;e3e} tnh6T gWD 99/46484 1 PCTNS99/ 05271 1 3 DEC 2002 HI GH EFFI Cl ENCY LOW
_PCOLLUTION ' HYBRI D BRAYTON CYCLE COMBUSTCR *, ~~6s* BACKGROUND Thi s

appl i cati onwo s/g4gaont i nuation-in-part of U S. Applicati on PEEVUSaY/ 051

08/ 232,047 filed April 26, 1994 now U. S. Patent 5,743,080 ist$3epe ol 28,
.1998 which is the U S. National Stage of PCT/US93/10280 filed 5 October 27,
1993 and a continuation-in-patent of U S. 1Patent 5, 617 719 fi I ed Gctober

27, 1992 all of which are incorporated by reference ntion herein
constitutes the new natter nUlG'dlﬁfﬂGJgé@\f hoy\éP@LpUTd)@Nappl | cat Jmmummmmlumn

patents. FIELD OF THE | NVE is dir

vapor-air steam engi ne whic %%ég?gw ﬁ§§ﬂkp¢§@g§}re d utilizes *&6166*
wor ki ng fluid consisting of a m xture of fuel conbustion products and steam
with a mninml anmount of excess conpressed air. The invention is further
directed to processes for producing electrical energy, usable shaft

hor sepower and/or |arge quantities in a fuel burning system at
hi gh efficiency and | ow specific fu%@\q on, while generating

i nsigni ficant anpuTtiis apblieatior israveoritidugyidintintpart 6f UNEXApERLatiparSdriziliNg. es)
unbur ned fuaﬁli% The invention is still further directed to the production

of potabl e 8/123ghPHé Ties évpiil 28g 1% PeWIS. Fasrt 9i/tH3cY8O puediARY t he

envi r onmment 8s [ I 0 ing the
Flel  consumpt ! SBRHERR R L ST AN ek ol R s LOR8E MR o nes
are genera| yOcﬂmsi2f7,e1c99£3amdl Blmtinaagbaivi-patEng o LhS. Catesitene 1 prissur e.
Oto cycle en eso erate expl oding volatile fuel in,a constant vol une
of conpresse 3 %g égé? %‘y‘&fl which g igegrrgraiad PyPEiorerdd/ 68871 1 3 EC
2002 engi nes .hum.éﬁlﬁlaré.mcangmqtéé fif Hé’\?ilrﬁa téhﬁ H5AbBEH REsAg pRRPT OXi mat el y
characterized as constant pressure. Exter na ustion engines are
exenplified Bppditenonsrgd pasgntst eam t ur bi nes and gas turbines. It is well
known to supply a gas turbine with a 5 gaseous working fluid generated by
combusting a fuel with conpressed air and to operate various notor devices
from ener gy ) THEINY b\pr essure gaseous stream In these devices,

. tenperature control 1s usually the result of feeding |arge quantities of
excess cokfpressed Hie prelsent mvantion kndinected tbua verdfondir $tnam @rmimﬁ)whidnd

exhaust the conbus 1% roduct |Jl1to rkk n 8 (tar ar, .cha r)
Somet; res. i (qPRes: 4% Bl PeRrsGre Bl e, A oy g e e Bhe A AR L
may al so be dfamsl cf)ﬂn@dst’ﬁn XS RIS lan8 WTBAHRIWRR a8RfHiMaSamount of excess

compressed 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 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.

Cc OUND OF THE IN TION
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

I
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Some ot her devi ces have been proposed in which conbustion chanbers are
cool ed by addition of water or steam provided either internally 15 or

- external | wo dbiskdslk anot her form of apparatus has been propayaddeserioper a
tion on fuel injected into a conbustion cylinder as the tenperature falls,
having means to termnate fuel injection when the pressure Ir&#ERed2
“desired value. Each of these prior engirks has encountered difficulties
which [imt 20 their general adoption as a power source for the operation
of prime nowenginespwnduehissa miditied ayele ethettawrainigdeaing laeproximmatélyy of such
an engi ne to, neet suqojlfrjen de%ng and/or to maintain a constant working
tenperaturec&ariﬁlgréé 250 9 Béeﬁsg{fui red for efficient operation of such
an engi ne. Furt hexgahel cafbBlswdn ehginbs Breem@IFidisy BeRim iongidest stddm and
the 25 ability of the gas generator to maintain itself in standby condition
has been whdHrBingmankgaaiterbings. altlis predictrioven tappppled aaytwdincowithgar at i ons

rocul tad § n Geaeeud prtfRb il BGRaRREA bTIARRRS o fue) WirlBRCatsanslst ° "0

previously igmdefoesperate vaHdisbteroddvitdsi fedmeain@rg\estorad i hkispHigis ent

i nvention overcones the limtations of the prior art described above First,
the requir ePEPISUSE JREPQHS SRRt dNdheesdeyses damperguoD casuglisysually

PCT/ US99/ 05 Eﬁg Al r r iguid cooling is

el i m nat ed é)z/élréﬁ@c I nge%q)\/\'g% Iéa‘?é%?'}?’ggtt'ﬁéys ? n%’&c%kgogglr{%%%%%ﬂ chanber to
control the tenpériataisekodwhhe taaurlbiing vedrkbérdarid exitbustfran codimrs-i S
injected it is converted instantaneously into steamin the conbustion
chanber ,1Qndion PIeELEIFEt R acHRikIME AYlinster oRehamMBeF GamEmas dvith &8 f | t hus
increasing t - V, of ' f i | ical
conpr essi oan%ﬁ@ﬁéf g?%geﬂ%?ﬁ\?gr?tfitvg%,ey\?ng{ee%gjridgﬁkg%m{\}r]%gboﬁ%H%Qa)
conbusti on fflednss éxeamres abritisibnodvginest i on chanber tenperature profile by
liquid water injection and c) fuel to air ratio allows the physical
properties of th&°MP ABIKiARY e NayeRFepLrepeIas iPednicdr cHNBUSET i ci ency
operati on. %ﬁglf-\‘ﬁﬂe?ga%r c@élbmbgaédd?@or%f:@/Sa%?raérrstegp'nuﬁrfolv'id’@dt LingerliRfernaily
availability of excess oxygen, and controlling the flanme tenperature and
conbust 45 t emeatearhallye Stidfano¢herd ompsfeappat stut hasfeenmgiropnsed fMdperand
favors the conpl ete caonversion of hurnjng f,ugl to COz, m nim 3i Eg CO
producti on. UP8 &h edl’@g‘_étrﬁd IR 8 ROMRISHPE FYipTer %?%Tegﬂp?ﬁaé‘é@ FeSratios as
a way of | NHEGRY MPakd to SoPNANtLRRI HHESRAOWREN Whe bessiupitdam@eus! v | owering
specific fuel consunption ("SFC'). en water is injected and converted

i nto steam idestréd velwebust i on chanber of the present invention, it acquires
t he pressure of the c ustion chanber. It shoul .noted that .the
pressure 20 of t 5°28£6n8§5ﬁ Brhorcm%srﬁ?%e%%mt?rg‘%ﬁ"i"ﬂ’ée%f”& ,'W%specti ve
of the DOESIHER geAblaPa@bplidle a8RUbd\Rer ddliEe 16 THeWRratibs o Writnd Aldvargan be
obtai ned in the engine without expending additional work for performning
conpr essi on Aropnashesst difficwiiesvhes been tha inabilitBef suske apfendiee tojeeati on of

i t f { i { t i i .t i dt
Conpr oss. 28 SHEe’ gePBhiandlet AR BRRC AbiSEnb Ko kinoeaRasdwlg of °Cy i cal 1y
used in pri @redure 2Y¥ Th&Be rOfuUIFQPdrNSficiEAE oSbratibR i RIEHOAn BRGiRe! €qui r enent

results in an enornous energy savings to the systemand a significant
i ncrease, w t houtfFugthdtmoewnglontrehefigpeh engioes haelbeenrinefiisieniapndshe shaft

hor sepo i thout .j ncreasing. turbine speed.,, 30 Water infection,, as taught
' the. pPos ERUILY 5 hF 268 SesPaUPHER MAAP s usien Bk VR APPSR art.
First, a m Rin@ly iﬂﬁﬂé%iat@f |AGHI draefi@dl ap¥REk eh§ine AORTIQArARAE the require-
PCT/ US99/ 05271 1 3 DEC 2002 4 required to preSsurize water above the
conbusti on Ehentbier copbng the confinisgeuats of wet work sylindans Sagresultashin wor k
ggﬁ;[)ugte i gﬁpiﬂ%ﬁgfeéeiciﬁgz%i ef? n%tm aerrnotf%tﬁerp éigas vuarn a&é)sogreevti&%tly mchetrgr?t
in internal combustion engines.
30 The present invention overcomes the limitations of the prior art

described apove. First, the requirement of large amounts of excess com-



excess air requires additional work be expended to raise the feed air to 5
hi gher pressures to produce additional working fluid mass. Furthernore,
“when wat eryd §o/igdds€Ct €ed and converted to steamin the presgtfuspeention, it
acquires the pressure of the conmbustion chanber w thout addi' i&gl wor K.
_This steam al so has constant entropy and enthal py. - In the Br K802

i nvention excess (waste) heat from conbu8tion is used 10 to convert
injected water to steam thus increasing the working fluid pressure and
mass of the pveskedgirfdruaxdemniat iguil coadihgis elirhinatepbe ssieotingivatacdissctiy r. |1 n
contrast, in a typical Brayton cle Turbjne, 66% - 75% of the nmechanically
conpr essed anfe F@ae@”@%‘)éﬁﬁem% e %PH&LQ’PS‘GB‘FP%B%EIQFFB% resylignGer to

reduce the t&Bﬂ&ﬁfg‘l;ﬂdﬁ& Hindd & HeF 1€l iRoted e 6 [l BRed G bRtanba iR e | Nl et

Tenperature ("TI The steam generated by vapori zation e'injected
wat er can atsteemsin theudsirebustmeisambeér, tahd icbedursés ercogmerTeat ed ther ki ng

fluid and.increase _ the. net horsepower by 15% or re. Therefore, the water
can be s_g%n ‘f’Bﬁg'éQ \ﬂté”cggs Itf’fhhé"ls 'PE’ePﬁF‘él B3SO UIHTA Efeg'i?s‘}"’@m"_agcause it
20 supplies MIigSFithSut rﬁ'ﬁ%ﬁanié@ldcdﬁ-ﬂ@r&)ﬁohp the system resulting in an

i ncreased efficiency of the present system The cycle of the present

i nvention may be lopba myesesitdgeentiarn, indepepdent ¢cantweitadrthe Bhatomtemstiont hat t he

air and wat T8 be exhaugted &ogen% r Becovered and rfecycl ed (cl osed).
Desal i nati orl 3P WaTBE B P CATPYRT CBQ’H BeleM R B8 PL TGOV B r i ¢ power

generation fy@eferanjebabh @Rary fuBsichik fatid Bbws tNEbRYsIBATAIBpeRicB D! tHREr e the
cycle is open as to air but closed as to the desalinated water recovery.

Mari ne pdverwptkimg $luid tribe opitiamizeg pon kigh tef iicignair opdiatign wdtegiuciangdori rri gat i on
wat er cl ean .and recovery. systens. are also, vi.able applications. WO

96/ 46454 PCHTUASRG %45 dr.pbts diBining axpiabiify of eicest aRvas sk

enpl oyed i n doneroflrp ek A¥MleeeMRFSIUE aRBRbIDUSIVH terHERAUSe phoflle afét OS,

trucks, buses, rail |oconotives, marine craft, commter aircraft, general
avi ati on and®reyentsitke. fosumiprRe! OO, THaRd | fan@NThe o et efnvensionbf ect i ves of

this invention._. 0, br o\ de_.a._new, ermpdy. nam ¢ power cycle, which can
operate in éﬁmalagnftug; P%ﬁ?%ﬂ“ﬁmg',ngp%Qtprgg"f%ipé’%es a stoichionetric anmunt
of air agl conbusthe preebntiink/Bniibe afid utfiRedhidrOpRisauiedaties fais@ ®aY, ofc! ean,

pollution free power. It is also an object of this invention to conpletely

control the iReApENgIaffigiency apd hasreRewpOWhIR SiwWtanesssyUSWENngEregHie t he
enpl oyment qaelt%kﬁﬁaérﬁ%n pasic-9f WABRW A& f(sgﬁjlegiecy\@ﬁcﬂ:om%r%%}"fnté he

necessity to ne y conpress excess lon) arr tor cooling. A
further obj etéarofintthe onituestionothansbéraofrifd peesdnit énadritionp pdaersres thead in
relation to a%%ower turbine used in the engine so that a snmaller conpres 15

sor can be ¥ %&f_éhsworfbtrqﬁﬁi@na&ﬂw%t df Shewdinernateg ihebiepreaticeved. A
further 2¢9j ¢ttheicortbSstidAVaHMBL ik ScaBirs® B 1AL Sdark FbddetilbB ot tHE PI ne

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 availabie shaft horsepower without
increasing turbine speed.

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

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



inlet tenperature (TIT) on demand. Another object of this inventionis to
vary the conposition and tenperature of the working fluid on demand. 20 It
“is also an object of this invention to provide sufficient dwell tine of the
reactants in the conbustion chanber to permt stoichionetric conbus tion,
cheni cal Weyeiwggs and tine for conplete reaction and Querpchiusgyosesul ting
“in chemical equilibrium It is also an object of this invention to conbust
and cool the products 25 of conbustion in a manner whi ch?\d DEC @08vent the
formati on of snpg causi ng conponents suc¢h as NOx, unburned fuel, CO
particul ates, CO2 dissociation products, etc. It is also an object of this
i nvention t cgepuioed tie peessoribel wtatenakoust thm canbustionosamber siesaursf. bme pound

of chem cal energy. to one pound of 30 thermal energy. WO 99/ 46484 6
PCTNS00) 052 FEeamINigERoR GystaRt Slasmiaad Waik Sy e e SFOTIHeY FhUask f 1o
operate the QBhi1@ DPMBEURYSHSIE that ©PBhe 8SMBOSHLP cRaRMr StiiitdwidBer ate-with
good thermal efficiency. It is also an object of this invention to provide

a condensi ngEXsedT Bk Sequiras edditional cwerk becexnpnded togejsertheceedrair taecl ai m t he

steam as condensed, 5 I ter...lt . is also,an object of this invention
to provi 05; gﬂggﬁre%Ffﬁuég%gagfg%dg‘%e déﬁ'ﬁ'?{bm M?@%Ofmaéﬂa%%eguﬁgﬁ%?%l e water
as its cool apheihtr i@ ifjeeesy Bd abheervdd & sREmAINDIRT a6kt RivehtiBneltectric
power generation. - It is also an obgect of this invention to Prow de a new

cycl e whi ch aEQuisps e atessureobihs cerabustioroehamier Bithpubadditising! warkng one
noue of engixe ratj v i, Stea cle during a second node of
engi ne operzﬁ? gﬁe%anﬁéfsgmcaosﬁcbqrﬂsg%{tcgﬂéfogida&c{nﬁ@ 3quhi rd node. It is also an

obj ect of this imvewd p@deho inviehvibA@xdess0fDastt PRedtoffotsComblBudhYs Lisedi ne
power generating system such that the power system 15 produces el ectrical

energy a0 a 'graoaveit IBiEFIed WAt TRrtiepmd HUEINSIRASITG ther werkingrfsidpt i on when
conpar ed Wt &lif L %ﬁ& o V8l 4N %rkﬁxgﬁnﬁﬁwﬂﬁbﬂgmce%rhahf‘c% ka@Y@éﬂé.&?'o?
't \{v ve I's" 1 provide a

conmbust ors. I'S al SO an Obj ectl nvention to

conbust or whixebs<ain. e coptrast,iih al tybizaCBrayes Cygdr Doirn6é uel 7696 vif ng
systens replacing 20 currently used conbustors and elimnating the need for
pol | uti on atBe &xgshanicglly seemressest &l iptysedciondibite $he PepdiGis, of OMuPS ng

e r PR GLERS ARSI e Bl o0,
power gdrger atdrbiﬁesstlat Femyderaturgl OiTtles significantly increased usabl e shaft
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 cycle 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.



25 power (net usable power) when conpared with a Brayton cycle system

burni ng an equi val ent anmount of fuel. It is also an object of this
“invention to provide a power generating system which produces el ectrical
ener gy at Il efficiency signifi cantly greater thag 4R WO

.99/ 46484 7%(#%%@8% 05271 1 3 DEC 2002 It is also an obj e?ti ve%t/ooszgr ovi de a
power generating system which burns hydrocarbon fuels in a1ra)|gce{06' ci ent
manner to produce | est green house gases §(C02). It is also an objective to
efficiently provide | arge quantities of steam5 at any tenperature and
pressure desired. Tha @esoitdanste cvh lalsoohLe@pRVRH ak ¥h& ERRddN®fdle phaséd @
present invention, referred to as the VAST cycle, an internal conbustion
engi ne i s dedBepilgeenvimmimentigpte aukes, (eHeks abesaspraik insomatiesy masine or
conpressi ng e [ Lol r . alr having.,a pressure greater than
or equal to si g&g rr‘%%ﬁ%?rggr@rqgﬁggiaﬁanfﬁgébgg'gf%d tenperature. A
conbusti on chanber connected to the conpressor is configured for staged
delivery of conpressed air fromthe conpressor to the conbustion chamnber.
Separ ate fuel ' ntrols are used for injecting fuel and
| i quid wateer resp i i 1 he : i I e wher e
needed. 15 The arm%&tr?t yﬁ%c%%%é\é%e%pg}@%ﬁ%h@& %%%tvéfes?nmj%gg’ttggﬁﬁggyt he

t enper at ur e ofantib@owdrayick] whicRrcaansberdre ip@nndpedf§ od tlpe€d ingddd, that t he
conbustor are each independently controllable. As a result, the average
conbusti on t ERPUIEESRSEA amcmﬁ@e%rereﬁmanapr ayr gnd Fambysts dRal withghgeair

i ndependent | r . . Nj e ntrolled portion of the
conpressed a%éfj(%épgg @Jgk@%s?f-e%?ergbb%%é’ ?ﬂfgﬂﬁéa g%ﬁ\gr%git ed transforns the
injected water inttdsalscapoobjétherd thisanvertet wdcormpletely contaishotemmgder-nt o a
vapor the | atent rpt}eat of vaporization of the water reduces the tenperature

of the cdfbustirP! RABRUEAN MIGR A& OFMSTAT 1BrougnthenRiliRtovaReRiat 'ethe
signi ficant! yagheRbay of wdfberegﬁ?rg%tfqmtegutim%x Qﬁggugésgsﬁtly;%%e'c atiS gty

]
However, the nmass of air he systemis I I cant ﬁy reduced. As
a result, theompsess éxnesof(didwtdnistii ton agelieg.at ed working fluid may be varied

from50%to greater, than 200% qQf mass flows in current systens using,the
sane am)(:mt of fu If”urﬂlfép%ﬂﬁféiog&ﬁﬁr'af’?wrbﬁﬁﬁi"FF’B?I%F“%""WW@ST?UPgd

' consi sting ofn fel&tior 6 @ ffwér anBihk LQ@EWWEh@En#iH@ s3%thdP AWM & offes-
non- oxygen conponents of the conpressed air, Tuel conbustion products and

wat er vapg®r iser caubegisedrandegloimnidiing andfbster morelerationogyniise iaghieved.

PCT/ US99/ Cs?71 1 Z002 mber during conbustion at redet erm ned
conbustion tenper g‘t@%eéﬁ%eccgr?gﬂgisdpv?%f%bﬁsgtﬂﬁe@a StS’fyi ?%’.atrqlﬁtggttg BFature
control is piiie®fdmperBt@¥i(Wed dWdéhand.at ent heat of vaporization and

sensi bl e heat of the water. Any excess is provided only to assure conplete

combustion and onfpothatiakieatl §f thivinvaetor isola vayy thkicomeesition and ui d can
A 'ternat ver seroretudd & PR A ER%ERRrun « Smperature, “high pressure
st eam caobe useditds afet Ay obfeid€ B f aRisiifN éiionOid praviiel surfitlent ldwvdinGeaste
flow, as a heat source for distillation towers or other equipnent which
utilize steald BracepEsdnitan combustioa chgaier ite permisditerishimeirictermbrEsent
I nvention, a'{}lohgghér{w%@:l bonding, and time for complete reaction and quenching,
resulting in chemical equilibrium.
It is also an object of this invention to combust and cool the products
25 of combustion in a manner which will prevent the formation of smog
causing components such as NO,, unburned fuel, CO, particulates, CO,
dissociation products, etc.
It is also an object of this invention to provide a combustion system
with 100% conversion of one pound of chemical energy to one pound of

30 thermal energy.



sparker is used to start the engine. The engine nmay al so be operated either
open or closed cycle; in the latter case, a portion of the working fluid
“exhaust may be recuperated. The flane tenperature and comnmbusti on chanber
tenperature profile are nonitored using tenperature detectors and

_ther nost ameo $9oses4ed t hr oughout the conbustor. Further, a pouyssesyred
feedback control system may be used to nonitor the gaseous 9%@&02&9'[5 of

t he exhaust stream and operating conditions and feed rates cah'b
automatically adjusted to mnimze NOX afd COin the exhaust. Wien the
present invention is used, the conbustion tenperature is reduced by the
conmbust i on cont r dt inREASLsePieekef Higinuensinpttpiapesatepiistansiie RaWetheni cal
reacti on equd,)ck i j i Ki el jcal energy
in the inj e(L:Ht»Jeslé%uéeéIn&(?@eagg%\;gesrﬂ%{ggng&rtf"n e\(‘:\%{r?bwdsngi%dr?l# ﬁ}e{)’%%Leeﬁ#rara “%Eher gy and
t he vapori zati on lofs @iab @n object st gdsiroreasivrzoProlidei £conddnsirgnsdcebat

assi sts nol ecul ar m xi r]g of the fuel and air such that nore conpl ete
conbusti on i'8 O5F$LQ eOR!eGONGERSE: FeRRALS 0 wclamsKiensteamsts endansedxcess
heat energy.pdigoldGiBgrt he tenperature of the working fluid to the maximum
desired operating tenperature of the work engi ne. When the injected water
is transforned it aseamobjectasithie invehtioprtessavidean élbetricqpdwest | on

chanmber, w thout additional rk for conpression and w thout additional
ent ropy or GHRADE SYHETLYNAESEOReRRATEBE AGHBLEE IS Faolamand Prono

991 46484 PCHcks $3948827 dtet a3 PEfproalcdot %@el@Eﬁ%’cﬁgg\?\gt ggnérgfigﬁ.; ions of

gases and conpounds that cause or contribute to tron o
at nospheri ¢ snog ltaisdgisdpnvabjecteofothis neention eaedvidper méw oy ckef 'hiadhency,

reduces the amount of green house.,gases generated per usabl e energy
pr oduced1.6]53 r%lﬁeﬁ‘épg‘%‘ﬂﬁ%ﬁ%ﬂ&f'ga 'ﬁ\ét%ﬁrcé? F”F'E@é’ﬁ?i"ﬁ?ﬁe ef %BQ'%F’C power
i's gener at eGpepatitth, HOVEKErAhI Stedd BYcRUring £ 984 MY mdRRt A Rikad 54 abgi ng

produced as a byproduct of the power or steam generation. I'n a tk{lr
embodi ment dfontand prossebined gyelet during a thiedvrgds.e) t he engine can operate in

three different npdes. VWen.the engine is operated 10 in _excess of a first

pr edet er ni ned r pt |(siaﬁ%q antorb ecﬁi c&fﬁth%bfw’?”%? &7 Rr?ﬁ‘f'gﬁﬁ ?ﬂﬁ“ﬁ?ﬁf"f Y¥fount of

conpr essed awth@ﬁm&u&tiﬁddosvéfegréneﬁfhnﬁﬁgﬁteﬁﬁsmﬁimtﬁwbwws%%@ﬁ- At an
g

interimRPM i.e. between a first and second (Il ow) predeterm ned
rpm t hd Snvapspducssfelectricat poergy atra geeaterdefhisiency amtioeduced speaifisduelir is

d d. ' [ .ed [ 15 bel d
or cdet or m nEd PRRPETena colpspRy ifthe el oBataciy SEctem st 8" DT

hel d const aréntindviledi@aembusedrsconpr essed air conbusted is hel d constant,
excess air being substantially elimnated. The use of this new cycle

resul ts in increlsi§@i$HraahRRIVeRT His Bwentippip Rspwide ageembysgige which

accel eratio i 0 0 S ir at |ow
rpm A nor elagf)}%l 'Ieé? Femﬁﬁ {eor g‘t’@%ﬁﬁé&gf gt%éqeqqifuﬁtlgﬁrﬂ &ggﬁgﬁﬁuﬁéﬁ l%gﬁ‘gobj ects and

advant a@és tcheeat) useltcomeisusterappdieRmindtingha feddSiod Polttiem abitehimt
acconpanyi ng drawi ngs and the followi ng detail ed description. The scope of

the present AHPERNIIRAIAYEREORVRTEH fRPHMSpaFTURANGAYEiPMSh While iapisasted 25
clai ms. BRI 'c:JEe %ﬁfge Y ndTE'EcQ%Wé'r}.tﬁuﬁ!)%r} ekﬁa@stbgtpecalﬁ\sc.i! agram of a
amtur a thap

vapor-air st I ne engine In acc nce w resent ‘i nvention; FIG

2 is a schemati citdsasaanabjectpfetherineshtiomntyipiovide 8Quidis owsr a
cross-sectional viewalong |ine 3-3 of r=ig. 2. WD 99/4648i
PCT/ US99/ 058¢2eradippcystemowhich provides sigrnjfiranthaiicasssd usablepdiafhir st eam
t ur bi ne ogngi i Ver.| I in
o e 2SR LB S AN WA Ll

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%.



FIG 5 is a schematic drawi ng of one enbodi ment of the vapor-air 5 steam
tur bi ne engi ne shown by a block diagramin Figure 4. FIG 6 is a schematic
“drawi ng of a second enbodi ment of a vapor-air steamturbine engine with
pot abl e WP &¥4&&kcovery capabilities incorporating featurBST/HPIRY!
_invention. FIG 7 is a graph showing the effect or pressureg} FI@D n
thermal 10 efficiency for the vapor-air steamturbine engine O |§ure 1.
FIG 8 is a graph showi ng the effect of pressure ratio on specific fuel

consunption for - al. e [ in . Fi . FIG 9 is
a graph show ng Eﬂ% ae%*ogétO%é‘%Ctg}reefgog%ﬁogHr%a??S%g gteﬁ?r%ﬁqug %%\%\%T]‘?'B'Pﬁt he
vapor-air stemns hidficatbanligie ik ndr@usfticibnt dfarnketo dibduedess gRdershow ng

the effect of pressure ratio on net power for the vapor-air steamturbine
engi ne of Fihguse gesepES@ ED DESCRI PTI ON OF THE NVENTI ON A. Basic

-shown schermti cafty 0, 8 PegiNR RO EIBHY BRI R Aba ottBhE of (ne

present isveanangrtendebitard and préssuse aesipessed by conpressor 10 to a
desired pressure resulting in conpressed air 11. In a preferred enbodi nent,
conpressor 10 i s/m2gsysAaace YAt RAB X eMRiAry embpdiment gfEheBiRseREsor, and the
anbi ent air ;5,4d-3:~50 (4)

at nospheres,"ﬁ/;n Io%fe %@Eﬁg élsgtrfeopg\gqg%ycz?'%ﬁ%hgngEWRg&?d’eﬂngé@gté u'%e of the
conpr essed d@escritsgae ndkiscendihe ircdugeses sbmpréssior confyur@dcdonpoassessing at i o of
30:1 the conpressed air tenperature is approximtely 1424 R (964' F). The
fl ow of the? UG K0 SOAMAressed e AEvig @ ATeSPUEIrERte thal ¥ ARUabIG er 27 to

a conbu (P n%ﬁh‘é r el | - i t. NG in the
pr esent q{dr)lvgﬁf?ton, :.hzésgoérggfﬁei\ge E’z‘;{ié? 1 ?dité'mégﬁg ie'eofAi%(rzl) a WO 991 46484
11 PCTI US99kbébet chnrec3eg ECQ 16D nwtragedt, is contiguafedrfenistajednaeiivery by ai r
flow control 27 to the conmbustor 200 shown in Fig. .2 and nore full

descri bed b&PBRTSSAeE 2t HOEY 1e80mHISIG 18 the SPMNSIER AOAGYPRT n §eRRAEAte

linting' offuacaﬁauﬁagdi@nn+é@imeeahﬁ5e 4k REB bR MgULeS ind NGGoRatd, the
conbusti on chanber 25. The normally high peak tenperatures are reduced

whil e still regpestiveliyrigta thee sambustiomichambeyygs oeeged afid evharaemeededbust i on.
Fuel 31.i.s injected under pressure by fuel injection control 30. Fuel

nj ecti AR cOREATOTYE o S RESReY Al srEir Pl dgp e heriegReraure.
injection copif®injdétedSester ANHNBeHRSEHM injdRAlIhAMHAELRBASHos ardbagh Seri es
of conven 10 tional single or nmultiple fuel feed nozzles. A pressurized

fuel suppl yindesendemivhgontelliaBled Aoa sesitt Yhe avarageRphustion teenpengture
conventi onal rQcar,bon_ fuyel ch_as dj ese] fuel #2 eating.oil,
preferably 50??‘48? ?‘f'%ét&a'(/\éq [° Fﬁ%%ﬁ °8P|a?s°p"P% 8?“&%{?& gpn éagﬁdr']gy%%l i ne and
al cohol s sughe@tedgLbedd a dohitiel pBriom8f RhEEEPPdR el isSateRcMphdteal | ons
because it includes or can be mxed with 15 at [east sone water which may

be used2Qor 2aaddh¢ Mgatepnrratschirapsioammstthe injeated watasiint & NeppeqWhement for
| njected wapgs rnéﬁtéé? v?{tgﬁ?sog'f:}q?{o?ﬁ}e? i’éisoués/%gggﬁgq ﬁée”r}%ﬁnhea't% ,[agérri%]enzé nd

point thus increasrng the a e cli {%h have
t enper at ur esf bied AtS2feduldss @he 4émberdtliecst 8¢ ¢uIfBUstINEgSdds @ity Bie a preset

but adj ustabl e
combustor. An amount of water significantly greater than the weight of the
combusted fuel is used. However, the mass of air feed to the system is
25 significantly reduced. As a result, the mass flow of combustion generated

working fluid may be varied from 50% to greater than 200% of mass flows
in current systems using the same amount of fuel under most operating
conditions.

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



20 rate by a punp controlled by water injection control 40 and nmay be atom
i zed through one or nore nozzles, into the feed air stream downstream of

- conbustion into conbustion chanber 25 or into the flane if desired as

expl ai nedWOUHHE+ bel ow. The tenperature within combust oPCPESI%LYnt rol | ed
by conbustion 25 controller 100 operating in conjunction th ot her
“elenments of the present invention detail gd above ConbustlglrFi 86612082 | er 100
may be a convention aI I y progranmed m croprocessor with supporting digital
| ogi c, a mcrocamp nmoni t oring and

of Peot uat | neHTEOTRY UG $°é§€%%%%\t ?tﬁafpﬁ‘i%ﬂaawn“?ﬂ’gamvbﬁ i R

in the com 30 cha er haust stream b5 ed wor ki
luid 250y G % AR TR nap ERRRLaTH O8)0 ISt RER, bralfied Y
WO 99/ 46484 bthhB(thdSQ&’eﬁMMapoﬂlZStIdDEé)nﬁ&énEEMe treatipf éhe padss uAay Wx’cb‘s@
conmbustor 25 can d noressor 10.in res

variati ons. i opyfRd Phh 18 wREHes e file G TRTIRGN, Ak T FREPERE byites
one i s showgobdimngcl @hig wbrWthﬁlmdcmﬂmﬂlsémrbeZé’oumlwd de dnenpenairer e
information to conbustion control 100 5 which then directs water injection
control 40 twoikngraines#rerasfornung usptiliveprivatAlterastivalivdd. wsrkmgaﬂuuq/
wor ki ng fl ui I usti.on control varying the
m xt ure of ﬂhx?;ﬁ%?h@fe‘?ﬂﬁér‘?&ur@ B%Ué n? e YRS Cﬁgtboeruieg)aog éeé}é é’¥ certain

wel | - known pasaateceiah ih iolfi v alld mwmcv&usémmgué atreat beut@ faeciaptiabiba maxi mum
conbustion tenperature. Forenost anong these considerations is the
maxi mum t ur BPHETS Ar Sther ARRAEDT Which FYiliaghstepmcien operaii®@onmodat ed by any

system To effectuyat eyb?cq%s&;’ggd, Ingg}ﬁntﬂ'é Eéé/fy@bprrkeﬂ;ngﬁtgrqn%ﬂﬁggrol 40

injects water as nee o0 the wor luird the ¢ ustion

t enper at ur e spiatker is acedpd abdre the hgise. e emjiec ey 4150 %tcﬂieraﬂeﬁoélﬁﬁera
substanti al anount of the conbustion flane heat through the | atent heat of
evapor at i on BENUHOSR BYClasin thejlattepaiser taei?PrF'é“ﬁéﬁ%"‘é&rkt%ﬂ'ﬂﬂessur e of

combuSt or 2%pEok: #81dd AR, BLedkle THElndrhl SohBMa DO BABRHBLA0?S: 2

pressure ratio o ater t 1 1s need fectuate
sel f - corrpre&skuambelrgemipemturd—bmﬁzé)am/mbmtareﬂmd@me)‘npgrraltmneodatspmkemdmz can
be used with | ower pressure ratios. As nenti oned above, conbusti on

control | er FORFMeRIaFRIRGBIRG (rRUShi I tHeaRaBRnt of conbusted conpressed
air fromair flow,cqa rePEo%Eautér%lﬂ f'e@ﬂt?%kt ﬂcgwtf:d?@ggfél ﬁ%y BOds¥@aLE"

injection control 40 so as to combust 2 I njected and

subst ant i al Inyomitdr e gdseooxygmpanantshef ﬂ'cenpd'@sxs'esltraam andit oparating 95% of
oxygen in the 8orrpr ess %F S co;gousted | f n 10Q%. of e Zis
conbust ed { RERIGUT: SEiredcts B0 da Sppmatiakb RIPEI @ BT Gblh o

bondi ng and jharc@Gseheeahhest. When 100% of the air is consuned in the
conmbustion process, formng CO2, no oxygen is available 30 to form NO. x The
heat of conbusti dMhen shte presast avestiphds usgecthecconsttusttion temperature is

reduced by the combustion control means so that stoichiometric combus-
tion and chemical reaction equilibrium are achieved in the working fluid. All
chemical energy in the injected fuel is converted during combustion into
thermal energy and the vaporization of water into steam creates cyclonic
turbulence that assists molecular mixing of the fuel and air such that more
complete combustion is effectuated. The injected water absorbs most of the
excess heat energy, reducing the temperature of the working fiuid to the
maximum desired operating temperature of the work engine. When the
injected water is transformed into steam, it assumes the pressure of the
combustion chamber, without additional work for compression and without

additional entropy or enthalpy. The careful controi of combustion tempera-



into steam thus resulting in a working fluid 21 consisting of a m xture of
WO 99146484 13 PCTI US99/ 05271 1 ~3 DEC 2002 conpressed, non-conbusti bl e
“conmponent s of air fuel conbustion products and steam being generated in
the conmbug ég arrber. Pressure ratios fromabout 4:1 tlfcﬁpgy#g 00 1 may
_be supplie y corrpressor 10. TIT tenperatures may vary from SF to 2300F
with the higher limt being 5 dictated by nateri al consﬂctftngtlw. However ,
a higher TIT can be provided if the turbine is fabricated frommaterials,
such as ceramcs or other refrac tort' materials, which can resist higher

t enper at ur egure/oratértsangifoendtthnst PG asds! 3hdecdrip MirtR, thas ceQsploedoheritind
receives the working fluid 21 from conbustion chamber 25 for perform ng
usef ul mrkuy_@tqﬂwc?pra@t'ﬁy of Atanospledc sHwtansy byotirteg fpghe)ineiereed in turn,
drives a Io ri gy 58, or
the air conp g%’%ﬁg‘p e?ﬁc:@ﬁ%ﬁ%@srﬂ?eegrg hfgf\/ r??ﬁt)hﬁo% iesdcaggé s?ﬁfﬁggﬂse of a

turbi ne as pemdbleeﬁgem preducddzd artisans will appreciate that
reci procati ng, Wankel, cam or, other type of work engi nes nay be driven by

the workPng fl ui @ anpthereambedigient af tﬁPé%é?ﬁ”tl'WPéﬁ'Pﬂoﬁ'eCB’é@:Qeﬁ@féﬁi pressure
di fferences RN Ppllég r [ xhaust t he
wor ki ng fl u?%%rxpan%lst‘sn nBR Leggvé%% é%rgl?bglﬁn?%té%@ #E?}eﬂ)}gﬂ ded wor ki ng
fluid 51 i spexuaedtesc bwpreldbam;fttl'reopdmet oﬁ@teatn gerneratign.pr essure, generally
fromO.1 at rmspheresm g gt 1 atm 20 endi n on whether a closed cycle
wi th vacuum punpndt B:E?\m ¢ 'I"éerltsofﬁé‘écf”e?-ﬁ&éﬂ‘/‘éqm Ri Gaw SYRig)dbe pr essur es
are possi bl gnqikXRaHperRB1A threli ﬁEV Rl ne CcéFaé?

and/ or condenslef 62 gr cénderr?m r%g t he s('%ieéasm wqﬁrom%@enegép de? wor ki ng
fluid 510asmv9¢desas>faa fnr«sCquneee;mne64prﬁwo(n eeathabigh AEM)hevazepaisbedbnyor ki ng
fluid 51. The, st eam 25 Cf)ndensed n.condenser exits as potabl e water 65.

Figure 2 sh¥id e SXRERRPT EORPLRFSEF B CUMBHEEE $ Eﬁpkﬁ?ﬂﬁig?b S 8068'"ewhi ch

i ncor por at egrh GRrHARS Oht Enentenmenbwme fsavw&& amrwlrﬁgmem d8&nd an
exhaust end 196. In the enbodi nent shown the conbustor: conprises three
concentric dewi prestetersninad rprobthe 26Rer ROBlel PAD iaridcieabed ssftbe aaeynt30 wat er
and fuel. £ nner t.ub w)e I&ngest. of the tubes, the m ddle tube

506 1 2% he DbexdHigiaiis tecierset s, S RIENS BPREaR A VAR TRER S e WO
99/ 464875 14o HGWTANSEES ngﬂeheaerams&pr@rﬂqn L eawW RPNINE thongtio OF ifjédfeal tube

202, in a particular enbodi nent, has an inner dianmeter of 5 inches and a
wal |t hi cknestergp fazlgb@theld corsient and thp @mnuntef slognpiessas #inchmbiustéd ow

space betwe r .tube 2 ddl ube 206 and the outer
t ube 210 (t%g‘e?cﬂﬁg?s"gp %ﬁc(?mg]gﬁab(?é"% 'itelsia%%]ﬁ't @'Bafé# air flow space 208,
respectively). T usd 6f RS cyd16 rBdulel i@ ihareaseDRorRE W @ Wt IBwdrube 210
each have a hem spheric head 224, 226 connected to the circunference of
each respec@Weﬂ'?thélefréﬁﬁ%F%P@%W apd cenmstion 3 upoiet PelwAste t h t he space
bet wee he ating a flow path, as described bel ow, from
t he EXPEC?I or $%§ﬁgg%8 %‘B’ug’[rg 200, through the space between the outer
tube 210 and m dﬁlnﬁor’ﬁalmn;ﬂ@@ (ridwstundeig & thefihowmispase fdlRer atsidctshen

bet ween the m ddle tube 206 and the inner tube 202 (the inner air flow
space 204) ¥WHadyaiages BW?FéfrwélﬁeC%ﬂ?éPPWgnt frem alcensisiestinn akte 212 of

the inner t to
whi ch are a&agﬁvn@?%gﬂﬁ@%é @OW% rc?egae' ’Hn@é{) ng%ﬁ ptiflet S%%ﬁezner 214
is fornmed bcyfﬁhlar;ﬁesemnﬁe@rttﬁarcustsdnefsm Whhtdaendmmy ihithe dpperd@d 6 bei ng 2
inches jn diameter, the central fire tube 218 being about 3 inches in
di anet e#2 arfd@fMe outer fire tube 220 bei ng about 4 inches in diameter. The
fire tubes 216, 218, 220 are progressively 20 longer in length so that a
straight Iine connecting the internal ends thereof

E RIPTION OF THE DRAWINGS

FIG.1 is a block diagram of a vapor-air steam turbine engine In
accordance with a present invention;
FIG.2 1s a schematic diagram of a preferred combustor;

30 FIG.3 is a cross-sectional view along line 3-3 of Fig. 2.



forma flanme contai nment 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 chanber 228 fornmed between the hem spheric head 224 on

t he ni ddl ewOWBds485 206 and the inlet end of the central t&6&USHP2As shown
in Fig. 3, a second air feed plate 236 with holes 234 thel 8i DECQpRrs the
inlet end of the inner fire tube 216. In sddition, hol es 234 are

di stributed around and t hrough the perip%ery of the outer surface of the

inner fire tube 2 re.i xtends ipnto the ajr f . chanber ,228.
coneral 1751 boat o A€ R bk Bttt ol AkBootldr Stdarh IR RAGRE 538,06 and
the second ajrclddfRdmBhd ford@Bolérimg butdbld WaRetinQitcarTatce Vith theirkkarted to

deliver fuel fromthe exterior of WO 99/ 46484 15 PC TNS99/ 05271 1 3 DEC
2002 the conbyenypPN200 into the inlet end of other inner fire tube 216

AT for combust i o Fedieaterfe drewPEst Pk eltbelmifd R fls. ki -ab e 21

inlets 24§ i gtdahne t@BirR edfing SRBAN By Iaﬁlﬂdclaaﬁgra'l:hen &igurélen flows along 5
the outer air flow space 208 between the m ddl e tube 206 and outer tube 2 i

0 fromthe inlet Bl 615 sehematie diaying eha secandipebedimentipf ayasooairt he
exhaust end &0 .0l i f . t end
196 of tho ontart FEAE s Wi Boddle GucERtecBUEY (JRNRIes ihSBHIRY
It.then fl owsedtbresugfithehieventiver. air fl ow space 204 back to the inlet end

198 10 where the air,_ now further heated l?y radi ant energy fromthe outer
surface of inner G Boparantt sRawingeths; ¢fi4 P asaske ravd ongihermat her

distri bulonefUehighio e UBbERaT e dduldilo shiifie Mgt The ratio of
air flowng Into and through the respective portions o he burner is
defined by the reBiEd@ isvegeaptasholirightehaifas o Ptesdire ratiose dhecificasl As
best shown in Figure 3, the nunber of holes 234 and cross sectional area of

each hol e i sC@MyERRLION ferdhe RO &' GaR BN ReReinesef ignte Rol es 234 in the
second air feed phi g %ﬁ%%&@ﬁ’ﬁ?”ﬁér}iﬁé‘;b?ﬁég%ref’iﬁ‘g,&‘%‘a 6 conprise

50% of the hole area, zone and the holes in
the air feedppivat éorf thediapgridirestepacturbimkeverging dkeFigaren. 20 fire tube 216 and

the inlef_end of e central tube 202 constitutes the renaining 50%
»distri buﬁ 8d so th'ég-ég%so&f gfarPEe" gb‘é‘ﬂ'”&r %fieqtr?ftHEES%Féét'%ﬁ”i’ RH¥EG; r
feed plate oxflthkRAPSRAESOSFBRBINE RAGIHNGH Fiflifeer L ube 216 and the niddle or
central fire tube 218, feeding the seCond fife zone 252, 12.5% of the open

area is through the holes 234 into the space between the 25 nmddle fire
tube 218 andmmmm third fire zone 254, and
the remainin . i the holes 234 into the
space betweep th SonkialBat 2@ B8 d r tube 202, feeding the

fourth fire zone 6. Accordingly, a defined amount of fuel is fed through
the fuel nozzle Referdrginewctd §iG.nt,othereeisf showwn schematically28@as Aurbine

stoichioggtric.ampunt of ajr,.or a slight excess, at.the , desired conbustion
or essur o2 ant HAvEHP oA s ML BEhh e To A IRV BREiS U uTIsaT 8 B8 Dec
2002 t enper agtarhprei8ad byethpleddon 0ol £8bditedObreS IR 1RESHPR ialkbm i f desired,
countercurrent heat exchange with hot gases exiting the conbustor) is fed

into the cl oBredsepaied .280a prateresd embeadisnarir oomipresser @ isra tynical| well-space
208 and the | er ,air_fl.ow space 204 where | i cks. up further he
Foa ated o bRED R of dPee SRS eEMErsish ol ubl SBiet i S 1 ERmR N seg 10w

further to a pressure greater than about four (4) atmospheres, and preferably 10 to

25 30 atmospheres. The temperature of the compressed air depends on the
compression ratio. At a compression ratio of 30:1 the compressed air
temperature is approximately 1424° R (964° F).

The flow of the compressed air 11 is controlled by an air flow
controller 27 to a combustor 25. Combustors are well-known in the art.

30 However, in the present invention, the compressed air 11 is supplied in a



heated air is distributed through the holes so that the fuel is burned with
oxygen in 50% of the air feed which enters the first fire zone 250. As the
“oxygen starved flane enters the second tire zone 252 an additional anount
of oxygemoisn4dsbe next 25% of the air is consuned; |ikeWRGEYSIBRYFEN in the
10 next-12.5 % of the air is consuned by the flane in hhflp(égiwgzone 254
and the oxygen in the remaining 12.5% of the air is corls the fourth
fire zone 256, resulting in full, st oithi onetric combustion enteri ng the
equi libra tion chanber 258. The terrper ature of the flame and corrbustl on

chanmber t ef{ROLdt 8?’6“'1‘?3“5%?'@6””%’ Byoair fleveeontrelotif ko the RS 'e2000r ot her
t enper at ur rey. 2 %%ECH‘ r i ons of
t he tenperg?%r%gqgeﬁn o?%nggﬁéﬁeﬁﬂll—l%weg ar e'ser%{)a‘?/:I?H gefﬁfgib?vggﬁg may be

i n vari ousalthw$ eoenbliingcartd Ionmngmftd:mnbmtoeurtemnhrmmre litamvaltespefa-t he t ubes

as required. In order to,control the tenperature of the f|anme and the
t enper at ur BIrey) Hrovehest; thetcﬁ@%ﬁ'ﬁﬂsq\aﬂ'w)eé%b@e I”PE{UP@V 6}?10t st eam)

i's injest et AN W %dd&@ézvlll‘%?e SO %&.@%&9@%% | e‘%\% et
| ocations. Figures 2 and 3 show sever nozzl es ch are used to
transfer ttrem tlrlzgjcclmhasmnfromthe exterior of the conbustor into the

equilibration c conbust or . best shown i, Fi sever al
sets of water ZQU%EIS |§1e§ ':i'? er[ﬂrﬁéséﬁegﬂyofHA?Wfé’“loé'ncﬁrﬁr%f Egﬁlonbustor
In a pref e.w&@.owrmmmytansatwémﬁ&wh%eﬁneetaﬁw.esnéﬂoa“ﬁbeﬁe@mcuam 274 are

used and each set includes three nozzles 201 with the three nozzles 201
bei ng onl ycantrole3@ uspaumn thisoptesedOinventiomeanicoosisf of ersecieand canveeast two of

t he se beln in a differ Q', of the circunference to cause a m xi ng
f1ow, iﬁd |Sbn?)e§(5 "AU@BEPfte’)?EL%eS\APOZiZE? H%pvﬁsk‘f'ﬁﬁg?‘l‘ iYPBas Y] Eg al ong the
| engt h of éH’tﬁNﬁﬂlél hddar @t suppie AaTbehictddan ¥hiah cbheerm@drzdnmaad&rsa@m to be
radial to the conbus WO 99146484 17 PCTNS99/ 05271 3 DEC 20f2 for inner

tube 202, tusl.cyusiy es diesel fugl Hal bﬁ%@gagl"mwf%blmsuefwr éfre§ el egpd Pilbri um

charter ) ERER TSR, RS FOEPRE R oAOE SRR o B BAEE TS 27,

nor e tangegy Faéfefalmy\rroéorhe appli€stiorisisedals & atiRgiuaBs OF cah bdowiked witheam The
wat er contro in coordination with control valves (not shown) on each

of thelhozal legstzeqmerwetacwfue'ﬁ MY PR ssed forxapling TRMUEAiICPRTPABEE t he anount
and | ocati re ve n s 201 into

t he equil |@p33:;8}r{1}@]® i eraggagﬁgtﬁd#ob rﬁ&?{@ \'D%heé‘ ?@%ﬁ%kh %uorl %%Pspem fic
spots in thixtohahave 2 puchndwdrdrde2ifaep sihtitusdinefdasiglihet d8iitgi to. udénder
normal operating condjtions |ess than all of the nozzl es 201 may be

i nj ecti ng hatendiae "aﬁvnﬁwh!ﬁhdﬂaz/eaqegtpegmm elonedsdtF.one water nozzle 201
for providing e the air
prior to said \éiwra %e{fﬁég rZeac?%ée SSQR&QEU}@ anZg[B?__ Q%U%tagg{%t%@nal nozzl es
may fe2d watebyiapomiphmsntroiied byrwtatérenjeatmnfcbﬁWonatdetﬁéy pRO&ond5 The

ultimate abj ctlv whi ch has be dermnstrat ed by actuyally ogera i on of

t he conmbusiEed through enespr MEFR NP ratuthe fegdaestaRam ARVRET B8R Hanber 258
and the fig JaT-N , t 2200F to
2600F t hus pr%\?entu ﬁggocr"@%’gsﬁ'lgﬁfc’gaaﬁ@y%?n%f%ﬁ?ﬂ%fed??g?ﬁggf NOX whi | e
provi di ng @tp‘lémeddntthetelseldence time at above about 1800F to 20 all ow

conpl ete conversi on of the burning fuel onaII nore wat er
nozzl es may be EH“?%TPIWErW'aBWFg%F?‘EéH\' 48 'ﬂé?l‘?’@ﬂe‘{ byé’(?H" 4N onal wat er

if, f0259xt?dm]'cﬂle'rt1 d@oﬂ&%hﬁ&% tc@nfuﬁ@ﬂoﬁvﬁit’?@fﬂetr‘éré}héﬁsr&tt'ﬂ%r rbS&R a gas
turb| ne or the ultimte objeéctive Is to produce |arge quantltles of high
pressure, lhvgﬂntloreldpead&dm’oevst e@nmbdlstlcsrucdmtrmﬂardrﬁlﬂem,ay\fm aconvetign- rati os
as 25 high s 16 to 1 have been \f\ﬁ %} fecti nﬁ t he flanme
stability 3V @'é’r%?’é‘ﬁ%‘?g’"b%??'&tc&ﬁﬁ%’ w |5|“8F’PP?E‘9f 81‘3' 'HP%é?ctaéB’%’ Y he
conmbust or we} o$%99tcﬁﬁéro%|l3knbgﬂ-l HEvieR$&r HdRitbAk V\i%ﬂé'ef%‘ﬁ@&ﬂﬁf'ts of the
conbustor are hot, isinitially neces sary en starting a cold
conbust or, cqmrquuovedmresmtgrfleedbacisggnklstfmmnmmmare i@atethen theagem-This is
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associated with the other components of the present system.



PCT/L1S99/ 0sz71 1 3 DEC 2002 18 igniter is adequate. The igniter 262 is
typically a spark plug such as is used in high tenperature aircraft

- engi nes. WOWe¥@B4 a gl ow pl ug, resistance heated high tefpEUs¥¥R5&7Inet al rod
or a spark ignited hydrogen flane are also suitable to ingBiBag Quganition.
One skilled in the art will readily idepify 5 alternative igniters. The
“mnultiple tube construction of the conbustor provides a unique benefit
regardi ng the nechani cal, stress a\w)ﬁbi ed a&ross t he central t.ub& 202 during
operation. in the PP MRIPeBreSTHEIMIDIN CUPRURRL 4P SRDYE MEREaRBT IBYHY" 1 i d
in the spacgobtdysBr {06 rBESEnd ey fionk e eRgiHe! f'gbﬁ.at'f'e%éfgt@r@anber 258)
is at elevated tenperatures, possibly as high as 2600F, and pressures from
about 4 at noetghtaresandahgrreastats 268n(oBly enerissghmwvedor Canigylawithin i f a means
were not provigded t ower  the tenperature af the |1 _of inner e 202 or
revent. t heSYRAGFcF SR FimpERREP Telfimatien S agiiryasin carolel it &
pressur esachPich tHd divddts witBe fffle @R 8drithdl L9 08lidje@NSote of Whsdi ge the
material used to construct the tube. However, as 'shown in Fig. 2, the air
exi ting thewetsrprseneested1 0Siemitastys warkingufiwid raass isl apnteqiledeo8mbustiopr essur e
subst anti al th ressure w thin the inner be 202.

Subst ant i al +%ntﬁcﬂg1 és%% "%’?}Q‘é‘gﬁpg rﬁ')%?“gr SOfx“FEi“rllarteﬁgnldnaﬁ%?or%':tjjfls?eldd\?v space 204.
As a resul tgorhbasteemts.al tube 202, with the exception of its 20 exhaust end
196, for alt practical purpose does not have a differential pressure

appl i ed t her et o. TRIEt@F@ certaifewelrkperysp@ctical imaalions whiogeoulate thener air
space 2 conti I jre S of the inner
tube 2020 {ALErEATE I P Ran RG] bR BRbig: SR b B et U e 1 o
than that ofordideratioks rxotHel miadinidraviurtgné iéhenesariaturer(@Tiowhihasdiebe 25 258.
The only tube exposed to the full differential pressure, i.e., the pressure
di f f er ence ¥OOREAdANRE hhaay $xFteHt e dSuaTEqtHatendecdrfhiest HaxMmMatifospheri ¢
pressure, | . 0] i i t perature of the

t hree tubesﬁgﬁ%qf’%%gét"t"gg%é%ﬁe'”g?*%un’taﬁ%t%18%%’36‘{ﬁ°\3ﬁ% Nggﬁﬁtfﬁ}é 2§r essure.
Thi s desi gntol leeegotref {@abustton terkperature witieinaddceptdbi® im0 Ahe irj€ctd@ | ownest

possi bl e tenperature that if r_oamterrgerature conpressed air is feed WO
99/ 4648H° 19VptermisSoth0a sybstantiabemosnbof the epmbusHen diesie bparyewghat a TIT

of 2100F t NhcQuterh Held8t 2l fndrarioh!d] stu%htxbg‘teﬁ%gq{‘isdé‘éﬁféﬁéqof‘& Slelafifiar The
pressure ratio, turbine inlet tenperature) and water 1 nlet tenpera ture can
be varied atherprgssurecbflyomimestap@bi cation in which the VAST cycle is 5 used.
Additionally, t fuel/air ratio is chapnged depending on the type of fuel
used, to assure%’dg'&'HPBrPéttF‘FéuﬁUQ!ﬂcit?‘? o combusier epr PATERRUfE SR Pt ens
using the cgahustAL 11 be LBgE efk f Y ) ressor
and turbi ne&desi gtnsr.]q%c?eggi ng‘fﬁe g??ha?égaﬁ\ﬁﬁ%@ﬁ%%t' 11@?]399{(? e fuel/air
rati o cstever, assandasd ignitoprsppoer i262atan heusad evitn |ovwer poassoreout put . 10
The VAST cycl.e is a conbination of a conpressed air work cycle and a steam
cycle si n_ceraHBFh air and steamare present as a working fluid. Each nekes
up a portion of A?ﬁqén‘%ifoﬂ,le?}%%%E%@mﬁﬁ!ﬁér?@@ tereth@O‘?l%@Béﬂd@ﬁtly' n the

present discussion, It w be understood that the termworking fluid is

i nt ended t ccdnodisidiee eheust @dmogensted edmipressedrgietroed aindtoav contrdl@7s of t he
15 fuel burped. with the oxygen in the inlet conpressed air together with

t he nonburn@SF@J%ﬁtP"c%‘?P&Bqeﬁsa'}iﬂ‘ﬁ'aé?fyn@%@gscog‘g’ﬁgr4 ﬁ%d%f’ﬁ"%ﬁﬁ%ﬁﬁ may be
present25anghetifjeetdd AlNGRE substftialiPRIRIIORE S/ geh iIRRRBWSMMBssddgkt air
conmponents and steam The term "stean refers to water which is injected in

the |iquid At least 86 %bof oxwgsnpe tie acepratsedmir Fheordesstedbdfl ignsabess 20
makes use o e nbjned stea nbust.j.on products. and_ air as a worKking
frura. “a ol 9 Hp SR r snedreEfled RER Sy RERT Ooof GvaLEHE o dorfleBasT oycre
now f ol | owsstoiBhorAkiric SorfIR® A8 Y8 abEelERMBRE SHPH, 1 AENEHAtH airid WO Or three
stage conpressor, 10. The exit conditions at the outlet of conpres 25 sor

10 are cal ceansumedisi thg ¢ambustiappocees aformirg &Y., comprygssiisavaiable he real
diti | d i ffici . of 85% As
cxpl 1 18 BopET M ettt RS B 58 G B S B M Shgh ai

fl1 ow controhtéteam, thus resulting in a working fiuid 21 consisting of a mixture of



The conbustion chanber 25 burns fuel at constant pressure under 30
conditions al so approximati ng constant tenperature burning. The temera
“ture is conpletely controllable since there are independent fuel, air and
WO 991 46484 WO 9@Bi509/ 05271 1 3 DEC 2002 water controls. w?g’@ﬁﬁé%? r
input to the conbustor, after start-up) is at constant pressut®VPVEPhdSe the
“conbination of the air feed at a constant essure and a fixed fuel/air
ratio in conbination with control of the TIT by water injection results in
a constant pressure in the conbustjon chanber. 5 Burni occurs in the
Conbust or i o dPHIPEPSFeoNPBHATEPYSHELE EoBAOBRMS, R altsrfuel CHmBHE BB 8 nd
provides i deal i,z8c1buth e genaaaiéoomﬁthfe%orﬁmgtraneaﬁfgeé}d,%@5&@%@1091‘ air
contam nants in which the Tuel mxture may at first be richer than the

m xture for cofgreabogbAbiute rbayt 4Adit maydie suppliedibwcemideassas 1BurhiTng

ti , this_aj ' dded ¢i i d.t 0_.pur.ni
Fuel and i n anteBeARoGR e oy o APRCFEe 2a00r il thntaties Trutbelery 1 or
conpl et e coBbugidigied(t?y F=REGA]i comeider&icHE URbivelbY, L£Righe? Tim@bwmeee
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that necessary for conplete conbustion of the fuel conponents. te a
st oi chi onet ri cifahetHtbing isfabriealedrommaseridiadsushsas esreades appther setract or ce

I nmb i , f I ' i f
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greater, is injected WyrkehgiheiST,agpically @ontsing, i4Gouplr & &3¢ dcRNeS the

mai ntai ned at a |level to prevent vaporization prior to entering the

conbust or . DueV\tQEk'DEéILH‘iIgﬁI?I frempeembysEen ghambes 28 foppegaumning wsafulework
conmbusti on,gha 20 1 i IS a o] I ed
into st eamIg)ndIgranE)I?e%?r)bV\II I%%I'ﬁg dc%“n%ﬁ???fgﬁeeé(g?g@ #ﬁ%haﬁoﬁﬁﬁ (IIPI'%a% ér hat is
added i nt o t hesgchrhs st gererstoarfite wizioh gepencts @lactriberdegy B8J of tidaine inl et
tenperature (TIT) and the tenperature of the water just prior to injection.
Part of the heSPMPEASSREd®- dNIIENe RsesHNINtn discysaes tP‘Q usgerf acB"Iakﬂese

t he tenperatur f n iAEnL: J: i r
fromthe thr eeggétgj aﬁéﬂggﬁgg'egggépgg%ggtvﬁ@ #ﬁﬁédl%ﬁéﬂggh{}ﬁ%@%gﬁ 'ﬁ\%gItﬁI%I:II( &
conbustion i s us@dortatheonymss bf Woek iengesataydeariventhy gieewarkidgfluel 1 sets
forth severégl sets of oBerati n%_condi tions for a systemusing #2 diesel

a

fuel . For npIeSteEPY PR RECIEI HRENIOR- 30, a pressure ratio 30 of 30/1 ( a
turbine inlet tenpe f o P [ ;

at nosphere and a m?gééqsﬁlﬁtp%g%ggrdﬂfgfrég%? bgg\ggéﬁalrtﬁé Fﬁ@?@gﬁ?yﬁ%é WO
091 46484 21 PCand)898 tirbinel exhaisDRbe2wotking Sluid exgareldi axt ik ghabyesaby ovgrist er

si mul ati on nodel i.n e stemprojects the effjciency of the conpressor
2nd the wor K cRRFIE S55; RS F<PANTPY WarkRa- AN Bt RUbted bY AENSF RETERLy of
92% This resubbedd \}afﬂyﬁ_iﬁg"tﬂésil%ﬁ@@:%ﬂy ®lonf 601 a%o%ﬁ%r@g t8-aBbufN A
efficiency of 0.431. The exanples calculated 5 in Table I of a sinmulated
process andOl i gependimg ohewhethgr radibsed syee withe vaewurntpushp vaopengyciigds
pressure ratio ter inlet, t erature and Turbine Lnlet. Tenper atur TIT)
hel d const ant. I"I;?Vf@a Ioi%veﬁaIﬁ'ﬁEEI)e’éI?EII‘éﬁI REpEAES AT %%‘?’F&II?I' &ﬁgaggh‘:%"{}gq ed.
For exanpl e thgayediss id@ias b dHeldt @x6Rdhdi? 8NERERP Hndéker IERXidEBnteRBIAgat ur e
10 being not greater than the desired TIT. Preferentially, the water
tenpera Lure i thesteammBn dsemdthesxpandag overkingeflyjd &k a8 wellk@s about 50F bel ow
the desired TI Ho [, r L.cal., reason singce the r ki | d
exi ting the tulBoHETEESY.a T SHEEb R anp SR Be Motk Re I & i Eptedth
usual |y heblg t eomderisetianiddndenbers2 eRits ael putableaviter [B50e exit tenperature.

The higher 15 the water tenperature the greater the quantity of water
necessary to reducefigHEe e5ionss A Sehewdberdiearpm eba prefemedt cambisteedlPt i ng

in a greater ngss ?_s}% i t in g(q% r
out put. Likew se ?IIIIenQ% cggrlé %%Fsﬁ&kgﬁﬁéﬁ\}&né&a@@%a%p%s rf'd'f?ﬁ"%ﬁﬁe dat a
tabl e were cal ablexhedsténdi 1967 el erhibodi¥PE shddinstHescdrhiBugtenesmbptiges
accept ed maxi _ ) _
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 shortest tube and the outer tube 210 is of an intermediate



20 mum for turbines which do not utilize high tenperature alloys or hollow
bl ade cooling with either air or steam However, utilization of high

- tenperat urWORdF8# corrosion resistant alloys, high tenpefalUr¥ %tposites,
ceram cs and other materials designed for high tenperaturfed @gér 2002 on, such
as used in turbine jet engines will alloy,operation at 2300F or higher. 25
" Exanples 8-13, 15-31, and 14 illustrate operation at nore el evated tenper

' Show the ol9sRR oifeBREn Ahs & alhpE adfan it it BMRDER. Pag e i r

conpr essi on lifHdr MiarhBeer ff fliHcheb ahad!Giall @hicRkReexbt aPs@SBUl ETHaraligul at ed at
a turbine efficiency and conpressor efficiency of 30&‘820/% is shown in
Oajt

Exanpl es 2, @paikimataty arpflecisich-ainfiawospachdbesveer ©ap e EepiteBei on ratio

on a system wit,h . f 0s i it 48
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t enper at use QD4adrlithebOGter @iraftowtspaadd 208) easpedtivelydt Gthedhle@end o uimed
turbine efficiency of 90% It should be noted that a turbine efficiency of

93% i s cl ai mEUAEY WaP AR PGd dhaorins whaid Gearlt Bav shemisriericigfidnes and
the pover tupBiyng LXPaMIekeP 14 tRe Eircﬁ%%k@éoﬂ-éé&%@s’b?&\ﬁ&%??:ﬁf%r%@r

denonstrate the'effect of increasing air pressure at erent turbine
ef fici enci esclosad mpanpl228, 2 3thcootduds, withetht spbce betivemethatfuibasRdhe f uel

to air ratio_i.s 0.066, ich is the stagjchionmetrjc ratio for #2 diesel
fuel . Wth 1808t FFatinge? Lo BrF acifscriped paoMy ram B8 TPt d Wi nt ai n

st oi chi ongt I p6mbARer 300 ro R Spats ¢ BafReR d anF RS-
Because net hanrg- bur nrs nor ef%@?ci enﬁ% %{ﬁgﬁeeﬁsg{tﬁ? u{elfﬂ),ea%{esgn?dﬁ'la%ﬁégr
pound of ai r tute A6Edtlendyteasiraflows sipece 268$ andttben ibstwedeethe middla tubea m G

r rn N TABLE_1 _VAST CYCLE F/ A =_.0.660. Turb, i t Open cl eCl osed, Cycl e
Ex. Air Conp. zéét‘?’@ﬁneo'.”“@f f‘?b%/@ﬁg)‘ ”P“rP*rf%Y §kece 3%{)@ toHBhHP Eff SFC
HP Eff. bu

214,
SFC110: 18550218001, 0722517. 292. 459517. 292. 459222: 18556618001. 0891582, 328. 40
8534. 301. 445330 1856611BOHELiIneaEDor BES 2025F2h806ner3ahd RODBS5MHBO01. 09985

92. 334. 401544. 307..436550; 18556418001, 01036591. 333. 402543. 306. 438622: 1855951
" 8000. 5978%69'.% 8. 377530 2y, §?§§1%z£311%§%r‘§¥%6€ﬁ E%i@?ﬁ?%%?tﬁ 69%52523‘%6‘?'293.457
85: 190702200060 57206A b3Rfr BRELBA%. 64 AL HAA 1923000 QoReGHAauBaT - 307661

.372.3601015: 19068120000. 51041803 4 52 296691. 389. 344-
with the inner fire tube 216 being 2 inches in diameter, the central fire tube

218 being about 3 inches in diameter and the outer fire tube 220 being
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 deiiver fuel from the extenor of
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SFC112p: 19065020000. 51091816. 460. 291706. 398. 3371225N190621§gq%22;. o
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the outer air flow space 208 between the middle tube 206 and outer tube

210 from the inlet end 198 to the exhaust end 196 where it impinges on
the exhaust end plate 242 which joins, in a leak proof manner, the exhaust
end 196 of the outer tube 210 to the outer surface of the inner tube 202.

It then flows through the inner air flow space 204 back to the inlet end 198
where the air, now further heated by radiant energy from the outer surface
of inner tube 202, enters the air fed chamber 228 for further distribution
through the hoies 234 and into the burner 214.

The ratio of air flowing into and through the respective portions of
the burner is defined by the respective areas of the holes 234 into those
areas. As best shown in Figure 3, the number of holes 234 and cross
sectional area of each hole is chosen, in one preferred embodiment, so that
holes 234 in the second air feed plate 236 and side wall of the inner fire
tube 216 comprise 50% of the hole area, which feeds the first fire zone
250, and the holes in the air feed plate feeding the space between the inner
fire tube 216 and the inlet end of the central tube 202 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
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
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

cms mCr ~n N a~ Turb. ExitQOpen.CycleC osed Cycle Ex.Ar
Conp. RatioTurb. Eff. %120 Tenp FTIT FPress, atnosTurb 1-iP |I~P Eff SFC HP

b3 28822. 46
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into the closed spaced 230. The air flows through the outer air flow space

208 and the inner air flow space 204 where it picks up further heat radiated
from the inner tube 202 once combustion is initiated. This now further
heated air is distributed through the holes so that the fuel is burned with
oxygen in 50% of the air feed which enters the first fire zone 250. As the
oxygen starved flame enters the second fire zone 252 an additional amount
of oxygen in the next 25% of the air is consumed; likewise, oxygen in the
next 12.5% of the air 1s consumed by the flame in the third zone 254 and
the oxygen in the remaining 12.5% of the air is consumed in the fourth fire
zone 2586, resuiting in full, stoichiometric combustion entering the equilibra-
tion chamber 258.

The temperature of the flame and combustion chamber temperature
profile is monitored through thermocouples, or other temperature sensory
260 located throughout the combustor. The locations of the temperature
sensors 260 in Fig. 2 are merely 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 temperature of the flame and the temperature
profile in the combustion chamber liquid water (not steam) is injected
through water nozzies 201 into the combustor at several locations. Figures
2 and 3 show several water nozzles 201 which are used to transfer the
liquid water from the exterior of the combustor into the equilibration cham-
ber 258 of the combustor. As best shown in Fig 2, several sets of water
nozzles 201 are placed along the length of the combustor. In a preferred
embodiment at least three sets of nozzles 270, 272, 274 are used and each
set includes three nozzles 201 with the three nozzles 201 being only in less
than about 180° of the circumference and at least two of the sets being in
a different 180° of the circumference to cause a mixing flow, and possibly
a vortex flow, in the working fluid passing aiong the iength of the equilibra-

tion chamber 258. While the nozzles are shown to be radial to the combus- \
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the TITi. The258@ndtherbieszrnee2®i5035952%4, 258 tomotaiestepdhamahevt y of

i nj ected wat erzz‘o’irﬁfwsz 2 {H A e@é(nth{lfoﬂgghffﬁgn gfﬁﬁﬁ{iﬁé@h% %W@é@é%?u
being |l ess for high superheats, 'but actual marntai ning-a fixed operating
t enper at ure. N whilk prayiging sufficensrdsifence aitaé anhtabbye aboptr $860fF 16 as

required by any desired engine rpm The resulting working fluid m xture
of conbus -Oonagawe%qrnwﬁéeaeq%@f&l&ﬁﬁﬁﬁ@ﬁt@remgarwf(qgez. Asldéens)Ve mPTes cam i s

then passed i jfBepn¥siikd Hﬁy%%@@e@%&ﬁ&@o‘i@ﬁ Lsi’reé‘mtéHQééiFeldaﬁ: g aghined

above) where expansion of the steam- gas m xture takes place. The exit
condi ti ons at tibhel watdraf, fof example it is desired to feed a steam turbine rather then

a gas turbine or the ultimate objective is to produce large quantities of high
pressure, high temperature steam. In such instances, water to fuel ratios as

25 high as 16 to 1 have been demonstrated without effecting the flame
stability or generating pollutants.

While the fuel injected into the combustor will spontaneously ignite
once the internal components of the combustor are hot, it is initially neces-
sary, when starting a cold combustor, to provide a ignition spark to initiate

30 the flame. This is provided by igniter 262 located in the first fire zone 250.

Figure 3 shows two igniters 262. However, it has peen shown that a single



10 wor ki ng engi ne 50 are cal cul ated using isentropic relations and turbine
efficiency. The exhaust gases and steam from work engi ne 50 are then passed
- t hrough an“@gagy_‘gg control 60. Exhaust control 60 includescnaoseanser
where the tenperature is reduced to the saturation tenperature correspond
15 ing to the partial pressure of steamin the exhaust. The $tpggnpgp t he
“turbine exhaust is thus condensed and nay8be punped back into the
conmbusti on chanber 25 by water injection control 40. The remaining
conmbusti on gigiter ds edeqeatepabise riiter Abghisaysiealiy daparic plugr sssoas isheseal t he
pressure is raised back to the %t nos herlﬁ pressu[i if a vacuum was 20
pul | ed on t hé" Bight teFRP{rARIIE RIS HE &0 PWereln agtoWyHEEs RNFIRRED t he at o
sphere. Alte IViShN ¢ Sop@nsdtal Fiod riRhitsd hVH | Farfle SHPeEr heat ed
st eam st reamhggttae'rcli @é uge_ cril rectl y? as W{Iﬁp%fg l?@cogn%gyégy t os&pski |l ed
in the art. hisocauitabde s@arstithte ignitiomr Oserskilledvenhe ert wikesaddylidarifyi al
advant age _25 of the l.atent heat of vaporization of water. Wien water is
i nj ected Pnt 8&MAENYSUSPRYS: chamber , and steamis created, several useful
results occur: ( %pd rhi¥@ipfd QMY GStFRTiontcY MBEPAUsE! pRIVARIUS Bhidue) the
total pressure in the conbustor will be the pressure of the conbustion
chanber as nhemefiti megarnging the aiecheoicpl sigessrapn(id) achessstheaganprat3gie €0i2s
wi t hout mechagni.cal cost, 3 xcept, a small anmpunt. to p in the water at
ressure: (4100 OPBERHN~ M BOP AE2ES ZTOOEMOROYFBRsR SRoYSDES 2pp2
pressure at DidgkingeN@hSnithe @Bbaé NEEhiMith Her TBEH2012Che €QUMBARHNON, except
_ ' the water, with steamat constant entropy and enthal py. The water
conver si 3R t ohambam22iBs s abeleyatdtbtaroperatireorpareddy ps héghubs i2690°R. Bhe
pol lution contral described below 5 B Pollution and Efficigncy Control
Aoy Lype of BITSULEH BT A 7 SOosHndes 5F e Al 23 AERsP RS 1 o form
snog, Whet heGehBrafgifng tnedinsi WekShET plovidednRaciesuer dhé M?Qra%re%ff{lﬁr ent
kKinds. The present invention reduces or elimnates the formation of
polnljut |t on pr swlicatsinnar M%ZQQ_WWW‘CSWSB?Q ﬁdb@leo%@% IfLr@nFEKB?]r,lerigmgﬁﬂ nal
conbusti on epginpes [ofo]0) cyl i nder s.and. heads. have
B RRr R SR alblee SRt Yadt IR e o BRI ORI

boundary Iay% air X

in small
percent ages ebuldrduihagsl tiy eHa16A8InMY ©NEdrisedicluid el hBoeaHSds sidwke. The
present invention avolds conbustion chanber wall . cooling in two distinct

ways to keepin He. Buthe @i @x4Hpgithe ¢empressor HO enters e awtep agfiqvaispaceevel |
both of whi ' il in US. , 641, First,
ot oo oo B8 & BRI STBKBREA Pike Limb o8 1nE BB Dyl IR0 0 P

exterior wal tubef 200nbSist aantisllsthehsihatpressubel skisenwirbrutise inley altifidwn a
smal | space heated above ignition tenperatures. Second) the conbystion
flame is shi 8P#&Ed2@ft HAaierreshii B8 GRNER! 1uRe 20Fhyyith thelxCeRHPT opits

combust| 98, Bl RhAD1982%6 APBRErichioutbbld ABES h: A LAYNEARST all ng on
the present cycle. xt, snmog products are also 1nhibited by operating the
conmbust or 25pmisshrenapplikef theeeltal efpehert, the coapyesseBair Boainy thro@dh anel ot her
prod ucts of partial conmbustion are reduced by high tenperature, bur ng' ng,
prefera inner air space 204 continuously sweeps across the entire outer surface o

the inner tube 202, thus keeping the inner tube outer diameter at a temper-

ature less than that of the working fluid flowing in the equilibration chamber

25 258. The only tube exposed to the full differential pressure, i.e., the

pressure difference between the internal pressure in the combustor and

atmospheric pressure, is the outer tube 210 which is at the lowest tempera-

ture of the three tubes and is most capable of withstanding the differential

pressure. This design is so effective in keeping the outer tube 210 at the

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



25 bly well above 2000F, and by retaining such products for a considerable
dwel | tine after start of burning. At too high a tenperature, however, nore
-nitrous and nitric oxides (NOx) are forned. Accordingly, neither extrenely
hi gh nor wawmasky | ow tenperatures are acceptabl e for reduaispgssnDg
products. The conbustion controller 100 in the present invegtpen gpm WO
991 46484 PCTNS99/ 05271 t 3 ~~ ~ 30 nences burning of the fuel and air at a
controlled | ow tenperature by the staget®burning in the burner 214, then

i ncreasing progressively for a considerable dwell time and then cool s
(after conpteth®pombustes apgratinggdt 2 d1Th op X Fribe owabtitienRi Biis icaly to
tenperature, (Tl T) by .t he . water inject/ 5 tion. Thus, conbustion is
first perforﬂﬁree qcr}? %uerC%H%ISQ r]lc'jre; then sufficient conpressed air is added

to all ow conpl et Bhe préusatd ptionfruibige kel temddiaturs] MdTwated inetcerfph¥ygen
and to cool the gases bel ow about 2500F for about half of the dwell time in

t he conbust t¥A c@RdEarierbas (gauinediby the arprlidatiogiin achirly thel YA T eveledsbur ner |
conmbusti @n r t . . OF i [ .On: ” mai nt ai n
an acceptg abfig&[ﬁe)%ﬁ’é’ﬁg%”éﬁz fohﬁée gPé‘B}P@E‘?hs g" ﬁaeﬁgr{ggﬁgéedeg’g m;qgg{\]ttﬂégg&:lb? hat
assures conmpletteedutNassyrektathiotreeridydaotitss, tmastheedfficenc9dfisygtdmst he
desired TIT. In typical engines, hydrocarbon fuels are often burned in a

m xture wi t HS'80rthg comBysor Gampe increases by use of mgre| efligienh SAMPresHi omet ri ¢
Pr opor ti 0nSahd rdrdirf d&ighe IFERARP R Lir o880 While beaiAMAER rug/gRU! S 11
excess CO and nore corrp?ex products of 1 nconplete con%us i on. T e present

i nvention, aisevaistafirereaule i b ppopartidesl mmcprasgrinsbe wvewsnppltyunf air t hrough
air fl oi/ control 271/ (g_.] utes the caonbustion and further reduces such snog
product $0 Oxi desTd% VIR Tr BYER 9P SOMRIPANIGRPE rcosmRIESS e aikivPr&rcasBR at ur es
as 20 expl ai T al d dilution
of the conblbjg'?%orﬁl&%%dﬂ@%%bgmﬁ?ﬂﬁgggis??%rﬁa g%ﬁ%pﬁs%%ﬁ@?@%'%]é&préeyscbnt
conmbusti on opkke upsa pomipatdfbihe totdl pressyk eleeclopddéh the centbuktel lbuthei ng and

elimnates i nconpl ete conbust,jon products and reduces other. copbustion
product s suerﬁsﬁé?ﬂ'isﬂ‘%sg% 'm'@gg.lﬁ@&ﬁ%}agﬁi@ﬁt et WOrkieg febisa) | ows

burni ng of fherfRMRUSEIRR tF\E%%’é?%%eﬁ'éraﬂe@gmqﬁééwd,ewiamrtﬂrahu%fl 1ihtei e,
after which the products of conbustion and excess air are then cooled to an
accept abbe tehboenadowkthrthetoaygen a the inlethcohpresged @iri together winlyehef 1000F

to 1800F, or even as high as 2300F ,if proper materials .of construction are
used in § he WUREMARS A CHRGONEt S ADAEXRsS FORRPTEEs SOV ICNE B6PY6454
PCT/ US99/ 05grekedt, aindEhud @Rdudds Aot avd bFdticisnof @BAHbUsABn Caribgr Cr eat ed by
maki ng combustion chanber 25 at |east about two to four tines the |ength of
t he bur ni ngcoopensitsand steabustheterohistisem 2% feisaneveter velngh is bpested

desi gned conhust,ion, c er_may be used. A burning,as .described provides
2 rethod of MRt SEREEE Perahagerlinaied e 16 o BRI T

provi di pg amarePLEE &f ¢ EeAbirtll Sleaft)orshiedtibn pradlitis shedierage The VAST
cycle is a |low pol | ution conbustion system because the fuel-air ratio and
fl ame tenpevarking fid control | ed i ndependently. The 10 control of fuel-air
ratio, particul agly. t ynj rn all . i

O A OUl i BRcaBRBR A kb DA A orBledsE I PINOTAP B,
desired) infdwifolioBe TCAiF ILEEApAissHO b coathrByslrocasrizrallyaadwaashon

monoxi de resulting frominconpl ete conbustion. The use of an inert diluent
(wat er) ratW&ee SFHRAe cAMPISEseR t19. cOhe eait esnditienst 8t thet owlet st comRIes- of

ni trogegg15 I [ f I ' t he

i ssoci 281 orftor e REROEFed (9003 TRbisR™ Basidis 1P oBRRRE A0 =80 e Bt o° o
hi gh speci f tendigads afUedicdatedalsing @rcdrhpaiFsosffiighcyi sfe8b whove, reduces the
quantity of diluent required for tenperature control. In the case of oxides
of nitrogen, it AhGHPAINGE FhAved comPresses IneTary CPELUSHPRICNEMEeEi%5

formation r hs true in some systens, allowing themto form
and t hen at té?rtgéi? tﬁgq‘ﬁ]"‘é%g{‘f'ﬁl %th task of renoving them The net result of

all of these facTigd Gomdubtieh chh®bWASE Bk guapsr dresantnstesswrewirtizrr ange of
conditions with negligible pollution | evels, often below the limts of
det ect i 3R feRnditjenHakp FPREOHRATINY RESTT! TeMAasgilie BETHEI ndde $PRAPoscopi ¢

techni ques. y,re 1s completely controilable since there are independent fuel, air and



25 O hers have attenpted to inject small anpbunts of water but they have
done so under conditions not conducive to, or inconpatible with, operation
-at zero pollution resulting in reducing efficiency. Kidd U S. Patent
4,733, 527w§;9¢;6§%#t o the injection of relatively small anogitSs9hsMpter into
t he conbustion chanber at the same tinme as the fuel 30 and gg@ad' tly into
“the flane itself, thus reducing the tenperature of the Vb ! 4
PGINS99/ 05271 1 3 DEC 200 32 flanme in aRQattenpt to reduce NOx formation.
However, Kidd, as well as other persons skilled in the art) have been
unabl e t o obiaten coingrild.i Campreseshdcair orpudfto the cprdustdr, tafwer fsbartabpi, tnanf ,
NOx. The best NOx | evel s th@'& have been denonstrated by others on a
combust or, \HONEERRT RIEESHTGt i CUs: ABRFeMbination of tisAit fees 312 SONBM Ki dd
denonstr at e%r%éﬁ:r@%?ﬁ K RRUE 10811 ract inddribifi AR Wit@é‘&nﬁ&ld&ﬂqeoﬂﬂy NCx

| evel s to no [ess than 30 ppm by adding water 1 n anounts equal to or |ess
t han t he anowater ifje€tienh results\WER cdndiant pressureriaghe tcbertmistioapgiantzert has

tual | trated NO, | I 10 | oy 4 nwth WFR, of 5.57 wh
he. comyribs SHINER OGaHrat {28 FOmEUR i dvRES aigp: (HPHRG ImjooldRn OF foethis s
more fully spldef AigH pRASEMW add pFngdéd fdehiB/BAS FhitgSe M REE For HiftGenti Ch 1 s

the standard exhaust tenperature froma 2 stage conpressor at 30:1, the WR
woul d have ednwig@ahceldleainbphianyinaotsdel whieh thadhell mhgereamayrdtSiret beat er i s
a result of operating a 15 unique conmbustor, at copditi ons which everyone
in the past rﬁﬁgr g'é"i'rhﬂéer g"’l(tr‘l'é"pé&a%?’gpgﬁ?j"%’f‘bﬂlﬁf'%rl’r ?%‘é@égla"l bipg iaf?df"ﬁe art
have said t hgthliRReCoiUeR, kIO airciding abHES Birk@mkdoRfalf) 8RIRRA, theombusti on
flame woul d be extinguished, and the operating efficiency would render the
equi pment0 ubysribp duasanrd Foae @rsBMtorhitbr as awoinkmamg ieqealsGietaraeyntso t he
prior art which 20 qperated to |lgwer the flape tenperature, on a system

al ready usi r?&c?%lsraéﬁqgfrﬁﬂ'ﬁlp e1gcoR QSE'S“QSrﬁt?'SFanEFSEQHr&E,buhﬁﬁ'?i cant
generates a Rbfcl leRdedtptndt! midRs¥hi/For chPItBicOMUstionadtomatiuef air and
then rapidly cools the combustion products to produce the desired exhaust
conposi t i on.coPrpangnits.y Whilkea staiF hiegnesfic miveount ot iairgmiy diedingnoduoed aHe’ocom 25
basti on tem%erature and tBer %Xi§ t@rr%f/)erahure éthg exi.t fromthe conbustor
or turbine PPAFEYS PRRFEP AP UPE® TUMBIELY FARAUATOT ABY PRPWHPS FEGESSPXYIeEN

vapori zatw ofoohcddigratiohectiesirdd.qui d) such as liquid water. The result is
that the fuel) air mxture can be selected so that the nost efficient flane
from t he standpoMhetesfat figtbpasedre, wiighumay be agrhvgiues $ORARPHIcItargatdsr at i on

oo ant aff P uanoeand B Rl 6o TR BTN HERGIREE = &0 1oL e
consi der abl ¢evex ¢e pseiant Vapibricatdn peot eeiiny Ihe @dnfbusdtiCt BuefothBer , prior

art devices, controlled pollutants by limting the flanme tenperature. In
contrast th&iah terRP@atres and IesRasRIESTHIrAIN Sl Cambrstiemichamber €5nithe ure (or
near st @ichk i fe @l -Use . : t staged
flane wech & i gt‘g’kéﬁé%ﬁ'ﬁsgtt?@%%@&if&ﬁ%ﬁ?e‘%?é@i i s,gsf‘gl'ﬁﬁot&%d by
control | ed coonlbusgoarghsesXiTig ahothtof erdversthadis pddetlicits the cohbudéesnr ed
TIT, the conﬁi nati qn grevedgti nﬂ'[t e formation of NOx. Further, one skilled
in the art KABMSSL K JeRRNASRILAIE BeSifFARITDIRL JAIGE ERMBGrausoMel) ang Hitne
depends on : f t j ' tering
tho turbi ne ALE (/o MEwaRd hpEpABRS Riectont art’Bf thfifeat (ficheel 1

ef ficient fldaragitheproochicstihnbyf furebisd dsergtcaraideothehiconperaiuce wif their e of f uel
and air _(generall @bove 2300 _F) and substantially all cooling is provided
by the P&t eff H@'h%’ perlpRtionAfi B ampregssdafidtasp thﬁjt%r@ma%gmhe
conbusti on f4, j ftj1eC e IIE I Xit
tenperature%o t gom})c?a?énghﬁl E'Iﬁg,rbf[n%ﬂﬂ%h%{;lgfng%ﬁ%%ﬁ?%fsdg&ﬁ%c{‘egori\f%rfhe art
gas turbi neshd ir§éftedt watdronto &e@6+) t he amount of water is fromabout 5 to

about 8 tines th i ght of fuel used, depending on the flame tenperature
and the tenperat S-PBFGO? et FrasPuerak aetsiof opfiatieg epnAIHPR? ifAge K S nbust or .

For a speci fifd are Ml - o L ity of
wat er suppl iugd gcg%r%eés%\?aecfse %@%?r&wﬁgﬁpé gﬁggﬂés}éﬁed %?gl' \r/ﬂr?e t he gas
t ur bi ne 3@ | lof @M aseurmna iMegtdryppefaturei &n20H@iMer tunbiea dutlet Prassafe phe

working fluid_ in the 1850 - 2100 .range, efficie &an be jnprov by

usi ng a hi gifer 2HNPSPRAEE 2N PNETS|iNRE ?%p?réé‘frﬁrmir@q %:a'ﬁdf’g'tcgqus ﬁge
construction of state of art turbines. Increasing the mass of the working
fluid 25 entering the turbine while lowering its tenperature by injecting
hi gh vol unmes of water to produce the preferred TIT significantly increases
the efficiency of electrical energy production by the turbine. This is
acconpl i shed by use of applicant's invention wherein the excess air is
substantially elimnated resulting in a hot flanme. Rapid cooling to the

Y — o~ N . Y N Y a - [T



TABLE 3 PRESS RATI O HP30:1 /77030: 11 77030:1 177030:1 177030:1 177030: 1
| 77030:1 /77030:1 |1 770Al R1. 23141. 161. 05861. 15011. 0918l
-, 08331. 21392 A#EHFUELO. 06580. 06550. 06490. 0640. 06610. 0660. HEEL I8HENI F18. 711
7.7116. 3117. 9716. 5216. 4118. 4217. 791 120 . ~ 13 DEC 2002
0. 42180. 4090. 38510. 32330. 43610. 34810. 36%30. 365511 1i 2011l
" FUELG. 416. 265. 935. 056. 605. 275. 575. 66T1 118911937195321031979203218951781EFFI

Cl ENCY- 994. 794. - % : ; : X -
PPNR355757 4650 1 BISE000000RTH e i e Bpobing 15 s stetnrisd e

Al N-r 023211 %¥#iti2hd{| W a6edddipresidrarfdt H24W o ASOnGIAG UG, H 44V AIXPI 05 O ao w
WNONJT WD 99146484 PCTNS99I 0527t ~ 3 D, EC 2A02 36 The exhaust gas
was anal yzedP4pished awrbinrpiiciensyf BE%vi dbis BsUItsrbingy Net hresesavespdt ens)
calibrated fsg n u r pplier.
The Enerac 200%%@?%%@9&%%&0? e {:/'EE!C:) sf%{@t}i ﬁg‘g Ef)H"FA‘)leeés)%'(alEQ)‘r%tt ocat ed
at the TIS podiableohof a silelatedpusiess.and Ilsttsd rdthend dtalrlables shoey tmarl ous

operating par rs and gas co 05|t| on readi ngs. The val iven for
Tlel  ai't AdBSWACLYSENB (e BETARIES PR, SUEiGh MIeTIbrResARue 3BH A B9, he

turbine i nl Shict PSS ALHIrE (Tﬁd)%ld eg,l,é{gﬁg are cal culations of the air/fuel
ratio and water/fuel ratio. The 7 lines on the bottomhalf of Table 3
refl ect val ues méta@dﬂ@dmlaynejo otiher ¢peratiog Zﬁﬁ&tl()hmc,an(ﬁa)vmd cfarbust i bl es)
and cal cul at ed v gﬁs for burni nﬁggffl ci enc and excess air. The

manuf act ur er® 81‘“9?1 EALFSE TPRY 2HLE GNP \E/%FSFHafhet REX PR lREPEFF5EF ency
is artifici aJe.rlg)wobg&aéfaeﬁahemeaeretssreHIwevr ik feratsidly! %h@wa@érdr%hdw 1 which
does not have a-correction in the al gorlthm for measurenent at i ent
t enper at ur e twe isenottinareased dmalemusrdie igeerger titam abaft &D’GFbeld'\hahact ual

val ues of buyni n%.rﬁ |enc rat her .t han being.from 94. 96.4 are cl oser
Lo 100% ThESRERAMAE: (TRNERT" {HcPiratiealdaasaitfe Sincsae otk B NG he
measur ed VakHEsudife MHIGEd™S Redteinealakbs g tm@t.nﬁehw@am Rz henyr ned
fuel s indicate 99-100% combustion efficiency. 20 Dependi ng on operating
conditions ing® @acmtwsabwtnmwobemtmmtmwwmm tembabaunes Tidéghkent abl e

R R A S A R

Wi | e the waéudd tred comblstidrPterhperatleUt that BT, HAS resURINGER o gredtet. 75 25 to
6.88, water to fuel ratios as high as 9.36 were recorded w thout effect ing

the stabl e OPRYSa®f aaseuarflwmgcm%bmemdtmgreaternmwerawtp\soaas Likspriski mat el y
400- 500F. r is the
typi cal te\r/r\yipgélarﬁﬁ%gh;boe Faléet%n&elgte\yaegégco%p%i% ?7 hﬁ'@‘ dgagg lgng\'lép ere exit
pressure) atcalcedstedant AU éqmab T8E0 O UTEiS .§fthe/\@é@éram,eaccedf&i Ue>4648- |
PCTNS99/ 052 %1 1 3 DEC 2p pound of fuel (2 ans_of water per gram of
fuel) i2% eqnwmef@rttwquwam ‘t"hé’of-' uitize f’tﬂﬁ‘p’@ﬂ'&’t%?@r? allevseordaalioved range.

The exhaust bﬂﬁ’ifee t ditions
listed in Table § cﬁ eto V\%nﬁr%ggp@%%lg@’n %’P%Vggﬂt@%ﬁ%ﬁeﬁﬁ@ﬁ‘% s?bl y
observed, weurs sudvpt ebebyion resistartcalioysnhigartenipevatuke n@rnpbsears/abkms noke,
steamor particulate materjal. Aside fromvisual distortion due to the heat

of the exhalRs ard odhen matesials desioned Hrhigh fempetatuiePREraTioR SHPAS t hat

di esel #2 f h n mechani sm
for using he@%diﬁguﬁgfbt%bi}%@cwyafﬁgﬁgﬁu %t eﬁégﬁﬁ’e’“ ﬁﬁ‘?ng fluid

wi t hout 25he ExaefdlécBet®, E‘S-snhaahdr'e:suldstnaioebpenamnradeﬁorteoelqmed aempst-eam t he
heat is transmtted thro&g ?5‘3@{2 I_exchan er to a flagl vaporizer or a

boi | er. The 34¢&st Namedt 2(EPe apf o r%femyp%a«e d gas to the products
of conbustion repLeseilsS (18 FPRa6Ief ErshUW .@fféét%r@hé@lé??\ﬁ ,QffiBEREYCI ng the
gas, the water flas |ng to steam 15 providing a very efficient source of
mass and pr @ssuBEC dydnateating thaner tompresswmeatior eTimndifast 61 mxdubinigi the i n

ternms of tenperature, volupe, and the other factors which cap. be con roll ed
i ndependent F’g"t RIGSSGi (CPIGH!ateH AL At b inaY ?C'e%\éﬁ”%ﬁawr?ﬁs%éﬁf@e”?ﬁ8 t he

combust igen PR A QAR EAtdIEs S0BDUH b OTE.ARAAES 8.1 LR e efidis BF
contam nation t results from nost conmbus?20 t1on processes. Further; the
amount of niatrogepressain @bioeort o sfiystem Nerth iasTISi gfni200Qdmntal yrbise esid. Only\
about 30% as nmuch nitrogen is in the conbusted gases of the conbustion
chanber 25 conpared to a normal air dilution open cycle Brayton engi ne of
any formor nodel because water rather than excess air 25 is used for
cooling and the anmount of air fed to the systemis thus greatly reduced. In
particular, about 1 /3 as nmuch air is fed to the conbustor. As discussed
bel ow this al so significantly reduces the energy expended on conpressing
the feed air. Further, the injected water rapidly expands as it flashes to
steam the 30 vol une |ncrease at 30 at nosphere be| ng greater than 501 .
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in the chanber. Water may be injected into the conbustor in one or nore 5
areas) including: atom zed into intake air before conpressor 10, sprayed
into the c L e ed air stream generated by conpressor 10,~a{g43le484 around
or within YR nozzle or a nultiplicity of fuel nozzles, atomzed into
the conbustion flanme in conbustion chanber 25, or into th8 BEGC2MRti on gases
- at any desired | ocation, or downstreamigo o the conbustion 10 gases prior
to their passage into work engine 50. O her areas of injection can be

readily envi gjdagg@ oo Bhansddphersland i I8 DinldiSteffseraiup @ edolit 805 tie amount
of water injected is based on the tenperature of the conbustion products

and the desi aeelitniZ(Q iuwhes maiauatad atancassumser wrbine gffisienre of PQ%ke It -
cobust or  2ondiE Basiaf T GBI b BT TS ABRRGR I8R5yt em

usi ng the VASTaikBR §ir co®bréssioiphsgial tirbinBe anatthe posvéraeysihe@xpander use in a
not or vehicle) the water is cooled as nuch as possible to obtain a usable

bal ance b®t w#ain-t ot al water used and power output, i.e., if the inlet water

temperature is | oy andel b8, I Dok srdial iy SFALIYRLUIPO HRLEL: fAR20 be

used to reduce t ust1'on tenperature & ot her and, if
a maj or pur ppgeaiopresberesstsivesndifterent furbidectfipiehaleke wat er from pol | uted or
salt water, as discussed below, while generating electrical energy, the

wat er inlet tenpdpaxarpleodithraghy 3l ste el isi gpsels* hasdithe dugliol @ the TI T
s 1owered 25,0 d BBkCaRach AVl ABIAidONPE HRL NG, LOGMAF TSy ShRm Wi th
water injection, a stofchionetric amount or alrr, or-as |gH excess of air,
is fed. The empufitieidfa differdned/d st igrequicsantd shairedrced)chibetioopadied W t h
a system burning the sane quantity of fuel operating according to the
Brayton cycl BonhoE¥gmale 34juses mq}%ﬂ%ﬁ%éﬁa PGP OR99/Besanse MEhPRE 20p2 39
tion, coolin L ded.h i T t equiyes a nuch
smal | er comg%@égﬁb%hégﬁlg?%ﬂﬂng?gﬁé osﬁle) gi/e-(l:-’lhlgs%:/o 'LPS%%‘ g)troglghdd} uazrcgso"r%(ﬁoilgl y, that
portion of témed, eszes gasufie esalvetkrbby atided.t ur bi ne which is used to drive the
conpressor is significantly reduced. For exanple, if about one s third of
the Brayton cycle quantity of the air is used a snmaller conpressor with
about one-third the power requirenents can be used. The energy which would
" have gone to power the larger conpressor is instead now avail abl e as

addi tional energy for supplying the custonmer or run additional equipnent.
10 Exanples 33 - 40 fist cal cul ated values for a power system operating
under the Brayton cycle. This data can be conpared with Exanples 25 - 31
operating tat 1 #l sec air) under the sanme conditions according to the VAST
system Of particular relevance is the significant difference in the
avai |l abl e turbine horsepower, a significant additional anount bei ng

avai lable froma 15 systemoperating with the VAST conbustor. More
specifically, using the fuel requirenents fromthe NACA tables for diesel
#2, the Brayton cycle requires 0.0202 I bs/ sec of diesel #2 for each pound
of air. However, stoichionetric requirenent (no excess air, all fuel and
oxygen consuned) are 0.066 pounds of diesel per pound (0.454 kg) of air. In
20 ot her words, when 0.0202 Ibs of diesel are burned the oxygen in only
0.306 pounds of air are consuned. For equal quantities of fuel, nanely
0.066 | bs of diesel, VAST consunes 1 pound of air while a Brayton cycle
systemutilizes 3.27 pounds of air. However, the VAST conbustor requires

0. 5463 pounds of water when operating at a TIT 2050F for a total mass 25
flowto the turbine of 1.6123 pounds conpared to 3.336 pounds for the
Brayton cycle. Since the power output of the turbine depends on the nass
fed to the turbine, In order for the turbine to generate the sane anount of
energy, the VAST conbustor requires the total nmass to be approxi mately
doubled (2.07 times) increasing all of the feed conponents proportionally
30 and the anount of air to 2.07 pounds. Conparing this to the 3.27 pounds
WO 991 46484 40 PCTNS99/ 05271 1 3 p~~ ~ required with Brayton, 1.2 pounds

|l ess air is required, a conpressor of 63.3% of the size of the Brayton
cycle is used and the energy needed to drive the conpressor to supply the
required air is reduced by 36.7% Diesel #2 rel eases 1936BTU pound when
fully conbusted. It can then be calcu 5 lated that 0.066 pounds of D esel
#2 when conbust ed generates 1808 conbusted horsepower. Exanple 30,
operating at 43.1 %efficiency generates 766hp. While Brayton operates at a
| esser efficiency) assumng it operates at the sanme efficiency, the bal ance
of the combusted horsepower is required to drive the conpressor. Therefore,
the conpressor to deliver 10 3.27 pounds of air require 1042hp or 318. 65hp
per pound of air. There fore, for the. sanme anount of fuel, it can be
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generated to drive the turbine in the same manner as in the past. However,
because additional fuel nmust be burned to consune all the delivered oxygen
“and additional water added to control the tenperature of that additional
burned fuel sOPPEP¥Ht excess mass is generated at the desir BETAS/8587Idr i ve
.a 20 second turbine at |east about 50%in size of the first {@ pEmnegor a
signifi cant anount of additional higher tenperature, high pressure steam
is available for other power applications“’D. O her Enbodi nents O Present

Invention 1 . Power Pl AT TNCTudimg Yatgr rpariiigatijon 25 | n fne|case of

el ectric power generatijon usji ag seﬁwa@ P (483cRilsy watles | & @I | ut ed
ground water or well watgr astp cookank, €hedgy<l|eday: ber ppen cas to

el ectric power, and the Tg./atbr t5-eg—as—Shovwh—H—Hrgufres—4—apd—b—teed wat er
41 , noved by punmp 42, {i& heated ailt= ] E«g;r dhexcjogdemsere 62 and heat
exchanger 63 countercufrgnt tﬁ exi tay g%h %r Wug S0 8b] a3 | 41
PCTNS99105271 1 3 DEC 2042 f{iH-d 51'$nd is f!;i\s-h'--\.céﬁn.rizeé —athe conbust or
25 or 200 as described|aghovdg. By I sLitqg $ he,di grreser pf t he fonmbustion
chanmber the velocity off the \/\&rki g 1 1t o ¢ o aﬁs%begr eguce t@us al | owi ng
easier renoval of watef_bhourin"mmterials!ior Isollute 5 The typlchy
tenperature of operation of {the conpustor_is 1500F_ tjo 2A300F, n salt

wat er or brackish watef is thg feagﬁsgr& tdi stgne'l\qre&' t%'ero\ ;\ygﬁaove t he
mel ting point but signifecantiy belbwIthetbol ity PBai B! | fhe Balts in sea
wat er (85% of sea salt |iS8 NgCT ap aadi qional | 14% 19 cdnposed| or' Myd 2,
MyS04, CaCl 2 and KCl). [Wen [the wat®t Z1| 48heS |[tD |10 |sPdaiB i k! & ksol ved

i norgani ¢ contami nants|rain |oiit ap | IP U d “And? orBantd Contfapishants are
conmbust ed. For exanpl e] SaCimetts T4 73T Fand Hor s ar—2575F, the

ot her salts have |ower [neltijng pol & $ & hiZhes | Bill BrigZpofht & As a
result the nolten salt$ are |r€adi| ¥ coP | el é?l| aP orig [t'he it Com®nal | of the
conbustor and the liquid salts cah beé renoved{by|a gcrdw 15 aksepbly on the
bott om of the conbust ofr, feqlathrougin ah| ext rowle;g an( gi eo ﬁegt can be
formed into rods or pelletsSar sprayqd| i Korondgal ey, RusEhpd pe pressure
in the conbustor @s the driviAg fprce, into a|cooling dhanber| Where the
waste materi al e leposited T ajwaste|colTecttgn qontjal ner BO as

fl akes, powder, Qel lets oj &Gny| desired $ize ol shapg byl 20| se] ection of
the proper spr ﬁ-?o?zl > Higreng onp Q@ ¢ iIQUrad iton. NBe€quse| thie sal t

wat er is expos '&';o<ex1 rerePy %hi gh T eperat 0ot es” il P He [c®nib&st ©n chanber
the salt recover ks sterile and|free of organi¢ mattdr. |Water jon the

order of 6 to 12 Tinmes|fuel eby we @1 61; zcgzd 'nt8 tgé gopystion flane
and vaporized in mlligeconds. Sal© i®$ &% erftédi aeda n the steam
are separated from steam antrthen] @y8 a 1.2 brRdi Bilt Kle® RRW or -
filtered | eaving behi ng—etear—stepmSa Hrectyt renoval

mechani sm 80 can be ac¢om pli ghed| by|any
from conmbusti on chanbef 25, sf@ich ps by & d
auger is sealed so as pot '{/&fﬁ) by pas 20 mcgﬁg es$Upi|zad

rotates and renoves the \ 919/401@4%2{33‘g J%Q/ng QZJ

precipitated salt. As pentioned-apove : tve s oSt t he
esimoiccrllectingto r or
hi ch can tiherl be cug desired

t &t
Dr—ywaste—qorecton
a| numben of m&ll-kno nmeans
itydinal puger. This
O
R

nmolten waste or salt through spray n
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sizes. Astill further|altesh@iveRs R0 @@ BhadmoileR [sB| R rectly
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wor k production by the expanding steam gas m xture,

a condenser
condenses steam 61 resulting in a source of usable potable water

62 10
65. Usi ng

“this open cychwo Bleqaiessure ratios of from10:1 to 50:1 or hipghHalsoRbRELri C

power

may be generated at good efficiencies and specific fue

tg cycle

_Figure 6 shows a second enbodi ment of a unit using the VAST
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i s necessary. This punp, which consunes energy generated by the sys tem
reduces the usable energy and efficiency of the system Elimnation of the
“turbine exit vacuum punp by operating in an environnment with pressures |ess
t hat at nosphwos/4s4seah as at el evations 5 greater than about PRUGITORTEet ,
_increases the usable power output of the system and therefor g %@32@25
fuel consunption. Further, if the water iy the systemis to be"r d,
the anmbient air tenperature can be used tt condense and cool the exiting

gas stream andrsepamate the ywatgr o T ctyngr repgucyg] t he anmount  of
energy used tof recoyes theoheap [ &0 %’- ol le Gener p p and St eant Power
Cogeneration It [s alio c r{%_ol -gdet h% heccoib Sbehnd its control
system along wdh @ i corpressior—fcan-bel-used it hout the power
t urbi ne solely| £r fhe geper atd prodf i @l el red uee} uh| gh pressure steam
the generation| af potabl e &t ¢35 | &r %e@re&ocgy% QpJpbl e i norganic
materials 15 dj ssol V& inl thb uhterl Al telk na i el yl_One br nore gas and/or
steam tur bi nes%i zed to proye sﬁ d@,si{\edmar’rpjwné f5 eloectri cal energy can
be coupled to [the corustiors | o~ ijver| ellestir wocia ey as well a mx of
hi gh tenpera tlure) hﬂi h tlefherdl Pd SleBm B9 5 Is[de™s % mdirectly from
t he conmbustor.| Wil ¢ varijous| empodijment s [of [t he priesent | nventi on have been
20 shown for il lustypdpive &JH%SG%, %heEsc&peﬁofg\pr&ect on of the present
invention is Ilfinitedcwnlyl Fh é%é:dﬁdaﬁqe“w fh the™¥ oM owi hg clains and the
spirit and scopé of [tTheappended—ciial Shogrd— ot b Tmted to the
descrip tion of G helprefer & YerSiloBs RanEdi Beldshebrin.; ~ s nEC zaoz 45
CLAIMS 1. Ap gengr atfi Mg Syst@m ¥gnPrli Sijng:! )| & conbusti on chamnber
(25), s b) a @( engmre it SO)—cpmectgd—tio—tiheconmbust+on chanber; c) fuel
supply neans flor deliyerin@ @&l 9 EHeLdoRuBt)i AN Rhiamber, d) air supply
nmeans for delilveri ng Tonpresséed| &P hdviongognogl eviateed tienperature and at a
constant pressjure to the [conpusiion cHanfjer,[ THe anount lof air being chosen
so that at |eagst about tqg 80Pwof L;,re<,chgem i@itlwel & fr ijs consuned when
burned with the fueg  the Ripl i |ar Bdi Hg BixBd & th'e conbusti on
chanber, e) cantrol=neang to| vafy the jqugntijty {of |afr| supplied to the
conbusti on chgmber—sothat—tieTuet—tg i T constant, f) a
fuel igniter flor,ige ging the mxtdyre )of produce a is
conbusti on vapor‘:-,&;tﬁ}egm gie | wguid |sagpbhy jvering superheated
non-f | ammabl e It—q@iﬂ gnder Opy 851 ¢ Pqg PN anber, the liquid
bei ng convertgd substantifalTly 1 hstantdned i ng the combustion
chamber to a Vapor,sthe del E;er and_flor mat i or creating
turbul ence and nixipg in |t B @MEB3tBInSa g in a working
fluid conposed of viapor, [cRp&1iSn Krio@u ble materials in
the air and fyel—said—warlki-pg—+tHire Qci. t he wor k engi ne,
1 3 DEC 2002 46 w
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h) a conbustion chanber tenperature controller,

t he superheated non-flanmable liquid to the conbusti on chanber
gt to maintain the tenperature of the worddmigodbdshd at a
of the tenperature 1n the

- quantities syf
desired | evel,

gy

antially all

s of the control

said controller delivering

combusti on chanber bei ng derived fromthe latent heat of vad

- the non-flammable |iquid introduced into 2the conbusti on chanber,

in

o DEQit2IgIn of

and i)

heat exchangi ng nmeans for transferring heat formthe working fluid exiting
the work engine to the non-flammble |iquid,
tenperature of the non-flammuable liquid froma feed tenperate to the
desired tenperature for delivery to the conbustlon chanber

sai d heat

io elevating the

char acteri sed

in that the conbustion chanber[ TS ¢€onp 'S&d ¢ |) a T drngr zone
(250) located at the up- streaj;end @b t i g pg§tEbn§$1§§ﬁe$, ii) at
| east one additional burner zdne (P%2) |Iedandddodnisty b ) [t®e first
burner zone and further characf ¢ i get—r—thet—t—+Hettees %&.7*a.first air
feed mechani sm (236) for adnittung{a pjnblqn ob It e Lo a$429 guIabIe
conpressed air into the first [bdrnenrsz qﬁ NAZi VY @SSP i § |f eed
mechani sm (232) for admitting [tfge féfmi ergcggthg gf SP ggi | e
conpressed air into the one orj gore downstiregam hurner gones. 1 3 DEC 2-~2
47 2. A power generating systengacgording |t@ |chadi 1 W ihen gharacterized
in that the first air feed nechani s (238) acnﬁts pgipgﬁﬁqggl 50% of the
total avail able conpressed airfinto The filrstl hifrnelr 2 (250)4and the
second air feed nechanism (232) admts|the remaimning ayail ablie conpressed
air into the s one or nore downstre8m hukrieg |zenes.| & @Naowﬁro enerating
system according to claim1, charaqEéf il zZ&d g# €nal it Bk @bgﬁgé Bon chanber
(25) is further conprised of: f—th-rdhHurrer—zore—(254—apwrg am of the
second burner zone (252); to gnd & founth {buriner| zone [256) dowpstream of
the third burner zone (254); and further charactierifzed|in|that: {the first
air feed mechani sm (236) proviides agpgdxinately 50% of | the totall avail abl e
conpressed air to t#e first burnes pobe ©150) QndolsS he® $e@ 9@ jai r f eed
mechani sm (232) pr @i 25% df thet f at at |avai -gbt—g coppr ¢ssed”air to the
second bur ner ne2§%§ , 12.5%of theltotlal favgil gbl e| co ress?d air to
the third burn z@a® (254) and 12. 5% o¢fotihg |t etlab jaen Icaplcs o
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conpressed air to the fourth burner zone (256). 20 4. A power generating
system according to claim 3, characterized in that the |iquid supply neans
(201 ) includes a plurality of injectors for injecting non-flamuable Iiquid
at nul ti plwolsgeasd ons down stream of the fourth burner zorergg®@p:7t ‘| 3
_DEC 2002 48 5. A power generating systemaccording to clai 4D
characterized in that the liquid supply neans (201 ) incl udes E&[ Bast one
injector for delivering non-flammable 1i4lid to the corrpressed air prior to
i ntroduction thereof into the conbustion chamber (f 5 6. A power
generating syst enfXeRiedihif algo Qalgulated airmtuibiners E@GNFYI of 9%t Aed |3 qui d

supply neanstdrﬁ%%dl)ﬂgk ?%r%wggﬁﬁuﬂe B\l rﬁlshf:x/vl-?%h Ingé 88% él% aE rytpl pﬁté‘n ocat i ons

non- f | anmabl € e ustl on C

downst r eam oparahleterfs dfhﬁ)r‘bufaﬂebllxlQneﬁadléﬁﬁ}bm%ﬁawrﬁ&ﬂdoZ%)use‘tﬂe7ola||‘hd210\/\/er
generating system accor ding to claim®6, characterized in that the liquid
suppl y meansinveoton.)i ncl udes at | east one injector for delivering

O B o st (THhelettled BF AETRRE H CorithfesBioh tauib &rf A Lalle ! Do ST

into the conbustion c enerating system according
to claiml, pérésracdreeicfethel systéras listed rtcdaxaimsles@ heat b2 hat@sr30204, 208);

and a coupl er ocate n upst t he heat exchan 20
connect ed top'f’%@éé%h{:)‘ﬂ@?sso? ?’10? n pg E’”L%%“t&éaﬁ’("éﬁﬂeﬁf’a't?fé'cﬁé‘év gBQchanger
(204, 208) bﬁlsngwsrsr:@nﬁgmscg{dvo@tw%b wﬁgf Eg&#@@sﬁg&ﬁ%t%m dreed

mechani sms (236, 232) to deliver air nbusti on chanber 5) after
it has passed -t hrithegbombestesaf tenohaeﬂgem di2idds fra@8prior ddviBeDECa 2@:5&2:-49 9. A

ower ratin stem accordin characteri zed | n t hat the
|pl qui d sﬂ@pl ?eﬂgéﬁé Resh Fince; el ‘Ugé@“%t l”l'deﬁ‘eﬁsscﬁ'?l%y B eRte YNt veri ng
non- f | anmabl g dg it &egguteh@oﬂ@%%ttéﬁ?ma%% 628&h. Oéoﬁasnh%ﬁp&éﬁna er

(63), s but at a location upstreamof the |ocation at which the corrpressed
air is introuateainedty edrebustidrusontnllerhtddenro(gsconlidlledwrareinjediter at i ng

system accor d' Q%ter lnjec%uon cdntroﬁal{@ﬁ;[ reerslp%ﬁge Itcpte;[mhpz:-rature monitors (thermo-
stats) in combustor 25. Within combustor 25, typical combustion tempera-

15 tures for liquid hydrocarbon fuels reach about 3,000° to 3,800°F 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 injection 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



t he conbustion chanmber (25) is conprised of a first tube (202) and io the
heat exchanger (204, 208) is conprised of a second tube (206) concentric
-with and spaced outwardly fromthe first tube, the interior of the inner

t ube conprwa Ngsishe conbusti on chanber (25), and the spac@CT2a32y0R3et ween
the first and second tubes conprising a channel through WiBEC 292

" conpressed air passes fromthe coupler tgo the first and is second air feed
mechani sms (236, 232). 11. A power generzfti ng system according to claim 8,
characterized in_that: the conbust|on chanber (25) i,s copprised of a first
tube (202), BYRNHRYAT iBlectechy@ter'sghus 99@[”1‘%‘3%%%6%‘? desjrest ©PeigtiRgsecond t ube
(206) concengd. A r I, 1Sk pace
(204) Dot weert Trerdhire, POGIPECRS (it Mibcihals, B nofall chéindiihg & RedPact
DEC 2002 50 apdrhting teoiperdtded)) concentric with and spaced outwardly from

the first and second tupes (202, 20 t he space (208) between the second
and third tubes (‘3’6@2,"""2?’@? RrEFSHrAds Egéte%ma@%»ﬁﬁémpr%@r 19535 eeadieedd (230)
of the segongygh?qﬂghe@%hamquanected to the s coupler (240), the
downstream end of the second channel being connected to the upstream end of

the first channel Theresulting dorkisg fitgmixtdire bf chenblstign gehes\neredotedg
connected to the first ,and,secpn ir_feed nechani sns (236, 232 t he
interior of THEBPPRYYP ‘thﬂS’e“'ceo%r ?@ng“? i e%r‘ﬁ)ﬂm %ﬂ?seaéﬂ@e? VY‘?'L‘i”%nd t he
first and segofife GoaRPSICSINEaNDFLiISe BY ekPRIrR dbdval AHERe eRbERsibASfithe

conpressed air travels fromthe coupler (240) to the first and second air
f eed nechani $ie8m(288s nigRrye takes plagbwdhe gxitesanditinnssatsthermutted @fdi ng to

laim 11 h ized § i gquid I 2 .includ
Ceast onbol nRBa B 56kt BhichPes LeblseHtBiR ity 7 hybing o the
downst r eam egfdicRinci/he. first channel. 13. A power generating system

according to claim1, characterized in that the non-flammble liquid is
non- pot abl e wat erTheapyhaust igeees endstranefionedvork engine 5@ araghenipsssed

ron- pot abi ¢ ke shrHRRRR. fortRy 2, CERn i SolfB] SoThaBdey Blesyehdfr, ™

delivered t owhbe W¥ terehghatige (SBduced 20 INDEGtAREHEN SempdratdresBMdsp@der at i ng
system according to claim13, characterized in that it includes a condenser

(62) forTBolingdeithg restialpressie &t steasmin e axhaysig Fheustgadeini thered to t he
work engi ne I(UTE)&)'IB exhaust is thus condensed and may be 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



s 15. A nethod of operating a power generating systemconprised of: a) a
conbustion chanber (25), b) a work engine (50) connected to the conbustion

- chamber; c¢) fuel supply neans for delivering fuel to the conbust]
chanber, d) a\VP9§’6ﬁ§E‘Fy means for delivering conpressed air h%ﬁ’ﬁ?%&ﬁm
el evated ~o tenperature and at a constant pressure to the conbd BCo200?

~ chanber, the anount of air being chosen sosghat at |east about 90% of the
oxygen in the air is consumed when burned wth the fuel, the fuel and air

being mxed in j : : I
quantity of ai rptrégﬁs;%?:ggg Ho@?ﬁlghggg%ﬁ%ﬁg'%&gﬁéfr?bg‘é%ggér?ﬁg%sty%&é}?ﬁg tto
air ratio renuniths watastwith stéam at fcoektangrentrepyfand erghalpy ngrHeheaterxt ur e of

fuel and air to produce a conbustion vapor stream g) |iquid supply nmeans
for deliveri ng SSOKEIRIILEEABNEIRP SARKHITE FapBnSHoRraRSes prelnelnt thef he

combusti on chamBgiiod REntrbOde<EriBBY MeIAL. converted substantially
i nst ant aneously upon entering the conbustion chanber to a vapor, the

delivery and formati on of vapor creating turbulence and mxing in the
conbusti on a%er esul.ting, i.n,.a workin | uid conposed of vapor,
combusti on 1 onflammabl e materials in the air

and fuel, said workipg #/bbiod BfbUBtidRl teHaS 88l phAucE $ro@iidts SORIcRGealh irfair
conmbustion chanber tenperature controller, said controller delivering the
super heat ed nofte foramsaixig: Whethedint engines or ingwistrizd furnac¢msidough afuantiti es

sufficient to intajp. the te rature of the working fluid at_ a desired

| evel , subst angﬁtﬁrfe& g'ﬂdsbf-'tqeg%%é%ﬁft IngEnen {?Fé’cfﬁﬁﬁgﬁ'g‘ﬂ']_ﬁlgs itﬁe lf?.'rg\atlon
combusti on chagbpbllbebm @rétRicky edsdveran Wags bkbasdedEabwof vapori zation of
the non-flammable Iiquid introduced into the conbustion chanber, and ~o i)

heat exchard§i ng neafisst dntefnahsombusting enginesfanenated evitivckpleg dvlioiddr svdllsi ng

the work engin on-fla e liguid, .said.heat el evaling.the
tenperature of g?igeﬁgﬁ_h%yg%%{ géewlqlg\éﬂi %"%"P&ﬂ’zﬁf‘éﬂa”}"é%%i 3%'Cf%tttﬁe
desi red tenper adsuktin{ Shhalfl pbricéRtageb GftUdEAEPRGdroBarbeRaEhafted turinetHeet hod
bei ng characterised by the steps of: i) conpressing anbient air into

conpressed ai r eWAMsiFteakee| Hvamp@gentinyentionagoigdasopraussianechamberopall at i ng
Dot SuB Yol Bl ARG g PG P ML 6l b
15 a suitable level, both of which are shown in more detail in U.S. Patent No.
3,651,641. First, hot compressed air is made to flow by air fiow control
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 :)f 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 controiler 100 in the present invention com-



iii) delivering a first quantity of conpressed air to a first burner zone
(250) located at the upstream end of the conbustion chanber (25); 1 3 DEC
- Q002 53 iv) debbyfudsng a second quantity conpressed air to agctessbsone
addi ti onal burner zone (252) |ocated downstream of the first 1b31(rﬁer2(ﬁone
(250) and; v) operating the liquid supply neans (201 ) to deliv a
“controlled quantity of s non-flammable |i@8d to the conbusti on chanmber
(25) thereby to control the conbustion tenperature, to conmbust the injected
fuel and a substeanes burning of tme biel tand axyye wontrotiéd iaw rempesatade Ayrthand t o

transformthe injected.liquid jnto g .vapour, and.to generate a working
fluid consi otifgoss B minaaulee Bmer R AR e ndResog aitEre ao T e
conpressed ai r gorididdrabieHWSI tifie FHPENEH 60d16 (afer dHRBIEiIoh bILAR IRRRFbON
chanmber (25) at the desired conmbustion tenperature. 16. The nethod of claim

15 wher ei n t hea pregefised oprapatinhiitingstampgreture UpPi) pyntbansseg oD wvater infgaides
i nj ecti troll f £ le. liagu.d ls.into.tLh
conpressed g1 13N PBoRatbing frefie? P terOE i) AGrd: e iy tigng

cl ai m 15 char agdrapieaset i is Badedb® allow08ompictd combastian ot tReFREIeRRARG ai r i's
mxed with the fuel in the first burner zone (250), thereby creating a fuel
rich flanme in MHEMUM 8f exeasSaxYEEAANDLBDFo0IARE Jases helove RRPHEREPOZEdopo in

ch flame i n w8t eie poldfia dases helo Edozo
one. or mor o adt LRI R Sy FREMERPAR Ahaldich Mgy 2o  aldhihickfioh

cl ai m 15 furt hierdirchay adted itg @fe barddratombugtioh@¥aaibet be upetrpaasbedvateFr 1S
mxed with the fuel in the first burner zone (250) thereby ~ 3 DEC 2002
54 creatindOa NIFSLoRiCORTP| 4REL0i AAViaING 3N 3¢cantphie terpataturspleterabhyiny thet her
characterized j 5 i QRS iy is

added to the cﬂgﬁgt%g’? }agggggggéeg%ﬁé%%&?ﬁ&%@#@ ge\r% bl‘)ﬁ?hgroqzcl)lng%(@gg?%%cat ed

downst r eam f r oporishigefbre Sdolingr toethezderired2Bld) , about 12. 5% of the total
avai lable s conpressed air is added to the conbustion chanber (25) in a
third burner zone (R23¥picRloIRRS diARRE BaAMiHeISAre REteARIBAR i RHBXtYEne
(252), and th i r.es [T fion
Chamber (25) T Foh e oher 1F (G8LECr3Ba0sFhiar SoRfe DRI TL
third zonel1b25zder tdintBeastledfioehbpd Tofis,chavavdrd reduttsan rxches €1Cpndimore

aroUnt s of 1 REEOHEK PRHHESH &F FHGRTOief OB e B B P BRPRHBNBENOR 26)  at
mul tiple | ocatyps, HOppSidseH pid\idad B%rogressive 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 controlied 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 controlier 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.



fourth burner zone (256). ~s 20. The nethod of claim 18 wherein step of
operating the liquid supply neans (201 ) includes injecting controlled

- anounts of the non-flammble liquid into the conpressed air prior to mXxing
the air w thWome/4648¢l . 21. The nethod of claim 17 wherein, BFISSYE2H xing
the conpressed air with 20 the fuel, the conpressed air isﬂ‘ﬁa&ﬁ@dm%

" passing it through a heat exchanger (63) Dé% expose it to heat radiating
fromthe conbustion chanber (25). 13 20p2 55 22. The nethod of claim
15 wherein, prior to mxjihg the conpressed air with the fuel,6 the
conpressed air is r?éh?%ﬂ"?f@%&?&ﬁﬁg}ﬁ gan ﬁ?&ﬁ%eQWéQFk'QQ&?é'ﬁ%t'%B) to

expose it to heayeAdisabi Rest A0t 6O PRUSHNRS tROMHIE of 2R3 butniRg zohBe

met hod of claim 15 wherein the working fluid exiting™the utilization device
(50) cont ai ns Withis admibusioppzhareher 25;. haWeverehpgropert desigred vhmbeisn t he
wor king fluid_ exi t|i ngl t he uhi | i zati on device (50) contains |less than 3 ppm
CO. io 25. ThdoRe% %ImeY Prﬂsf. “wherein the step of operating the liquid
supply mearg (201 )A BQfHMd 8€deddtitRel prddidedd HAth6d oR FRUUMISy 8indgi®rming
non-flammable liquid into the conbustion chanber (25) at nultiple |ocations
downst r eam f r @aragntsoihileat the sfsPe tiohesprovidieg a AomiNete/convarsian (of Auel

E. A2. Ayu. AE. A_A 2. A2 CALCA{L.A 3 A LAY A% A FLFA A S(. A93. AL
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Further, one skilled in the art knows that the amount of power
produced by a power turbine depends on the temperature and the mass of
10 the working fluid entering the turbine and the pressure difference across the
turbine. When a hot, efficient flame is produced by providing a stoichiomet-
ric mixture of fuel and air (generally above 2300°F) and substantially all
cooling is provided by the latent heat of vaporization of liquid water injected
into the combustion chamber, the injected liquid being used to reduce the
15 exit temperature of the working fluid, to the maximum TIT for a state of the
art gas turbines (1850°F to about 2100°F) the amount of water is from
about 5 to about 8 times the weight of fuel used, depending on the flame
temperature and the temperature of the compressed air and water entering
the combustor. For a specific flame, water, and air inlet temperature, 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 fluid 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 resulits in improved efficiency for the production of useful
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prior art engines, operating with the same amount of fuel. Table 2, Exam-
ples 33-40 show simulation results of Brayton cycle engines operating with
the same amount of air at an A/F = .02020. Computer simulation has
10 shown that the claimed engine will operate 10% more efficiently, and the
fuel consumption will be 10% less than engines operating without the
claimed invention.
Actual operation of a combustor under conditions produced a working
fluid with NO, and CO below 1 ppm and no unburned fuel (HC}). 99-100%
15 combustion efficiency was obtained. The combustor operated in a stable
manner {no evidence of flame instability or temperature fluctuation) with
water/fuel ratios used for the examples set forth in Table 3.
Table 3 sets forth data obtained for a VAST Combustor fabricated
and operated in the manner described herein using diesel #2 as the fuei and
20 under conditions set forth in Example 3, 13, 20 and 30, with the exception

that the exit pressure was 1.0 atmosphere.
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2000 has indicated that the burning efficiency is artificial low because the
particular unit used is an older unit which does not have a correction in the
algorithm for measurement at ambient temperature rather than recom-

15 mended temperature of 200°F. The actual values of burning efficiency
rather than being from 94.4 to 96.4 are closer to 100%. The manufacturer
of the test equipment has indicated that the measured values are much
more reliable and that the readings of unburned fuels indicate $9-100%
combustion efficiency.

20 Depending on operating conditions in each test run, NO, was below
9ppm and CO was undetectable with recorded NO, levels as low as 4 ppm
and observed readings on the digitat readout of the test unit for other data
points as low as 3 ppm.

While the water/fuel ratio for the illustrated test run was from 4.75

25 to 6.88, water to fuel ratios as high as 9.36 were recorded without effect-
ing the stable operation of the combustor. Further, input air was approxi-
mately 400-500°F. When the input temperature is greater than 900°F,
which is the typical temperature for a two stage compressor with a 30

atmosphere exit pressure, at least an additional two pounds of water per
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10 to create a high temperature working fiuid without the inefficiencies that

result when, in order to generate steam the heat is transmitted through a
heat exchanger to a flash vaporizer or a boiler. The addition of water rather
than merely heated gas to the products of 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 below 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 volume increase at 30 atmospnere being greater than 50/1.
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Water injection control 40 controls the pressure and volume of water
41 injected through nozzles 201, arranged for spraying a fine mist of water
in the chamber. Water may be injected into the combustor in one or more
5 areas, including: atomized into intake air before compressor 10, sprayed
into the compressed air stream generated by compressor 10, atomized
around or within the fuel nozzie or a multiplicity of fuel nozzles, atomized
into the combustion flame in combustion chamber 25, or into the combus-
tion gases at anv desired location, or downstream into the combustion
10 gases prior to their passage into work engine 50. Other areas of injection
can be readily envisioned by the skilled artisan. As described eariier, the
amount of water injected is based on the temperature of the combustion
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 possibie

while the TIT is lowered.

25 D. Increased Available Power
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
significantly reduced, when compared with a system burning the same

quantity of fuel operating according to the Brayton cycle (no water injec-
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tion, cooling provided by excess air). The VAST system thus requires a
much smaller compressor then in a Brayton cycle combustor and, accord-
ingly, that portion of the energy generated by the turbine which is used to
drive the compressor is significantly reduced. For example, if about one-
third of the Brayton cycle quantity of the air is used a smaller compressor
with about one-third the power requirements can be used. The energy
which would have gone to power the larger compressor is instead now
available as additional energy for supplying the customer or run additional
equipment.

Examples 33 - 40 list calculated values for a power system operating
under the Brayton cycle. This data can be compared with Examples 25 - 31
operating {at 1#/sec air) under the same conditions according to the VAST
system. Off particular relevance is the significant difference in the available
turbine horsepower, a significant additional amount being available from a
system operating with the VAST combustor.

More specifically, using the fuel requirements from the NACA tables
for diesel #2, the Brayton cycle requires 0.0202 Ibs/ 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 (0.454 kg) of air. In

other words, when 0.0202 Ibs of diese! are burned the oxygen in only
0.306 pounds of air are consumed. For equal quantities of fuel, namely
0.066 |bs 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
flow to the turbine of 1.6123 pounds compared to 3.336 pounds for the
Brayton cycle. Since the power output of the turbine 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

and the amount of air to 2.07 pounds. Comparing this to the 3.27 pounds



1.10% h& () -

1.10% h& () -

1. 104 1. 10% hé& 1. 10% hé& 1. 10% h& %
1.10% hé&' () @5'59’483 ) () ()~ () -RITdkodose0P

“h& () -

)
h& ()-m\V F+4 1.10% h& ()- 1.10% h& ()- 1.10% h& ()- 1.10% h& § %’)Eﬂkmﬂz
1o ++. eF+4 1.10% h& 1.10% h&' ()-& 1.10% & ()-& 1.10% h&' () -
1.10% h&' () -
h& () -

1.10% h& ()- 1.10% h& ()-kotyz||/F+4 1.10% h& ()-Y k ! 9%+

1.10% h& ()- 1.10% h& ()-|eF+4 1.10% h& () 1.10% h& ()- 1.

%'h& ()- 1.10%h& ()-) 1.10% h& ()- 1.10% h&

1.10% h& ()-1/F+4 1.10% h& ()-Y k 9% ++.) 1.10% h& ()- 1.

1. 10% fe&ulred &¥iti BlayitdPo h& ppunds less air is required, a compressor of

10

15

20

25

63.3% of the size of the Brayton cycle is used and the energy needed to
drive the compressor to supply the required air is reduced by 36.7%. Diesel
#2 releases 1936BTU/pound when fully combusted. It can then be calcu-
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
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 single shaft
compressor turbine were operated and the VAST combustor were used to
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 all 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
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 P nvention

1. wer Plant Includin r Purific

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 bv pump 42, is heated as it passes through

condenser 62 and heat exchanger 63 countercurrent to exiting hot working

+.)
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fiuid 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 melting 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,, MgSQO,, CaCl, and KCl). When the water flashes to

10 steam the dissolved inorganic contaminants rain out as a liquid and organic
contaminants are combusted. For example, NaCl melts at 1473°F and boils
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 i1s sealed so as not to

30 bypass much pressurized working gases as it rotates and removes the
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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 salt directly into molds 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 now 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 potable water 65.
Using 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

15 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 pressure 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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Purification of contaminated waste products or treatment of solid,
liguid and gaseous waste products from commercial processes resuiting in
useable products with power production as a by-product are also potential

10 applications of an engine empioying 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 fuel 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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tion of the preferred versions contained herein.
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d) air supply means for delivering compressed air having an elevated
temperature and at a constant pressure to the combustion
chamber, the amount of air being chosen so that at least about

10 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 so that the fuel to air ratio remains constant,

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

20 vapor creating turbulence and mixing in the combustion chamber
resulting in a working fluid composed of vapor, combustion
products and nonflammable materials in the air and fuel, said

working fluid being delivered to the work engine,
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dellvenng the superheated non-flammable liquid to the
combustion chamber in quantities sufficient to maintain the
temperature of the working fluid at a desired level, substantially all
5 of the control of the temperature in the combustion chamber being
derived from the latent heat of vaporization of the non-flammable
liquid introduced into the combustion chamber, and
i) heat exchanging means for transferring heat form the working fluid
exiting the work engine to the non-flammable liquid, said heat
10 elevating the temperature of the non-flammable liquid from a feed
temperate to the desired temperature for delivery to the
combustion chamber,
characterised in that the combustion chamber is comprised of:
i) a first burner zone (250) located at the up-stream end of the
15 combustion chamber,
i) at least one additional burner zone (252) located downstream of
the first burner zone and
further characterised in that it includes:
iiil) a first air feed mechanism (236) for admitting a portion of the total
20 available compressed air into the first burner zone, and
iv) a second air feed mechanism (232) for admitting the remainder of
the total available compressed air into the one or more

downstream burner zones.
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available compressed air into the first burner zone (250) and the second air
feed mechanism (232) admits the remaining available compressed air into the

5 one or more downstream burner zones.

3. A power generating 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);
10 and
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
15 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).

20 4. A power generating system according to claim 3, characterized in that
the liquid supply means (201) includes a plurality of injectors for injecting
non-flammabile liquid at multiple locations down stream of the fourth burner

zone (256).
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%he liquid supply means (201) includes at least one injector for delivering
non-flammable liquid to the compressed air prior to introduction thereof into the

combustion chamber (25).

6. A power generating system according to claim 1, characterized in that
the liquid supply means (201) includes a plurality of injectors for injecting
non-flammable liquid into the combustion chamber (25) at multiple locations

downstream of all of the burner zones (250, 252, 254, 256).

7. A power generating system according to claim 6, characterized in that
the liquid supply means (201) includes at least one injector for delivering
non-flammable liquid to the compressed air prior to introduction thereof into the

combustion chamber (25).

8. A power generating 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 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).
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. A power generating system according to claim 8, characterized in that

the liquid supply means (201) includes at least one injector for delivering
non-flammable liquid to the downstream end (228) of the heat exchanger (63),
5 but at a location upstream of the location at which the compressed air is

introduced into the combustion chamber (25).

10. A power generating system according to claim 8, characterized in that:
the combustion chamber (25) is comprised of a first tube (202) and
10 the heat exchanger (204, 208) is comprised of a second tube (206)
concentric with and spaced outwardly from the first tube,
the interior of the inner 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

15 second air feed mechanisms (236, 232).

11. A power generating 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:
20 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
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(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, and 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

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, 232).

12. A power generating system according to claim 11, characterized in that
the liquid supply means (201) includes at least one injector (201) for delivering

non-flammabile liquid into the downstream end of the first channel.

13. A power generating system according to claim 1, characterized in that
the non-flammable liquid is 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 working fluid delivered

to the work engine (50).
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non-flammable components of the compressed air, fuel combustion products
10 and vapour in the combustion chamber (25) at the desired combustion

temperature.

16. The method of claim 15 wherein the step of operating the liquid supply
means (201) includes injecting controlled amounts of the non-flammabile liquid

15 into the compressed air prior to mixing the air with the fuel.

17.  The method of claim 15 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
20  in that the remaining available compressed air is mixed with the fuel in the one

or more additional downstream burner zones (252).

18. 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
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fourth burner zone (256) located downstream from the third zone (254).

10 19. The method of claim 18 wherein the step of operating the liquid supply
means (201) comprises injecting controlled amounts of the non-flammable liquid
into the combustion chamber (25) at multiple locations downstream from the

fourth burner zone (256).

15 20. The method of claim 18 wherein step of operating the liquid supply
means (201) includes injecting controlled amounts of the non-flammable liquid

into the compressed air prior to mixing the air with the fuel.

21.  The method of claim 17 wherein, prior to mixing the compressed air with
20 the fuel, the compressed air is heated by passing it through a heat exchanger

(63) to expose it to heat radiating from the combustion chamber (25).
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into the combustion chamber (25) at multiple locations downstream from all of

the burner zones.



