailyower i ng
specific fuel consunption ("SFC"). en water 1s injected and converted
i nt o st &am pnexteenaynbStll isonthendnterof gbpbtatup hes been ipnopodddofor dgeracqui r es

the pressure of the combustion chanber.. It shoul d be noted that, the
pressure 20%8f‘ %@e_&wg "o %ﬁ_ﬁW&é’Ft'?% C?é\fh%'_raéothﬁfewrﬂ“éag?'i‘?r espective
of the presgauyifgméars &f tdritnRBGUBEINjcEREA wiRer i SresBhRSAI4LRes @L 1 O can be
obtained in the engine wthout expending additional work for perforning
conpr essi ondégrechealuet eam or wat er injection, Because of the injection of
massive anounts of water in the present invention,,there is no need to
conpress 25 m)reg%ﬁr} 0{ ﬁéﬁ’ferfgg)deedpgf'.}ﬁs%mypéﬂfgtdhf;f@u&i&?e‘é’g'.'ci\ '?mffypi cally
used in2pri eHeiRgéner¥SidIRidnOds § PR Souldteid?IthBidpatatiih 8f phifieSmioS@r.r ement
results in an enornous energy savings to the systemand a significant

i ncrease, wAnrng thesdidiifiwiieschaveubgan the ioabifiitedf sueh enenging tapleetshaf t
hor sepower W thout incr ing turbine speed. 30 Water inlectron, as taught
o the_pr eseHeeThbe R RRa o HabtaE R ek dataE s eI On, o art.
First, a m pigselireaa® ity 14 r eldi foRaFfididr dpdrtion 6f kBENIaneshdife.pr essuri ze
wat er above the conbustion chanber pressure. In steaminjection system

si gni fi cant wor kFyrtiRermureegprinelieef sushrengires has beeminafticignpranykthe above

t hat of ,fhe_gonbusti on_ chanber. Likew. se, excess_airl requi.r di tional
work be2ExpeiiBact e G HeFRELa B aE greBif ey RO RE R W lice
addi tional wHdnyngaddduiate "W$SH pradtidAeBHBIR eVdiRd) cBAfiglratidns the ¢egdirénd
converted to steamin the present invention, It acquires the pressure of

t he conbust Mt dpapaerinarheneanfinipgmalismdithaoyark ciingess basrasutisdnas

ﬁ)gfnt gg;bﬁghrsggc}?iegﬂgiggg&r?a%ldpyhunln%eF QFO 1673 lggdv'aﬂyaeg%ts' porgv%)ﬁgﬁlsi%hg@rﬁt €) heat

in internal combustion engines.
30 The present invention overcomes the limitations of the prior art

describea above. First, the requirement of large amounts of excess com-



10 to.convert injected water to steam thus increasing the working fluid
pressure and nmass of the working fluid w thout nmechanical conpression of
excess air. In contrast, in a typical Brayton Cycle Turbine, 66%- 75% of
the nechanically conpressed air is used to dilute the products of
conmbustion in order to reduce the tenperature of the working fluid to the
desired 15 Turbine Inlet Tenperature ("TIT"). The steam generated by
vapori zation of the injected water can at |east double the nass of the
conmbustion generated working fluid and i%crease the net hor sepower by 15%
or nore. Therefore, the water can be seen to serve as a fuel in this new

t her m)dynameeiﬁPgt Ao EXBRIER liquig gogling is dinipatesshy jeGHigswataidieasdlvgy t o
the system ;r@sifeld @bb&u@rﬂch%ﬁ@??ﬁ%ﬁﬁ&'ﬁibet@ﬁ?{:epgt J‘S\E ﬁ{ee?&n& stem The

cycle of the present 1 nvention nmay be open or Gsed respect” to water.
That neans thaikirih8ual. r Wireth waterisiimjgcted icishavateded orseantaneoustg avier ed and
recycled (cl osedrmégesal i.natjon or water %UI’I fication 25 can be a byproduct

of el ectric SHERB cembusHon iamber apd SrRacemesst SPMROPPBHOLINGat er bor ne
Shi ps, VI Gyb R HEldCinddir, ARES lﬁéreEQing'tgqusgn‘aW\ﬁé didnbRFofRR! | nat ed

wat er recovery rine power plants stri applica tions, nki ng
wat er and irfhjicgamthnutwaemamuéa:rmnumeasldnrecovery systems are afso vi abl e

appl i cations. The resent cIe can also be e ed in the closed
cycl e phase in th%pg ‘1‘?(5% e@e"%‘iﬁt(ﬂ?”"w Gél%ée ahgemeustign|

| oconoti ves, CHMY iR d the
like. SUM\/IA\I%?IFE‘(?)J}éjl'ﬁl—ﬁg’Ira%l\k'/ltlgl\tﬁl u%"e@gé%ﬁ% tgbj ecﬁ@%g%gg‘léiblﬁ?@uﬁventl on is

to provi de avatewjnjetrrmedy chamldopmmmtlocgdblves thehploysicapropeties ef ithe-an open
or cl os node, . t hat, conpresses a SthTChI met nc anount ohﬁ?i r. and conbusts

fuel with t HEoTking Byidy % OPHBUF e TU gl HIFTENCY| QRETRTIOY| REFVGRIf Y ee pover .

- - It is absmidtiPeREdssHir, tALS Ilhﬂi’lﬁ@%@@vi@bﬂ@ lr%&@éé’s Gﬂfbterno'anﬁhe t emper
10 ature of conbustion within a conbuStor t roug he enpl oynent of the

| at ent heat coﬁtmﬁlmrthzafﬂamen tempeedtere and hombustoe tame&sumwpmtﬁlmelsham cally
conpress excess i ion).air furt her object of . this

i nvention i 8¢ a{]%(% %“QJ] pf &g:{rp gé%‘f&%@ﬁ CPWp e LONYRSI &F power

t ur bi ne useguymn$hgee@gc@e FiniktighgT o MRddRiiopONPres 15 sor can be used and
slow idling and Taster accCel eration can be achieved. A further object of

this indéntion id heo:rseqmrlavemorcgbprldihzehbngmmrbsmeurntveq as aripey &fure (TIT)
on demand. ,lAnogher \ﬁg{)egt of t rﬁ?r i novent i ﬁ‘e i S tlfa . u%(‘l e crqrrp05| l%l on and
t enperature 67 °THRS % ﬂ&y FPS ot d’é?fa‘ﬁ b b S S V§8 A %5}088 Cof this
i nvention teuglircdvisdenionf ("SFer|. dweéh v&dtaie.sqﬁ;e&&@ arRpedrdrtedi iAtd he
conbustion chanber to permt stoichionetric conbus
steam in the combustion chamber of the present invention, it acquires the
pressure of the combustion chamber. It should be noted that the pressure
20 of the combustion chamber is acquired by the steam irrespective of the
pressure ratio of the engine. Thus, a higher pressure ratio can be obtained
in the engine without expending additional work for performing compression
for new steam or water injection. Because of the injection of massive
amounts of water in the present invention, there is no need to compress
25 more air than needed for combustion, this excess air typically used in prior
art systems for cooling. The elimination of this requirement results in an
enormous energy savings to the system and a significant increase, without
additional consumption of fuel, in the available shaft horsepower without
increasing turbine speed.

30 Water injection, as taught in the present invention, provides several

advantages over the prior art. First, a minimal amount of additional work is



tion, chem cal bonding, and tinme for conplete reaction and quenchi ng,
‘resulting in chemcal equilibrium It is also an object of this invention
to conmbust and cool the products 25 of conbustion in a manner which will
prevent the formation of snbg causi ng conponents such as NOx, unburned
fuel, CO, particulates) COZ di ssociation products, etc. It is also an
object of this invention to provide a cdnbustion systemw th 100%
conversi on of one pound of chem cal energy to one pound of 30 thermnal
ener gy. 6 required & pessurizgbyvacér aifovelthe combristionrcHaonmgreprassurehelnent i re

power systemas cool as possible and still operate-with good thernal
ef fici ency. StamdnigeuQn §yStB) signifigant wiogk musd e rPandledr Gviake Heondensi ng

process in %‘E&ﬁﬁ t%% ﬁr@%ure‘%{&?@ﬁﬁgt ﬁm%gust?d?pclﬁgrﬁk@i.mm@%@&,eam as

condensed, pot abl e wat er. (S aPso an object o I's invention to
provi de an elxeess aic rgmuiees ayiditiore iwark desd gendbd ¢h raiseshadepdtairoioe wat er as

its cool ant ,and pro duces potable ter as a byproduct of the electric

power gerer qu_pr?§SU(§Eﬁ E'c?@ﬁec?é‘?@wabw%ng fmg?ﬂqson'f:?‘ahﬁrm%ed_e a new
cycl e whi ch WJibplaesnatin¥eled dHPYbMRPeR ﬂsvé%bémﬁ tﬁféaﬁfEQéhtCin%ﬁtigH.ri'tng one
noae of engine operation, a vapor air steamcycle during a second node of

engi ne oper acqiiogs thedprassweinftbe cyniustidnrdhagnter tviitholutredditiontl werkal so an
object of this invention to provide a conbustor for use with any turbine

pover gener atihi e85 IaMMBF HNSIRI SHEPY ANSretPaP¥m 15 produces el ectri cal
energy at a greajffhethresehtRGY¥nANH ek &B4qGhstRatd i tForh U mBORFIHTR iy When

conpared with currently available systens using cur rently available
conmbust d0s. t¢ Longeralinjected \wbfesdbistearof thusiiscieasiegt thenwbdkipg dividle a -

mbust whi ch t it int hyd bon fuel burni
Cyatons 1 cpPRAHG 30 ERenS ek GBS aed BRanaNER| GePrEHTOhaed f or

pol | ution abgteyeest. aavbmres id 6ay sl BayERNEPEESTUrbR % SE59PBENG
systens) while increasing operating efficiency and decreasing pollution in
exhaust st r éérmechenicsllarempagssejacis usedithdalilutes e pmducss of eemtaisa t ur bi ne

A S T N N R R T St
burni ng18n FgthiMelmet Temperdtus ("riet).

The steam generated by vaporization of the injected water can at
least double the mass of the combustion generated working fluid and
increase the net horsepower by 15% or more. Therefore, the water can be
seen to serve as a fuel in this new thermodynamic system because it

20 supplies pressure, mass, and energy to the system, resulting in an increased
efficiency of the present system.

The cycle of the present invention may be open or closed with
respect to water. That means that the air and water may be exhausted
{open) or recovered and recycled (closed). Desalination or water purification

25 can be a byproduct of electric power generation from a stationary installa-
tion or water borne ships, where the cycie is open as to air but closed as to
the desalinated water recovery. Marine power plants, industrial applica-
tions, drinking water and irrigation water clean up and recovery systems are

also viable applications.



It is also an object of this invention to provide a power generating system
whi ch produces electrical energy at an overall efficiency signifi cantly
greater than 40% 7 1t is also an objective to provide a power generating
system whi ch burns hydrocarbon fuels in a nore efficient manner to produce
| est green house gases (CQZ). It is also an objective to efficiently
provide large quantities of steam5 at amy tenperature and pressure
desired. In accordance with one exenplary enbodi nent of the present
i nvention, referrdt pesast tyee\tagRlsy bé employeadnnetheallosasirbycieipti@sennyi ne i s
descri béd. Thi E engi ne incJudes a .co rc}ssgr confjgured for con"pr essi ng
anbi ent air TAPUS EOWRPUBERE &9 HEOPnUSKSy PUSES 8!l IRCAPRHVEsidRadNe equal t o
10 si x at nafhebsimuiiGirdAt, Ngertial GvRMRINSshd #lEDReALt Ure. A combustion
chanmber connected to the conpressor is configured for staged delivery of
conpressed air fromthe conpressor to the conmbustion chanber. Separate fuel

and liquid Wﬂe&med for injecting fuel and |iquid water
respectivel y= : nber as needed and where needed. 15 The
anount ofg conpr egsiedofitie objeetivad g YRS fivehBbR %4 €8 pAs\Hdé RendwMariralodye of
the injected water and the point of injection into the conbustor are each

i ndependent |nareigriaveen extle. Ay hichr cafupperatehio arveperyer cosbdInpde thehper at ure
and the fuel to air ratio (F/A) can also.be independent contral led. The

i nj ect ed fueﬁor%%rgs%esc%r?tt?%ﬁ'loe BEAMQ §8f_afrhaé’£%‘%BB8§r§e‘Jd?é5W {rbe Ybnbust ed,
20 and the heais geprsadedffidiems uafb pbi@idnirespedhepat er into a vapor. VWen
the injected water is transformed into a vapor the |atent heat of

vapori zati on of -thie alge én qRiericfsthihiavertipetacomelaielyvt ¢ganteaitbadempergases

exiting e : of ter significant]| reat er than the
wei ght _01126]t haggfég%%(g%gas %@Wﬂg}‘ Es%oﬂn%%@gg‘,’gq H%e O%Pegﬁ P ?heeed to the
systemis 23agnghieht 6ANBPIriTRDACHAvaidS vAthidR ithe netBEsitPES ridchaniblly
conmbusti on generated working fluid may be varied from50%to greater than

200% of nas<SOMRIRES EXCRSSr ([ddHtioRlaif &orscapdinag t he sane anobunt of fuel under
nost operating congi il : | L] onsd St f ] f a
smal | anpount of ﬁ]gj%%&lqén%ﬁ‘?n%{hg %(%t' 46%%&&%%3@%5&%3&1)%%‘?}?&0%&#{1@3%
conpressed an frelatitelto a2 cowbt airbive yeddtahe engthevidt tHat\WPmiallérscdripes-
generated in the combustion 8. chanber during conbustion at a

predet erm né@" CARMESIEShARL oYY idlingendrastas msteletrtianei PaIANIEVSHof i | e.
Substantially al '/-\f ﬂfrﬁﬁé}eol?{jééip@fr TSRS o & a?%t%\(y 868trBYteNRrbigkent heat
of vaporization of the water. Any excess Is provided only to assure

conpl et e corntlesteroperamadrei (1Todn gemanded for 5 cooling purposes. This

wor king fluid ca{lthen be suggl i,ed to one or nore work en%i nes for

per f or ni ng usef uPrNASPR. ORPELPHERS INYeptiop it the $9TPASIURRIAA i s hi gh

t enper at Ure’teMpgrstFéeéﬁfHéew%tr%ﬁg‘fﬁﬁ@oh%e#'r?a@%.di rectly, such as injection in
oil wells to increase flow, as eat source for distillation towers or

ot her edfl pnent \hiscisaenldbjectstfahin ihoentipetapiovide 40fficidnt dwelbtisgeeef fi c
enbodi nents of the present inventjon, an ignition sparker is used to start
t he engi ne. tﬁﬁée%@gﬁe‘”rﬂ?ﬁ %@W%E’“oﬁf@ﬂgieég°é?9{'ﬁ’étr5t8%ﬁ°'BF"lﬂ e¥BRYEYcle; in
the latter GR}chamiddiboPBiry, dhR&imen @%Bbievé fefXRAUSd §BYndHing eCuPer at ed.
The flame tenperature and conbustion chanber tenperature profile are

nmoni t or ed usesytingmpehemicad edotiibdtor. s and 15 thernostats | ocat ed throughout
t he conbustor. Further, a conputerized feedback control system be used
Lo moni tor the gRUSAIRS BBARIARRISNS Y SRIAN FaGeTPUET Bat R MERIPALery

condi ti g RGohfRibtioRliRS ARRNBEWMKHPTRT brAkhY tRdidtpi b 8f shBgm ze NOX and
CO in the exhaust. 20 Wien the present invention is used, the conbustion

t enper at ur e ciagsingcharegiodants Isech @G}, iumbucrad fusl, G@apsrtiulateat CO,

stoi chionetrjc conbustign and _chem cal reaction equilibriumare achieved in
t he wor ki ng ¥IS0CFUOR ?'ogHé?ﬁ'c?é‘F' energy in the injected fuel is converted
during conbusti ofy jsnf|& BRYUIEt SNBITNVERGLA B8 pVARGE bZRIMIstRIn $Yalem | nto
steam creates cyclonic 25 turbul ence that assists nol ecular m xing of the
fuel and ai wishidiRO%hatonversior ofrphetroundmfudiemicalieneedy teooatreyndfe

i nj ect e%oqvattﬁr aQsor bs all the excess heat energy, reducing the tenperature
of the Ki Ej”?"l’ AE?6 the naxi num desired operating tenperature of the
wor k engi ne. When the injected water is transforned into steanm it assunes
the pressure of the 30 conmbustion chanber, w thout additional work for
conpression and without additional entropy or enthal py. The careful control
of conbustion tenpera 9 turn prevents the formati ons of gases and
conpounds that cause or contribute to the formation of atnospheric snpg
and, by virtue of the increased operating efficiency, reduces the anount of
green house gases generated per usable energy produced.



5 I n anot her enbodi nent of the present invention, electric power is
gener ated usi ng nonpotabie water as its cool ant, potable water being
produced as a byproduct of the power or steam generation. In a third
enbodi nent of the present invention (a new cycle) the engne can operate in
three different nodes. Wen the engine i%aoperat ed 10 in excess of a first
predetermned rpm (i.e. at a high RPM, ter injection and the anount of
conpressed air colrrbus ed isb.kef)t %onstant.as enlgi nge m itncreases. At an
interimRPM i.e. LAR PR ROIFF 8{ ?'ﬁi'@‘ﬁﬁmb?r?dtos% Nofi E eo'f?v')1 'rﬁrpeod%?rer m ned
rpm the wat gfstb@ d3/8boll & pOsdiSlel dHef &RFEFerdte With g6 Mherf{al @XFGSFcyaI I 1S
decreased. Wien the engine is operated at various speeds 15 bel ow a second
pr edet er m ned rpnit ($ aso an peigcRPihistimeentiom o pfovidy @cpodensin@praaesbuel is
hel d const ang h U {_ conpressed. air,_.co ed s held constant,
excess air ol e tn S aEihbrfoe RRRERC 8 Tl BERRFRn o cifpeyite
results iB ipstabrRsA@téror sepower at a lower rpm slow idle, fast

accel eration and conbustion of up to 95% of the 20 conpressed air at |ow
rom A nore corrplléﬂsea'@ﬁomgblsﬁapﬁguéﬂn\tmlqnn\%pmvm am@lectric pewebbj ect s and

advant ages t -\ f i.de I he
acconpanyi nggﬁeg%'?%%l”%tﬁg?m@? %FF%\I;I‘\ASﬁ O%gfé;}vla%%?%es'gsr%ﬁlftj@%%l’ﬁéo'scope of
the present duaesnpdtablel was®tad @blyproduds adane ietadtat ioyvdrpenbatppended 25

cl ai ms. BRIEF DESCRI PTION OF THE DRAWNGS FIG 1 is a bl ock di agram of a
vapor-arr st eam titiihelse anmepinet phthie dnvendiendtopnonide pnevesicie MIueh i on;

cr oss- solfi cnarngs iy A BRGET ano YGRS c VOB URY o gl St Al

di agr am of aop@ptitnaa vapbeaimstedrhicyeicctgringeatskabnd meddedesemyasn opkay-
recovering potable water in accordance with the present invention; FIG 5
i s a schenat}i@n aPddi $RINBINeERY CthBBANG8iNirdfmMeAR vapor-air 5 steam turbine

engine shown by g, bl ock i L8N thik ii%n‘%io%'to?rgvia% L §oﬁxb§:§&‘?{¥§? Bg dr aw ng

of a second enbodi nent of a vapor-air Ssteam turbine engine w abl e

wat er r ecovewithcayaturbinei sy emgeangratiag ispgtehe atch elsatofhet gravernsyasnémon. FI G 7
is a gra€g sho 'ng t@e effect of pressure ratio on éhe mal, 10 effjcjency
for the VApoRrPRHFESERSHIGANCARTRY BhEidheatst eHiciensy and masced speciiicfughh

showi ng the &ff@fiptifn WHeRS Y rhpdrdt WitkReusRBE fdvailbbe!systems using cur-
rently available combustors.
It is also an objective of this invention to provide a combustor which
can be retrofit into current hydrocarbon fuel burning systems replacing
20 currently used combustors and eliminating the need for poliution abatement
equipment (catalytic converts, reburns, scrubbing systems) while increasing
operating efficiency and decreasing pollution in exhaust streams.
It is also an object of the invention to provide a turbine power
generation system which provides significantly increased usable shaft
25 power (net usable power) when compared with a Brayton cycle system
burning an equivalent amount of fuel.
It is also an object of this invention to provide a power generating
system which produces electrical energy at an overall efficiency signifi-

cantly greater than 40%.



. into the fee

consunption for the vapor-air steamturbine engine of Figure 1 . FIG 9 is
a graph showing the effect of pressure ratio on turbine power for the
vapor-air steamturbine engine of Figure 1. 15 FIG 10 is a graph show ng
the effect of pressure ratio on net power for the vapor-air steamturbine
engi ne of Figure 1. DETAILED DESCRI PTI ON OF THE | NVENTI ON A. Basic
Confiquration O The Present S~istem Referring nowto F1G 1, there is
shown schematically a gas turbine 20 engyne enbodying the teachings of the
present invention. Anbient air 5 is conpressed by conpressor 10 to a
desired pressure|fgsdidd bAGDELIRARY SOIR @FBwjer Lenbratifghiyat@nnefich

enbodi nent, conpressor 10 iS a typical wellknow two or three stage

conpr essor, banms hydrogathicentueds in 8 merecadfipient swmhneo ta pprdissuess gresat er t han
about four %4) at m)sgﬂcgégs, and preferably 10 to 25 30 atnospheres. The

t enper at ur e "GHMS¢ 985¢ ssed air depends on the conpression ratio. At a
_conpression rati ¢ 9fais¥Pad O%F&t%%rmiéﬁﬂtl§' robiBENSigRIqAtities ROt el y.
1424 R (964" F?. The flow of the conpressed air 1 fIS controlled by an air
f1 ow conth olat @ny 28mperatuce ahd siressues desipedbust ors are wel | -known in the art.

30 However, in tre resent inhention tpe conpr sseg if 1 1is suppliedin
2 11 staged, offf BEHaRERe MM ROR AEETRATK S IIBREOBAT 4 PEFOIE ¢
conbust or 204, enie réferrEiGo a& SHYVADTECYdR,| 3h Fes@Rl Hadbbslievendine ist aged

feed of the air allows controlling and limting of conmbustion tenperature
(fl ane t enpdeatribass! Thisrengit®inclydas & oatpsesson contiawed 25 compseswngral | y

hi gh peak 5t rat ures er ced while still generating the me total
eneray ot par St a8 EsitieFeh o Andies edseprs AR Rl SRl e by
fuel injiect ispnaesyghetes3@ndFv@ling Ahesév28d GeMbeAnuieS AldwEitiorknown t o
skilled artisans. The fuel injection control 30 used in the present

i nventi on c&haebascenngsted tednecompressntviscontiguiesriar ssagadgdiadivery aiil ti pl e
fuel feed n | i f i LS. u suppl y
fuel . whi cn ot peea At B3RV EBmarSangh I8 Rty ssibhalPt buhin HPelde®r 00
#2, heati ngfeéllandpiRfi®irgdttyors abhtibisf areisedebt ifjerthgoivel apd dipaiewatat ur al
gas, gasoline and al cohols such as ethanol. Ethanol may be preferable in

some appl i c&2SRSREVRJRIENG Eombestiae shambepas meededand Whefe nsededi east sone
wat er izCh \ [ I ols ihg the
requir \(,a\hrrgnt ngrarﬁﬁlfr*e%?ggda ﬂg{e&gghﬁlﬂg cf)G%ngg?l%V:a%\X/a{t Jggﬁﬁi@u}i{%éég%ch

| ower freeziohghejedtet wister ratwdethel paint dinjdutiont iitd theusembbstoe mge each n
climates which have tenperatures bel ow 32F. Water 41 is jnjected under

pressure andapPeadepthsepniatieddiAss? A8l S0e EerRoB\FOMRHFHINISMRRIUES by

wat er inject rQl .:4 I e nozzl es,
%hagpgq{s]%lrtgaarﬁ Ps om@@égﬁﬁg@ ggr'vbu tergﬁwg%ﬁﬁglrﬁ%sﬁ%n chanber

25 or into idjecteddoe! arfd deintmdled poetiph aif nke chmpréssedbai ane. corhbustedper at ur e

within nmbustor 25 is controlled by conmbustion 25 controller 0 operating
' Conj ahct POR the PRabaREF AL ERE TS TR ISR HETs OBHE VROV INEd abpve.

Combusti on ¢RIl 80 iSTEEnBRorfEARYE BUBR Y IRERITER U aBlorie g6 PC eSS Or
with supporting digital logic, a mcroconputer or any other well-known
devi ce for wbhh¢ evategremindeefthedenmeratgrecohtheotomhustewpoasss exitingdbdack

signhals fromnopnitors, Located in the ¢com.30 bustion chanper 25, the exhaust
ot o 51 CRISIA AR BraTY 4 el Suhoanb0aiaaradNI R MKESHE RbFnS

conponent s @br{iRtdy RRET us¥S! eAbweve? the'mEIRIPhIE fedd RSTHY Systbiisn
conbustor 25 can be maintained by air conpressor 10 in response to
vari ati @9s isignifingantly negucedefizea aesult thetreassofiswanfccanleustiont generasd i onl y

i s shown f i t i t hi mb 25 i de, t& t
nf or mat | on ANESSTRTE, CEoHIEG 9005 G 6 B R0 IR APRT TPRf%ct i on

control 40 tPchfbRCEyITBFR &Hin%; 8RS shidUdrHoURt 6f 1A% uURBEUREst Shéfatiagl V.
working fluid mass is controlTed by conbustion control 100 by varying the

m xture of fcaslitiomater and air conbusted in conbustor 25.

A working fluid consisting of a mixture of a small amount of the
30 unburnable 79% non-oxygen components of the compressed air, fuel

combustion products and water vapor Is thus generated in the combustion



There are certain well-known practical limtations which regulate the 10
“accept abl e maxi nrum conbusti on tenperature. Forenbst anong these
considerations is the maxi mumturbine inlet tenperature (TIT) which can be
~.accommodat ed by any system To effectuate the desired maxinum Tl T . water
injection control 40 injects water as needed to the working fluid 21 to
keep the conbustion tenperature within acceptable limts. The injected 15
wat er absorbs a substantial anount of th& conmbustion flane heat through the

| atent heat of evaporation of such water as it is converted to steam at the
pressure of Eb#mphet gyring combustign;at |ao?f36$teffﬁé!‘eﬂtfé1mki"r‘ﬁt@@t EPRHEBITEAMUSt or
25, a pressu n

sel f - conpresé‘?%‘halyoﬁlttg ang Fﬁﬁbﬁfghivsr%%séangl? ; g‘rég(?pé ?erﬁ:%%‘ﬁérlé?‘% trr°262 can
be used wi t hisl proeidegries the iateretheazs ofA&pUBZHticm’leﬂtIEbNHmr CAIITISbESd:eSS’IIS

controller 100 |ndependently controls the anount of conbust conpressed
air from ai rp'fquﬂﬁdcgrr‘IVrtSIasf re F%’@Pﬂitﬁfe ”6H°B@ﬁf’r‘%l"’°§."°vé {®ft er

i njectiongco asThia H I
substanti aI I g&gﬁt %@ptsﬁee oxbge\ﬁarﬁg ‘?tf'é‘?f?)w?heés’{sq'éﬁg%'?‘?"efd% ?@gg{ nbog&) of
oxygen i n t heocloepgieesddr aénfoiramgammisltwdrk | Alteemsivelyarhd O@fkiog fidid, OZ i s

conbusted then sufficient 0~ is ilable to conplete stoichionetric

bomal g and. FBicTEC SR ATPErEt R, oR GRREF THETLEAn BE Ut STAEYS Fidhe
combust i on PLORFSSiod A &l RRUELS indtRa S HIGN asS ﬁé/aalgo@meefo?r%émuaftefnm NO-. The
heat of conbustion also transforns the injected water into steam thus

resul ting i ntewevsrddothef bauidm@nt canish sttiling stefana fori ogtenatéorof 13 conpressed,

non- conbusti bl-e- conponent s f ai.r,,. fuel conbustion products and steam bein
gener at egal n the &‘gﬁﬁ[%f‘?%% ¢ RAMSGIMmemss hPe‘"?%ﬁ'Ité'g"ef‘?@r'ﬁ 4BdEPTAN ¢ o )

about 100: 1 gmkéeissitRRltoestaRyihe WRiRS SPhe tRgintlmay BRBESAbHERTdTBENYAT Y
from750F to 2300F with the higher 1Timt being 5 dictated by materi al

consi der at i o®pen ebased cvaIehIrgtI‘eerIaﬂeT ceas a)eoprmfdm whrkimg fitid bi ne is

fabricated frqﬁurrﬁterl SUChtte m cs _or ot her fra togﬁ mat eri al s,
whi ch can re%f iofeP® Sk, a%rtﬁ"@ﬁbw? Py a
turbine, is émﬁtbadtetnﬁbeaaﬁué@e@m\memawé&ue&gftbmﬂéra&&ré HEeTBceaEbarRd | on
chanber 25 for perform ng useful (such-as by rotating a shaft 54

for exanb5e)thnmn@ntatﬁrbqajeehthmughegt ﬁﬁEI @mnbger@n as a generator 56, which
produces el ect r| Wi | e tp resent
I

i nvention di scusse nz?cﬁeoedﬁ?g ‘égga" t%'ﬁdpﬂ% besLI?e d artisans

wi |l appreci gofitbhétie g@ﬁd@rsmﬁpmant%mkﬁé exﬁ&ﬁ@t%&re@hh@rﬁd bﬁ?l%t@lfg wor k
engi nes may be driven by the working fluid 15 created by the present

i nvention. Bealidensangfeed tates dedrt be eHtarmatiealiveadivsted te snpimizeNQs

interior and rfin ust, the working fluid expands as it passes by
wor k engi ne %@1&%3 Q’xpegxnh eg?vvorkl ng fluid 51 i s exhausted by exhaust
control 20 at varwihag tpegsessrt,ingetiinlsl yselil @8 SorhbastmstEmperatdre igbout 1
atm 20 dependi ng on whether a closed cycle with vacuum punp or open cycle
is used. HowedEFed RyJhercosPHIToN grnise uneansasethid sieiphiemetsia £e51bUsont rol 60
may al so inc gﬂag / e ng the
steam 61 froém&?ﬁggec%%gh%ﬁégaor |n%l§ﬁ?'ﬁ}fr}g E% a%ﬂ@@@@?ﬁ‘ghe gvorrke)'c ﬁpﬂggs@! 64

for exhausti¢terhieal exgrgndednsvirijicteg fLklistdnlertdhdusihgaonitustiondatsed in
condenser 62 exits as potable water 65. Figure 2 shows a schematl ¢ di agram
of a prefer r%f@@hﬁﬁ%wrar@o@e \ARcEiRation of NOFtat BS0 FERAM CERATEE CYR@NIGvent i on,

havi ng a ek R sfown t he
conbustoﬂscgéu(?{r)wgggejtﬁ%e%}cggg‘éﬁté?@?g}%ﬁﬁlogggeg aEItn teaul es&gggg,%r}g& 210

and inlets f@:rmaielte c8thbaatien isietfetuedted Th’&ennyeetedtwb&rmzo'rts alhthd ongest of
the tubes, the mddle tube 206 i.s the snortest tu e an outer tube 210

is of an int@fGREQiNGEE energy. redting the demparaturg of LR I "IQJ Widjgoth % n a
particul ar e _sﬁF%p e % a

t hi ckness of m%%{}% esujéa aﬂ'@%mg%%%a%f fslvgc"jgne I nchv\g?r ow space
bet ween eac hmm‘ctédmvatanesrtrbn&ferrﬂ@a intohste aind ot sssuuhse theGrasulre lod that er tube

210 (the_jnner air flow space 5 204 and the outer air flow space 208,

respect i 98I y§°mlT’H%""P'hFB?m§ﬁbl Withpwleasditianal wakke’od G8MRREF T PR 2BE (Bt PYhe 210
each have a 5@'&]} e 2 t

each respective '?/R%‘oér*tgordnj’fg]d%ﬁé'efs?gggggéggl, %é%?g&%?@%ﬁ?ﬁi&@?ﬁﬁ?ﬁe space
bet ween the tubes 204, 208, creating a flow path, as described below, from
the exterior of the



10 conbustor 200, through the space between the outer tube 210 and m ddl e
‘tube 206 (the outer air flows space 208) and then between the middle tube
206 and the inner tube 202 (the inner air flow space 204) and through
Jburner 214. Covering the inlet end or head 212 of the inner tube 202, as
shown 15 in Fig. 3, is an air feed plate 232 to which are attached nested
t ubes which conprise the burner 214. Burner 214 is fornmed by three
concentric tubes with the inner fire tube 216 being 2 inches in dianeter,
the central fire tube 218 being about 3 ithches in diameter and the outer
fire tube 220 being about 4 inches in dianeter. The fire tubes 216, 218,
220 are prograsspregknts2thel fongetiomsof gasgdamsbcoinadbuads thati aghiselarrmontrib-

connecting the internpal epds thereof forma fl cont ai nt cone 222 with
o angl e of | (R TB.5e TOmAAD PATIRARNSES M ashand B Gl See MRSt end

of the centr ' 6 [ | g@ggt%' f or med
bet ween the ?g%éggﬁeéﬁgﬁﬁégar%%lgggﬁ? ﬁ?%nggfg?ét{ﬂ]bﬁ&g% §06 a et? edi nl et
end of the ceeruabdbledrergyO@rodisedhown in Fig. 3, a second air feed plate
236 with | es 234 therhei nn_éovers thfe inl et end of .theli nner fire tube 216.
I'n additi&nh, hol el 33%thst Embodipen RitheRTaaet ANt AN RIRHTIE RO Fphery of
the outer suigepgmted uking rdmpatatié WeateH BE i181R oM SotdbleWRBASeihgt 0 the air
feed chanber 228. Centrally | ocated and passing 30 through the hem spheric
heads 224, 2peoduntdtarea d¥pwatichpf theedwer or ste2B® generatianf uel i nj ecti on

nozzl e 218 positioned, to deliver fuel fromthe exterior of 5.t he
Conbustor 2001 nt B nar? sTeefireF e BEERNBYERIFE €008 2ROt e the

fuel is m X?@n?ln‘éfbatnh@pe?ihfe iDaBRdeNGiffdie® tldBed. NMEerf tHeLehdiRE i2dPeratbd for
conmbustion is Ted at the desired pressure through one or nore air inlets
240 in tA& oin excessrefsphieatinredrigemineg. romhé.caiat athigh RANWevates mjestieme out er
air flow spag etween t 1dd] e tube 206 .and outer tube 210 fromthe
Tl et end 198nEaNE ULl o i e SR (Y R KeRE SRE L HE THRtSt end
plate 242 whirsh ihOie@ses.i AtanligtHind RFM, N&MBRvech REfiRXNBigh) apd@ed8Adof t he
outer tube 210 to the outer surface of the inner tube 202. It .then flows

t hrough the flamdreredetefmingddpardheoMateandk fue) ratie is incerasedPsI¥® amowRkre t he

fube 205, enPoekerRnstit MeEAEETIWRBESAY chbRTS BRefild by VAfiodt Bpleas Crck
* the hol e45234eknd aisticond peedutemeined kdm (Tlee arielvi RPM, thierratibafiinigcted o and

t hrough the respective portions of the burner is defined by the respective
areas of theWaleeto duplis Reld qongtant andathesamount efcaampiesspd gl qomgbyeted, t he
nunber of hole C i : |l e is chosen, in one
preferred enlﬂso@?lrargb;btn?f%é' %%%?sﬁagrlc%éslﬂg%%b?{nﬁ?]ﬁ@ 8@@@%&@% r feed plate 236
and side wall of The usandrthisinesv tyble 2$6its imipcreased Oliredpdviner &toa doweea,
which feeds the first fire zon? 250, and the holes in tg%tc%ir &eed pl at e
feeding the SPAcalopeidieciast AECISTABPN AN 9rBOYSHOR 14 SAF A RSTitPet end of
the cent pal &2 o _the renmaining 50%distributed so that 25%
of the open gye lPl S F%,Q,? el %f@ 234 in the air feed plate over the space
bet ween t he i nner Afrinoes torople2e ubdersdaridieg wif didé erventioerendafurfrier ebjadie 218,

feeding the sego d fire zone 52ﬂ 12. 5% of the open area,is thrqugh the
of abE b i

hol es 234 i nPBd @A¥aRIgEs there REODS FRPAEAN fAM & QAT FEOR ) he out er
fire tube 22 } kI o 4 ; Rl . 5% of
the open ar et o PR BB T O o o g i B e TP Ra Bt or
fire tube 226f amelptdsent mventionles@Oyrid edth partichlerifyin the appendedne 256.
Accor di ngky, 'a,defi ned anount of fuel is fed through the fuel nozzle 30 218
direct!l y“Pnt 6'3"A& first fire zone 250. A stoichionmetric amunt of air, or a
slight excess, at the desired conbustion pressure, and having an el evated
16 tenperature heat generated as a result of conpression and, if desired,
count er cur r eBRIE ESORIPHIONQlu Tk MIRAWHNGS exiting the conbustor, is fed
into the closed s d 23Q. The air flows through the outer .air_ flow space
208 and the inner p&pﬁ P @ilﬁpglbg@gr%ffv\%g?%orrqlr ﬁ&@ﬁ%p‘ﬂBmfeuW%é? "heat
radiated 5 fLeE3dBRCE WNET alprdn2 Oy éiifh; conbustion is initiated. This now
further heated air is distributed through the holes so that the fuel is -
burned with oxygeRlG.2 i5@%sabematic dingraneed awretdireshtambustes: first fire .zone
250. As e oxyge arved flanme enters the seco fice ne 252 an

addi ti on§E amount pﬁf‘%dﬁfd%fﬂs?'ﬁe?th%n%é’ﬁw?é%%'l’"et Rgs 8* F'Q'?'consumsd;

| i kewi se, oxygen in the 10 next 12.5%of the air is consuned by the flane
in the third zone 254 and the oxygen in the remaining 12.5%of the air is
consuned in the fourth fire zone 256, resulting in full, stoichionetric
conbustion entering the equilibra tion chanber 258. The tenperature of the
flame and conbustion chanber tenperature 15 profile is nonitored through

M B o o o NS N o




sensors 260 in Fig. 2 are nerely representative and may be in various

“different locations in the center and on the walls of the tubes as

required. In order to control the tenperature of the flanme and the

_tenperature 20 profile in the conmbustion chanber |iquid water (not steam
is injected through water nozzles 201 into the conbustor at several

| ocations. Figures 2 and 3 show several 'Qat er nozzl es 201 which are used to

transfer the liquid water fromthe exterior of the combustor into the

equi | i bration chElfhéis 2580¢% diagsamodir ¥pRer-ainstasasturbinaBNgine that 2, several

'n & pref or PEb R SARE R Ao Pl bBRB Aablidn ol Bf e wBh she B Bay 3 21

used and eamvestidni ncl udes three nozzles 201 with the three nozzles 201
being only in less than about 180" of the circunference and at |east two of

the sets being iFHGa &isrd echamatig@draying el ene embrdineentcoh thecyaRE-a ni xi ng
flow, an i i I i i i d passing along the
| engt h os fﬁ‘?@t\*f’?’%@g\ﬂ’%%ﬁéﬁ;& er'a é@%é Bﬁﬁ%iﬁk E%L{rl%)"zhz'l eg are ghovvn 190 be

radial to the coFfiBus is dgcliematicneawingoef 2082sorndembedirtempofea tvapbshience as
the water enters the equilibrium ch?nber, fl ashes to steam and expands, the
nozzl es maySKETHIEEEG &9inh Y HURBERRIG IV aIPT TeSPYeRY CARGPUSISSINEP@OEING al axi s
of the conbystestd? thESN&tiEN. € tangential flow or to direct the injected
mat eri al down stream The water control 40, in coordination with control
val ves (not showra. dniseagtapdf shdwingothzl effec2 ®f mvesseme hasetnothermaalzl es 270,
272, 274 _conirols the amount and | ocation of water_ introduced through the

h
respect i Je AELANCY T_?O_ih? NEBCT e SLRAT ITHEYne PoFINe RL Al e258 and, in turn the
tenperature at specig s §RAHSsHAWINECHehAIRRIof R8s AN rdthe ohedPReifl Hie?
profile 10 therein. Under normal operating conditions less than all of the
nozzl es 20lcommsuntridmfadheppaatasrstaamanybing meginei of Bgatesd. shows at | east

one water nozzl 01 for providin ter,,to the air feed chanher 228 to add
steamto the ai reF'ér ijgo'rs at8Pa§ iﬂ‘%ﬁ’&‘gb erif 5ot QL PEESSHTE KEY HONFYERINe Fyr ¢ her |

addi tional pazet & FBWApRRAIMAESM tUibReldMRinld BEEigQfe QUL er air flow space
204, 208. 15 The ultimate objective, which has béen denonstrated by

act ual | Y5oper at i BR. 0 iskeegapmbsiswing thetaffddt mif tpresmire eatie oat natepdwet he

equi libratign Eharrber .25§ ang the fire zofnés 25% 252, 254, 256 to not
greater thattdBBYEPSLBHEITHN IEHRE FRENERVEWE by or significantly liniting
the formati on of NOx while providing sufficient residence tinme at above
about 1800F to 20 all ow conpl ete conversion of the burning fuel to C2.
Addi ti onal | RETAHED RESSRIPBON OF FHE INVENTAON f urt her down stream as
desired to Qdd diit'tongal vat er i fiprse e it is desired to feed a
steam turbine r 1 timate objective is to
produce | arge quRetkiririgiowl tdFIE RrderliseshoBchaABREEANA Gastt@/ihe | N such
instances, water to fuel ratios as 25 high as 16 to 1 have been
denpnst 2@t eengine smbodefrigedts tegchings ofaing presgntlinvgntinn.géwmekignt aig 5 is

pollutants. VWile the fuel |njec into .t he combustor wl.l spontaneously
Poni te oncect /st By gorelagsion B tout esits n BT TR oLty SRR T
initially neeessaby,.1 WheNa Préfericiilebeaintera 0BbMPt&sor 110 RrHWHiealaveigni tion
spark to initiate 30 the flame. This is provided by igniter 262 |ocated in
the first fknawndwe onthreEistage-cAMPRAREN tas thenambiest 2525 is compesased it has

peen shown }h i i gl i The i gni LS

Pypi cal 1y aopbrissgl dghdiner, dhl Abatod PaPRihiingres; M| piakBb0g b

engi nes25Ho8@ eeémosph&leeW THeltemp@atSleadtCh et mdsfed) bir idepeadaburtenet al rod
or a spark ignited hydrogen flame are alsqg suitable to institute ignition.
One ski | | ed°qAPEassioarfatigs | At aampressigaiatie wf SQifl itbe famriessdhelers. The
multiple tu ICT] COPUst pr-ovi des a uni que benefit

regar di ng t%@’%gﬁgéﬁéw@f%g{sﬁgdpl i ed§£§%ss',:?'t he central tube 202 during
operation. In thehoflehest ek eomppdésseatadl $aGs186atoRdOYBG, art fie floov ki ng f 1 ui d
in the space within the inner tube 202 (the equilibration 10 chanber 258)
is at el evaturellengel i arcosPYs3es 2l yCaRbHpis a5e AsHOMOAdN P 88ures from
about 4.at r r r. .t har t . Ganer a4 f A means
wer e no?éppaé%ggﬁﬁggﬁg%égﬁtrﬁén %?rtrp'@]%rfg:pgrce o&g?%e:ds\e\l/éﬁﬁ %faéd n'gﬁi "E'uabe 202 or
prevent the inner tube 202 from experiencing a significant differential
pressure across that wall, these operating conditions 15 coul d damage the
material used to construct the tube. However, as shown in Fig. 2, the air
exiting the conpressor 10 enters the outer air flow space 208 at a pressure
substantially the same as the pressure within the inner tube 202.
Substantially the sane pressure exists within the inner air flow space 204.
As a result, the central tube 202, with the exception of its 20 exhaust end
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19 to the conbustor operating at a TIT of 2100F the outer tube 210 is cold
"'to the touch during operation. The pressure ratio, turbine inlet
tenperature, and water inlet tenperature can be varied as required by the
application in which the VAST cycle is 5 used. Additionally, the fuel/air
ratio i s changed depending on the type of fuel used, to assure

stoi chiometric quantities, and the effigjency of systems using the
conbustor can be increased by use of nore efficient conpressor and turbine

desi gns. '”%‘Eﬁ?e%‘, WGr Ao inkial ﬁ%ﬂn}é‘(“%%irWPJNEBEBEE%?‘HB%E%%@&%F ?S)ioo The

constant results’'in a proportiona crease Int ower output.
VAST cycl e issoencionBignatandmofe fullyadgacdbed delaiw. Thelstayed éeealnolf theshieam
cycle since both air and srté)((f@m, are gresent .as a working. fluid. Each nmakes

up a porti oRIBWSIRNRINNG ang HEUIRGLOHEQEPHBERN t4MPEETWENHASIEe MRSt he
present di s¢yss| lahoW¥ #He dmBERSrS _ ;& luid is
intended to lil"%ci ﬁﬂ"éJU'tghg stgam generat(té ?v%rﬁ nﬁggtiﬁ%wﬁppgaﬁcts of the
15 fuel Bur nedperathreshare grguped while sell igehetatiogrthe esasedtaar efergetougpumii t h

t he nonburnable air c gnents and any excess conpressed air which may be
present, andMEReCRBIRYGEE al| of the products of combustion, inert air
conponents and stgans1 T9@jdRedunabeailsshel B fudi hi¥ed &l c¥iiresd s Ayl ected in
the liquid state to become superheated steam The described process 20
makes use ofnjedtEorc onbirpleid assoewell-koomtrust skitechadaos s Tdediugi mjecticn wor ki ng

fluid. A brief, dj ssi,on of the thernpdynam ¢ processes.in the VAST cycle
n0\l/J\/I fol l owsl.c"FH{B' gﬁlrjuﬁelg 'E&ﬁ%f)éegsseé'ij 'T‘??%'Bﬁpﬁaés%{gésf Odé"n%?réﬂlslcy FPMRE or %/hr ee
stage campr @sRaFsing(d orlmaitRXd fudt 986t hbASs. ah drassiRireh SliePEuNTRR@S 25 sor

10 are cal cul ated usi ;? is entropic relations for conpression and the real
condi ti ons ahewehlisubed taisuriinduel. ¥driph eende aryf¢ariventipnalfh\ggogarkeon
expl ai ned aboye onpress i,f, enters conbustipn anber 2 hr ough air

fl ow cont ro?u‘%'??ucclkhggéﬁeﬁﬁﬁ&e’?g&’ %ﬁgﬁﬂ%PﬁQgr f,r,ah@ ?Lﬁgfrqg e'c“%%gk’%? Ogr essure
under 30 cOBEHgdnRNHatlraPga) Rfaesiimibhd dIcoPBRt Ath 4LEPRMaL UESaBdl Ridyg. The
tem-erature is conpletely controllable since there are independent fuel,

air and 2Dbenaetaraklent sems. anpiiAplieRs because it sindesoriaas ko mixed vith af t er
start-u [ t nst an r r hu t.he cgnbi nation.of [r feed at
2 const 15t 5t BesbRRR Rt NIREH o PP aRpoirer pEANY CERBAREH BlP o contr o
of the TIT fusvdeiciigiHeCleqaifementitdrsSinjeBtatl wRES aRllso BRSS! \gaten t he
conbusti on chanber. 5 Burni nP occurs in the conbustor inmrediately follow ng
i nj ection ofMiXiyees haved MiehQverskeszngpgingtovs incseasinathe adiliButhHeg

condi ti ons G 0j L begnts in which the
fuel m xt ur{ekpénﬁﬁéléfeq#\i%p@%ét%ggpﬁzc %&@ﬁe&&{rﬁ@rﬁ? %?@&\Zg?of conpl ete
conbustion, addi Wareak1ds injbsted uraided peestsrdandiatg presdti butesjjudtabre ai r bei ng
added circunferentially around the 10 burning fuel and in an anpunt which,

as a ni APrufAte dyuarsmmecninglladh By Metesigiaciiondionth}iletnd FRYREETIVR" (a

st oi chi onet [, PEH#SH [Wag:t }g‘;ﬁzp n

conpl ete corr%ﬁst?l 0 o%n%ﬁéﬁgln%%ghpgg‘hgé]&s |%%E§gérpbi%§ﬁ?§?r{eet)éﬁ gF anount
of air may bemboktioducedcanbudticexclessbapde ar intoathé dlanee ifadgsireti @sconbust i on
and provi des excess oxygen 15 for acceleration if desired. Water at high
pressure, wRXRIRINegy fusdien Selovyh as 4000 psi or greater, is injected by water
| nj ection cont rP*ThéQeméBPatQ{ee@ﬁHLr?cbr%b of i3 R&bndlolidd 'bgv imb@stidrfvent
vapori zation prior to entering the conbustor. Due to the high tenperatures
and | es28r porssiierel 0O opbmatingribusnjwittiohantirrotRér, elemenDof theeptesdntvat er i s

i nstantaneously flashed jnto steam and m xes w t he conbusti on .gases. The
anount of V\&VQ%UPH etF'EEda 'ﬁ?%‘bf-‘ﬁ@'&GHBUQP?'O{jpéﬁ%\aﬁbg? af@”ﬁf@ﬁ@ﬁﬂ‘s on the

desired tur by i ny : : FUr£ridrobh/y-wat er
just prior ?l'(l)ﬁlﬁa?deﬂgﬁrg%cfHﬁ)go?ngﬁféghltéa@b%gmggsg 'dﬁgol%ﬁldgjj twepécorrbusti on of
fuel is useduter araarseothiee visdirfrervan deericeffot heordforingandnefdleqtuating ) porti on of
t he conpressed a{‘r fromthe }hr%e stag?‘e com pressor 10 to .t hﬁ TIT. The

remai ni ng hEAPTB INCIHTBARTY th'qed AR §'NGISCBATEIMPNINE PRPECHBANRLCE i nt o
steam @bl gudriSLhahflel R5SWVLERha iR stredm BRAHFahAEI GRIMING @N§ d0rord. system
usi ng #2 diesel fuel. For exanple referring to Exanple 30,7 a pressure ratio
30 of 30l 1, assdaiateidneithrthetotheangpemadneres af tBOPoedent ayswenbi ne out | et

pressure of 0.5 atnosphere and a water inlet tenperature of 598F are

i ndi cated. The



21 results predicted by a conputer simnulation nodeling the system projects
‘the efficiency of the conpressor and the work engine using a fairly
standard published turbine efficiency of 92% This resulted in a net
.horsepower of 760, an SFC of 0.31 and an efficiency of 0.431. The exanpl es
calculated 5 in Table | of a simulated process and listed in the data

tabl es show the result of varying the ﬁ)ressure rati o, water inlet
tenperature and Turbine Inlet Tenperatd?e i TITL held constant. In a |ike
manner, other operating conditions can be varied. For exanple the water

t enper at ur e can Fbeekappieapeessure &vithiicampustarpdd ga0rke mainteingg Moeir gr eat er

than the desired TIT.~ Preferenti .the water t a lu i S not

| nor eased. CBTETPEIRSelc L EPGRER S Ve ASr R S s BT T PHETES  red i T
However, f @etdytafd afdthdrAmsoas, 260 Ky bhe igveh&iwRdior IcldrftyxitHimg the turbine
is used to heat the feed water, the inlet water is usually held to no nore
t han about CUTPUSErORP PHVigE temperasyie infarmrsiont tgr eomipystion gretrol500he wat er

t enper atzur _t. t N 8 ' t e t he
compust on YRS i BrEes sl Ak cBhurbEhBieeREEF ALY rdebEiE s oy
gases f| owwxget as heedédir ISirakady)dwarkpte il mResvwy controildd bl icsmBustiohhe TIT
can be raised or |lowered. Exanples 1-7 in the data table were cal cul ated at
a TIT equarcPBoh3BBmy g the mixtyeneh tuel ywater ndedi fRANPUSEH{M f or

t ur bi nes ‘“‘Bh%u@ﬁor%. utilize high tenperature alloys or holl ow bl ade
cooling with either air or steam However, utilization of high tenperature
and/ or corrosi offheesarstaantaidivwealyienovian ghadtiap Bmitatioas coniphseg@ate o am cs
and other materials designed for high tenperature operation, such as used
in tur Bﬁneaf%ﬁptéﬁﬁi 'ﬁéé'”WTICOQPtP‘{iNOGp‘éP%&eF%%"%ct FQ%DPSB?’“HP@HBFS.E 25 Exanpl es

8-13, 15-31 kl; ﬁ%ﬂ b V@t h?é??@ res,
namnel y Zoooigéagﬁélélgkééngﬁ é21 F 92’5%‘26{1 ?\r/'réll%t grrfagi'":esﬁil?gm{) a@?tggl show
t he effect actomorcizpedwby ,angfdyisceranclo aifdctbiate ilye dasirehsiaximtuieTHAI. 1
conpression ratjQ. The effect of reduci ngFt he exit pressure f(Ic_al cul ated at

a turbi ne APCINGRUPNARNEA MR BULDP VEAtel 85 asegedito Jbe ekingsiividodh in

Exanpl es 2t Qe8fthd colftAERbASafpkinaoihlPaSldtabisdmitd | TRATREBAR] on rati o

on a systemw I ne exi pressure o :

at nosphér e vaater abddths iandubistireigh @nadunt ©f ahe alontius5iob flanalheat ti@@Ehwhen

cal cul at ed_at an%ﬂ%sungd t ur bi ne eff;@ ency of. 90% It shoul d be noted that
a turbine 919 [aeUNRSAIA WYgPLraIqn A WAt AT Big CONUSASY 1p Stealp At

conpr essi om@g}élsu;éjgp&mguﬂw 4ghe power turbine expander 5 train. Exanples
15-24 and 25-31 further denonstrate the effect of increas ing air pressure

at two differenFot igniomeokfe tiekimjéaed ifito eombpstes 20, tahpresgireatiotdfe f uel
is diesel #2 and the@_ el to air rz%%ig i.S 0f066, which is.the H

st oi chi omeff9atel thang! 44, ispeeded 48 efragiyate\fElfRCorBPISSRIAN 1BDB(O8- BHAV  er ent
f/a rapoo eger, @04thh88kdtigniRINYHrkers: @2 ehh HERldddCwiBNEiveripBssuréxanmpl e 32
uses met hane and a f/a = 0.058. Because nethane burns nore efficiently than
di esel fuerdtidsess fuel per pound of air is used and, as a result, |ess

wat er i s added.
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at nosTurb controls the amount of combusted compressed air from air flow control 27,
fuel injection control 30, and water injection control 40 so as to combust
25 the injected fuel and substantially all of the oxygen in the compressed air.
At least 95% of oxygen in the compressed air is combusted. If less than
100% of the O, is combusted then sufficient O, is available to complete
stoichiometric bonding and for acceleration. When 100% of the air is
consumed in the combustion process, forming CO,, no oxygen is available

30 to form NO,. The heat of combustion also transforms the injected water

into steam, thus resulting in a working fluid 21 consisting of a mixture of



HP HP Eff SFC HP Eff.

SFC110: 18550218001. 0722517. 292. 459517. 292. 459222: 18556618001. 0891582. 328. 40
8534. 301. 445330: 18563118001. 0947590. 333. 403542. 305. 4394

~40: 18559418001. 0998592. 334. 401544. 307. 436550: 18556418001. 01036591. 333. 4025
43. 306. 438622: 18559518000. 5978669. 377. 377549. 309. 433722: 18551218000. 2510477
38.416. 322520. 293. 45785: 19070220000. 577@@49: 366. 366515. 290. 461910: 190702200
00.5966775. 437. 307661. 372. 36010~ 15:1 901 681, 2000~ 0.5~ 1041i

803_. 452_. 2966%resstd, Hbh-dbmblstitle darigdARfts &V 6ir efddPeBrhHRLEbR drsddits Conp.
RatioTurb. Eff. %R0 Tenp FTIT FPress, atnosTurb I-iP I-1P Eff SFC HP Eff.
SFC1120: 19066020680, 5£i09 Benerated) irp they 0embostigs zhamber.1 FoBBUPDOO®S51128822. 4

63. 289712. 4Q2. 334133Q: 1905952 51158826. 465. 288716. 403. 3321429 190663217
50. 5124291495013.ag’@UggS%zgf.%;gggg&'iﬁ%giﬁgeﬁ%égbé’ef%ﬁﬁﬁﬁé-. 48. 5411
G10: 1857002Q8peRfthifetlmay 4Ridy 3P TEDBE to. ZBFIF with the hi%her limit bein

715: 18570020500. 51026771. 434. 308663. 373. 359 1820: 18568520500. 51081 786. 443. 3

02665. 375 35ttetest by natetalseansideratigns;  hogvereocy higiwn T35 3203 nreyslet0500. 5

Tas61720500 BEoE0YH s JaRRs U 1MaRRe; SooRR ehra R R R o
Cycl e Ex. Al roformaterf¥d,i whishbcarEfesist Wigher lemperdtufed:Pr ess, atnosTurb HP

A work engine 50, typically a turbine, is coupled to and receives the

working fluid 21 from combustion chamber 25 for performing usefu! work

10 (such-as by rotating a shaft 54 for example) which, in turn, drives a load -
such as a generator 56, which produces electric energy 58, or the air
compressor 10. While the present invention discusses the use of a turbine
as a work engine, skilled artisans will appreciate that reciprocating, Wankel,
cam or other type of work engines may be driven by the working fluid

15 created by the present invention.

Because of pressure differences between the combustor 25 interior
and the turbine exhaust, the working fluid expands as it passes by work
engine 50. The expanded working fluid 51 is exhausted by exhaust control
60 at varying pressure, generally from 0.1 atmospheres to about 1 atm.

20 depending on whether a closed cycle with vacuum pump or open cycle is
used. However, higher exhaust pressures are possible. Exhaust control 60
may also include a heat exchanger 63 and/or condenser 62 for condensing
the steam 61 from the expanded working fluid 51 as well as a
recompressor 64 for exhausting the expanded working fluid 51. The steam

25 condensed in condenser 62 exits as potable water 65.

Figure 2 shows a schematic diagram of a preferred combustor 200,
which incorporates features of the invention, having an inlet end 198 and
an exhaust end 196. In the embodiment shown the combustor comprises
three concentric stainless steal tubes 202, 206, 210 and inlets for air,

30 water and fuel. The inner tube 202 is the longest of the tubes, the middie

tube 206 1s the snortest tube and the outer tube 210 1s of an intermediate



HP Eff SFC HP Eff.

- SFC2345: 18560220500. 51222796. 448. 299675, 380. 3522450 . 18558820500. 51239794, 4
47.299672. 379. 353255 19270020500. 5785667. 376. 356529. 298. 4492610: 19270020500
. 5984798, 450. 298695. 392. 3422715: 19268520500. 51078845. 476. 281737. 416. 3222820
£ 19265520500. 51128860. 484. 276753. 424. 3162925 19262520500. 51166868, 489. 27476
2. 430. 3123030: 19259820500. 51195872, 491. P¥3760. 431. 3103135: 19257420500. 51221
874. 493. 272769. 433. 3093229: 19366421750. 5 | - . 840.475.250 tJ  AB BRAYTON
CYCLE | ~/ A lengtip20%e inner o ¢dreeat tublei2B2, i 6 phutidulatsmbtiiosard, Byslae Ex. Ai r
Conp. RatioEff. 92 Te T1L.T FPress nosTur b " .

HPHPET f SFC?,%‘@?&Q%%‘GEBB%QEB%? £ .as%é‘gi’l‘ﬁ.ﬁ'l%ysz‘z‘tfsﬁﬁ%zf/i42?H‘.eh%15. 3113515: 192

20501. 0466235 biin 3436 Sic 198287 G0 04882 Bér ¥t 300138256l BRePRMe 0523231, 42
5.3153830: 19220501. 0542224. 413. 3253935: 19220501. 0557216. 398. 3364040: 1922050

1. 0570 _ 208023sthe3rdddie tubg 2806aans thedoutes tulpe 8 104thelinmee dirdiova spachi ne

efficiengy 93%..and .a rhi ne inl t enper at ur 2175F i are both
cl ai med gs gé%ra "?W& opuat_Flé. tf}e%_r“é sB?"%%éﬁbF%&Fﬁygﬁga? 56%]_8?% BFEEE (which
do not use #ihedi6laberRadsi aMEtHd Oitet thbel D Oeddchiavef a ABMNBHREC MeladCONPr essi on
ratio on the closed cycle performance of the systens |isted in exanples

8- 13, 15- 2024hd225-cpmnastedsioothectireyiniergnnecel gachorespactivaly te fvran aFi g. 6
h th ici = : : ' h t ur i d
Fo%o ohonos] ShELP%Y: 2Bhbonfigt N ilthe btk BediUCraWBLIO@EICT A1,

devi ces rn 208uamdaiidg Endwl paths pe cessridaiebéibe, iRorKitAg ektatiod ofeps may be
increased either at constant pressure) constant tenperature or both.
Const antOt e$1BPYSRF €00s theguahathsepPasy bebwsar the 9uediitpe|d & andoiddieough

troll ed ) . ' y - . - :
Cenper at ur & e Q0 MG ab XK Shace"b88E b8 sHETBEREH IS NS Lo
typi cal conbO6 tandnthkanmear @be D022 ihodr dii Goindsbyedr o4 Srantiroagls reach

about 3,000 to 3,800F when a stoichionetric anmpbunt or a snmall excess of
conpr essed B§'Pef €14uppli ed by conpressor 10. Larger quantities of excess

air reduce the r 5\%{4&“ NGheliHfbld ? dbx'MeeciEi 3 PIRELAL H’frﬁer?%%‘%@tﬁggs AL eat

ly
af fect the actua erature o urning or the i1gn nperature. 20
The prathi calFigi 8 is @f air ieed pratb@3Fetd @ity atelateadhedmdsited cubrdsuahich 25 i s
in turn governed ntaining walls at the

_ ] by the materiag strength of the c
di schar ge t%ifperSh theoumnge 2ign vm@r@varfermsﬁ by thees BANGNETIC SRSt or
oo b ARCRE R 7SR 2Iochls IPRIERRY AT RIS e,
25 di schar g218 dejrey altaute3 irchesnit d@rhetdr hetivbe ousern firebiubel229 beingy vari ation
'n about 4 inches in diameter. The fire tubes 216, 218, 220 are progressively
20 longer in length so that a straight line connecting the internal ends thereof
form a flame containment cone 222 with an angle of the cone 222 being
from about 50 to 90 degrees.
The inlet end of the central fire tube 216 extends into the air feed
chamber 228 formed between the hemispheric head 224 on the middle tube
25 206 and the inlet end of the central tube 202. As shown in Fig. 3, a
second air feed plate 236 with holes 234 therein covers the inlet end of the
inner fire tube 216. In addition, holes 234 are distributed around and
through the periphery of the outer surface of the inner fire tube 216 where
it extends into the air feed chamber 228. Centrally located and passing
30 through the hemispheric heads 224, 226 and the second air feed plate 236

is a fuel injection nozzle 218 positioned to deliver fuel from the exterior of



the injection of high pressure water which then flashes to steam the heat
"of the vaporization and superheat being equated to the heat of conbustion
of the fuel being burned. (The tenperature of the burning fuel is reduced
to the desired TIT primarily if not totally by the heat of vaporization and
30 superheat as the water vaporizes and then heats up to the TITi. The 28
quantity of injected water is thus deterp%ned by the desired operating
tenperature, being | ess for high superheats, but actually naintaining a

fi xed operat| t : rKi i

compressor - 11 SeFERENF AIE iR MREELRT oBLERT irfer e \BER 2RISR 189

wor ki ng fl ui fueisirixed ofithcthesis tpaesing asesthennendfiredusei@ent s of air (i.e.
NZ, C02) and steamis then passed. into a working engine 50 (typically a
turbine as expl ai fEFOREBTOUSHRB S fed ghthe dasirgd Rrpgsute dhrauh@Re of ik e

takes pl ace-ai.T*ﬁﬁerXb&oQR@HéUu??ﬁhé}%iséii‘&i@ff%él?‘fgzéf T XYPE#érPﬂo%QAIBR 50 are

-cal cul ated using 1sentropic relationS and I'ne erficiency e exPaust
gases and5st twmmdteoriniow spage 20S 6etwaent themmigdadtsadet 206 woH Aneerltalst

control 60. Exh?{ust ontrol 60, i ncludes a condenser where the tenperature
i s reduced t@'PHE® ﬁr'%??@ﬁdt%é? Shepxhaust ead JSawhsTs iHdmpégaseOhart i al

pressure of ﬁ%eeé%ﬂdu@tre% ;ﬁéﬁﬁ%ﬁ%wﬁ@ﬁj?ﬁ&qmé l@all??oc}f% h ,rﬁéz‘gHﬁéuéts t hus

condensed and nay be punped into e conbusti on chanbe y wat er

i nj ection coemna dB646F tHEheutee tab@i2i§ oahbusiterosurtprees thednhéretubpaz@2d

t hrough a secopdary conpressqr where the pressyre is raised back t he

at nospheri c rtgg'glﬁl%évsl f '8”9§§EEM%§"2‘J£°‘%§PP%%39H Rack Oy .'BPtteﬁ'é’ f%ébi ne
so that {¢ cmekbetwss%&@dmrme@_Heaﬁedasmm%rngrgﬁrwﬂ?etwt%lr%urffabe
exhaust fromthe turbine, which is a superheated steam stream can be used
directly, asohinner bebe 8608grntard thy airfed ehatibet @28i fur fflwsher distritutioan be seen

that the pregent .inveptjo kes .subst gnti al vant age 25 of the | atent
heat of vapo'j]rQLéQl? g_f‘ue BP'%&%@?”&H%&? %5?%}’"?'52?%1 ected into a conbustion
chanber, and steafd fatfd 6ARRGI0WRYEGHER adbsﬁ{rydt,%ﬁ w#éﬁe@ﬁwbm{on; af the

st eam assunes its own parti al pressure; e total pressure in the
conbust or witHe henehis gefirasuby thé redpectivmbieasiodrihe hatdse? 34 dnteathosai ned by

the air npressor, {3), the steam pressure i s W i hout hani cal cost, 30

except afgrraﬂeai‘n&ﬁ]ée%tosm n _'"ﬁ%%m;'?eef‘”'&?’eb?égg'ﬁ?ﬁ{i?dFF1°eSS§team 29
pressure at dd@idnkParedl & éfcrORbBIiHeHoYM, P Bhe FREFBABH GrhbSAMRRESSI Bilat except
the water, with steam at constant entropy and ent hal The wat er

py.
conversi on tholes @3 ialthe sasong Qihteed(ﬂm@sﬁﬁ)ﬂn@a@@swaﬁﬁﬁh@ inngrifitet he

pol l ution congr [ I . _Pal |l ut.ion and Effici. Contr ol
Ay type of WBES ERHBERS R Shinsdide efRoctlied T ek iR £%ar Tt 6 or m
smog, whet he250 hamhghdRsletrinithd usit fekdlpldtdfBading th@kphes pbtvaderdite minent

ki nds. The present invention reduces or elimnates the formation -- o-f
pol | ut i ofP privguebs 316 sadahaliniphgad @f sbe serigaljube @02 constitutes the

remaining 50% distributed so that 25% of the open area is in the holes 234
in the air feed plate over the space between the inner fire tube 216 and the
middle or central fire tube 218, feeding the second fire zone 252, 12.5% %
of the open area is through the holes 234 into the space between the
25 middle fire tube 218 and the outer fire tube 220, feeding the third fire zone
254, and the remaining 12.5% of the open area is through the holes 234
into the space between the outer fire tube 220 and the inner tube 202,
feeding the fourth fire zone 256.
Accordingly, a defined amount of fuel is fed through the fuel nozzle
30 218 directly into the first fire zone 250. A stoichiometric amount of air, or

a slight excess, at the desired combustion pressure, and having an elevated



10 First, internal conmbustion engines operated with cooled cylinder walls
‘and heads have boundary | ayer cooling of fuel-air mxtures sufficient to
result in small percentages of unburned hydrocarbons emtted during the
_exhaust stroke. The present invention avoids conbustion chanber wall
cooling in tw distinct ways to keep the burning tenperature for the fuel
at 15 a suitable level, both of which are shown in nore detail in US.
Patent No. 3,651,641. First, hot conpresggd air is made to flow by air flow
control 27 around an exterior wall of conmbustor 25 such that comnbustion
occurs only WtfiefhareSBdt geRpfiednass ALk het¥sbioRMarlce TPaE S, €S-

Second, the co‘tr;@usttlaron flagrre is shiel deﬁxﬂlﬁor{g?iysur?m xed V\AS%ﬂ E%‘é{jel. Thus,
a hot wal | 2@ocotdresrértrhegireaicbendéd witthboeg@aB0#iting the combedtarnisafedengi ne
operating on.the present cycl . S products _ are al so . jnhibited by
operating thé”teoﬁi?gté‘ﬁﬁd ﬁ%%ﬁ&eﬁﬁé‘ﬁnﬁgﬂsﬁg%@&‘a r‘é‘tPéﬁﬁé!wﬁéPaéﬁarrpl e,
CO and ot her JygoghiCiise PhePalrtfid spAEDYDY ARed ® PiAAUGS ditier hddh rh8iREY at ur e
burning) prefera 25 bly well above 2000F, and by retaining such products
for a con$i dérambitke itwer tube 202a0nce combustiaf isdoitistedy. This now furgtera

t enperature, however, no nitrous itric gxides Y), are, farnmed.
Accor di ngly, NFarsanal ise?('tc‘{rgjr'f%?é/t riog'j'ﬁgﬁgf qhoi‘ﬁsr %‘?Tﬁ'ﬁ}dtﬁ&/f/gfl\gﬁrpé‘lr aedMELN ar e
accept abl e f @kyg&durc50% sMbige Bir Fde@ hicH At TRSI Sik 4 tOfyeCMer DED TASLE: i N the

present invention com 30 nences burning of the fuel and air at a
control | ed | @xveempareediflamsentaes teaspapngifiraizegeidb2 Re additinnal ampunthen

i i - ider.abl e dwel |, tine.and then .cqpot
(after ot SP6RE%H i n Ao OPHCHE R Sartttinds e mvleR fghe
t enper at u0e Q&) 21BLRstdfernassr Rf cortiupied By €fe HakleOR thd RHPd 26A8ES bAY S

first perfornmed in a rich mxture;, then sufficient conpressed air is added
to al | ow confheprygunipubE remadinghie?.Plhelof ihe Rirds apnsumed df theéaash dixggen

The conbust | R EAaRDL Bk Y (RAF S ERRBmaR B bR e dind % B0 labur mer |

conbusti on chigAtsdantyer @58.r eam by water 10 _ _injecuon control 40 to

mai ntai n an acceptabl e tenperature preferably mthe range of about 2500F
that assures conpf@e &ePRRTAHE &ff thel lampandyaprekustivorchameberieMmresaiuig to t he
desired T. ; ] i r f f in a
mxt ure wet hPhiTe PRl B TR Soh RHEERRICHBRR, b BliferRERu L ERe BUARSR, 1T
proportions R60lbcatedahrduyhont te@sentiustsr. €Tty lochtibAs oheMevehperaggrd ts i n
excess CO and nore canplex products of inconplete conbustion. The present

i nvention, h&ARSASE 260d8Tigeliare FRefelvaepreseptaiiecand ayshmm Yaiiusai r t hr ough
air flow CO”Bgfére@tﬁocQ{i&H& ﬁﬁtﬁehé‘erﬁgﬂ'QHéfoh%e%%sf?'f' HefupeE HLGEFufEGh SO
products. Oxides of nitrogen also formnore rapidly at i gher tenperatures
as 20 expl ai ned alnowréer baitontrnl tiestentyzeratote of dh&ylatiecand tite tdrhperadudeut | on

of the c ustion, products wi.th additignal conpressed air.. The present
Conbust | O e IrEHSRBHEI & Showbeb iR B0 ES RS Teerbis IERP8bur i ng and
el i m nates i §G80Bh Glter ABRASS DOA ia{&%&émﬁngmrr%@léseéra@fd”e%'ﬁoﬁg. iGireen
products such as™ nitrogen oxi des. Conbustion 25 controller 100 alTows

burni ng of t Reancodrishewni sevepalodaternaarlea 2hsihdel ate esddhia trahsfénehé ti ne,
after which fhe produ&ts of comnbusti op and .excess air are .then cqoled to an
accept abl e ehd'AVHSF KiaTy the fytariar f dhe grmbusien intR the, eanilibratiogLham 1 0ooF
to 1800F, orpgvesgas tHe @ondsusteORsi HesPsABRN NS D, 3bfaldl sERNGH Wdedd on are
used in the turbine, or may be as low as 30 700F to 800F. 31 An

equi | i br 2Bm oormrliés 20 arapldnedcaleny abe fyngtilof nge combustéroninch ardferreds at

| east about t to four tines the | ength of nj zone within
conbust i on cﬁ%ﬁﬁg}m%; atHSG@\L@V‘?e SRYP ‘b‘?%%?qsyﬁg@sgg%egggcﬁ?ﬁd@e?ﬁdc?%ﬁ%er
may be used. sgt iNcRIdESitRtheaSoARICIO PRGIRERY kilRE R8RS DA BéinE NG il tess
snog-form ng elenments while at the sane tinme, providing a conplete

conver si on ofhdrugiowsnBQiyot the tinguméarengy andlae lassSTwoyel thej sets blegwg in

pol | ution conbrduf?ti on1§¥%§tc§mhbecausef the fuel-air ratio ,Fmd flcﬁma .

tenperat ure ArCLTEEAF &Y & STARIFERAERNGS oFRuSER TWHPE JIoVer adRPSHPY rati o,
parti cul gol yatJaereRPmaKt hmtﬁex/wbmihgrfmi%hsgﬁg talth gOPREABRgIH o f T EQuIB@Ssed:
air (or todilute with large anounts of conpresses air, if desired) .

i nhi bits thetioochembec258. Wibiertheddrztesoararshomw rataibe aadisntontiveoxdmibus-
resulting frominconplete conbustion. The use of an inert diluent (water)
rather than air permts control of the formation of oxides of nitrogen 15
and represses the formati on of carbon nonoxide forned by the di ssociation
of carbon di oxide at high tenperature. The use of diluents of high specific
heat, such as water or steam as explained above, reduces the quantity of
di luent required for tenperature control. in the case of oxides of

] g, N N -, " N r a=



5 converters, is about 25 to 30 ppm Kidd denonstrates the best known prior
art wwth control and reduction of NOX | evels to no | ess than 30 ppm by

addi ng water in amounts equal to or |ess than the amount of fuel, ie WR
=1.0. In contrast thereto applicant has actually denonstrated NO~ | evels as
10 low as~4 ppmwi th a WFR of 5.57 when the conpressed air inlet tenpera
ture was approximately 400F. This is nore fully set forth below if the air
tenperature had been 964F, which is the gstgandard exhaust tenperature froma
2 stage conpressor at 30:1, the WFR woul d have been 8.27. The ability to
del i ver such toaigRragBsain0e, 6 cY&itemb® tarb@endd adthopaitet eR@ratdd® uni que
conbustor) at conditions which everyone in the past has said are inoperable
and at whi ch aavdisiugkcharaler, filashes 40 sterm @ndixpandst theneezss mislyed ow

(e oper at | nb R 8 ECHORRE of ARERGE billes o s BN E At BY BB IR, ™

source for a teptdcRage Rfore Cangdralay flodv bReo BIrker thaf ihjeslied atlrigingswhed to
| ower the flane tenperature on a system already using |arge anmounts of air

to control® t &HfeMat eewatefmantAfO. de gepedivation witfit eotred/aivas fnodne with a
stoi chionetri t 0ok o i j roducts
to produce tﬁg‘og‘g@%e%ﬁgx aﬁSﬁ%&k’%ﬁ%ﬂ?gﬁgt%ﬁggggﬁf’%g% %ggﬁ%’%ie) .

cool i ng of t henwatkitegarhbumtdared catiohhd warek nthohidednthrengietisd rtispeand t he

exit tenperature (the ﬁﬁt fromthe combustor or_turbine inlet tenperature)
i s provided BletMRFzlesiaht Imedbe SAUIREDIQN, 8h3Bheo? o8 MBdi H) Béndie teqined; such
as liquid watgy, i =Y 1 sel ected
so that the rfagLs"t»e éelEf |e%ﬁ§h%&oftf 3’?7% rr:réénfjﬂtS ﬁ;eggtb aan ptg}ememoéﬁ rgto&ng[}sr 1f?l(()an,

conbust i drd prtbehect.s Uader heratal ppreatatg condidond es8Ghseladcifaetiearutz@gez@t i on i s

not constrai ned gé,the,need, as in Prior,art de 33 vices, to provide
consi der abl e BREBE NISFYNG WAt It MRe TanbaSPiHR VYT BUlF@ES ONEWRSEr, prior

art devices, ontr1 &4 HeliHARMSe % 'Jhien%if; F S hd 28 Bs LSRR AEYE L | D
contrast thereto the present iI'nvention allows a stoichronetric mxture (or
near stoi chi ahekiriporad saidr aiabdinguelacted Wwithubedutio Purtiderc @additbbrnadt st aged

flame with conplete co stion.to elimnate CO resjduals, followed by
control | ed c@gllgflﬁﬁ ”éﬁYdﬂebﬁHWﬁﬁré'?tqﬁ\@ IRBRLYAsPHIEH A AN SPEct FYh e WResi T ed

TIT, the 1@hiRaiiliRRtPbeeve NIhidhendObE8H HamoRbtrhfed bfuemﬂp)op%?ﬁuaki I'ed
in the art knows that the anount of power pr 98~ced by a power turbine
depends on t loé¢ thegpmbastards amdimihthertessperatur® in ke wguiibregidn chameert er i ng

the turbi th ' t he turbine. hot ,
o i cient 11 208 PF HRLARCH®S, 230 045 A5 a2 SBdp Tt SrBTter REan BB & of f uel
and air (genergd°-y tebmse F3PUE)pratchtiigbst sBhifRahdy FHlitif@hé RErrh&tidH ey i ded

by the | atent heat of vaporization of liquid water injected into the
conbusti on chéhbehile praviding sufféeient wpsidenigeititge 8t abdove abedud 8OPAE 15 exi t

t enper at he rking fluid, to the nmaxi T for,..a state of the art
gas tur bioges HabeteRE e ShulerSef i Reirialf hET G CRa ¥R TFadau: s o
about 8 tinesvdtbenvedl@inagfbd sdded fifther (RGN EtregmOas Hbardd f"Bdd @aBer at ure

and the tenperature of the conpressed air and water entering the conbustor.

For a speci f tigngl water il\foeexamnle Miis desired tq égnskes staane turbire pdhguthan ty of
wat er suppli recl ef.erm.ned for i - ile the gas
o bl no-w 1 S arafe B 36 SRR TR oohioBCERbE Bubdrad g riott

wor ki ng fl ui gréssutd)ehidiBtémperdt@@ staage, Inedddhcinetdiiesawaber tionuiebyatbsbas usi ng
a higher TIT. The current limting factor is the materials of construction
of state2d &High el Bitack haysbeendempnstiatesydthout eftectipehadlame d 25
entering the - Al il.e: |0 | its tenperature by injecting high vo
unes of wat e#ﬁlng&g cglﬁghnlg %\@re g’?trséd TIT significantly increases the
efficiency or el evttiiecthle faBeinicted attdCcthe Wonbustbewiluspomanedisig igsite
acconpl i shed by use or applicant's invention wherein the excess air is
subst ant i al | PNee ithe intee@! caPOPERE Phthe ermbestarare Rabiitiscigdialiygnacsst he
preferred TI 0 -1 nf i r I 0L IREQNE: ficher or the
Pt oduct i on o *decftie Steling 4350 G R, O pLoub R M el b et

f or mat i oi30of thndlamier abhie ipotdwiianbg ighicdr 262 Ntadedlil\khe fitse fire zohe ZBATDSt.
conplete elimnation of excess O~ available for nitrogen oxidation, Table 1
of the speci fiX4eiSoPNIWS Y OSBNERERE dpdio YRS Bd1Rgi 298HnE oMy tBat asind's
generated for 32 different operating conditions. In all instances the
efficiency is higher than, and the specific fuel consunption is |ess than,
prior art engines, operating with the sane anmount of fuel. Table 2,

Exanpl es 33-40 show sinulation results of Brayton cycle engi nes operating
with tbe_sanme anmount of air at an AIF = .02020. Conputer sinulation has



10 shown that the clainmed engine wll operate 10% nore efficiently, and the
fuel consunption wll be 10% | ess than engi nes operating w thout the

clai med invention. Actual operation of a conbustor under conditions
produced a working fluid with NOx and CO bel ow 1 ppm and no unburned f uel
(HO) . 99-100% 15 conbustion effici encym\g@s obt ai ned. The conbustor operated
in a stable manner (no evidence of fla instability or tenperature

fluctuation i th ter/fu rati.o ed for the ex es set_forth jin

Tabl e 3. Taiﬁn\geé'%\élagqlf%tlat ﬁh’e]eaflggltgg@ﬁn@&y?@?ﬁ\éa\ﬁgﬁk ﬁbﬂ"s"?'o?s Fa$t9%at ed
and oper at eth hightleengErEARE s idRgrheBE e We s eq;n&wqa@g, fedistandde fuel and
20 under conditions set forth in Exanple 3, 13, 20 and 30, with the

excepti on t hagtedHigbXpmpgraisicse metahrpdione sparkJahitedhydrogapiflanse PRESS
RATI O HP30: 1,7 y A - 1. 30A1./1 7. : 030: 1 1.77030: 1 /77030: 1
ToT0m R 2sfih SR PR GeliophiE  ope 541188 Jadné SA4R ettt hy6oa0. 064
90. 0640. 6663Reati0ecG66iOer@646A/ F

.. 18.7117. 7116. 3117. 9716. 5216. 4118. 4217. 79112c) 0. 42180. 4090. 38510. 32330. 436
10. 34810. 36790. 3EBgtMultiplegyulpe construction of the combustor provides a unique

o1 ENCY- 902 T To 5RO S e al e R ainis W S el R
PPM238875746aKhg oPENEm30000000KE2eYdd dinbdtiimérit2didcuskad 2bbve1ihéd12. 7EX

Al R-102321191213181968COVBUSTI BLES- %0. 040. 030. 00Q. 050. 040. 000. 000. 05 W 36
The exhaust WeEENGLLd i ths s8¢ WENIAANEIMeAcuDDB02 (HhaoadilBrasierEner gy
Efficie S § W(%lhs i ofU r ned
fuel) b$bt h%ﬁirﬁg%i izgrg; ﬁ#ﬁgéﬁggﬁeg{:te%%ed%%s,t esgméwo%%e eéé %Is%?ogbgﬁgt ubi ng
to a test ppresstesafreth atiouthe alindsplosies togreatet tranc@irausiosphergsLi sted in

Table 3 are_vari ?us, oper ati ng ,par aneters and gas conposition readings. The
val ues gi vefiepgllyulid meaps aMerepetarroyidedite Ipwendke pEpPe@tyaP! thet

corresponds jeNent SRS I } -1

cal cul ati ongﬁagf&pﬁgégf%ef %%% ryrrj%rfg andréa/ﬁaﬂg%ret)JPé\e rgteﬁoegﬁ%'ee%fﬁ]q fies on the
bot t om hal f sighifitabt differeatibleptessateuas osedstnedl, iheddoperating domelitéans2000

i NOx, Qz, .conbustihl es) and cal,cul ated val ues for burning efficiency,
Qo, an?éxc%%‘ggé{%a% _ & jt‘lf_tegrm(ﬁmlsﬁé’cEHéer&E’%dﬂ@wﬁ_&gr'iaﬁcﬁr@é’fﬂéd t hat
the burni nginedifi o &RHEYirlekithg tihd EbRIpréd8r 1BCAUSR RS RBF bir VRS HEe | used
is an older unit which does not have a correction in the al gonP m f or
measur enent 2@8 adrebpeassutecsyizatantialey thet $mme abahe peessorel &vithim deelinnenper at ur e

of 200F. Thg ac I | ues,. urning efficiency rather than bei from
044 Lo 96, o207 SHETOR HEY RErRSHER EAP WERIN the 10agk SEGE bnent  has
i ndi cat ed t iHcet D@4 MRS HIBELIYAtHE SR8l ke 0PI Kith @ht aRkEp@dilot Rt t he
readi ngs of unburned fuels indicate 99-100% conbustion efficiency. 20

Dependi 49 oexhmpst #ndntP &otedialli rrastical mupese dees nemhaveck diféerebtislow 9ppm and

¢ d hl e wit d. NOx | eyel | 4 d..ob d
eadi ngs. or EREOH G e YEREGu:ar N ans EerRriRed ALy e PRI K nc s as
|l ow as 3 ppigheMbirlspatb@omBEeRfihudUsly 8ive@ps Akrddiank ldntitd bat@durRek dfun was

from4.75 25 to 6.88, water to fuel ratios as high as 9.36 were recorded
wi t hout ef féetinnagtulee20Rabihes kpeniag ithe irsfer tthlee outes @iaroeter @G 1esrRert nput

air was appr,oxi matel : . When the input tenperature is greater than
300F) whi oreee e Ppitear of S ke e T padS e 58 Hb el Tt a 30
at nosphese 238! THELEAY wibeddxpoead ttodRe W diff?BAliallprBsPENTS., OfheWat er per

37 pound of fuel is required to maintain the flane tenperature in the

desi red rangféssaneediéfenenes befydean the ntergat presswiebngbe conkstotodndt at ed under
the conditi ISt i.n bl e, 3 et.o W i pdicat | f of . C0,
when 5 vi si yOJCétl)"Zeé'&r%&erg,SSJv}\gr e E:h(ﬁ%&éetr gm/é’“gﬁ@ax?/ﬁghdgtat gﬁ%%a"?ée%&ﬁ% \H\}qarﬁa'no
observabl e ai®lee thettBAd® AlbeRadrid BUhatecapdutd bRlwithdtdriliing tisdMieretial
distortion due to the heat of the exhaust stream there was absolutely no
vi si bl e i ndPreasiren Thigtdesigs i seeffegtve imseemnaghoariasdube 210 at the

30 lowest possible temperature that if room temperature compressed air is feed



The conbustor 25 represents a nechani smfor using heat and water 10 to
“create a high tenperature working fluid wthout the inefficiencies that
result when, in order to generate steamthe heat is transmtted through a
_heat exchanger to a flash vaporizer or a boiler. The addition of water
rather than nerely heated gas to the products of conbustion represents a
means for using a fluid source for produt$ng the gas, the water flashing to
steam 15 providing a very efficient source of mass and pressure and at the
same time gi o nige coebRBette Wpetdtiyg & & MY of 12 1@ Fsthef outenpeseal U0ds cold ture,
and the other factors which can be controlled independently. In addition,

i nj ect ed wat &€ tQEndEingeePYPFRRt |y into the conbustion chanber to quench

t he conbustion pr | € 1 i L om
st conbus 20 11 SRC BrSace Rlo/ s Fec RANATRlAL! Bl Wiy ERRHER b e <o
form Nox is surgrddn ipanblisd aedemiedd Bynthe applidatidf%n ashiohicthe MASDggpleiis 1 n

t he conbust ed gases of the conpustjon chanper 25 conpared to a nornmal air
di | ution épeHs%%Mdﬁfmibntr@n@eﬁé”d?“%@gBB‘PQﬁdoi’eF?ﬁﬂﬂ’é’PQ BRIBEI¥PH&T er
rather than exgessyald addirk $td{ebnfetic GQhliNgs MY {HACeRRRINY, Hfs\Ridmbed to
the systemis thus gr eg%%;g reﬂuceﬁfe I'%apartllﬂcu'l ar, ab%ut llg assyrgrucrﬁ air is
fed to the cosbgshercomisustdorscarsbehdredased byiuse aif soorei gfficient antripressxduces

t he energy expended on conpressing the feed air,.. Further, the jnfected
water T ap, dl SRTHRRATSSOTT Meiertad e abdand Wil BONIBN IR e RUaEe ar 30
at nospher e beitngcohRaherestiadih alrdportiodd! frcrédsein!tRE @ MBLET 1 nj ection
control 40 controls the pressure and volune of water 41 injected through
nozzl es 201, arr afbedADr cyge ay prapnabihatien wif stcamhpressed airnwotkec\sthambdr .

Water may be injected into the conbystor in one or nore 5 areas, including:
at oni zed' i nt 8 STRATAIGYCIS ?‘”%%#’8? alg 3R SLE AT are Pre S Ared W KG9t dco%ﬁpessed

air stream gpnRE&LRL BYriADH B2 Stetal esdir8 M RbpaLAH e QomMustd el uel
nozzle or a multiplicrty of fuel nozzles, atom zed into the conbustion
flame in conbresenbdischssibrrit 3Gl beruriderstooldethad tiriserimowogkisgSiwd isany desired
| ocation, or.downsfreaminto the conbusti 10 .gases, prior_tq thei assage
nt o vork enBIAASHTS BEISE Be SieerBrearT et emddiRci Fakeli iydunin &t Blka by
the skilhgd Ald ibteied AFthdBSIxyREA i€ irfiEt cbMPreysed ir Rigevdrakithithect ed i's
based on the tenperature of the conmbustion products and the desired maxi mum
t enper at ur e Bptbureablerait corepPRYTE|andi anyt RECesFLIAMPIESEeDAIr Moeh 788y Ke

noni tored by _t rature S i . nount of

wat er inject B %gggaqngothﬁgpgﬂgg%ﬁ alﬁ%?tt 'lﬁé; pi?“ss‘f‘%rgnrgﬁlséf"hg&{sﬁ@“v%?‘ g‘gg | e. For

example, if to@pvAbsls drid $teayC| ol 86rmi OEtedde tdTeR tEDIvaterwehichlis injebednat er
is cooled as nmuch as possible to obtain a usable bal ance between t ot al

wat er used aifdthgdierd statpie bepome syperheated gteamyathe desoibed A1O8SS s | ow
and the T | ' I !%MIT'E' t reduce the
conbust i g&r? t@%g%g’gﬁ%ﬁ ockjﬁﬁa(? . e&“'%ﬁ%‘t’%ﬁ% ﬁ%ﬁ&?t#?ﬁga%soare pur pose of
the system i svdrikingrfpggice potable water from polluted or salt water, as

di scussed bel ow, white generating electrical energy, the water inlet

t enper at ur e woul dADYIE Sisceigsian aiithe therrpedxnanie RISCPESasHB e VAT ISY&E ed.
25 D. Increa ()2 I \éﬁ% e i injection,
a st oi chi orre;ﬁ?\?'cf%\grgrg}ush?{-}g E’g}fﬁo@#%gggppghct exrgggiébgbg\%rfra,hv ?@%8} The
amount of ai thrtedtage sérgpidssomritd.y The dixiteconditiens aptipaoetetvwft torapsasst em

bur ni ng e sanme_quantjty of fuel operating according to the Brayton cycle
(no wat e&gi nf@c10 ase calcylated ¥aingrig eﬁFr&PF‘ijé%a%?/”%f&'é’é’g“%[Fﬁ'Pnﬁﬁé WRIPAy st em
thus require ; SRl [ i tpegseycl e combust or
and, accordi E%@@ﬁ%gt pg%t&%{]&g}fmg%zgéﬁggﬁ%ogg%@'%% by the turbine which
is used to drive Abexpmydestsre, icongirgssdd aarenhktsrsroatninetionfarambend® e, i f
about one s third of the Braytgon cycle quantity of the air is used a

smal | er corrpFrE%B'f‘%fﬂQi’Vé’é’GHtO' éhe-third the power requirenents can be used.
The energy which wRul-8rbdifiod ARGbRy REMBLris il 8t BFhstGRITBIEBSIRY uhderl NSt ead
now avail abl e as additional energy f&r suppl ying the custoner or run

addi ti on8D eqomgin®ns alsbOapproxibbaaimal emnsiant tetfpénasirednirsinbat Bk temhoe®-f or a
power system operating under the Brayton cycle. This dat an be conpared
wi th Exanpl e&4ress -C°§'!Lp?‘btﬁlé’r%‘ir?tﬁgla€§ smce,thgee %l'ier‘f‘dﬁ‘?ﬁlégnf ﬁ%ésa'ﬁ@ngondi tions
according to the VAST system Of particular relevance is the significant
difference in the avail abl e turbine horsepower, a significant additional
anount being available froma



15 systemoperating wth the VAST conbustor. More specifically, using the
“fuel requirenents fromthe NACA tables for diesel #2, the Brayton cycle
requires 0.0202 |Ibs/ sec of diesel #2 for each pound of air. However,
stoichionetric requirenment (no excess air, all fuel and oxygen consuned)
are 0.066 pounds of diesel per pound of air. In 20 other words, when 0.0202
| bs of diesel are burned the oxygen in only 0.306 pounds of air are
consuned. For equal quantities of fuel,2Ganely 0.066 |bs of diesel) VAST
consunes 1 pound of air while a Brayton cycle systemutilizes 3.27 pounds
of air. Howegager, canteolyaSpropiaseed aif inrufuiorbe qrameoh AftrIsstart-ymtisat when
operating a L.T f t gl s 25.{lo turbine of 1.6123
pounds conp%or%&l?%p%ggg%'pﬁh%%st ? oc%r?qgg%?ré?/f })t?le %Y§/t(f:$ee(§. leancco %H{g power

out put of theskurebare adieantds/ain ratieimnesabingtioh avitheohtrobohehe T Byder for
the turbine to generate the sane anount of energy, the VAST conbustor
requires t hwatestinieckigedesythid asenstenkRieasyralisuthectprpbuston Fhrshei.ncr easi ng
all of tge r ' - e .a. feair to 2.07
pounds.  Torgihe BERARTH she RoRilsboRihdadh BBGHG ABUEN el T 0 T2
pounds | essurader High ipeegsuredhd providps eeaiifeddbumh@tonditibhe foi efficidnciyhe
Brayton cycle is used and the energy needed to drive the conpressor to
suppl y t he ¥hayeidanes PT Al GOARRPEANEY Iy hiah, the iuebmixtire ey gielirst be
1936BTU pound, fHL LY d ; u e at 0. 066
pounds of Di es%?ﬁﬁa t%edn'xgg%uz%gﬁpéééﬁggg{be%sgﬁgbgg%gg g's?'gglgﬁgr%ec%gv\er.
Exanpl e 30, aopemirng cgnatudk3.thistaiebiingi zeidey oyenatfatedsiallp@hpundNrid e Brayt on
oper at es_ at a.-les§ler ef fici encg, asEum' ng it qperates at the sanme -

ef fi ci ehey, PYRENG B4 3RE IBRN HBOWINYHG e @5 HoMEuRBb IR e U !s ERUPMENNTD dri ve
the conpre R f leteN& 0, : i ;4 ounds of air
require 1042 Ssggygﬁog'cgéﬁppeper rggg%qd&ﬁ% %OEC?Il#ﬁgrr%?%m%g?é,&Eberant he. sane
anmount of fuldhjately eareebdahsthecdsaapdfdrvammbéeudorblaktidrooithe/21hp i s

avai | abl e as addition vai | apl e shaft energy. Another way of copparing

t he syst ensSCTPOREUS! %ﬂﬁeﬁﬁai“@%’ﬂﬁw %ﬂ’}!ﬂ‘e‘gfs%? mayy g ng%é‘\cédc?pgfg%lt ed and
the VAST coiuist obhoWhferoiifte E8mbReth bR Y YifeQe RS Bkl,gen under

t he Brayton cyc%epgu fi (?i ent mass IS genergtkg?n?%r?veg P’t)ﬁe turggne in the
sane nahmerfoascteletdtorpidsiesirebwever, because additional fuel nust be burned
to consune all the delivered oxygen and additional wa added to _control
the tenperature ]at?rhadtthugé(ﬂr?srs IYVBlﬁhrfBay s '%'Qqusc%zé]? PEL R8s s
generated gk jfhjBetedesy Master InJedtRrdéditeol 2O TRE pRaWuFel [PhRMmtainebaasd about
50%in size of the first turbine, or a significant anount of additional

hi gher t enpevelttarrrevanighaprizetioneror daenteringvthiel cdsheustor. diuseto thewer
applications,, D. Qher Enbodinents O Present invention 1. R Pl ant
hel udi ng AERPeERAT TV Th ST801 R eER ScaBe GPPBEReP D e L aRer at 1 on
using sE® Vifeeted BiazaeKisSHstmtaieously fdHedtliRth SfearNEndVRhiREs YithEld water as
a coolant, the cycle may be open as to electric power, and the water used
as shown i rFombustian gasasd Bhe pewinief avaten thiatisaddedyntouting errmbystiafeat ed as

exi L1 ng. hot RTRH A0 SoRanyd o 40 Eeaer hu B Bk SembR S8t 1T HA BB o

25 or 200 aenflessiurbed thoaver R)stiphior €8 5jBetidr e Paftastetherherit rélbgsadmbust i on
chanber the velocity of the working fluid can al so be reduced thus allow ng

easi er rensiingothengedpusiien af ivglds Laed toraisethe temperatye Afthecal

t enper r f rat | . or LS. oF, 00QF. | sal t

wat er ?félb‘rsuanc ulr'gs?ﬁg\@%}ei?Blcgtf'cﬂgﬁrgé;g&g‘gherségdtaﬁﬁfggrpetﬁyt%gp g eug;agie}séy&g'gove t he
mel ting poigressuit 10itgrhé IMEANtTHe RehamMinghealboif IcoRpustibntis aked e caaléls i n sea
wat er (85% of sea salt is NaCl; an additional 14%is conposed of Myd 2,
MyS04, CaCltredpigcked yWatghidno sk2aMat er fl ashes to 10 steam the di ssol ved

i norgani ¢ cont arg t,s i | QI r j tamnants are
conbusted. For g(%@ngllefét%ggpﬂ%vgzalg,teﬂlggbge%ﬂgg%gﬁ?éiogg @ggﬁ}&%}ﬁe ot her
sal ts have dgmgmngilekeiNdieROFBt sx&ApievietdreingR0iHxafibi @ONtaSpredsura ratisul t t he
nolten salts are readily collected al ong the bottomwall of the conbustor
and t he39i ffi ¥0Lala trbwe lal@trremwwuwyogmépéﬁv a tHrRieeoilist RIESEYHE Hot t om of
the combust 5, atfn‘\a’cgjs&rwrg'éﬂgdé’i?/a?é’t i'ﬁﬁeqﬁgmﬁpgatg}eeoy\‘ggé% late ﬁﬁ%’?cé?gd.f g-rhrged nto
rods or pellets, or spraye hr ough nozZl"es, usSing the pressure in the
conbustor as the driving force, into a cooling chanber where the waste
material can be deposited in a waste collection container 80 as fl akes,
powder, or pellets of any desired size or shape by 20 selection of the
proper spray nozzle di nensions and configuration. Because the salt water is
exposed to extrenely high tenperatures in the conbustion chanber the salt
recovered is sterile and free of organic nmatter. Water on the order of 6 to

AP~ 2 rr L .. I T L o o



The resulting working fluid, which now includes clean water steam nay be
fed into one or nore standard steam or gas turbines. Foll ow ng work

production by the expandi ng steam gas m xture, a condenser 62 10 condenses
.Ssteam 61 resulting in a source of usable potable water 65. Using this open
cycle at pressure ratios of from10:1 to 50:1 or higher electric power may
be generated at good efficiencies and s Fific fuel consunption. Figure 6
shows a second enbodi nent of a unit usiﬁg the VAST 15 cycle. In this

CHavt) onnl vl Rt RREN BleoMibt S HbEn ARG he SRR iR
chanber 25 i ffigilcssitkhecomprebdrearidtld wheabngneNaMes 80y skahddrg version

shown, the hot conpressed air 11 exiting the conpressor 10 passes through
t he shel | 92rublishad suehige efficienairh§20he Thistesultedin 2Met harispowzs dfef ore it

enters the u T. I er 41 .i d+to a second shell 94
whi ch surr oﬁﬂéc]@ ﬁ]g@:lz?fspi;ﬁgﬁ? agze%%lﬁn{:moé Osn%%ﬁmﬁ}eh%xaﬁ@eicil%gﬁﬁﬁq bs
addi tionas haatabi@n Bhla simukited foretadshe CStBY A Be d8taPtaBldshehovngigsri ng wat er
41 absorbs sone of the heat fromthe conpressed air 1 1. An additional

benefit, siresultipd varying thejpsesgure fatiq. ewatesdnipt tpperatureandnbirbinge 25
pressure di f”‘q%rterrbtnlI ra?&%Q?ﬁ)tH%?d %] ?\rti on chanber 25 wall (i.e. the
di fference between € conbustor interiror and anmbient conditions as in

Figure 5 or the dnhfd ikenmaanbetovaenopératingrdduditionsicanesd vanendréhe
conpressed air 1 1 is significantly reduced, thus reducing the stress on
the conbust d¥*ample the YMAteRCRBRIFIHE $BhDBINdReafied: shD ETRNTHE BMPERYNE pr es
30 sure.qqh S J; r - ' ggagﬁg_er out er
43 shel I1.6_9%: t g’%té?.%actgg{saer{hh%%e;%&tgh@%%g%ﬁéﬂﬁalégr{g%?ﬁ%tg@% at “exchanger
73 to acqui rerd endemicremtet tp ectdnoperaaurpeyréitdr eharCatseuti 50 tFabadowt themai nt ai n

the water under pressure possibly as hjgh as 4000 {)si so that, as the water
i s heated, i4eSH8EsIhotHRWRY®Y fOf Brasticaliageeny singe the warkied dyid e¥igngne
conmbus 5 ti I ' ' Lghey .t j st

i nst ances, ;’cﬂ g&e@%r’%ééﬁ% ?E%fnﬁqt g%u‘&éﬁié@%@%%&“ﬁ?%ﬂ?i'#eimcg?i on of
cont am nat echonastre thamdbotis SOFF bekat tea turbinesatit tempergtird. ding@ ljgheous wast e
pr oduct sbr?f]rog comer.ci al Ez{)roc sses resul ti ng in Pseabl e%é)roduct s with power
product i 38 AVRIPT SPOWG LAt Ehegregteidnefiye Ft1 87 YRIPT ReAGSINY B an engi ne
enpl 0y ng t hgaVASTH& K6hibusHBR kempRiAlrd IPMANTCdh SO HdinRshe greadsct s may
be used in the present invention, resulting in filtered, 'useabl e water as
one byprodudnassThé gesehilewing to thet turbiesaral @ gaghtet powal ofitpeit. fliteviiseni ng i n

reate fert e 7aT Eandes fas b o blhcred Familes i A aotadRb Ve racted.
fromsolid atdiated & PTedeghs t8s1 8Q0IMETRISA8IRE geAXRNY ia@Beptel RS-

treatnent is also an application. Qther applications include water
softeni P goveamicsdurkines whighpamsttiwitizeihigh tinpdrature afleys bt hglloper at i ons

and wel | production. recovery and recycli of irrigation water along wth
fertilizer %ﬂ%ﬂcemcﬁ%lérbq v e%'i%eécf"ﬁ‘ ?Bﬁﬁ%ﬁé Elgi‘“fiveﬁu‘ﬁti"%ﬁﬁgrﬂ ogﬁﬁhq{azlgpmst e,
etc. 2. Airauaf bn&ryiceemsirereYRtdntCaye, HRFClehiiiatiP® dbmppaitdd, Gerainl y when
operated with recycled water, is particularly efficient and has a

rel ativel y liewhanddtheomatenals gasianed fasbighi tempenature pagratipp.csugh aswhi ch
normal | y operates .at,.25.30, 000 t0o.A40, 000 feel. At el evations anbi ent
pressure i sq{?.eg! 'Potuﬁ?'@%J%tér?ﬁérb%eglélfsla%orwlocﬁﬁé%o%a %\ﬁglake‘:nf)r E'@ﬁ%érap ure is
wel | belzgv Grankpiasg- €3, 5B 0RMY THGH SRR dpetdtisnt 41aherd Aeviredabiipesf

| owering turbine exit pressure. To ?enerate turbine exit pressures bel ow
at nospher e) ajutEs. agmee 2099F a2PRE °t eds3y k1% h wspeetivalevel , a vacuum punp

on the turbine ex.t i essary. . Thi u i o) ener gy
gener ated by theﬁgfén‘f'%?nq?'sr 8?1&%@23 ?hsgoéé "t’ﬁ %ﬁgﬁeﬁgog%g‘@feﬁi é(}lﬁg{r%?/yof t he
system El i rdndasFOrbyoinckdirigitHa sie coigreyA6H LR UTTRe RYfeepef Aiduaihg thean
environment with pressures |ess that atnosphere, such as at e|evations 5
greater tharfXdRMEsser Caruated atinkirbiagesfficisacy saticonrsersor &liigancwvet t he
system d [ e vyl I ' r if .t :er in
the sysiom &Pl Shbuwnl BHERTIELS, CRREY Tlhes 811 Show e PRt
condense ancCOOMptdEi@Xdtiongn @asystémeRithant Tsep20a0 & theurbme axitf or
recycling reducing the anobunt of energy used to recover the heat. 10 3.

St eam CGeneration and Steam | ' ower Coqg-enera ion ft is also contenpl ated
that the conmbustor and its control system along with a suitable conpressor
can be used wi thout the power turbine solely for the generation of high
tenperature, high pressure steam the generation of potable water, or the
recovery of valuable inorganic materials



15 dissolved in the water. Alternatively, one or nore gas andl or steamtur
bi nes sized to produce a desired anount of electrical energy can be coupl ed
to the conbustor to deliver electrical energy as well a mx of high tenpera
ture, high tenperature steamas a side streamdirectly fromthe conbustor.
VWi | e various enbodi nents of the present invention have been 20 shown for
illustrative purposes, the scope of pr% ection of the present invention is
limted only in accordance with the foll“owi ng clains and the spirit and

scope of the appended cl ai ns, shoul t. be limted to the descrip tion of
the preferr BEFS%’res?fo&ss mﬂsﬁhﬁéﬂa%‘gﬁ&?ﬁ '”?et4“§”tﬂ9A??\'7t§e pta ”&??érggfj))

conver si on S qrr?,r' idafs | BR&ficiedBY of ®oduek supply
means for dg?{%?pl?\lg S'g c{a%"?%)éid%%@l%tg?tﬂr@gﬁ%er, KS: (%)gle?ir s(%pply nmeans
for deli ver singuld beprased ¢ioataad turbineaefficleavwtod B3 %ripalaimedebyandrrantip const ant
pressure to the conbustion chanhe he fuel and air being mxed in the
combust i on BYRIRBIE air GoMpERsIQ) a’r‘fﬁé#'rgé'f’ﬁs \785)}"? t‘?é’“ﬁﬁ]att‘ﬂft?'f'ﬁ%&aa%r suppl i ed
to the cgnbysgiy on chanber, 10 e) liquid supply nmeans for delivering

super heated non-flammabl e |iquid thermal diluent under pressure to the
conmbusti on chanbiExamplee 16-24iandiR-34 fooheedemonstrbta the etfetyof increas-

i nst ant aneousl y upon entering..the conbustiaon chanber to a vapor, the
del i very an@gf%? H’%FFBW ?}f‘%ﬁgfe' ?teg'lrnp'ﬂﬁ etfﬁ?'BUF'éﬁt:e and mxing in the
conbusti on chambgrezasditd 1 N8rduyhl31 piHadue] isodiesdi £F bhyant fhiEom dipe

conbusti on chanber conposed of vapor, conbustion products and nonflammabl e
mat eri al s i ratichie GaPBB6amdhi¢huisl thefstoighinomateistratio foh&Rbdesel dnpler Wit e

control Ll er, characteri.sed in,that the co stion_chanber. is, conpri.sed of:
Ty "a 11181 ofPRETES o Bl tle B dSai MR s Be L Ao BH S P o bust | on
20 chanber, tjbhd, BkamPRSE2 @86s Atkthbh®Bad alfs ne0.658¢e Kethadke Inveibag
downstream of the first burner zone and further characterised in that it

i ncl udes: bumsimone effitiensly thpn disselifyrbclrasifeehrez POUNHHRT 2idif wsdchg a
portion of the total_ availab sed air into the first burner zone,
and iv) a s%'&cgn%s %f?su?té&fsn%(% eéﬁ%)gﬁ?%g%) for admtting the renai nder of
the total avail able conpressed air into the one or nore downstream burner
zones, and that 5) said controller delivers the liquid diluent to the

conmbusti on chanber in quantities sufficient to nmaintain the tenperature of
the effluent at a



desired level, the control of the tenperature in the conbustion chanber
being primarily derived from heat absorption by the liquid diluent 10

i ntroduced into the conbustion chanber, whereby the anount of air delivered
to the conmbustion chanber can be chosen so that insignificant quantities of
CO and NOX are produced when the oxygen in the air is burned wth the fuel.
15 2. An energy conversion systemaccording to claim1, further
characterized in that: the first air feed 3echani sm (236) adnits

approxi mately 50% of thetotat—=avart cgnpesSed @ T o tiref i r st
burner zone (250); and |the spgond |adr bgecd mach@nisnlgi3§£ adrfi &9 t he
P . . ™Ml m )
remai ni ng avail abl e conpress e% ain ﬁrtg t@e ﬁre¢or.¢no tr§ctm bur ner
zones. 20 3. An energy |cgnvefsion Q\Jl'gtp' h adcoridi; g tlo.claim 1l °
characterized in that thg copbustilon |chdnibdr~((28)| &S| tUf idheraGompri sed of :
a third burner zone (2%4% dopst r ¢afh|of [t8Be SdcBNdSouheS rdpg ¥252); and
47 a fourth burner zond &256) “Howdst'rleam ofl t'He ‘tihiTld blrner “zore (254);
and further characteri in that:rLke fi&ét air fgpd nmechani $m (236)
provi des appr oxi mat el y {50% of ot he [t'ot|a¥ |a¥di &4 0%e eorrgr es‘%a%iiia to the
first burner zone (250)_and tHe secdBnd®dif |f'8dd rehali iRt (332)Cpr ovi des
25% of the total avail abl e clonpressed ailr tfo tlhe |sedond} burnef zone (252),
12.5% of the total availl abl e conpfBsed |aBr £a BHeRth& d DLherzone (254)
and 12.5%of the total |awailfabl e ¢oFpregsed Hifr<tjomt/he f uf t*h |iner zone
(256). 10 4. An energy |cgnversTomsystenrageondrgto <t armS;
characterized in that fhe lijquid slp!y |rBard (QCIQ:Ji &l @pg$ Plurality of
injectors for-injecting ghe |l tpui ¢ dill@ent |av jnalitegl s | oraty prg | downst r eam
of the fourth burner zo (256—% n—(nergy—ccrversi —srst-er-accor di ng
to claim4, characterized in phat|the %i c@i 4y 155 5upnl ngg;anﬁ 1) includes
at |l east one injector fior degl ver|ng|tng iquid?ci yemt| to e g onpr essed
air prior to introductifom thereof|[injo yhe|copbugtgn cnamnper (2b). 6. An
energy conversion system according o cllaimd,| ohapgckerized, | r-that the
liquid 20 supply neans| (20l i ncl yesna gl Lgal‘d?tyo\’cfgi nfecr S or
injecting liquid g}luent in %rmaco ustion’ ¢rangber, €25) pt” puftiple
| ocati ons downst ga@ of—=ti—of—the—burmgr—7romgs— (2562527 25#,—156) .
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48 An energy conversion systemaccording to claim®6, characterized in that
the liquid supply nmeans (201) includes at |east one injector for delivering
liquid diluent to the conpressed air prior to introduction thereof into the
eonbusti on chanber (25). 8. An energy conversion systemaccording to claim
1, characterized in that it includes: a heat exchanger (204, 208); and a
coupler (240) located at an upstream end of 5t he heat exchanger connected to

t he conpressor 10), the dommstreanﬁend of the heat exchanger (204, 208)
being in communicatign 10 h the flirst and secpnd|aif f ed nechanlsns
(236, 232) to deliverggir t€;1ﬁ§ <Snbest TonSEhFps | @5 afFerdilt has
passed through {he hg excﬁh1d@r‘€20ﬂ, FOBN.| | | Ehergy Borfgr si on
system accordi ng Lo qrarm B, charactertized T that et Tyorg—t% supply
means (201 ) in¢l@deg at |1p& gm@ n& & FelFvegiing 1iquid
di luent to the @d@wnst{rigam e CQ &Y. [o¥. pe? | ($3)™ |but at a
| ocati on upstreard of thetpcat tr—wt ettat—+$ | ntroduced
into the conbusti®@n chanbef « P @C b( V &b si@rh System
according to cl ai m 8, %har aﬁ I 7 i S pris ¢Hgmber (25) is
conprised of a ftr+strtube B r—aferthe X e ~(2P4—1208) IS
conprised of a second t.ube L23@) Q@dqgrt@icmﬁd&h, ngy pRaf Qyfwardly from
the first tube, 49 e inggri f £heRfli P5t Stiu Nt he
conbusti on chanpe (a’é’? abd H% §c1c§ (204Y* lbet \Aeg'gng}t)ﬂgfﬁsga and second
tubes conprising channel| thf @igh, Whi,ghytihg ,cQnpgesged 2| | E ses fromthe
coupler to the first and se@oneb I fvee;dmnegjagi!sm; §S3¢, % <11 An
ener gy conversioqgsysﬂén1acc a¥1g-to ,Vginr_, ch3rlactler &4 fﬁ'tha{: t he
conbusti on chanbe (25) 19 ¢O ( a first itube (202 he! heat
exchanger (204,|208) jis coO 3 rrp\;d%%f Zfél Eec'grd':t}u e 5320% Eomti?ehtri c wth,
and spaced outwardly!fTomlt el 31 &P [tDne® |thd Sgace 200 | Bet een the first
and second tubes forming g fifrstf{10|channgl; land a {thijrd tubge (R210)
concentric with| and gpaced Gut &f @y Fiom|tee Lilrst] & dise@n@ | ubes (202,
206), the space (ZOBEtbetwegn ghe;§eqy+d3an§ t@i|r@ |t ghes ( 20PN 10) formi ng
a second channe] : T R i
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15 the upstreamend (230) of the second channel being connected to the
coupler (240), the downstream end of the second channel being connected to
t he upstreamend of the first channel, the downstream end of the first
channel being connected to the first and second 20 air feed nechani sns
(236, 232), the interior of the first tube conprising the conbustion
chanber (25), and 50 the first and second channels conprising the path

t hrough which the conpressed air travels #¥omthe coupler (240) to the

first and secopd—at—Feedrreghart-sAe—(P36T—282 571t AR energy conversion
system accordi hg t.o cgal m v |chdract ey | zefl d h b has tdswd; qui d supply neans
(201) includesfat |dast ohé2inBdcEo §IZQ§L 3 biy et 1@ i®g |iquid dil uent
into the downs H@an1eﬁh of the fiirsg thanhell 1B. °An‘enelgy conversion
system accordi pgto |clai Ml |idg [wWey chy E el Id i f Ol Isieng {i s 10 non-potabl e
water, and furyher dhgracté®izpd &n £hpG | G| | Qe ¢ Toll ector (80) for
inorganic matefi%l s {whHi chi were *di ssiol ved: | n' I hel noh- pot abl e water, and
whi ch have beeh .2arr]i ed by the qonblustj on] chpnber effluent. 14. An energy
conversi on sys{ &m adcar di 1@‘3tc§l’cl§|n@ Sehar i &( 202 that it 15
i ncl udes a conflenser] £62) | f®] €qdl ¥elcfd n§ pdtabt p™watef ®fom t he conbusti on
chanber effluept. 15. An enel y fconversion system accprding to claiml,
characterized {n thdtothe @nt%c nne%sg 5 OpFrpl e X0 vary the quantity of
air supplied tp ¢he c&nbU>Kvmnvzaﬂc anpey spfbhat@ letfuel to air ratio can
be nui ntai ned fahst grt—FH—pr—erergyeerverstop—systemaccording to claim
1, characterizpdinijthat |t®fur qgr cnnEE s %%f gg;nirer for igniting
the fuel mxtufein t?e caﬁ%ﬂé@ia& CRaTRef < [L<lf < An energy conversion
system accordi hgeto | -1 —+ch gt-eri-zed-—+n-—that+cobust i on chanber
tenperature copt oIIqL angd« hetraim sgppgy Qejaps| ar psoperable to deliver the
l'iquid diluent|and the aifApR cfﬁq Nt eelsad h® | 8|1 ehst about 90% of
the 5 oxygen i pthearr—cpnmbe 'unqum—:u when—bornep—wti t he fuel while
mai ntai ning a pdesired eff] yghtemtjenperat wewm (1& | & et hod{ of operating an
ener gy conversjon system cQ@rpry e ogz B| & cénhbdst iph chamber (25), 10 b)
fuel supply nepns fF}%pel vefing TyeP it & it kel eonbupsit pn thanmber, c¢) air
supply nmeans fpr—deH-rerpg—tEorpressed—ar—Rav-Rrg—pA—ekelat ed tenperature
and a constant| presgure tpb the ¢omfustji on chanber,|the fuel and air being
m xed in the cprbustd @ chanpes | &) &Ity olo Ng f & Vagy the quantity of
air supplied tpR Bbdr @busid pro 15cdhenber} ol o | o | o| o
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e)

“thermal diluent under

_.Chanber to a vapor,

liquid supply neans for delivering superheated non-flammable Iiquid
pressure to the conbustion chanber,

the liquid being
converted substantially instantaneously upon entering the conbustion

the delivery and formation of vapor 20 creating

turbul ence and m xing in the conbustion chanber resulting in production of

effluent fromthe conbustion chanber conpzgsed of vapor,
and fuel,
52 the method being characterised by the steps
i) conpressing anbient air into conpressed air
i) dellverlng a controlled quantlty of fue

and nonfl anmabl e materials in
tenperature controller,
of :
t enperature and pressure;

the air

conbusti on products

f) a conmbustion chanber

havi ng an el evat ed

an upstreamend of the 5 conbu
guantity of conpressed air to
upstream end of the conbustion
quantity conpressed air to at
| ocat ed downstream of the firs

controll ed quantity of non-fl anab

m operating the conmbustion ch
quantities of fuel, air, and

conbusti on tenperature,
portion of the oxygen in the ¢

to conp
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air is burned with the fuel.
characterized in that the liqu
sel ect abl e anobunts of the liqu
m xing the air wthuythe fuel.
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in the first burner zone (250) , and further characterized in that about
25% of the total available conpressed air is added to the conbustion
chanber (25) in a second burner 15 zone (252) |ocated downstream fromthe
first burner zone (250), about 12.5% of the total avail able conpressed air
is added to the conbustion chanber (25) in a third burner zone (254)

| ocated downstream fromthe second burner zone (252), and the remai nder of
the conpressed air is added to the conb@gstion chanber (25) in a fourth
burner zone (256) |ocated downstreamfromthe third zone (254). 20 22. The

met hod of cl ai m Zkanfple Bi2eis Ad@caictRitéd atl aitdrdif@kffidiendy 6LEY%s Y ¥ neans
(201) is operated to inject selectable amounts of the liquid diluent into

t he conbust i PR HeterReRtye ofid 1 751 feWhirthatedrrthqbaimad: apPeabingt he
fourth burn f i E
characteri z?c?rizrﬁgﬁgét%;s?ﬁénTP%&?'?@%%%E?%Q&%S ?‘QB%W%%%B% g‘ﬁéeg‘%t"geld nj ect
sel ect abl e dnwemion.)of the liquid diluent into the conpressed air prior to

mxing the air wiith the fuel. 5 24. The nethod of claim 20, wherein, prior
to mxing®the corpeefiesd ofi thaReing piREOMREPSSIOMEAYHAP IR SiasediGYCiss heat ed by

passing it t rf?;‘r'rglgn?%gj?QEi%g@Q%ﬁéteﬁqa)exg%ﬁé%g?%,i‘FS-tZ@ bsidPgd he

conbusti on anber nmet ho ai m 18, erern, prior to
m xi ng t he quomedsaddguaries il Oh thhearticelar Fihé stoowps ebserenthl @ifficiescyheRiged by
passing it through t exchanger (63) to expgse it to heat fromthe
combust i on é'?ﬂ?’g? 5%52%?9255%?%5 HEP&‘GO‘?QW”C? g‘ngi@, shRyes BEHPPWE conbust i on
chanber ef fluent TRENUABFtLESE 1 irlJEARIoR dRBIsNPom grior deVed¥EhNOfHR- ¢! ai m
26 wherein the eombusti on chanber ! ef fl Sent cosnt %'inn% ress t han SHJEE% CO. 20

28. The h@t hoehtef raspachsin8e themdrdng ladaness naydd imctdesedteibet agqui d suppl y

means (201 ) is operated to inject selectable a ts of the liquid diluent
'nto the combRSEBR EHiBerona)t IRMATIFLITEI% BoORat BRI RAIRE S 15 om a1l

of the burnghaizefesd by cdmiAtiohCorTRdikRed O@Cﬁﬁéﬁg]ﬂ‘goﬁﬁoﬂéoaw&anje‘é’ﬂeﬁei n the
total quantity of conpressed air delivered to the conbustion chanber (25)

i s sel ect ed byoweteatinjactibr gontrabd0t indespwiset tocteonpageture martioravtiermbt e ai r
is consunmed when.it is bur i,.th the fuel. 30.. The t hod according to
cirai m 18, cRAFRLPLroBRUIER AohalVithle SORStGH AR PSR ORGSR and
fuel delqyengestiar lifeidad HIEEAILRR fBAMRAEN @Bkt BSOG®! RFBELAGF when a
stoichiometric amount or a small excess of compressed air is supplied by
compressor 10. Larger quantities of excess air reduce the resulting turbine
inlet temperature but would not greatly affect the actual temperature of
burning or the ignition temperature.
20 The practical limit of the discharge temperature from the combustor
25 is in turn governed by the material strength of the containing walls at
the discharge temperature, the high temperature tolerance of the combustor
walls, the materials of construction of the power turbine, and whether the
turbine blades are separately cooled, either externally or internally. This
25 discharge temperature is controlled between suitable limits by variation in
the injectién of high pressure water which then flashes to steam, the heat
of the vaporization and superheat being equated to the heat of combustion
of the fuel being burned. (The temperature of the burning fuel is reduced to
the desired TIT primarily if not totally by the heat of vaporization and

30 superheat as the water vaporizes and then heats up to the TIT). The



maintain a constant fuel to air ratio; 31. A nethod of operating an energy
conversion systemincluding 10 a) a conbustion chanber (25) in which a
conbusti on process takes place and produces a conbustion chanber effluent,
b) fuel supply neans for delivering fuel to the conbustion chanber; c) air
supply means for delivering conpressed air to the conbustion chanber, the
air and fuel being mxed in the conbust': gn chanber, I S d) liquid supply
means (201) for delivering a non-fla e thermal liquid di luent for

i ncorporation into }_he conbusti pn chamber effl uent th,er;by to. control the

t enper at ur e WABHHOPT INried \wateg 5nthug|dedsrmined Pyitoe defised 9BFTatS and |1 qui d
supply nean L | t f i
provi di ng tEeemiég%ﬁg&ts?%gwggll%gg?fcggﬁ%ﬁggﬁeé&qp%sicﬁ% e”% @Eg\tgﬁnnagz gJ’f)%eldci ently
hi gh t enpr abperating tegmparaturée fuel in the conbustion chanber (25); ii)
delivering a confq ol led. quantity .of fuel to tBe conbusti on. chanber c$25);

56 iii) deliveri beaw%fr PRSP SR AP EGNYRNT Py SOARIBFIRENLO £ require

i ncor por & i g0 4t @edilde &fidiggrhon chanber (25); iv) delivering a selectable
guantity of conpressed air to at |east one |location in the conbustion
chanmber (25); an@hg rejultingvearking fivid roistureadfl cambustiondzgseademesgteddj ust t he

quantity, pressure_and, t.enperat of the ca essed air, the fuel and the
l'i quid dil ugﬂppggepﬁsa?f 2'6?'?%@4%@4’&“aﬁqtﬁ%’h‘t'gﬁ@e? PasReAdPiRa WATKNA vapor
when it is eAgihedE eypidallp d fiebineHeusdplHhed BBSRS 'wrdEli@Bhsionnsk {Hee exit
tenperature of the conbustion chanber_effluent is primarily controlled by
transfer of sthem - pestroixture takeuplece. vither @ty comditionmat theyoufletadtr del i ver ed
to the nbysti.en chagb y. L ected so that a .substagntial portion of
Lhe oxydon Wokia ST 8D caliitEs HSlhiis RubaR e Brihe BhE LA chamber
ef fluent iseffiseuently conprised of a mixture of unburned conpressed air
conponents, fuel conbustion products and vapour 15 with a desired | ow CO
and NO' cont ent . TB2 exiTaegstr@asigs @ngrsteard frerpiworkuendiee SOnaredbeemasseddi n t hat

the liquid |y _nmeans i S50 ted toQ inject, sel ectable quantities
of the Ii quﬁﬁggﬁ(Egn%q}aﬁ'%g%ﬂ?édc@%p%&gﬂﬁ %qrﬁroéﬁ%upcl[ugeﬁﬁ(??{b&eﬂ? Pair with
the fuel. 2Whéde tHé Geripéradgredt reddied tdltheCdtAtReibAEFRErdtdrd Batrespendt ep of
delivering conpressed air to the conbustion chanberﬁ?ZS) i ncl udes

del i verilRg BI9cit theopereipl presseieRl B indhprexbaust. alhe stwam in tha burner zone
(250) int hﬁjrﬁ&@%éu@?ischﬂgb&fndgg@d aﬁg?ﬁé:\pge pumped back into the

combustion chamber 25 by water injection control 40. The remaining
combustion gases are then passed through a secondary compressor where
the pressure is raised back to the atmospheric pressure if a vacuum was
20 pulled on the exit of the turbine so that it can be exhausted into the atmo-
sphere. Alternatively, the exhaust from the turbine, which is a superheated
steam stream, can be used directly, as will be recognized by those skilled in
the art.
It can be seen that the present invention takes substantial advantage
25 of the latent heat of vaporization of water. When water is injected into a
combustion chamber, and steam is created, several useful results occur: {1)
the steam assumes its own partial pressure; (2) the total pressure in the
combustor will be the pressure of the combustion chamber as maintained
by the air compressor; (3) the steam pressure 1s without mechanicai cost,

30 except a small amount to pump in the water at pressure; {4) the steam



57 creating a fuel rich flame in the first burner zone (250) , and
delivering the remaining avail able conpressed air to one or nore additional
downst ream burner zones (252) in the conbustion chanber (25). 34. The
method of claim 31, further characterized in that the step of delivering
conpressed air to the conbustion chanber (25) includes delivering about 50%
of the conpressed air to a first burner zomng (250) in the conbustion
chanber (25) thereby creating a fuel rich flane in the first burner zone
(250) , deli verdrags b thighbfaels it ibthinbalwitalt A HINKRMBE/pPEshion,Mestcdpt he
conbustion chanber. (25) in a second burner zone 10 | ocated downstream from
the first burnghevoater( wib)steamatiaonsiarns editany and gvhalpyt hEha wtader avai | abl e

conpressed air to the combusti C 25) in a third burner zone (254)
ocat ed- downst 1<GaNERTal 29 REHL 8o FRIT fis Loyt ordaaetL et (nfihg  he
remai nder of thllofoRcensRldaédrided Bdewconmbusti on chanber (25) in a fourth
zone (256) of the burner |ocated downstreamfromthe third zone (254). 15
35. The nethod of claim 34, further characterized in that the liquid supply
means (201) gs goper at ad iLQ ahBiethiliend ”m."u'- e quantities of the liquid
diluent into theé corbu om 2 mul tiple | ocati ons downstream

LEfcie o)
fromthe fourth burpery geeef(cibustidn Rads tBeromideostoaiicel whithdeact i biner
characterized in that the liquid supply nmeans (201) is operated to inject

y .
sel ectabl e quarn®ifPirBSMea.1WRetheg N angNPaenindustis! fu@aseAdwsel &ir prior
to_ m x1 ng .the %'ifl??]r%tc Iﬂir&ﬂ? f%%re.sen?ﬁw%ztiﬁxhgddﬁg %Q%Iiminé:tgg'tﬂé :fgr’mwi]c?rg €l n,
prior to mxing the conpressed air wth the fuel, the conpressed air is
heat ed by passiofigoilutibhpoodtta i eaverak ofagn gitscucsat) béiowexpose it to ‘heat

fromthe compustion_chanber (25). 5 38. The nethod of claim 31, wherein,
prior to mixX{ng theFtEhpPEsRd sompustionengies: eraratednuith srplessdmasr walls

heat ed by passi | : 3): (e heat
fromthe corrbusa'?lgoHnetag%g{rﬁg%@ggsﬂ%é@%%ﬁ@%%rhﬁjgﬁ%ﬁl{ @rgﬁ?r?ggf,ﬂc?%ﬁtt oer
characteri zed irgsuithid srhbi pefogotagesupiplinburaed siy§@@ajboh8 ansittefdedwaingdtHeo
inject selectable quantiti e_i of the liquid diluent into the conbustjon
chanber (25) a®XREWTS Preke. obht PERRENH JRBIO8 AYOIdS AT RS iapchaTeRR Well whi ch
conpressed air .hS; i irfhQ et preYelalal e i ,
characterized ichélt'ﬁ%td g‘ﬁé%&%@?%uantﬁé@& 15 @{8 fragsdseg%ﬁg?lrmpd@%i f\yg# g%l to
t he conbustlifon achétabér lef¢/26 potitls of @ttech @de sbotvhdh nadreldesait inaldGitP23684 bio. t he

oxygen in the auallable B 5, SONMIELA PR Kok to BULVEY ¥ AW BRdlare!

27 around an exterior wall of combustor 25 such that combustion occurs
only within a small space heated above ignition temperatures. Second, the
combustion flame is shielded with air unmixed with fuel. Thus, a hot wall
20 combustion, preferably above 2000°F, is utilized in an engine operating on
the present cycle.
Next, smog products are also inhibited by operating the combustor
25 within a defined temperature range. For example, CO and other prod-
ucts of partial combustion are reduced by high temperature burning, prefera-
25 bly well above 2000°F, and by retaining such products for a considerable
dwell time after start c-af burning. At too high a temperature, however, more
nitrous and nitric oxides (NO,) are formed. Accordingly, neither extremely
high nor extremely low temperatures are acceptable for reducing smog

products. The combustion controlier 100 in the present invention com-



41. The nethod according to claim 31, characterized in that the total
quantity of 20 conpressed air and fuel delivered to the conbustion chanber
(25) is selected to naintain a constant fuel to air ratio. 42. An energy
.conversion system i ncl udi ng: 59 a) a conbustion chanmber (25) in which a
conbustion process takes place and produces a conbustion chanber effluent,
b) fuel supply nmeans for delivering fuel t30the conbustion chanber; c) air
supply nmeans for delivering conpressed air to the conbustion chanber, the
air and fuel beiengesibxetng of tie fs randsair eﬂaaimnmeéd laly tbrrquelraitmeubpltyuerreans
(201 ) for delivering a non-flammble thernal quid di luent for

i ncor por ati on FYRI§HYENIRE b ERe PHH‘%!‘?&%eﬁher"ﬂ‘F"Géﬂf‘gtHﬁ%Q'@S?‘V?U @Wftrol the

tenmperature t h@%ﬁ&&eraﬁ@%\ﬁéll BnfePANd PherRE &}QQ#teif Tbﬂ?z)t\blﬂ‘l theaﬁurnﬁ%g thi qui d

supply neans, aracteri se I n that t e contro 100) 1s operative to
i ndependent |y aql;rem&furtetiesqmgnhhlbyt;ng)tasraaenamrar(dl'ft)dmpmw:w ef @fatthmjec-

conpressed air,. the. fuel d the, ui d nt so that the |iquig diluent
o aner or Boatipht TS sBPstaTs A Per AL el o TS s iesRt

chanber ef fl uepimppdaded At i§%dbed QTRMBM LERpRite LBMBUSABN HFi1AB fGQla\WHﬁr
effluent is primarily controlled by heat transfer to the 15 diluent,

wher eby the quennimun of eacessdetygesr antl to codlethegases tbetow @Ibaubé’:ﬁ&@é? foe
sel ected so that substantial, portiopn of t (004 in e ressed air
s combusted. antPTACEER Fah BBl trmPhsiY Fimehi Bucaty BErgPNecd
of a mxture ofs M%ﬂg%@egQ%ﬁ@%%?ﬁeﬁ'cbn%@i@ﬂ%taﬁwbef'lé?'up@ﬂ@é%&%%ater
products and vapour 20 with a desired | ow CO and NOX cont ent

energy conveér sinmtwsctoemod)ﬂocmmmmam snupctantable deapecatusedrafarabihatn thee

l'iquid supply neans .i o _deliver ect abl.e .quant i of the
liquid diluent ﬁ”ﬁ?o“tai’@ g%‘%’?’e 3@# AFFUTBY |°8P‘p??§e%‘&'i‘ RY §frrd hwi BRAT he
fuel . 44. The pswy B¥fof®BYEINY reY&éardofiTcl ai m 42, further characterised
in that the air supply neans is controlled to deliver about 50% of the

avai | abl e conpr essdd tipicat engines, frutdrocarhen fueiseare wfteneburortus ta mixtuteanber

t her eby creatl afu h ntheflr t burne and.to dellver
t he remai ni ng |?' tﬂ Fc‘r'fﬁr 'Qjﬁ%‘ éi r 8% leaﬁé %}S‘r%“?lémaaﬁﬁ Po aﬂm%?/\/f%t ream
burner zongs i Brd%h@o %ﬁ@é&téfﬁﬁlency. This, however, results in excess CO and more

complex products of incomplete combustion. The present invention,

The

however, because it provides a progressive supply of air through air flow
control 27, dilutes the combustion and further reduces such smog products.

Oxides of nitrogen also form more rapidly at higher temperatures as

20 explained above, but can also be reduced by the controlled dilution of the
combustion products with additional compressed air.

The present combustion cycle is compatible with complete and
efficient fuel burning and eliminates incomplete combustion products and
reduces other combustion products such as nitrogen oxides. Combustion

25 controller 100 allows burning of the combustion products at a considerable
initial dwell time, after which the products of combustion and excess air are
then cooled to an acceptable engine working temperature, which may be in
the range of 1000°F to 1800°F, or even as high as 2300°F if proper
materials of construction are used in the turbine, or may be as low as

30 700°F to 800°F.



chanber. 10 45. The energy conversion system of claim 42, further
characterised in that the air supply neans is controlled to deliver about
50% of the conpressed air to a first burner zone in the conbustion chanber
.thereby creating a fuel rich flame in the first burner zone, to deliver
about 25% of the total available conpressed air to the conbustion chanber
in a second burner zone | ocated downstreamfromthe 15 first burner zone,
to deliver about 12.5% of the total avai Bdble conpressed air to the
conmbustion chanber in a third burner zone | ocated downstream fromthe
second burner zonén eadilibriurdelondition ban bee¢atdd byohaking mﬂpws;ksed air to

th nmbust f t.h f . th d t
from the thi destins 25t faft affstd B Todrvbrs n ke ohiibe Blraiepee.
further char agkiehi &fbigtidn@Hanite i5%ﬂe§é¥pﬁh¥;f?§§&ﬁ/ LiSsigRé&d @Bﬁ\@u%o

deliver a selectable quantity of the liquid | uent Tnto the
conmbust i on chimberarabemmiy |bpltl§eﬂocat| ons downst ream f romthe fO | rth burner
tem of clai rther acterised

zone. 47. he ener cony S

in that the Iiqui @géﬂwﬁ‘%g%ésgés}'q %r[%f' SeMe %%PFV UCé{‘%émé’ afr%méng
quantity of telgném@uivAilgliat tRNéarhatiiné NeroGRINRY 8coRsblaie cdHvePioh ®fFui Ng t he
air wwth the fuel. 48. The energy conversion system of claim44, further

characteri se@nﬁfgytfﬂaf'uldh@eé@\hpressed air is heated by passing it through a
heat exchanger to- gXRpgReTis S(A{e%%ni%w ;ﬁ&?éfg‘éﬂ@m%”gﬂ Qteﬂb%gpgusepmeor to

m xi ng the conpressed arr er gy conversion

system of cl dugnaiRratfcusndfamenhamasireiurs ate tontrbiadd hhep@mmftﬁyssme air is
heat ed byhé)asm ng it through a heat exchanger to expose it to heat fromthe
conbust i ot clkaRBel opfyeirainratiai R?rr'i@uifﬁb’ Bengrrasityaior byt i @hiher ersrgenso.

The ener gy qnyes shan, SNSHSIP @1 <5 AL fn LHd BRD.RIALACHARISRdaL, that the

15 liquid suppl erated to |njec selec

liquid dil Uelafbsﬂréd)()nhib@ts(xﬁﬁbuetlnréﬁc@bﬁﬂihﬁﬂrn%ﬁ rbédrben |a®@8ctarbd5lr$ dovvnst ream
fromthe |l ocations at which conpressed air is delivered. 51. The energy

conver si on syRIENIAE resulting aom 'Bﬁﬁfrti?éﬁtt@rqc’z'@@iﬁtwnt hblte pa@ chiap igesslikiend
meags I's opergLed) tandPiiakelic bBAntO WBRERPEF 1 Forktbl%CRIRYS bt RR-SGAATPEr

at
15 and represses the formation of carbon monoxide formed by the dissociation

of carbon dioxide at high temperature. The use of diluents of high specific
heat, such as water or steam, as explained above, reduces the quantity of
diluent required for temperature control. In the case of oxides of nitrogen,
it should be noted that the VAST cycle inhibits their formation rather than,

20 as is true in some systems, allowing them to form and then attempting the
difficult task of removing them. The net result of all of these factors is
that the VAST cycle operates under a wide range of conditions with negligi-
ble pollution levels, often below the limits of detection for hydrocarbons and
oxides of nitrogen using mass spectroscopic technigues.

25 Others have attempted to inject small amounts of water but they
have done so under conditions not conducive to, or incompatible with,
operation at zero pollution resulting in reducing efficiency.

Kidd U. S. Patent 4,733,527 refers to the injection of relatively small
amounts of water into the combustion chamber at the same time as the fuel

30 and apparently into the flame itself. thus reducing the temperature of the



sufficiently high tenperature to ignite fuel therein. 62 52. The energy
‘conversi on system of claim42 characterized in that the the heat transfer
to the diluent occurs through heat absorption during vaporization, and
.superheating of the vaporized liquid to the desired exit tenperature. 5 53
The energy conversion system of claim42 characterized in that it includes
a fuel igniter for igniting the mxture of,fuel and air. 54. An energy
conversion system according to claim42, %aracterized in that: 10 the

conmbusti on chgnber. (25)..1S jsedyaf ;a first tube (202) and the air
suppl y means ﬁg”’fdﬂ%ﬂ %téEImB??‘grgéqﬁcreswgaif?"?aéb"d“n§8W§P{|gE'n€%j8r aﬁlé‘fqmv%sri ng air
to a first | ogger @arddhst i@lIDIMDISL ArdNhHJBBdEY unabiél t& oBESARSYMfigarteed
mechani sm for delivering air to a second | ocation_downstream 15 of first

| ocati on; andredyetipeofc RaPERVESE the doimatianef, iNO4 nEhebest HOrdenelettdtanger

204, 208) i ' f L ] .and d
St amr 'y £ 1 onRedBE P Bt ralff P Suhétlort £ 8BRS Wil iy Mabdly @, SPoCe
t he conmbusti otorpleatdrer is(about 28nth 30 pgpre. Kidd defmdndiratnt eeedt ol st and

second tubes conprising a channel through which the conpressed air passes
to the first RIRI YEMYHY cantrof ae resgtion Oy teygls 10309 less an30 ppm Bvier gy

conversi on sy ' ' t.erl ' .. the heat
exchanger (Zo%s,oq%gf&iggq# lgjﬁ‘tonﬁg‘;é:éghnép?rt?goerdgo ar%ﬁht?\red%ﬁg%gp?é . '®oncentric
wi th and spacedRostvardly fromthe first and second tubes (202, 206), the

space (208) between the second and E,hi rd tubes (202, 210) form ng a second
channel : the upst r'l8FATBHS (DYE]O GPPHERNINES AU ARIBPNHEREE NBnie¥ElSeRF to a -

coupl er (260)18&%5*4%&4'#&&3 dpcww 8F% wr{enf{h%reon#&rgg%%d t%g@m'ehﬁaa% t he

downstream en t he second channel bei ng connecte e upstream end of
the 10 first whanved apprdogindaens#008m effds of mbhne fdliyr sdt folhtnipedd wb eif nhe
connected to gip‘?e%}Jér%ttur%nﬁa ggé)anS%,iJF, fw%eigﬂ is the standard exhaust temperature
from a 2 stage compressor at 30:1, the WFR would have been 8.27. The
ability to deliver such large amounts of water is a result of operating a
15 unique combustor, at conditions which everyone in the past has said are
inoperable and at which those skilled in the art have said that unacceptable
low temperatures would be created, combustion flame would be extin-
guished, and the operating efficiency would render the equipment unusable
as a power source for a work engine. Contrary to the prior art which
20 operated to lower the flame temperature on a system already using large
amounts of air to control temperatures, applicant generates a controlled hot
flame with a stoichiometric amount of air and then rapidiy cools the com-
bustion products to produce the desired exhaust composition.
Substantially all of the cooling of the working fluid and/or the com-
25 bustion temperature and the exit temperature (the exit from the combustor
or turbine inlet temperature) is provided by the latent heat of vaporization of
the injected liquid, such as liquid water. The result is that the fuel/ air
mixture can be selected so that the most efficient flame from the stand-

point of combustion, combustion products and heat generation can be

30 selected and operation I1s not constrained by the need, as in prior art de-



rechani sns (236, 232), the first and second channels conprising the path

t hrough which the conpressed air travels fromthe coupler (240) to the
first and second air feed nechanisns (236, 15 232). 56. An energy
conversion systemaccording to claimb55, characterized in that the liquid
supply means (201) includes at |east one injector (201) for delivering
liquid diluent into the dowmstreamend of the first channel. 20 57. An
energy conversion systemaccording to claim42, in which the liquid diluent
is non-potable water, and further characterized in that it includes a

collector (80) fo 64 .1 norgani ¢, mat erials whick re dissol.ved in the
mon- pot bl ¢ Migear o BRI GhFERTRAVE DBk R A rebaeind T e mRESIY o fanver
ef fl uent. 58ychy) FeiReiedypGEAe (delvidRs SYSHtRdNed oMl ATS ByTirBitRigthédXlame -
characterized in that it includes a condenser (62) for collecting potable

wat er from t FRMBEIRYS: | BreaHieamidherstd theptesesbinventien iy scosipishismetsy st em
according t °ri8'n§‘i%<l?ﬂfr.‘é2(nr g?é‘:][ ggq‘icﬁ{ib%%ﬂiér) %fta'i‘raqtnu‘e ﬂ]%{ ggﬂtﬁreu%'fgniggé‘r{ga'g?s? aher abl e

to vary the quan ies and alt “suppli

chanber s@ that stdgedfflerhe Witiicompidte @ofrtbustion RBielitihatedCOaesitaslk, 60. An
energy conversion systemaccordipng to claim42, characterized in that

conmbust i on cirlienead Py soairafled coeling apt mixingraf thcombustigpPRPdHESH ar e

operabl e to del s¥&Fed P IthgWothihhitiNbred dlichugiyguanti ties that

at | east 15 about 9e % of tﬁe oxygen I n tﬁgnié]&%ynmte consuned when burned
with the fuel whiFerthe, minaigkilleg ia thesrt letbwe$ fthatethle drecper af power 65 1 61
A power generatjng system corrpri,s‘iéﬁg 2 a) a conbustion chanber, 3 b) a work

engi ne coupl B¢ ed iy %(Qﬁﬁ‘(f'éttﬁ‘_fm” Réfds omthe t%%ﬂ"?%ﬁ[ﬂ"@ thedAasy 8f
deliver! 49 THel wopdhBHAEERISHPLheIHIRTURE tnd PsHHd afiiihBhYe HERLS 40!

del i vering conpressed air at a el evat e temg’er ALUT € and at ca constant
pressure to turbineonrehi ®hof effiaiebeflatrieds anddudedaly providiag ragstoluds@mneso t hat

at | east about 90% 9 of the oxygen in the air_is_ consumed when burned with
The 1 el S TORIEIOTdal 09 Ssaamee R 8eov 23R8 Bt Ser s cAlbnblbr - 1 1 o)

control manéos:m&varmobmdwmé ItaYeerhe%ik B; Eggﬁi%agﬁtnt& ch{lﬁd YfareO bgon

chanmber and to adjust the anpunt of fue o the 13 co stion
chanber so timad théeofmimistivo chambreat the inpoehbquid teirantisedltb feduaefthel

vapor st BanpHtmpoiaih of NPy e dHE. e Ahaanxima e et s & Montr
flammabl e |igyi s%ﬂﬂﬁe@ﬁﬁ@?@"@té Qbéthezﬁ@@iﬁiﬁhé%%&hﬁrm%ateﬁ'*?@fr%%'iqUi d

bei ng converted substantially instantaneously upon entering the 19
conmbust i on cékadied to @baut 8dmes the wiightvasrfpebuskd, alepandiog @t theaflame20

Creatl 10, Bl e S Ml 0 o DS e SUSEet, LR pEL 1 1 @
materi al s i ntHehgordblustdnd Forel speeiidlfidmekivager laHb Gidilet@emperature, the
20 quantity of water supplied can be precisely determined for a desired TIT.
While the gas turbine will operate in a highly efficient manner when the TIT
of the working fiuid in the 1850 - 2100° range, efficiency can be improved
by using a higher TIT. The current limiting factor is the materials of con-
struction of state of art turbines. Increasing the mass of the working fluid
25 entering the turbine while lowering its temperature by injecting high vol-
umes of water to produce the preferred TIT significantly increases the
efficiency of electrical energy production by the turbine. This is accom-
plished by use of applicant's invention wherein the excess air is substan-
tiallv eliminated resulting in a hot flame. Rapid cooling to the preferred TIT

30 by water injection resuits in improved efficiency for the production of useful



23 delivered to the work engine, 24 h) a conbustion chanber tenperature
“controller, said 25 controller delivering the superheated non-fl anmbl e
liquid to the 26 ~ conmbustion chanber in quantities sufficient to maintain
~the tenpera27 ture of the working fluid at a desired |evel, substantially
all of the 28 control of the tenperature in the conbustion chanber being
derived 66 29 fromthe | atent heat of vaporization of the non-flamabl e
liquid 30 introduced into the conmbustion _chanber) and 31 i) heat exchangi ng
means for transferring heat fromthe 32 ﬁ&rking fluid exiting the work

engine to the nonflammble liquid) said 33 heat elevating the tenperature
of the non-f|Sn¢rnp VIl 3fDE s@?‘@rﬁ'%‘eﬁfe’f’%@d‘ﬁ theptrmatios efdndrsirgRlsi r ed
tenperature f del| C i VAT rocess
of o1 ai m 61 ALttE EK NG MRG0T OB S hORARErBngigte BiipariiFoP

non- f | anmabl excesgiiO]d availatie fooniprogesetkidatiompri or to i ntroduction 3 of the

conpressed air in h opbusti.on chanmber. 1 63 , The process of claim6l
wherein the conprépﬁgifd$aﬁ%rtn?§pﬁ?'£'éat‘9“ &fbgskﬁql?@egl?@erqtmgg@oqégg@s 808 stages
such that & RELEtOPedratdifioriadz digrdtbnteshetatthg RohBiohyelin aiiNAsfangbs b

ignited and then tgee rrgmai nder of the aier’%aw;é ggge@o& tc!ntaﬁleﬁ?%gl L%;tﬁ% poi nt
downst r eam ofeffitienéyié highai than, ahdghe spebidicpiuet esrssumiptidraisnte€S tivdrer ei n

about 50% of the conpr.essed 2 air i'%\ i xed with the fuel j{%}?a%igst zone of
a burner at &HE"éMu® INEHPPETAY ML WAL _ samgpEount af fugh 1 3ple =& and
fuel is ignitg 89.49 edbwSsiRUlHRN rdshit€ Bf BraBn RRAENHRES QEeFeﬁ‘ﬁlga\}vﬁh' S
added to fuel rich flane in a second zone 5 of the burner |ocated down

st ream from tthe.sbimesampunieof albauen12/F5%0 2020 Gomputer simdideigntt@ast he fl ane

in a thi f the b | ocat ed. t 7 fromith d ,
and the 1 ke RRY B RS SaTer SYRACH | SPORE DA arh GVaenhur £1F 20he of

the burner | ggat@shsdmdtiont wiebe fiDomiddRanbRidndired peratif® withdlf tREocess of
cl ai m 64wherein controll ed amounts of the non2 flammable are injected into

t he conbust i Gleimadribeentian.mul tiple | ocations in 3 the conmbustion chanber
downstream fromthe fqurth zone of the burner. 67.1 66 .. The progess of
cl'a'm bauher oi n ARSI TEETLER? coBbusRe WEtes sondifishsorHaes 8 HPETER so
i nj ected inta@uidisPND &HITO Velow! 1 Bpmt shdThg iunbufieBiddneHe).r ot bothe

fuel. 1 67 . The process of claim63 wherein, prior to mxing the air with
the 2 fueld toebustipnefbeignay wassohieitedd e Rembustati ereraigdfincnstehte

conbustion 3 Dﬂ%’? . i i e i el
external to t"(r;le gé?r%}g's#?g% ogglg eﬁ’,sga{]it&eaztt%q" négﬁgﬁlggﬁjﬁtﬁog?gﬁ%nel
bei ng an out evarenkilel 05tibs Lbed Carmthessxantpleédagbrirth th Bgble 3the process of

cl ai m 64wher ei n, ﬁ_ri or to m Xi ngqthe air with the fuel, the conpressed

2

air is heated by haeble 3 sarsatoriydatapRteneddonBuéApdrCambusishdabiRAtBdssi ng
sai d conpres Joh I ; n -t 0, ! anber,
at feast one%\aglqye(r)?ttetgh'gqgggﬁanrg{g?@g?%réﬁégnﬁ%%ﬁelrjgl\agIci?gsée?#? ﬁﬁt‘%@&@?i on
chanber. 20 6 upder dbredifivns essfarth il Bkampie B R0 dnde3Owowkihnthefdxsedtioni ti ng
the 2 work engine contains less than 3 ppm NOx. 1 7p , The process of claim
6g wherein tﬁgaWkap'quav@ w25t HFtEREPbeifor k engi ne contains |ess than 3
ppm C0. 1 71 , The process of claim6g wherein the working fluid exiting
the 2 work engine contains |ess than 3ppm CO and | ess than 3ppm NOx. 1 7 2

A power generating systemconprising 2 a) a conbustion chanber, 3 b) fuel
supply nmeans for delivering fuel to the conmbustion 4 chanber, 68 5 ¢c) air
supply means for delivering conpressed air at an 6 - elevated tenperature
and at a constant pressure to the conbustion 7 chanber the amount of air
bei ng chosen so that at | east about 90% 8 of the oxygen in the air is
consunmed when burned with the fuel, the 9 fuel and air being mxed in the
conmbusti on chamber, 10 d) control neans to vary the quantity of air
supplied to the 1 1 conbustion chanber and to adjust the anount of fuel
supplied to the 12 conbustion chanber so that the fuel to air ratio renains
constant, 13 e) a fuel igniter for igniting the mxture of fuel and air to
14 ~ produce a conbustion vapor stream
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“*S10% & () - ( pt0A@ &F (yel'ié 1€196IRId(Jo- ifkfrdemahe) flarid %ripéiatare ifi! thie!desirdNC1 10°
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10% & ()-!!!1" (AP aBYNC3! 10% & () -

10% & () - SALO0% & (¥rSQut ab \ 9 n C
Bohe 1) T e ?(r)t:S,% Hiaofé/& ga)s em.(svg fheSedmbdstdP v Bed bperdtéd UhieR B

10% & () - ! @ Oebhditiphs @@%&'T’(a)bJES@MWB&uEYhmcaﬂ% &f © ppm of CO, when

0 0 & ' "10% &' 0 & - 0 & &&& B '
\1{({%2/% 3&_ ( ?5/ s‘iﬁg%(&&" %grved were (gfor(r?plé/tely ge/gr&arQ tra%gp/a&rgnt( 2Nl‘t no o serv% IENCD

10% & () - +10%iokd - 42 ;&éﬁpé&mﬁﬁté%t&nén Aéﬂé%c(rﬁ(vﬁi&wﬁt&ﬂ‘ronlé’&e to
10\ 910% & () -, Y710% & ( 10% & ( 10% & ()-(()b)))*dEYNC

, 1096&' () -f 210‘%@a(t)of the exhaust stream there was absolutely no visible indication

109 & L109%% 9 s109 *Hxx* EYN
Sg()/?g&'() ngﬁﬁrfg‘%%f %9@1&1 S\)assoelrgg urn d. td++d C

s109%b& () S-109%B& Tae SbnbUF 20 reptOdbnts @ médharfism, de¥N§ r%akoa@&wéiers
109%0& ()-&s! 10%%& {)-S10%& ()-L 109%& ()-S109%& ()-- ---
+1096&' () -1@ Lu0o®atg ¥ h@h teron@atyre-\gorking fluid without the meffmuencnes that

1(%00/;3/2&( §) @i/%%/@ (\§rP1erI2¢1%0 P er(§0) @ﬂtgg&ét%%moé\%dﬁegt l%?l%n%%ﬁ%gg through a

10%& () - @- f B chiny bl @I OEIRRAgefzdr!dt a BEIPDP & He) adbitid WY &udter rather
| 10%iu ()- | phalnlnqlzergély(i-e;tledlgla%%q%t )e ;%gm% cgt) combustion represents a means
for using a fluid source for producing the gas, the water flashing to steam
15 providing a very efficient source of mass and pressure and at the same time
giving tremendous flexibility in terms of temperature, volume, and the other
factors which can be controlled independently. In addition, injected water,
when added directly into the combustion chamber to quench the combus-
tion process, greatly reduces contamination that results from most combus-
20 tion processes.

Further, the amount of nitrogen available to form No, is significantly
reduced. Only about 30% as much nitrogen is in the combusted gases of
the combustion chamber 25 compared to a normal air dilution open cycle
Brayton engine of any form or model because water rather than excess air

25 is used for cooling and the amount of air fed to the system is thus greatly
reduced. In particular,_about 1/3 as much air is fed to the combustor. As
discussed beiow this also significantly reduces the energy expended on
compressing the feed air.

Further, the injected water rapidly expands as it flashes to steam, the

30 wvolume increase at 30 atmospnere being greater than 50/1.
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products and the desired maximum temperature and temperature profile in
the equilibration zone 258 as monitored by temperature sensors 260 in

15 combustor 25. The amount of water injected is also dependent on the
system using the VAST cycle. For example, if the water is recycled as for
use in a motor vehicle, the water is cooled as much as possible to obtain a
usable balance between total water used and power output, i.e., if the inlet
water temperature is low and the TIT is high a small volume of water can

20 be used to reduce the combustion temperature to the TIT. On the other
hand, if a major purpose of the system is to produce potable water from
polluted or salt water, as discussed below, while generating electrical
energy, the water inlet temperature would be raised as high as possible

while the TIT is lowered.

25 D, in¢r Availgbl
Using the VAST system with water injection, a stoichiometric
amount of air, or a slight excess of air, is fed. The amount of air fed is
significantlv reduced, when compared with a system burning the same

quantity of fuel operating according to the Brayton cycle (no water injec-



dE4@'I6nTLO%& ()-1410% & ()-1110% & ()-0s! 10% & ()-11.10% & ()-1,10% &

() */70 3 Kab =111 (1 @"10%b& ()-!1@" 109%k& ()-L 10% & ()- 10/ 10/
10/19
10% & ()-, @' ' 10% & () - bbdCd] eef z[9_=!116(3" 10%p& () -, 3"10% & ()-! D3" 10%~

& ()-3"10% & ()-113"10%& ()-! @"10% : & () - ffhhhhhhirS1!!&&! 10%8S& () -y

109%&' ()- 10 10

10! N(g')' 109%& ()-, ! (3"10%-3~3& () -, (3" 1099&' ()-,ij 4kl | mzX6r S1!!1 Xfy

"10%&' ()-'afy "109%& ()-!y G 109%& ( -1y G 10%&1( ) -1 Xy

G'10%& () - &XIoNQoROKNg RraYiRRssBYGXETEs 8t ! ThaMAS 19%;@%@@@%%19

10!  f O#10%&
"109%& () - )qé*ﬁ‘) aem ﬁ%ﬁ%@-%&e'&%@ o CYBIR SOTRP 15T RS A (V-1 @3
"10% 5- 5&' ( JndigythED Hobwor pf mrhqeaexw@r(e)ammmmmza(aswmb@sms@ to

1055!,) Y"109%%5& ()-T!D,) Y"10%d515& ()-T' @) Y"10% ! -1 & ()-T!D,) Y"10%4515& ()

ST E" 10%& ():irup%;p@ fgmfip\pf1$ sngcmn(tl)y_ o;&eq ) Fer example, if about one-

1085 {61 [ 0} JTSBPITT PRO0r (Y SO Sfoe Yy e8P & Y0BTSR - s100

) - ¥} } ~L~~~$ L bbb @arA4hicd theSBﬁweP/@éc(L)lrdﬁﬂ'érﬂ%’&a(l)be' dsRR The ef@rgy

| 10% () -, 10%& () - SnydE71! ! |y37100& (2 y510%& () - y@-

109%& () - 90! YOUER (yaud PevR 9eNedo(RAMIR! *t%‘af\geWOmn'?%SOfi%)@}%&t%?d noy

" 00 1 -

it o B B R o
0%& () - }OE’quletaﬁ‘nt)l 1094.0% &' () 10 10 10! 1)1 " 10%& () - Sl YY1 109 () - I

oo ()1 *100a EXeTPEBSA0Rk (F HIuTo%Aes o ot YStPm gRrENg g

109%& ()- 10{p &Qrtthe Bra(}lton cycle. This data can be compared with Exam les 25 - 31
10t 0" 10% & () - m DO & ()-nF("10% & ()-!DF("10%& ()-{_Mwxeg\=I!!1D9

m' 109& () - Lszém@w&a(ﬂ#mLcFﬂr 1t (the Is@rfezearlygor(s) adaordipgato(the MASD% r & () -

mkOMKYWUGO=! I 11 101019 i 109 () =) 1.9, m 109

m' 1098 () - lﬁiés"ﬁ{rio part CUELFZ]'GE“F&%’I?Q‘? 91 ﬁ%‘f'%’” ?i?fﬁf ?‘3‘331'60}& a)"ai 3180’ () -
109%& () -f 1%n(e)hor%@;b&N§B7a-éubhlf%@%dﬁ?tro%ﬂe(ﬁso(;%t bembTal/%W%ié)frdfﬁa

10%: () - F10%& ()-! @ 10%& ()-7adE7=!! 11| 5Z10

109 () -180! svsem ppg@w& with fthe MAKT (cpn@astor
109% ()-\"b@1 !y ore s e@kll:;lﬁ/,(t}m (t)/r&te flge?l requnrements from the NACA tables
for diesel #2, the Brayton cycle requires 0.0202 lbs/ sec of diesel #2 for
each pound of air. However, stoichiometric requirement (no excess air, all
fuel and oxygen consumed) are 0.066 pounds of diesel per pound of air. In
20 other words, when 0.0202 |bs of diesel are burned the oxygen in only
0.306 pounds of air are consumed. For equal quantities of fuel, namely
0.066 Ibs of diesel, VAST consumes 1 pound of air while a Brayton cycle
system utilizes 3.27 pounds of air. However, the VAST combustor requires
0.5463 pounds of water when operating at a TIT 2050°F for a total mass
25 flow to the turbine of 1.6123 pounds compared to 3.336 pounds for the
Brayton cycle. Since the power output of the turEine depends on the mass
fed to the turbine, In order for the turbine to generate the same amount of
energy, the VAST combustor requires the total mass to be approximately
doubled (2.07 times) increasing all of the feed components proportionally

30 and the amount of air to 2.07 pounds. Comparing this to the 3.27 pounds
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#.10%& () - #zxemgseq )1936BTU/pound when fully combusted It can then be calcu-

5 lated that 0.066 pounds of Diesel #2 when combusted generates 1808
combusted horsepower. Example 30, operating at 43.1 % efficiency
generates 766hp. While Brayton operates at a lesser efficiency, assuming it
operates at the same efficiency, the balance of the combusted horsepower
is required to drive the compressor. Therefore, the compressor to deliver

10 3.27.pounds of air require 1042hp or 318.65hp per pound of air. There-.
fore, for the. same amount of fuel, it can be calculated that about additional
723 hp is available as additional available shaft energy.

Another way of comparing the systems, if a current singie shaft

compressor turbine were operated and the VAST combustor were used to

15 replace the combustor operating under the Brayton cycle sufficient mass is
generated to drive the turbine in the same manner as in the past. However,
because additional fuel must be burned to consume al! the delivered oxygen
and additional water added to control the temperature of that additional
burned fuel sufficient excess mass is generated at the desired TIT to drive a

20 second turbine at least about 50% in size of the first turbine, or a signifi-

cant amount of additional higher temperature, high pressure steam is

available for other power applications.

D. Other Embodiments Of Present Invention
1. wer Plant including Water Purific

25 In the case of electric power generation using sea water, brackish
water, or polluted ground water or well water as a coolant, the cycle may
be open as to electric power, and the water used as shown in Figures 4 and
5. Feed water 41, moved by pump 42, is heated as it passes through

condenser 62 and neat exchanger 63 countercurrent to exiting hot working
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fluid 51 and is flash vaporized in the combustor 25 or 200 as described
above. By increasing the diameter of the combustion chamber the velocity
of the working fluid can also be reduced thus allowing easier removal of
water bourn materials or solutes.

5 The typical temperature of operation of the combustor is 1500°F to
2300°F. When salt water or brackish water is the feed source this temper-
ature is above the meiting point but significantly below the boiling point of
the salts in sea water (85% of sea salt is NaCl; an additional 14% is
composed of MgCl,, MgSO,, CaCl, and KCI). When the water flashes to

10 steam the dissolved inorganic contaminants rain out as a liquid and organic
contaminants are combusted. ror example, NaCl melts at 1473°F and boiis
at 2575°F, the other salts have lower melting points and higher boiling
points. As a result the molten salts are readily collected along the bottom
wall of the combustor and the liquid salts can be removed by a screw

15 assembly on the bottom of the combustor, fed through an extruder and die
where it can be formed into rods or pellets, or sprayed through nozzles,
using the pressure in the combustor as the driving force, into a cooling
chamber where the waste material can be deposited in a waste collection
container 80 as flakes, powder, or pellets of any desired size or shape by

20 selection of the proper spray nozzle dimensions and configuration. Because
the salt water is exposed to extremely high temperatures in the combustion
chamber the salt recovered is sterile and free of organic matter.

Water on the order of 6 to 12 times fuel by weight is atomized into
the combustion flame and vaporized in milliseconds. Salt or impurities

25 entrained in the steam are separated from steam and then crystallized,
precipitated and/or filtered leaving behind clean steam.

Salt or waste collection and removal mechanism 80 can be accom-
plished by any of a number of well-known means from combustion chamber
25, such as by a rotary longitudinal auger. This auger is sealed so as not to

30 bypass much pressurized working gases as It rotates and removes the
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% (B+. di m%@ébﬁa#edlggﬁ&A%r%Q%ﬁgﬁéa éig‘ove, an alternative is to spray the molten
waste or salt through spray nozzles into a collecting tower or extrude the
salt 81 into strands or rods which can then be cut to desired sizes. A still
further alternative is to drain the molten sait directly into moids to form salt

5 blocks 81 which are then easy to transport and use in chemical processing
reprocessed for recovery or otherwise disposed of.

The resulting working fluid, which nrow includes ciean water steam,
may be fed into one or more standard steam or gas turbines. Following
work production by the expanding steam-gas mixture, a condenser 62

10 condenses steam 61 resulting in a source of usable potablie water 65.
Us_i—ng. this open cycle at pressure ratios of from 10:1 to 50:1 or higher
electric power may be generated at good efficiencies and specific fuel
consumption.

Figure 6 shows a second embodiment of a unit using the VAST

185 cycle. In this embodiment, the efficiency of the system is further increased
by capturing additional waste heat from the combustion chamber 25. The
combustion chamber 25 is enclosed in a double shell heat exchanger 90. In
the version shown, the hot compressed air 11 exiting the compressor 10
passes through the shell 92 immediately surrounding the combustion

20 chamber 25 before it enters the combustor 25. The cold water 41 is fed to
a second shell 94 which surrounds the first shell 92. In this manner the air
11 absorbs additional heat normally lost from the combustor 25 and the
incoming water 41 absorbs some of the heat from the compressed air 11.
An additional benefit, since the air 11 is at an elevated pressure, is that the

25 npressure differential across the combustion chamber 25 wall {i.e. the
difference between the combustor interior and ambient conditions as in
Figure 5 or the difference between the combustor interior and the com-
pressed air 11 is significantly reduced, thus reducing the stress on the
combustor wall from the combination of high temperature and high pres-

30 sure. The water 41, after passing through the combustion chamber outer
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shell 94, then proceeds through the condenser 62 and the heat exchanger

73 to acquire the desired injection temperature. Care is takén to maintain

the water under pressure possibly as high as 4000 psi so that, as the water

is heated, it does not convert to steam before it is injected into the combus-

5 tion chamber 25 which is at a higher temperature and, in most instances, a
lower pressure than the superheated water 41.
Purification of contaminated waste products or treatment of solid,
liquid and gaseous waste products from commercial processes resulting in
useable products with power production as a by-product are also potential
10 applications of an engine employing the VAST cycle. Waste water from

dried solid wéste products may be used in the present invention, resulting in

filtered, useable water as one byproduct. The combustible materials are

additional fue! for burning in the combustor 25 and the inorganic dried

waste products may then be used to create fertilizers. As is apparent, other

15 chemicals can be extracted from solid and liquid products using the present

invention. Sewage treatment is also an application. Other applications

include water softening, steam source in conjunction with oil field drilling

operations and well production, recovery and recycling of irrigation water

along with fertilizer and minerals leached from the soil, municipal solid

20 waste, etc.

2. ircr i

The VAST cycle described about, particularly when operated with
recycled water, is particularly efficient and has a relatively low fuel con-
sumption when used in commercial aircraft which normally operates at

25 30,000 to 40,000 feet. At such elevations ambient pressure is 0.1 to 0.25

atmospheres or lower and ambient temperature is well below 0°F. Exam-
ples 5-7 open cycle data illustrate the benefit of lowering turbine exit
pressure. To generate turbine exit pressures below atmosphere, such as

when operating the system at sea level, a vacuum pump on the turbine exit
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is necessary. This pump, which consumes energy generated by the sys-
tem, reduces the usable energy and efficiency of the system.
Elimination of the turbine exit vacuum pump by operating in an
environment with pressures less that atmosphere, such as at elevations
5 greater than about 30,000 feet, increases the usable power output of the
system, and therefore, reduces fuel consumption. Further, if the water in
the system is to be recycled, the ambient air temperature can be used to
condense and cool the exiting gas stream and separate the water for
recycling reducing the amount of energy used to recover the heat.
10 3. team Generation an m/Power neration
It is also contemplated that the combustor and its control system,
along with a suitable compressor can be used without the power turbine
solely for the generation of high temperature, high pressure steam, the
generation of potable water, or the recovery of valuable inorganic materials
15 dissolved in the water. Alternatively, one or more gas and/or steam tur-
bines sized to produce a desired amount of electrical energy can be coupled
to the combustor to deliver electrical energy as well a mix of high tempera-
ture, high temperature steam as a side stream directly from the combustor.
While various embodiments of the present invention have been
20 shown for illustrative purposes, the scope of protection of the present
invention is limited only in accordance with the following claims and the

spirit and scope of the appended claims should not be limited to the descrip-

tion of the preferred versions contained herein.
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1. An energy conversion system comprising:

a) a combustion chamber (25),

b) fuel supply means for delivering fuel to the combustion chamber,

5 c) air supply means for delivering compressed air at an elevated
temperature and at a constant pressure to the combustion chamber, the
fuel and air being mixed in the combustion chamber,

d) control means to vary the quantity of air supplied to the combustion
chamber,

10 €) liquid supply means for delivering superheated non-flammable liquid
thermal diluent under pressure to the combustion chamber, the liquid
being converted substantially instantaneously upon entering the
combustion chamber to a vapor, the delivery and formation of vapor
creating turbulence and mixing in the combustion chamber resulting in

15 production of effluent from the combustion chamber composed of vapor,
combustion products and nonflammable materials in the air and fuel,

) a combustion chamber temperature controller, characterised in that the
combustion chamber is comprised of:
1) a first burner zone (250) located at the up-stream end of the combustion

20 chamber,

i) at least one additional burner zone (252) located downstream of the first

burner zone and

further characterised in that it includes:
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available compressed air into the first burner zone, and
V) a second air feed mechanism (232) for admitting the remainder of the
total available compressed air into the one or more downstream burner
5 zones, and that
5) said controller delivers the liquid diluent to the combustion chamber in
quantities sufficient to maintain the temperature of the effluent at a
desired level, the control of the temperature in the combustion chamber
being primarily derived from heat absorption by the liquid diluent
10 introduced into the combustion chamber,
whereby the amount of air delivered to the combustion chamber can be chosen so that
insignificant quantities of CO and NO, are produced when the oxygen in the air
is burned with the fuel.
15 2. An energy conversion system according to claim 1, further characterized in that:
the first air feed mechanism (236) admits approximately 50% of the total available
compressed air into the first burner zone (250); and
the second air feed mechanism (232) admits the remaining available compressed air into
the one or more downstream burner zones.
20

3. An energy conversion system according to claim 1, characterized in that the
combustion chamber (25) is further comprised of:

a third burner zone (254) downstream of the second burner zone (252); and
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a fourth burner zone (256) downstream of the third burner zone (254);

and further characterized in that:

the first air feed mechanism (236) provides approximately 50% of the total available
compressed air to the first burner zone (250) and

the second air feed mechanism (232) provides 25% of the total available compressed air
to the second burner zone (252), 12.5% of the total available compressed air to
the third burner zone (254) and 12.5% of the total available compressed air to

the fourth burner zone (256).

4. An energy conversion system according to claim 3, characterized in that the liquid
supply means (201) includes a plurality of injectors for injecting the liquid

diluent at multiple locations downstream of the fourth burner zone (256).

5. An energy conversion system according to claim 4, characterized in that the liquid
supply means (201) includes at least one injector for delivering the liquid diluent
to the compressed air prior to introduction thereof into the combustion chamber

(25).

6. An energy conversion system according to claim 1, characterized in that the liquid
supply means (201) includes a plurality of injectors for injecting liquid diluent
into the combustion chamber (25) at multiple locations downstream of all of the

burner zones (250, 252, 254, 256).
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7. An enefgy conversion system according to claim 6, characterized in that the liquid

supply means (201) includes at least one injector for delivering liquid diluent to the

compressed air prior to introduction thereof into the combustion chamber (25).

5 8. Anenergy conversion system according to claim 1, characterized in that it includes:
a heat exchanger (204, 208); and
a coupler (240) located at an upstream end of the heat exchanger connected to the
compressor (10),
the downstream end of the heat exchanger (204, 208) being in communication
10 with the first and second air feed mechanisms (236, 232) to deliver air to
the combustion chamber (25) after it has passed through the heat

exchanger (204, 208).

9. An energy conversion system according to claim 8, characterized in that the liquid
15 supply means (201) includes at least one injector (201) for delivering liquid
diluent to the downstream end (228) of the heat exchanger (63), but at a location
upstream of the location at which the compressed air is introduced into the

combustion chamber (25).

20  10. Anenergy conversion system according to claim 8, characterized in that:
the combustion chamber (25) is comprised of a first tube (202) and
the heat exchanger (204, 208) is comprised of a second tube (206) concentric with, and

spaced outwardly from the first tube,
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the interior of the first tube comprising the combustion chamber (25), and

the space (204) between the first and second tubes comprising a channel through
which the compressed air passes from the coupler to the first and second
air feed mechanisms (236, 232).

11.  An energy conversion system according to claim 8, characterized in that:
the combustion chamber (25) is comprised of a first tube (202),
the heat exchanger (204, 208) is comprised of:

a second tube (206) concentric with, and spaced outwardly from the first tube,
the space (204) between the first and second tubes forming a first
channel; and

a third tube (210) concentric with and spaced outwardly from the first and
second tubes (202, 206),
the space (208) between the second and third tubes (202, 210) forming a

second channel;

the upstream end (230) of the second channel being connected to the coupler
(240),

the downstream end of the second channel being connected to the upstream end
of the first channel,

the downstream end of the first channel being connected to the first and second
air feed mechanisms (236, 232),

the interior of the first tube comprising the combustion chamber (25), and
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air travels from the coupler (240) to the first and second air feed

mechanisms (236, 232).

5 12. Anenergy conversion system according to claim 1, characterized in that the liquid
supply means (201) includes at least one injector (201) for delivering liquid

diluent into the downstream end of the first channel.

13.  An energy conversion system according to claim 1, in which the liquid diluent is
10 non-potable water, and further characterized in that it includes a collector (80)
for inorganic materials which were dissolved in the non-potable water, and

which have been carried by the combustion chamber effluent.

14.  An energy conversion system according to claim 13, characterized in that it
15 includes a condenser (62) for collecting potable water from the combustion

chamber effluent.

15. An energy conversion system according to claim 1, characterized in that the
control means is operable to vary the quantity of air supplied to the combustion

20 chamber so that the fuel to air ratio can be maintained constant.

16. An energy conversion system according to claim 1, characterized in that it

further includes a fuel igniter for igniting the fuel mixture in the combustion chamber.
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17.  An energy conversion system according to claim 1, characterized in that

combustion chamber temperature controller and the air supply means are operable to

deliver the liquid diluent and the air in such quantities that at least about 90% of the
5  oxygen in the air can be consumed when burned with the fuel while maintaining a

desired effluent temperature.

18. A method of operating an energy conversion system comprised of:
a) a combustion chamber (25),
10 b) fuel supply means for delivering fuel to the combustion chamber,
c) air supply means for delivering compressed air having an elevated

temperature and a constant pressure to the combustion chamber, the fuel

and air being mixed in the combustion chamber,

d) control means to vary the quantity of air supplied to the combustion
15 chamber,
e) liquid supply means for delivering superheated non-flammable liquid

thermal diluent under pressure to the combustion chamber, the liquid
being converted substantially instantaneously upon entering the
combustion chamber to a vapor, the delivery and formation of vapor

20 creating turbulence and mixing in the combustion chamber resulting in
production of effluent from the combustion chamber composed of vapor,
combustion products and nonflammable materials in the air and fuel,

f) a combustion chamber temperature controller,
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/10% & the method being characterised by the steps of:

1) compressing ambient air into compressed air having an elevated
temperature and pressure;

i) delivering a controlled quantity of fuel to an upstream end of the

5 combustion chamber (25);

1i1) delivering a first quantity of compressed air to a first burner zone (250)
located at the upstream end of the combustion chamber (25);

iv) delivering a second quantity compressed air to at least one additional
burner zone (252) located downstream of the first burner zone (250) and;

10 V) delivering a controlled quantity of non-flammable liquid to the
combustion chamber (25),

V1) operating the combustion chamber temperature controller to select the
quantities of fuel, air, and liquid diluent delivered to achieve a desired
combustion temperature, to combust the injected fuel and a substantial

15 portion of the oxygen in the compressed air, to transform the injected
liquid into a vapour, and to generate the combustion chamber effluent at
the desired exit temperature,

5) the control of the temperature in the combustion chamber being primarily
derived from heat absorption by the liquid diluent,

20  whereby the a amount of air can be chosen so that insignificant quantities of CO and

NO, are produced when the oxygen in the air is burned with the fuel.
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19. The method of claim 1'8, further characteriZed in that the liquid supply means (201)

is operated to inject selectable amounts of the liquid diluent into the compressed

air prior to mixing the air with the fuel.

5  20. The method of claim 18, characterized in that about 50% of the available
compressed air is mixed with the fuel in the first burner zone (250), thereby
creating a fuel rich flame in the first burner zone (250), and further characterized
in that the remaining available compressed air is mixed with the fuel in the one
or more additional downstream burner zones (252).

10
21. The method of claim 15 further characterized in that about 50% of the compressed
air is mixed with the fuel in the first burner zone (250) thereby creating a fuel rich flame
in the first burner zone (250) , and further characterized in that about 25% of the total
available compressed air is added to the combustion chamber (25) in a second burner

15  zone (252) located downstream from the first burner zone (250), about 12.5% of the
total available compressed air is added to the combustion chamber (25) in a third burner
zone (254) located downstream from the second burner zone (252), and the remainder of
the compressed air is added to the combustion chamber (25) in a fourth burner zone
(256) located downstream from the third zone (254).

20
22. The method of claim 21, further characterized in that the liquid supply means (201)
is operated to inject selectable amounts of the liquid diluent into the combustion

chamber (25) at multiple locations downstream from the fourth burner zone (256).
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23. The method of claim 21, further characterized in that the liquid supply means (201)
is operated to inject selectable amounts of the liquid diluent into the compressed air

prior to mixing the air with the fuel.

24. The method of claim 20, wherein, prior to mixing the compressed air with the fuel,
the compressed air is heated by passing it through a heat exchanger (63) to expose it to

heat from the combustion chamber (25).

25. The method of claim 18, wherein, prior to mixing the compressed air with the fuel,
the compressed air is heated by passing it through a heat exchanger (63) to expose it to

heat from the combustion chamber (25).

26. The method of claim 18, wherein the combustion chamber effluent contains less

than 3 ppm No,.

27. The method of claim 26 wherein the combustion chamber effluent contains less

than 3 ppm CO.

28. The method of claim 18, further characterized in that the liquid supply means (201)
is operated to inject selectable amounts of the liquid diluent into the combustion

chamber (25) at multiple locations downstream from all of the burner zones.
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e tota 1ty of compressed air

delivered to the combustion chamber (25) is selected so that at least about 90% of the

oxygen in the available air is consumed when it is burned with the fuel.

30. The method according to claim 18, characterized in that the total quantity of

compressed air and fuel delivered to the combustion chamber (25) is selected to

maintain a constant fuel to air ratio;

31. A method of operating an energy conversion system including

a)

b)

d)

¢)

a combustion chamber (25) in which a combustion process takes place
and produces a combustion chamber effluent,

fuel supply means for delivering fuel to the combustion chamber;

air supply means for delivering compressed air to the combustion
chamber, the air and fuel being mixed in the combustion chamber,

liquid supply means (201) for delivering a non-flammable thermal liquid
diluent for incorporation into the combustion chamber effluent thereby to
control the temperature thereof, and

a controller (100) for the fuel, air and liquid supply means,

the method being characterized by the steps of:

i)

ii)

providing the compressed air at an elevated pressure, and at a
sufficiently high temprature to ignite the fuel in the combustion chamber
(25);

delivering a controlled quantity of fuel to the combustion chamber (25);
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the combustion chamber (25);
iv) delivering a selectable quantity of compressed air to at least one location
in the combustion chamber (25); and
5 V) operating the controller to independently adjust the quantity, pressure
and temperature of the compressed air, the fuel and the liquid diluent so
that so the liquid diluent is transformed into a vapor when it is introduced
into the combustion chamber effluent, and the exit temperature of the
combustion chamber effluent is primarily controlled by transfer of heat
10 to the diluent,
whereby the quantity of air delivered to the combustion chamber may be selected so that
a substantial portion of the oxygen in the compressed air is combusted and the
combustion chamber effluent is consequently comprised of a mixture of
unburned compressed air components, fuel combustion products and vapour

15 with a desired low CO and NO, content.

32. The method of claim 31, further characterized in that the liquid supply means (201)
is operated to inject selectable quantities of the liquid diluent into the compressed air
prior to mixing the air with the fuel.

20
33. The method of claim 31, characterized in that the step of delivering compressed air
to the combustion chamber (25) includes delivering about 50% of the available

compressed air to a first burner zone (250) in the combustion chamber (25), thereby
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available compressed air to one or more additional downstream burner zones (252) in

the combustion chamber (25).

34. The method of claim 31, further characterized in that the step of delivering

compressed air to the combustion chamber (25) includes delivering about 50% of the

compressed air to a first burner zone (250) in the combustion chamber (25) thereby

creating a fuel rich flame in the first burner zone (250) , delivering about 25% of the

total available compressed air to the combustion chamber (25) in a second burner zone

located downstream from the first burner zone (250) , delivering about 12.5% of the

total available compressed air to the combustion chamber (25) in a third burner zone

(254) located downstream from the second burner zone (252), and delivering the

remainder of the compressed air to the combustion chamber (25) in a fourth zone (256)

of the burner located downstream from the third zone (254).

35. The method of claim 34, further characterized in that the liquid supply means (201)

is operated to inject selectable quantities of the liquid diluent into the combustion

chamber (25) at multiple locations downstream from the fourth burner zone (256).

36. The method of claim 34, further characterized in that the liquid supply means (201)

is operated to inject selectable quantities of the liquid diluent into the compressed air

prior to mixing the air with the fuel.
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the compressed air is heated by passing it through a heat exchanger (63) to expose it to

heat from the combustion chamber (25).

5  38. The method of claim 31, wherein, prior to mixing the compressed air with the fuel,
the compressed air is heated by passing it through a heat exchanger (63) to expose it to

heat from the combustion chamber (25).

39. The method of claim 31, further characterized in that the liquid supply means (201)
10  is operated to inject selectable quantities of the liquid diluent into the combustion
chamber (25) at multiple locations downstream from the locations at which compressed

air is delivered.

40. The method according to claim 28, characterized in that the total quantity of
15  compressed air delivered to the combustion chamber (25) is selected so that at least
about 90% of the oxygen in the available air is consumed when it is burned with the

fuel.
41. The method according to claim 31, characterized in that the total quantity of
20  compressed air and fuel delivered to the combustion chamber (25) is selected to

maintain a constant fuel to air ratio.

42. An energy conversion system including:
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diluent so that the liquid diluent is transformed into a vapor when it is introduced
into the combustion chamber effluent, and the exit temperature of the
combustion chamber effluent is primarily controlled by heat transfer to the
15 diluent,

whereby the quantity of air delivered to the combustion chamber may be selected so that
a substantial portion of the oxygen in the compressed air is combusted and the
combustion chamber effluent is consequently comprised of a mixture of
unburned compressed air components, fuel combustion products and vapour

20 with a desired low CO and NO, content.
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first burner zone, to deliver about 25% of the total available compressed air to
the combustion chamber in a second burner zone located downstream from the
15 first burner zone, to deliver about 12.5% of the total available compressed air to
the combustion chamber in a third burner zone located downstream from the
second burner zone, and to deliver the remainder of the compressed air to the
combustion chamber in a fourth zone of the burner located downstream from the

third zone.

20
46.  The energy conversion system of claim 45, further characterised in that the

liquid supply means is operated to deliver a selectable quantity of the liquid
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53 The energy conversion system of claim 42 characterized in that it includes a fuel

igniter for igniting the mixture of fuel and air.

54. An energy conversion system according to claim 42, characterized in that:
10 the combustion chamber (25) is comprised of a first tube (202) and
the air supply means is comprised of:
a first air feed mechanism for delivering air to a first location in the combustion
chamber; and
a second air feed mechanism for delivering air to a second location downstream
15 of first location;
and further characterized in that it includes
a heat exchanger (204, 208) is comprised of a second tube (206) concentric with, and
spaced outwardly from the first tube,
the interior of the first tube comprising the combustion chamber (25), and
20  the space (204) between the first and second tubes comprising a channel through which
the compressed air passes to the first and second air feed mechanisms (236,

232).
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5 the space (208) between the second and third tubes (202, 210) forming a second
channel;

the upstream end (230) of the second channel being connected to a coupler (240) for
receiving compressed air from the air supply means,

the downstream end of the second channel being connected to the upstream end of the

10 first channel,

the downstream end of the first channel being connected to the first and second air feed
mechanisms (236, 232),

the first and second channels comprising the path through which the compressed air
travels from the coupler (240) to the first and second air feed mechanisms (236,

15 232).

56. An energy conversion system according to claim 55, characterized in that the
liquid supply means (201) includes at least one injector (201) for delivering
liquid diluent into the downstream end of the first channel.

20
57. An energy conversion system according to claim 42, in which the liquid diluent is

non-potable water, and further characterized in that it includes a collector (80) for
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60, An energy conversion system according to claim 42, characterized in that
combustion chamber temperature controller and the air supply means are
operable to deliver the liquid diluent and the air in such quantities that at least

15 about 90% of the oxygen in the air can be consumed when burned with the fuel

while maintaining a desired effluent temperature.
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61. A power generating system comprising
a) a combustion chamber,
b) a work engine coupled to the combustion chamber,
c) fuel supply means for delivering fuel to the combustion
chamber,
d) air supply means for delivering compressed air at an

elevated temperature and at a constant pressure to the combustion
chamber the amount of air being chosen so that at least about 90%
of the oxygen in the air is consumed when burned with the fuel, the
fuel and air being mixed in the combustion chamber,

e) control means to vary the quantity of air supplied to the
combustion chamber and to adjust the amount of fuel supplied to the
combustion chamber so that the fuel to air ratio remains constant,

f) a fuel igniter for igniting the mixture of fuel and air to
produce a combustion vapor stream,

g) liquid supply means for delivering superheated non-
flammable liquid under pressure to the combustion chamber, the
liquid being converted substantially instantaneously upon entering the
combustion chamber to a vapor, the delivery and formation of vapor
creating turbulence and mixing in the combustion chamber resu_lting
in a working fluid composed of vapor, combustion products and non-
flammable materials in the air and fuel, said working fluid being
delivered to the work engine,

h) a combustion chamber temperature controller, said

controller delivering the superheated non-flammable liquid to the

' combustion chamber in quantities sufficient to maintain the tempera-

ture of the working fiuid at a desired level, substantially all of the

control of the temperature in the combustion chamber being derived

@
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feed temperature to the desired temperature for delivery to the

35 combustion chamber.

1 62. The process of claim 6l also including the step of delivering
2 additional non-flammable liquid to the compressed air prior to introduction

of the compressed air into the combustion chamber.

63. The process of claim 6lwherein the compressed air is mixed
with the fuel in at least two stages such that a portion of the air is mixed

with the fuel, the fuel is ignited and then the remainder of the air is added

A w0 N -

to the fuel at a point downstream of the fuel igniter.

64, The process of claim 63 wherein about 50% of the compressed
air is mixed with the fuel in a first zone of a burner at one end of the
combustion chamber, said mixture of air and fuel is ignited to produce a fuel
rich flame, about 25% of the air is added to fuel rich flame in a second zone
of the burner located down stream from the first zone, about 12.5% of the
air is added to the flame in a third zone of the burner located down stream

from the second zone, and the remainder of the air is added to the flame in

0 N O O A N -

a fourth zone of the burner located down stream from the third zone.
1 65. 1he process of claim a4 wherein controlled amounts of the non-
2 flammable are injected into the combustion chamber at multiple locations in

the combustion chamber downstream from the fourth zone of the burner.
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, 3 chamber by passing said compressed air through a channel external to the
4 combustion chamber, at least one wall of the channe! being an outer wall of

5 the combustion chamber.

1 69. The process of claimes wherein the working fluid exiting the

2 work engine contains less than 3 ppm NO,.

70. The process of claim g8 wherein the working fluid exiting the

2 work engine contains less than 3 ppm CO.

1 71. The process of claim g8 wherein the working fluid exiting the

2 work engine contains less than 3ppm CO and less than 3ppm NO,.

1 72. A power generating system comprising
a) a combustion chamber,
b) fuel supply means for delivering fuel to the combustion

4 chamber,
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6 - elevated temperature and at a constant pressure to the combustion
7 chamber the amount of air being chosen so that at least about 90%
8 of the oxygen in the air is consumed when burned with the fuel, the
9 fuel and air being mixed in the combustion chamber,
10 d) control means to vary the quantity of air supplied to the
11 combustion chamber and to adjust the amount of fuel supplied to the
12 combustion chamber so that the fue!l to air ratio remains constant,
13 e) a fuel igniter for igniting the mixture of fuel and air to
14 ) .proauce a combustion vapor stream,
15 f) liquid supply means for delivering superneated water
16 under pressure to the combustion chamber, the water being con-
17 verted substantially instantaneously upon entering the combustion
18 chamber to steam, the delivery and formation of steam creating
19 turbulence and mixing in the combustion chamber resulting in a
20 working fluid composed of steam, combustion products and non-
21 flammable materials in the air and fuel, said working fluid being a
22 high temperature steam stream deliverable to an external piece of
23 equipment at a controlled pressure required by that external piece of
24 equipment,
25 g) a combustion chamber temperature controller, said
26 controller delivering the superheated water to the combustion cham-
27 ber in quantities sufficient to maintain the temperature of the working
28 fluid at a desired level, substantially all of the control of the tempera-
29 ture in the combustion chamber being derived from the latent heat of
30 vaporization of the water introduced into the combustion chamber,
31 and
32 h) heat exchanging means for transferring heat from the

33 working fluid exiting the work engine to the water, said heat elevat-
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ing the temperature of the water from a feed temperature to the

desired temperature for delivery to the combustion chamber.

73. The power generating system of claim 72 wherein the water is
non-potable water and the process further includes the collection of inor-
ganic materials dissolved in the non-potable water in the combustion
chamber and the conversion of the inorganic materials to a solid form and
the combustion of organic materials dissolved therein or carried there with.
74. The power generating system of claim 72 further including at
least one heat transfer means positioned external and circumferential to the
combustion chamber and extending along a substantial portion of the
length of the combustion chamber such that the compressed air flows over
external surfaces of the combustion chamber prior to entering the combus-
tion chamber, the temperature of the compressed air being elevated by heat

radiated from said external surfaces.

75. The power generating system of claim 72 wherein the heat

transfer means comprises at least two contiguous circumferential chambers.

76 . The power generating system of claim 72 also including the
means for delivering additional water to the compressed air prior to intro-

duction of the compressed air into the combustion chamber.



