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RAMJIET ENA NE FOR PONER GENERATI ON A portion of the

di scl osure of this patent docunent contains material which is
subject to c | 5 protection. The owner has no oby ' t he
facsimle 6{'%yng‘rgégroduction by anyone of the patent docu?é‘gl?ﬁég?ﬁstsg
patent disclosure, as it appears in the Patent and Trademark O fice
patent file or records, but otherw se reserves all copyright rights
what soever. 10 This invention uses ramjet technol ogy for power
generation. The fundanerizmiseTt BRGIRE FOR CYPWERE GENERATION forth in detail
in nmy prior application Serial No. 07/ 945, 228, filed Sept. 14, 1992,
now U.S. Patent No. 5,372,005, issued Decenber 13, 1994.
Certain 15 enbodi mrents were also provided in U S. Patent

Appl i cation Serial WNROWEPIBOLeEBe d1sEPrceOf, thogopatent doayments i c
crbed Tt verg: o139 pepLler ALEC\RN ! Bl LS, SosEne
The di scdosur eﬁgﬁec@lqm. %‘?’1&28?13 :Fgléaégﬁzl 'o‘b?tebelﬂﬁn godchderd SR Y S

pat ent, as | ust In thi's paragraph, are
i ncorpor at ed hes@ididit idH Sy ehay6R€eof the patehitCHibéihedt EbP @nelHE

| NVENTI ON 25 My invention relates to a high efficiency, novel
ramj.et driven pateny ehgiginswrd tasa itetdppedmy fihe the Patgeteraatd on of
el ectrical and nechani cal power with the engi ne, while mnimzing
eni ssi on rat esTERdeRarkpfffice patent fijg gy xeymyrds, but otherwise
ZCT/ uso7/ 23351reserves aﬂmcgggrigﬁ/grlgi a}:rst ¢ ‘é't%E,la«VrerW i nvention relates to
10 This invention uses ramjet technology for power
generation. The fundamentals the technology were set

forth in detail in my prior application Serial No.
07/945,228, filed Sept. 14, 1992, now U.S. Patent No.
5,372,005, issued December 13, 1994. Certain
15 .embodiments were also provided in U.S8. Patent
Application Serial No. 08/480,663, filed June 7, 1995.
Specific embodiments were also earlier disclosged in my
U.S. Provisional Patent Application, Serial No.
60/028,311, filed December 16, 1996. The disclosures of
20 such patent applications, and the issued U.S. patent,
all as jus; identified in this paragraph, are

incorporated herein by this reference.

TECHNICAL FIELD OF THE INVENTION

25 My invention relates to a high efficiency, novel
ramjet driven rotary engine, and to a method for the
generation of electrical and mechanical power with the
engine, while minimizing emission rates of nitrogen
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power plant driven by a ranjet engine, and to structures whi ch are
designed to withstand the extrenely high tensil e stress encountered
in arotating device with 5 distally nmounted ranjets operating at
supersoni c Power plants of that character ar ' arly
usef ul S‘Q-Sﬁgéua%neration of electrical and nmechani cal plgzv\'@?g.g%ﬁw
BACKGROUND OF THE | NVENTI ON 10 A continuing demand exists for a
sinple, highly ef ficient and i nexpensive thermal power plant which
can r eldaldes .prombde bawtcesiagleCt iy Cahvengidechaniead to a

power .’ This is because many el ectrical and/or mechani cal power
pl ants coul d thetrapliaait! drbeeefby 4 nemjels engiaepramd tovwerrudtatresf f ered a
significant inprovenent over currently practiced cycle efficiencies
in power whigdnepas ofesigned it puithetipadl yhe vexirenely uhighye
power plants - largely in the 10 to 100 nmegawatt range whi.ch are

used in many ﬁﬁﬂfé‘t A aPtEBEF é‘é’(‘i%?reéo R "i‘nEPEﬂF. -sfiéf’fiﬁﬁar"v'%ﬂ ectric
power gener at I&gsetlréf‘g':lhé?_wnted rénﬁ'jétéo % 'i%%saangﬁogéfsﬁwrsﬁﬁsem’ and

aircraft M Srze ant's are ‘al so

vel | suited fQhower plaMSe o tRUISERLAbcAd ald | it cRORRARANIQIELL
facilities. 25 uch facilities are increasingly enployed to service

t hermal power firacdensratdoni 0Bl £ hacorisdal gankemathagical powextectrical power
at sonmewhat reduced overall costs. Power pl ant designs which are now
commonly utilized in -2- WO
98/ 27330 PCT/ US97/ 23351

co-generation %qWDoﬁg rHE| W%ON gas turbines, driven by the -

combustign of nafurd! 9ReinliEh Hekacll extare AANCL figkse WhishcePtUTe

the thernmal and ki energy fromthe conbustion gases st eam
turbi nes, efficient and inexpensive thermal power plant which can

reliably provide low cost electrical and mechanical

power. This is because many electrical and/or

mechanical power plants could substantially benefit from

15 ‘a prime mover that offered a significant improvement

over currently practiced cycle efficiencies in power

generation. This is particularly true in medium size

power plants - largely in the 10 to 100 megawatt range -

which are used in many industrial applications,

20 including stationary electric power gdgenerating units,

rail locomotives, marine power systems, and aircraft
engines.

Medium sized power plants are also well suited for

use in industrial and utility cogeneration facilities.

25 Such facilities are increasingly employed to service

thermal power needs while simultaneously generating

electrical power at somewhat reduced overall costs.

Power plant designs which are now commonly utilized in
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5 dri ven by the steam which is generated in boilers from t he
conbustion of coal, fuel oil, natural gas, solid wast e, or other
fuels, and (c) large scal e reciprocating engi nes, usually diesel

cycle and typically fired with fuel oils. 10
currently %&P@Eﬁe power pl ant t echnol ogi es, di%?é'lgg?’aiéxpgd

reci procati ng and advanced aeroderivative turbine engines have the
hi ghest _ efficiency levels. Unfortunately, with respect to the

reci procati NNl oSt fin pQ?ﬁI'c%EiRﬂHs | evelwadr eaf er C?a]sl5 turbiiads,
approximately 1 Tregawatt, e-size of the I ndi vi dual engi ne
conmponent s reguived bgceme alomubtion of Wathmajegalsy |farede,oidnd @ a
result, w despread comercial use of single unit reciprocating
engi ne osistensuels | amdichsi casthne dte bekermel ebodedkinagabe 20
turbines performnore reliably than reciprocati \r/]\ﬂ? engi nes, and are
t heref ore frcoRe¥dY yIZRP Fhed Fempishics gdases, lchstedre RRrgREReHover

out put lLevel s, However,  because . as turbines are, 0 noder atel y
oft ol eft i n SEWARL phothe 228p wnich IPoabPreaf<antt ySt e iRef e
povered pl ANt £he 22omouBE LoD Ys efdocti ¥ely 5Pl OxRdura1Ccenesstign
systens where both el ectrical and thernal energy can be

utilized. In $hate Woyr dtleradRiat canlif (€] ergsgeiscaleareciprocat idi ne can
in part be counterbal anced by using the

- 3- engiM293/ @FG30ly diesel cycle and typically fired with
PCT/ US97/ 23351 ) thermal energy to increase the overall cycle
efficiency. fuel oils. Fpssi| fuel ed steamturbine electrical power
generation systens_are_also of fair | ow_effi.ci,ency, often in the
range &P 30%to 40‘%gont O\Fe‘f5F|ethé¥ypO\ﬁe‘?al%abfsutBﬁ’tw?ﬁ rBh3tRl val ue

s | oS SUSIER ARG et UL i NaBoblcdh 1Y
generation. aerodelPigatIw¥ i FRHdnduedgiide Mphe r eliabhliigne®€ such
efficiency levels. Unfortunately, with respect to the
reciprocating engines, at power output levels greater
15 ‘-than approximately 1 megawatt, the size of the
individual engine components required become almost
unmanageably large, and as a result, widespread
commercial use of single unit reciprocating engine
systems in larger sizes has not -been developed. Gas
20 turbines perform more reliably than reciprocating
engines, and are therefore frequently employed in plants
which have highel_:' power output levels. However, because
gas turbines are onl.y moderately efficient in 'convert:ing
fuel to electrical energy, gas turbine powered plants
25 are most effectively employed in co-generation systems
where both electrical and thermal energy can be

utilized. 1In that way, the moderate efficiency of a gas

turbine can in part be counterbalanced by using the
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systemé. 10 In any event, particularly in view of reduced
governnental regulation in the sale of electrical power, it can be
appreciated that it would be desirable to attain significant cost

reduction i I jcal power generation. Fundanent
3""53&%@/\/ of QJCLTXJSQT’ZC? 356e nost

particul arl long 15 term fuel costs, this wou
effectively acconpl i shed by generating electrical power at a higher
overall cycle efficiency than is currently known or practi ced. 20

SUMVARY OF THEHMENTEGNrgy to increade RA¥EcHE¥LINVE IR FEiidTRNRYyed power
pl ant "based on the use of a supersonic ranjet thrust nodule as the

prime nmover to rot @#csai poviate Idthf istelam usunpihkl selectricedt hpdwea
generate el ectrical power, the supersonic 25 ranjet thrust nodule is
directly or i g¢inegatipncoiysitamhs are alga hofinfafiséyr ilow effiedignsy. By use
of a secondary _~ fuel feed arrangenen theagower t put of the ranjet

1
thrust nodul e W™ GPﬁeHaﬁgﬁn°%s3%5€s§8%y°f‘p overall Met\§o¥Er27330
PCT/ US97/ 2335%ut3h1t ro 1B BLEI N SANStANY rot ati g V&g@f'éyste%n%g;; as is

n
. X
necessary in synchronous power  getieration apparatus, N nal

out put | oads. comﬂgﬂgpouémbﬁ.éygﬁerfﬁi RbEANI8i1ity anhNeiS4REESARC ran et
power plant has greatly increased 5 ef ficiencCies when conpared to

those heret of aigplisedions forPbwee Ppbadt eléftidialn gows® ayéiexration.
The designs incorporated into ny power plant over cones four

si gni ficant arthiserismuprjpmnatilansdudi th the highavelpkhglibtly eafl| issrchatt enpt s
at ranmet utilization for 10 efficient electrical power production:
First, at the $Y6%&M&te mach nunber tip speeds at whi ch ny device
oper at e Mach es

12 (preferabl%, e2.5tto agggtic a Nach 4.8), {he iglun
m ni m z6% aer odynafi’c dP¥g¥ilts P P25 ot | IREY 19° bEERS SRuci ng
the effeCt'Vegovernmental regulation in the sale of electrical power,
it can be appreciated that it would be desirable to
attain significant cost reduction in electrical power
generation. Fundamentally, particularly in view of long
15 -term fuel costs, this would be most effectively
accomplished by generating electrical power at a higher

overall cycle efficiency than is currently known or

practiced.

20 SUMMARY OF THE INVENTION
I have now invented an improved power plant based
on the use of é supersonic ramjet thrust module as the
prime mover to rotate a power shaft. In using this
method to generate electrical power, the supersonic
25 ramjet thrust module is directly or indirectly coupled
with an electrical generator. By use of a secondary
fuel feed arrangement, the power output of the ramjet

thrust module can be turned down as necessary to
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15 at nospheric density that the rotor encounters, and by use of a
boundary | ayer control and cooling techni que. Thus, the design
m nimzes parasitic | osses to the power pl ant due to the drag
resul ting Si%'ﬁﬁzfs&f’m rotational ~movenent of the rOt#HTIIgSJIE'JS?l i's
| nportant cormmercrally 20 because it enables a power plant to avoid
| ar ge parasitic |osses that undesirably consune fuel and

reduce overall efficiency. Second, the selection of materials
and the mdBgbanirt abod@tiagt oi:orc@ttai_tﬂgrgv@qramfwt S AYOhdagis@gof 25
excessive quantities or weights of materials (a vast I mpr ovenent
over | arge rotrddexgamssimaesirgihypnoagdpower geperatiites dpparattassaty
strength, particularly tensile strength where needed in the rotor,
to prevent intimdgal output loadgn 98Thgsthout its operating range,

PCT/ US97/ 23351 separati.on of the rotor by virtue of the
centrifugal the SURSXSUIG Hany eGuPoMETt Hlia’égdl?%%/mﬁ”f/eﬁﬁg‘ﬁ UNFRRSSS or .
Third, the desjghn. ' f ef ' hanj aratipn of
t he coolglent erell%h%%{hgﬁg g})%lre | z%‘? %%%%@85%% o%efﬁtécgéf ir}%t%égt
conbustion gasRswe Myltd beWyRYch I am dwdiBeS! operation along a

circunferential pathway. Fourth, the design provides for
effective film The cdelsirthof ihebeborateadmatentty iptiandi BY aritm
segnent s, rimstrakes, and ranjet thrust nodules. - This novel 10
desi gn enabl epvdrsamss ofods ghigeifcatonpodesesipust pgroblems whaimjltet
conbustor and _in the ranjet hot conbustion exhaust gas environnent,

i ncl udi ng pot diteaIRipgued earddeg, &tEEMBLE ofpoRaRi &L skl datiamfiarm
To sol ve,the e .nentiqne roblens. I_h nQw. 15 devel oped novel
fo. aeﬁll(ﬁ;'x.ré%% eaeﬁgrgfﬁg poweér pr&%\é%ltlgw..

rotor designs overco ens "i nherent in the
heretof ore known apRafAlUsitinthe moder&®d NAASH KRGWBe: OLtTp \Whetlishaue been

proposed for the application of ramet technology to“stationary
power gR{IRIA iy rdeasjltie) BpRirateh [praBeyabIPOorNatite2. 3t VbW
Mach 4.0), the design minimizes aerodynamic drag. This
is accomplished by both reducing the effective
15 - atmospheric density that the rotor encounteré, and by
use of a boundary layer control and cooling technique.
Thus, the design minimizes parasitic losses to the power
plant due to the drag resulting simply from rotational
movement of the rotor. This is important commercially
20 because it enables a power plant to avoid large
parasitic losses that undesirably consume fuel and
reduce overall efficiency.
Second, the selection of materials and the
mechanical design of rotating components avoide use of
25 excessive quantities or weights of materials (a wvast
improvement over large rotating mass designs), and
provides the necessary strength, particularly tensile

strength where needed in the rotor, to prevent internal
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20 devel oped a | ow drag rotor which has one or nore unshr ouded
ram et thrust nodul es nmounted on the distal edge thereof. A nunber N
of peripherially, preferably partially helically extending strakes S
that partition the entering gasflowsequentlallyt t to a
25 first ¥8&EP3%ne or nore ranjets, and then to a secong&%ﬁ%ﬁone of
one or nore ranjets, and so on to an Nth one of one or nore ranjets.
Each of the strakes S has an upstreamor inlet side and a downstream

or outlet sideeparation of YE98£633Gy virtue of the centrifugal
PCT/ US97/ 23351 For rotor bal ance and power output purposes, |

pref er tdeded h-timgbaneofor cig edxxvémlg hhghnspded bdtctrakes N

be the sane positive integer nunber, and that N and X be at | east
equal to two. The Buausthgadesignipionidasoforseffeehive grechanionge or nore
ramjets is effectively prevented from "short circuiting"” by

returning to tIRPITREOS Qe the c°°1o1en§81'5éﬁﬁu§’ﬁ? r%‘Pﬁle‘?’é’-dle% Qalf?@sar ea of
each ra

t nbust, t
strakes 1e duef’f%“ oeg? p%é%gﬂl’?% ?‘H%t t?é’ gth S%t?go eP'L t ream
fromthe ram g Q:?ptez%rt?@n §08n§*d eé'@élﬁlferentlaﬂn%étl:hdr 4l before the

inlet to the next of one or nore ramets he preevention of

bypass of the hot rourthgeXxhaesta€oHidmsprovigasestdw ébee6OrecrHiam ng fuel
air m xture is effectively acconplished by the design of ny 15

one or nore ragetinchafsrotrodukés, cemponents ,piecdudédg rim segmmiits he
exhaust gases from each ranj et be expanded to approxi matel y

at mospheri ¢ pr%‘%uﬁéra@GSt hengt r pr@3es thrust moqylesct Ipig Iféﬁ‘g%l fan or

t t | t f th t 20
" ave Lir ovi dite et AR e, g HREn L LAgREuRCoR:  domdennit tel the o,
Strength 101 Oreenilp LARELEESEd and in VHRPTEIRGEC S T QLALARAIGPT

COprI’I sSes a car bre I n anot it conprises a st eel
hub with high exhaustst i@t ksPokenmdit fadhe288ind NpPrEEALS1aRM ranj et

25 thrust nodules are preferably rel easably and repl aceably

combustible components such as titanium.

To solve the above mentioned problems, I have now

15 - developed novel rotor designs which overcome the

problems inherent in the heretofore known apparatius and

methods known to me which have been proposed for the

application of ramjet technology to stationary power

generation equipment. Of primary importance, I have now

20 developed a low drag rotor which has one or more

unshrouded ramjet thrust modules mounted on the distal

edge thereof. A number N of peripherially, preferably

part:ially helically extending strakes S that partition

the entering gas flow sequentially to the inlet to a

25 first one of one or more ramjets, and then to a second

one of one or more ramjetg, and so on to an Nth one of

one or more ramjets. Each of the strakes S has an

upstream or inlet side and a downstream or outlet side.
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affixed to the rotor. A rotor operating cavity is provided with

| ower ed at nospheric pressure, preferably in the 1 psia range, in
-7- WD 98/ 27330

PCT/ US97/ 2333087330 order to elimnate aerodynam c dr agePgsdrdgasi ot or.
The vacuum conditions are assured by use of a vacuum punp to
evacuate the operating cavity, and by the use of appropriate seals
(a) at the rotor output shaft where it 5 penetrates the operating
cavity walls péd) ratothealiafice and pR@rerdhEpANrhostis,t e pasfet t hrust
nodul es. The rimsegnents and the ranjet thrust nodul e each

i ncl ude a coothay the medswiofgremirberX amhehshavoder of strakesNhave
radially extending, preferably substantially 10 parall el sidewalls, a

radial |y proxbeefheafame pagitdive integerdRyilesT diadichith@dl N, 2PAr ¥R whi ch
coolin as outl et -orifices pepetrate. The_cooling air ceivin
chan%e? ° gtfﬁﬁéfFoﬁguﬁg gogéﬁ?rpfﬁggle&%ﬁ%?%s?ﬁ?e?o%xg%}+%e¥§°§;VI ?
cool i n_gfs_gas tgagﬁ?%f n&nga&,é)'-gzl %r%r !rg*n§§§s Td & Edde i% 1yl Breveh€acool i ng
gas orifices s located on the surface the rinisegnments and the

ram et thrustspgdub8Rort ERecuiting"l iaét@hfmﬁ_vri@@ the t De1L6t asigef each
I ndi vi dual air receiving radially proxinmal wall determ nes the

di st ance of audrsathierit thamjets.reck vihg crmmbeof opacht esahpet 20
conpression, and thus determ nes the pressure of air del i vered at
the exit of acpmbustoirar boiaddisy ehfeetively agmmmiiadhedetYorthece.
Attached at the radial end of the rotor are .one t he at

, f
| east one ranfEF@Fe%a§h_ U B QYerRretire 25‘tﬂ&%éﬁ?ﬂﬁtaﬁggﬁgﬁEBHded
thrust ,godul eD%Qﬂé{:{'éJ&rB' Phom thBCramjet ekRHLEL Egﬁéf‘eﬁn&r ‘éxﬁbh&#ﬁd S0 as
0 conp Rar |

t o engage and ress portion of the alrstream his
i npi nged untY 408t deifekeURBR iindetOtal ithe ahaitt dthecid opweesti oned
more ramjets, the prevention of bypass of the hot
exhaust combustion gases to the cool entering fuel air
mixture is effectively accomplished by the design of my
15 -one or more ramjet thrust modules, as it is preferred
that the exhaust gases from each ramjet be expanded to
approiimately atmospheric pressure, so the strakes S
merely act as a large fan or pump to move exhaust gases
along with each turn of the rotor.
20 I have provided several embodiments for an
| acceptable high strength rotor. In a preferred
embodiment, the rotor section comprises a carbon fibre
disc. In another , it comprises a steel hub with high
strength spokes. In each case, rim segments and ramjet
25 thrust modules are preferably releasably and replaceably
affixed to the rotor.
A rotor operating cavity is provided with lowered

atmospheric pressure, preferably in the 1 psia range, in
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out put shaft portions. Fuel is added to the air before conpr essi on
in the ranmjet inlet. The fuel may be conveni ently provided through
use of fuelwgdgpls¥o passageways | ocated in an annul agcrngagesaed t h fuel
5 i nj ection passageways conmuni cating between the fuel supply
passageways and the inlet air passageway. Fuel injected into the
inlet air streamis thus well m xed with the inlet air before
arriving at tdwleramjetekiminace aerodyvembastiraa chatber rotPhre cdfeusti on
gases formed by 10 oxi dation of the fuel escape rearwardly fromthe
ranj et VaauY) OngAELSRE Ny IRSFHA%LYt HAGeRE | Al YSCHHD RUMhaxi s

of rotation of the output shaft portions, .thus turnin t he rotor and
the output sHEFECparEr orte *SPardting, Cavitt® el ytge (wet! Hing
shaft portiong,dRecusela1l®ia) &l rafd lnorbd BEEDRRI SRled QpBrriamay be

used to drive . electrical generator S generate electricity.
The 5  OpSdraddritedf he repbeicoRgi Bevily halesnt(y)l |&£d tBe rim

mai nt ai n synchronous operation, i.e., vary the power out put fromthe
ram et, whil esegmerita, niand dohsédanthe psedfjet2@hrusshadfubeer at i on.
When the ranjet power plant is used in a co- generati on

configuration, th&hexirigssesoeptst pod ghsesamjet thyygimmefuleyfagh are
transported to a heat exchanger ases_are coql ed as they

. . Wwhere th
heat up a heatfCLuSie a (SoRLYEF 334 TRoRiig Ahamhed,  THF \FRATPLSse ¢ he

producti on of g ayer -gh: 51 LAMLESHLIRY, prdfE-dOR cuperandidfigfer fluid
may be utilize or conveni ent” t Nerna purposes, or Tor rmechani cal
pur posg£g, Sucﬂh:?a?lfé’lr sidewalls, roximal walX, and a WO

a radia.llxlrD C?
98/ 27330 [/ US97/ 23351
radially distal wall, through which cooling gas outlet

orifices penetrate. The cooling air receiving chamber

functions as a centrifugal compressor for delivery of

cooling gas to cooling gas outlet orifices. The exit of

i5 -.the cooling gas orifices is located on the surface of

the rim segments and the ramjet thrust wmodules. The

radial dimension at the start of each individual air

receiving radially proximal wall determines the distance

over which that air receiving chamber operates for

20 compression, and thus determines the pressure of air

delivered at the exit of a particular bbundary layer
cooling outlet orifice.

Attached at the radial end of the rotor are one or

more of the at least one ramjets, each ramjet preferably

25 having an unshrouded thrust module construction. The

ramjet engines are situated so as to engage and to

compress that portion of the airstream which is impinged

by the ramjet upon its rotation about the aforementioned

~8-



driving a steam turbine. Utimately, the cool ed conmbusti on gases

are exhausted to the anbient air. Finally, many variations in
the air flow configuration and in provision of the fuel supply, 5
secondary f{@lognsaapP!ly, and in providing startup PaUSR3351 Ay be
made by those skilled in the art wi t hout departing fromthe

teachi ngs hereof. Finally, In addition to the foregoing, ny novel
power plant is sinple, durable, and relatively inexpensive to 10
manuf act ure. output shdR]ES, icNNVAVIRGES s AldeBEABURe G Hie fOR4ENTI ON
Fromthe foregoing, it wll be apparent to the reader that one

i mport ant andccerPresgiobj et bhet kamjles inpessent Thavdinglonmaysikres in the
provi sion of a novel, ranj ,et%é)owered engi ne which can be caqst

ef fectivel y usegveniently oxarided mthromathl U8fd 2F ediHs taBYRRReF .

More specificall an i nportan bject _of .Lnvent i [ provi de
a ranjet dri v%%s%%%srwaage 3??%)%8 29 a?plaar%/ﬁulyﬁ'u]iﬁ cﬁllng’ca‘ﬁ]agﬁg ol‘féf

W thst agdi ng ixg?eééiéﬁsp%@@a eways Udrhitatingh S5OS8Rk Otk Ofe FO 8S tO
reliably provide a method” of power generation at high efficiency.

Qt her inport afiphlif PRESaFHRGIS |dhDbiRCtnladt tdir passagdwiant i Bel eside in

t he provision of power generation 25 pl ants as described in the
precedi ng parimfeptedihiote the inlet air strehmvéshitglusefWeldi enixed at es;
that is, they provi de high heat and hi gh work outputs

relative to tWethelte nplelt winfPgfipne jegdving at the ramjet engine
- 10- 98/ 27330 ,
PCT/ US97/ 23359embustion chamber. Thg tcl?g‘bblg\fé‘fmpl%ﬁﬁ?s formed by

i n conjpynctiog, é&érbeoﬁortﬁfeﬁ?d@ UKPe rearwardly from the PLgyide |ower

power costs to the power pla
nozzle, thrusting the ramjet tangentially about the axis

of rotation of the output shaft portions, thus turning
the rotor and the output shaft portions. The power
generated by the turning shaft portions may be used
15 -directly in mechanical form, or may be used to drive an
electrical generator and thus generate electricity. The
operation of my ramjet engine may be controlled to
maintain synchronous operation, i.e., vary the power
output from the ramjet, while maintaining constant speed
20 shaft operation.

When the ramjet power plant is used in a co-
generation configuration, the exhaust combustion gases
from the ramjet are transported to a heat exchanger,
where the gases are cooled as they heat up a heat

25 transfer £luid (such as water, in which case the
production of hot water or steam results). The heat
transfer fluid may be utilized for convenient thermal

purposes, or for mechanical purposes, such as for

-~9-



operator and thus ultimately to the power 5 pur chaser than

Is presently the case; all ow the generation of power to
be done in a sinple, direct manner;

have a m ni num of pechani cal parts; avoi

subsyst ens; WQ §8/27330 require |ess physical space an many

exi sting technol ogy power plants; are easy to construct,
to start, to operate, and to service;

cleanly burns dcﬂsvsilllgf uel §;tea4!§_ turbine. Ul_tiimrétcéirv,un%yepnc%ﬁgdt he j ust

nment i oned _ obj-ect, results in fewer negative
envi ronment al dombagiscnhaasEBShr§dtausted to the ambient GEREration

facilities currently in use; have a rotating el ement
with a mnimal 20Finally, manydisaaliky iagat etnnasisestaiet uf2pwand
whi ch ’ is thus able to withstand the stresses and

strains of rotcanfigeratiey Wngh ipppyeddsion of the fuel suppdid which
provi des_for operation w er odynam c dr ag.
g

h mninmal . 25 , -l
One featlre o etcffénﬁ?‘_é'é’en%ufewyeﬁ?PBHYi's and oAt pro"ldlﬁg %?‘?EH&_h r ot or
structure. '“i%&ghtdoeééfil“maﬁr 8N nade by %thro%%gtgkﬂf:gél'_ﬁboéﬁg eetio

provided with

98/ 27330 without departing from the teadﬁ%ggs%yz%%§5l Finally, .
strength spokes that at their distal end suspend a rotating rim

t hat has unshheudeiiitagretts hthet fovdagbisy, my novebt egweikeglaher disn.

Thi s uni que structure enabl es operation at rotational speeds above
stress failur@imple, gduxmableof an@nyrekapivgioninexpenpisss, tonhil e

si mul t aneousl rqvi di ng for adequate cooling of the rimand ramj et
structur®, in RS Fai ntai n materi al

nis
WO

OBJECTS, ADVANTAGES, AND FEATURES OF THE INVENTION
From the foregoing, it will be apparent to the
reader that one important and primary object of the
15 -present invention resides in the provision of a novel
ramjet powered engine which can be cost effectively used
to generate mechanical and electrical power.
More specifically, an important object of my
invention is to provide a ramjet driven power generation
20 plant which is capable of withstanding the stress and
strain of high speed rotation, so as to reliably provide
a method of power generation at high efficiency.
Other important but more specific objects of the
invention reside in the provision qf power generation
25 plants as described in the preceding paragraph which:
have high efficiency xrates; that is, they
provide high heat and high work outputs

relative to the heating value of fuel input

~10~-



integrity, at the high tenperature operating conditions. In

anot her design, a carbon fiber epoxy 10 conposite disc is provided,
which sinplifies the overall construction while providing an
abundance ofwgoegnr3ze Strength, while still providing a ventidiaiseflzagasitive
cooling systemdesign to maintain structural integrity of the
rotor, and of the rimand ramet structure. 15 Anot her feature of
the present invention is the use of a unshrouded ranjet design. In
this design, the sbathensswer paingheral wal | whi ch surrounds the
ranj et functions as part” of the ranet thrust nodul e. Thi s

uni que desi gn enabl es useinf cenjivmardionr ordth nghaapregedipg objeclie hi gh
design tip speeds, thereby enabling the rotor to be designed with
| ower strength naterial s BREYSHe glower powex; GREESnEP gFhe FOWEH ALENRI t h

respect to overall tensile SLr th requirenents f a_given ram et
oper ati onal mach ﬁﬁﬁﬁ%??r §§%. %%%s Ui hate Xot%%rgf’ﬁ‘p(?g}twgﬁt o
feature of the present urc??ééweﬂﬂal nd r;_,_ggn%?ngﬁv\%séa{gaéges to partition

t he ranjet inlet air ow (and preferably i ich inlet air flow

the fuel and air are pre-glxed) thé ogeddeat il &3f POWRStto be done in
-12- WO 98/ 27330

PCT/ US97/ 23351 gasimpbey dirHuts mahegapt design feature assures
t hat exhaust gases are directly renmoved fromthe engine, and

that only the armount of ihp¥e ajRimikessofr pepbanical partsnbustion in the
ramets is required to be er inportant objects,

ided., 5 O h
features, and additional aeggg'cg%tséﬁggséfmﬁfl invention will become
t th il i .f i f
o T B T

the detailed description ows a ,
conjunction with the accosrasying tHhMIISgy pBwer plantd3R EF DESCRI PTI ON OF

THE DRAW NG
are easy to construct, to start, to operate,
and to service;
cleanly burns fossil fuels;

15 : in conjuﬁction with the just mentioned
object, results in fewer negative
environmental impacts than most power
generation facilities currently in use;
have a rotating element with a minimal

20 distally located mass structure, and which
is thus able to withstand the stresses and
strains of rotating at very high tip speeds;
and which
provides for operation with minimal

25 aerodynamic drag.

One feature of the present invention is a novel
high strength rotor structure. In one design, a high

strength steel inboard section is provided with high

-11-



FIG 1 provides a partial perspective view of ny novel power pl ant
appar atus, showing the primary rotor of the power plant rotating
within its housing, to drive 15 an out put shaft portion which is
usual I'y advapiggegys!y coupled with a gear box, whighrisrhiaD
operatively connected to an electric generator. FI G
Is a partial sectional view of ny ranjet power pl ant appar at us,
showi ng a rotating output shaft 20 portion affixed to a rotor and
rotatably secuswfength spbkerewtdt, andtaeiwnsdirsidedenanseispehtust nodul e
integrally provided with the rotor. Additionally, the inlet air duct
i s shown, al omphatting hein rtdhagi thasn unehapuded ramjpetnutlrusiaseedeles) havi ng
a peripherial wall section_in 25 t he conpustion zone;. the exhaust gas
outl et from thintegratedcdifiniaion zdHé Sal WHlEHOWALTEFERGEW RIHRRIRS exhaust

as ducting.. Cooling air,. coqlin ter, and the vacuu

Igi nes used for® 3 ndtt ﬂ%’trad:t"&n ot%‘??%\,\%s spRE¥E S ress tallure

-13- : 8/ 273 ; . :

PG Usgl/ 23351t ML DS CoF fiany copventional maparials, Weidgective
view of a car bofini1HRleclisly providindt el adédudtdn 681 isgskroudead ran et
and (c) strake, ~showing in particular a rimsegnent wth strake
segnent. 5 rim andlX@mjéti staucturentin exdeal tedgaintein obhatteriddor,

taken as starting at line 4-4 on the circunference of t he rotor,
with the edge petedr b, apll dukef |high tempehabimg aomerabiingshrouded

ram et thrust nodyles and the relationship to rimgegnments with
i ntegral strakePRHFLo08%0qERt §.n°tp‘er design, FFGC%'%&%%?”‘? PREpect i ve,
a rimsgggnent ' . . Lpcl.yde : ro ra;qﬁﬂ t ul e and
rel at ege _ g%\_garlgle s?lr'éa e ls%gﬁg?l’?s%%%q e igigéovﬁ?es a
Cr0ss-sect i ONadyet£M OboRs€AIRMbn Ivhile f bPERLIADAPT anUnHHRILERE &) et
t hrust nodul es, and the

: strength, while still providing a ventilated positive

2

cooling system design to maintain structural integrity
of the rotor, and of the rim and ramjet structure.

i5 : Another feature of the present invention is the use
of a unshrouded ramjet design. In this design, the
stationary, peripheral wall which surrounds the ramjet
functions as part of the ramjet thrust module. This
unique design enables use of a minimal rotating mass at

20 the high deéign tip speeds, thereby enabling the rotor
to be designed with lower strength materials and/or a
higher margin of safety with respect to overall tensile
strength requirements for a given ramjet operational
mach number.

25 Still another important feature of the present
invention is the use of strakes to partition the ramjet
inlet air flow (and preferably in which inlet air flow

the fuel and air are pre-mixed) from the ramjet exhaust

-12~



rel ated peripheral wall. FIG 7 provides a cross-sectional view

- of second enbodi nent of ny rotating assenbly, show ng a steel
rotor, unshrouded ranjet thrust nodules, and the related 20 peri pher al
wal | . woosn733é! G 8 shows a rimsegnent with integralPCIIUSAKEs3s
segnent, and also clearly showing the cooling air passageways and
their exit pathway, the filmcooling orifices. 25 FIG 9 is
a partial cross sectional view, taken as i f through a portion of
section 9-9 ofgds GE18w.shoWiiy elegant t HestgmsECALVFRNGSEEEES orfdfi p of the
rotor strake with the interior_surface of the Reri heral wall.
-14- exhaystygasepygre directly removed from the engine, an

PCT/ US97/ 23351 FLG 10 sh i ti i onal
vi ew FRR B oo SBOPRPUSTE L ARE A Sor AP aat, e
FIG 11 Shome%r&g%%tﬂl%'jéféﬂfgwaﬂgeegeié hrdiflired to bEDEHEPiIAEE. | ntegral

strake just s |G 12 shows a perspective
vi ew of sone enbodi gEsdr importd&it ackhPéets,sefwmniresi,t handit agdat ishakke,

reveal i ng details of the filmcooling orifices and rel ated radi al
boundary | ayeradivantages hefstmpkénvention will ppegony sppagzeat to
cross-sectional view of a section 10 of the peripherial wall portion of
the power planthose skilie@eana$hef agitordFor Fdia i*?ﬁ\"?ﬁo"lr’f%eaﬁ%-ﬁ§g‘5f FIG 2

in t he regi on adj acent the strake, .show.ng an_anpuyla segnent
gate valve in 'éh%@%%ﬂﬂpﬁéi elséz_tlf.lptlon “hict P#J'@%Slimghg%g éppended _ )
Cr oss- sect i onaly ] G ofn LARGHRonlicn Ol [SARERISE skakiahl. por tion of

a
13 above, "buf now show ng t he

t he power plant; m-ar to
annul anf g segnent gate valve in an open. position, as used to spill
air through the peripheral sidewall during startup. FIG 15

shows a verti CERIEFcRBSCRIPEAQNVOFT THEcDRAWING

FIG. 1 provides a partial perspective view of my
novel power plant apparatus, showing the primary rotor
of the power plant rotating within its housing, to drive
15 “an output shaft portion which is usually advantageously
coupled with a gear box, which is then operatively

connected to an electric generator.
FIG. 2 is a partial sectional view of my ramjet
power plant apparatus, showing a rotating output shaft
20 portion affixed to a rotor and rotatably secured
therewith., and an unshrouded ramjet thrust module
integrally provided with the rotor. Additionally, the
inlet air duct is shown, along with the transition to an
annular passageway having a peripherial wall section in
25 the combustion zone; the exhaust gas outlet from the
combustion zone also shown, along with the exhaust gas
ducting. Cooling air, cooling watexr, and the vacuum

lines used for evacuating the rotor rotating space are

-13-



20 frame of the power plant, taken along line 15-15 of FIG 2,

showi ng the frame, exhaust passageways, peri pheral wal |, and
passageways for cooling air and cooling water. FIG 16 is a
plan view of, 3ged cycl e power pl ant which uses Byt Bhss:
supersoni c ran] et riven rotor 25 and its thrust nodules as a prine
nover, provided as shown using the conbination of an el ectri cal
generator and a steam turbine (which may al so be used for

el ectrical gentlattpated. - 15-

WD 98/ 27330 PCT/ US97/ 23351

FIG 17 is a side EI@vaxlxs1anpamsmécalvenblemmbf a carppel gopbanwithi ch uses
my novel ranjet driven rotor as rime nover, prOV|ded as_ shown in

conbi nati on wipkegral (a) %}%ct?l?)célpsﬁéﬁ‘éﬁi%@o‘?a’%ﬂﬁf's@é’érn FL)Jr Btkeke. 5
FIG 18 is a gﬁdlfled artial cross-sectional VI e) naovel power

SirS R parSofid®s 255 R iy srraid) sBimaREn L, O

pl ant, which

valve and the vargidg 4 is ap%%rfau&@eeénéigfkéé Svi&§ 614" rbibs? abou
its axis of on. WO 98/ 2 7%

PCT/U597/2335%aken as sﬂg§5&b§EQﬂui$E@F§”4}bn the circumBef&néd nggnow to
the drawing, FIG 1 depicts a partial cut-away perspective view of
ny novel supethenimptor, withnjute dedgenppeled @Eraht 140Q. ouvhj Hracpnponents
shown 5 inthis FIG 1 include the supersonic ranjet engine

assenbly 102 shawgedr asaalm@%mu%ﬁogﬂeéngamengMQB modules Fpd ranj et

nbl 102 h fput sha | ed
w th goar set Ph8a Feantionerip’ T il feduas, orieh, SIGRET BokFeBE 104 nas

power QH;pUt segments.

FIG. 5 shows, in perspective, a rim segment which
includes an unshrouded ramjet thrust module and related
integral strake segments.

FIG. 6 provides a cross-sectional view of a carbon

15 . fibre rotor, unshrouded ramjet thrust modules, and the
related peripheral wall.

FIG. 7 provides a cross-sectional view of second
embodiment of my rotating assembly, showing a steel
rotor, unshrouded ramjet thrust modules, and the related

20 peripheral wall!

FIG. 8 shows a rim segment with integral strake
segment, and. also clearly showing the cooling air
passageways and their exit pathway, the f£film cooling
6rifices.

25 FIG. 9 is a partial cross sectional view, taken as
if through a portion of section 9-9 of FIG. 8, showing
the close fitting relationship of the rotor strake with

the interior surface of the peripheral wall.

-14-



.10 shaft 110, which is coupled with and rotates at a desired
rate of rotation to drive electrical generator 112. Power is output
fromelectrical generator 112 via cable in conduits 116[err],

116[err], a .0%@%%”]' The structure of the sypgrReHsss’ an et

engi ne whi ch is integrally housed in ran et engine assenbly 102 can
be understood by review of related FIGS. 2, 4, 7, 8, 10, 11, and 18.
| have now devel oped a high strength rotor 120 whi ch has out put
shaft portions 108racd 124shoWBe in a pantiiplt cHoafkt seetionad Q8wand 124
turn ininlet and 20 out| et -bearing assenblies 126 and 128,
respectivel y, one embodfinent befira nfhrastempiinde and hotrgwhl stinadkees 130 and
132, respectively. In FIGS 2, 7, 8 10, and 11, one enbodi ment 120
of ny high strengt FIfet o¥1 dEBPYR (EorPerspectivpyiemt ©f hEReoSPTISE shown,

illustrating roto 25 . , constyuctiQn .usin a_nmonol j t hi rotor hub
134" H O oPadle.BRg ARERPRHT AR OBE) St oT MR R A ed
radi al | y; ext endi ngpgpokgs ;fggwsaadgycggémf& HM & of one eWPHifnc
ventilatable rimsegnments , or tetnately, a

-17- of ¥ORAHdA'388gment with integral strake, revealing
PCT/ US97/ 23351 vent i | at abl e unshrouded ranjet 142 such as depicted

in FIl G8etiilandfl8he film coolingorribbeenfamdnsilared aadiklpr ef er

to use a piano hi nge type attachnment arrangenent, as can be seen in

5 FI GS. 2 aepndaryolayay ﬁi@‘er%cqh%g’tﬁ'ﬁﬁﬁes 144 bet ween hub 134

and spokes 136, or &B) i_nterl ocking hin provi ded between
a

46 .
spokes 136 and eachIPanjidt Showgs a “cros %%%5%&?E81iﬁlﬁwg§%8?iﬁﬂp Gcki ng
hi 8 b . LE 1 db
I nges % elteelne pegd‘p%g(}ligiké‘%ﬁllgnsg#é%ﬁe%@nit‘ﬁe ﬁgwﬁ{:ﬁ 52%‘11@'? y

hi nge segments”1 on spo 6 conpl ement a _
segnents 152 qjakenMagcUfelong3& porefiohabley 1iaepiin-134o0f rFre. ksiwsed for

insertion in a tight fitting relationship t hrough aperture 156 which
i s defined by tie | ré§8onn adjmcent the strake, showing an annular
segment gate valve in a closed position.
FIG. 14 shows a cross-sectional view of a section
15 .0of the peripherial wall portion of the power plant,
similar to FIG. 13 above, but now showing the annular
gsegment gate valve in an open position, as used to spill
air through the peripheral sidewall during startup.
FIG. 15 shows a vertical elevation view of one
20 frame of the power plant, taken along line 15-15 of FIG.
2, showing the frame, exhaust passageways, peripheral
wall, and passageways for cooling air and cooling water.
FIG. 16 is a plan view of combined cycle power
plant which uses my novel supersonic ramjet driven rotor
25 and its thrust modules as a prime mover, provided as
shown using the combination of an electrical generator

and a steam turbine (which may also be used for

electrical generation).
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segnent 138, and through matching aperture 160 defined 15 by wall 162

in spoke 136. Simlar parts are used for construction of the hinged
joint 146 between spokes 136 and the ranjet 142. As provi ded, any
of the rim woogn7aseegnents 138 or the ranjet thrust nodul epchiusyebssas

nodul e 142 are releaseably affixed as a part of rotor 20 120, and thus
rimsegnents 138 and the ram et thrust nodul es may be easily

repl aced. FIGS. 3,5, 6, and 12 depict a simlarly functioning

desi gn using car boRIGIbrli nbs eri adixdd oelehation oviéR0'of a combanedries of
T-shaped attachnent tabs AT are cut into 25  rotor 120" Tabs AT are
sl i pped down B¥EhEeRIARE|Weich uses my 3R¥PLEITIRES driver: EREPKgaFNRar dl vy

fromeach of the rim v s%g_ge%ts 138 or ranj e(t)m{g{lr sit m)duél?s U.
As seen in FI8Ff€ moyeXi - REFVAFER: &SHSHN, 11 28 nation wi an

- 18- 1ect ¥O-28/ S d steam turbine.
PCT/ US97/ 2335ie SC c 5%5 mac?g 1?61 of‘3 garal u‘iljéljfr%ey of rimsegnents 138 and

one or s nmor exGanLet $sUaSteliBsed apaiiald Lrodsvpectabhhy, vibere

are al so a nunber of peripherially extending strakes S err] t hr ough
SN. Each of sbfakey Speel] gdweaugbla&pte) r yhbels ahowsbeletails of othetrake
segnents, each strake segnent bei n% integrally formed with a rim
segnent 138, 6POMPH SYF&RPet aBd2thgsannular vappeopAndt EheEyanydndt he
strake segnents be defi ned by their ed air, as seen_in FIG
4 starting at pgfggry‘f’(“l ng stiskes 39 the Fﬁ’é@n‘f‘é’f“ﬁ %%JSJI; htRed*38s°%70, then
on to S[err](Lataton. H., then to S[err](HG, and so on through to
S[err] (A EX), whi ch ends at the exhaust point EX of the strake for
conbusti on gases 172. Simlarly, strake segnments fir strake
S[err] start at S[err](INR), at the inlet IN, then on to

Serr](RQ, etc., in like manner. The strakes S err] through 15

S[err] partition entering gas 170 (which preferably is m xed to
provi de both fuel and oxidizer), so that the m xed gas 170 flows to
the ranmjet inlet throat 174. Thi s

-16-



process occurs at a first (Uerr]) of one or nore unshrouded

ramets U and then at a second (Uerr]) of one or nore 20 unshr ouded
ranjets U and so on to an Xth (Uerr]) one of the one or nore
unshrouded ramets U which are nmounted for rotati i stal
edge of rotgﬁ%ﬁo For rotor 120 bal ance purposesoﬂf pre’?ﬂrpt hat
t he nunber X of ramjets U and the nunber N of strakes S be the sane
positive 25 i nt eger nunber, and that N and X each be at |east equal
to two. DETATLED DscHrpakes S[err] through Slerr] allow feed of m xed
gas - 170 to each ramet Uerr] wthout appreciable bypass of the
-19- W2 B8 2133 0now to the drawing, FIG. 1 depicts a

PCT/ US97/ 23351 entering mxed gas 170 to the exhaust conbustion
gases PG 18 et -@whynperspapoivantiey qfh@Ye%ﬁ’aﬁ%tS’émi@n

gases 176 exiting fromeach of the one or nore rame

ef fectivel y prauish edrbye® HeouRT amttfent b sY‘?JA‘R’ésc%“p‘?}‘entsf r%ﬁ""% hor t

circuitj ng, and_t hus ntj al.l reyen h t onbust i on
gases 1 6 fro’ﬁ‘i‘t’ﬁg1 hr::l#%) ialélcmydeo %%thfl e ﬁgnll%:l giamg'e %‘% ef to the
inlet side Ofaéég}&?%{;‘eiﬁz and geak@BLE!fos BH Savl; E:%kénéfﬁéuéﬁ:.&ai‘oé’e bet t er

appreci at ed consi der| ng the rotor or rot ating assenbly 120 (at
10 respectiive Raiijeéenginke aeebmbBsy SEEN Has Ehdrieehovatput shaft gures of

the draw ng) which revolves in close proximty (a) to a fixed,
annul ar shapetio 8 nbotricthodsi mpupled wigh \gedr | sesarP4alforspdere 200,
and (b) to a preferably fixed, annul ar shaped peripheral wall 202

15 whi ch h"é‘éafh%f?%t Ehﬁﬁ?trb@‘}?éheraﬁeﬁﬁl FeEUPPéCé‘afOZPO"’ﬁTe output st rakes

S h h d d.
Jest gnd fﬁ'rg?h*a?EF oo FRAEH 14 pRubrBEo ek “abl rorgred (35 '8
surface 204. |s prOV|§tg|9§ rgtéﬁ'goﬁstp drive 81¥88FiLd1958R6,Qfcs0f1,

seal i ng net al d as an Insert into the fixed perip er al
wal | 202, to mldow béewer is outiptg:htfﬁdrd tdlegtahubegenefatbe 1ip end S[err]

of strake S

cable in conduits 116p, 116p, and 1ll6c.
The structure of the supersonic ramjet engine which
is -is integrally housed in ramjet engine assembly 102 can
be understood by review of related FIGS. 2, 4, 7, 8, 10,
11, and 18. I have now developed a high strength rotor
120 which has output shaft portions 108 and 124. The
output shaft portions 108 and 124 turn in inlet and
20 outlet bearing assemblies 126 and 128, respectively,
which bearing assemblies are housed in frames 130 and
132, respectively. In FIGS. 2, 7, 8, 10, and 11, one
embodiment 120 of my high strength rotor design (or
components thereof), is shown, illustrating rotor
25 construction using a monolithic rotor hub 134
(preferably high strength' steel), to which are secured
radially extending spokes 136, and from which are

secured ventilatable rim segments 138, or alternately, a

-17-



with the wear ring 206 that is provided in the peri pheral wal l
surface 204. The construction and operation of nmy ramet(s) U
is 25 al so unique. The ranjet thrust nodules U such as seen in

FI GS. 5 andwglbsrzmg provided in an unshrouded conf i puresoras: t hat
is, the structures depicted in FIGS. 5 and 11 provide the necessary
el enents for conpression - 20-

WD 98/ 27330 PCT/ US97/ 23351 of

i ncomi ng_ ai r, vexteatdgre aungmaidedemangetudidr esuch as depigolad wikch

conpr essi on and expansi on occurs. In this uni que engi ne, the

cont ai nnent sFF@Rt uHe and dovi ded by the i nt erior peri pheral surface
204 of wall 202. The_actu co essi rea_and_ra

structure _ c%%r b22E2eRti ﬁoﬁf@c 190 1P ne]f ncomny i Xe gas

stream 170 isy£Q d i turg 2 e en the
ram et side Rl:l1 o?p ?gtg pag%{:ta{%ﬁeg% Seg'l(]:;%lt[l\ll-(':%r‘EaHE o é@n ﬁg rszfrﬁlgtﬂé\?de RJ

of inletk portiogsof 2Shaar ls(AfoX) . (a)la.nterSubﬁeﬂgen&hges taansetweensection
212 is provided to stabilize the normal shock process, which is
followed by bhub 134 shdpepakesolBhe ounlibdt dnt2rBogkihy ahbhgesiet4@14.
Then, conbustion takes place in conbustor 216, and pressure buil ds
to about one PERJPEAVEFAEH: PEFHEsds SRkes 5136 W aPBPNAR™IEEr and® her

t abl dependi d h t hi tical
"eoi on) due 8ePseeS8PEEE By 48y i RERARRE BASEES agA et t NS Bcomt ri ¢
throat 218 as #Qﬁ%ob&aled Rat ‘hH‘OW sOOi:Pé 828: formed ngus ghting

t he choke poin I'n t e out ozzl e 22 t he . I on gases

expand 100 neageghBBERNEI56 on spoRESSAWEE aﬁd Qﬂﬁdp]:d’tﬁirf’ﬂﬂﬂw heéngbout
1100[err] F or t hereabouts. The preferably helical strakes S[err] and

Slerr] segeents N1 5% dre d;invnisielgmehoat 198 15"Pre ftidab(axi al pyh 254t he
root, and about 0.10", width at the tip. Wth the design _25 illustrated
herein, it i ispaisesy dipt hiRseEaiyelnfa tight fitting  relationship

through aperture 156 which is defined by wall 158 in rim
segment 138, and through matching aperture 160 defined
15 by wall 162 in spoke 136. Similar parts are used for
construction of the hinged joint 146 between spokes 136
and the ramjet 142. As provided, any of the rim
segments 138 or the ramjet thrust modules U such as
module 142 are releaseably affixed as a part of rotor
20 120, and thus rim segments 138 and the ramjet thrust
modules may be easily replaced.
FIGS. 3,5, 6, and 12 depict a similarly functioning
design using carbon fibre materials for the rotor 120’.
a series of T-shaped attachment tabs AT are cut into
25 rdtor 120’ Tabs AT are slipped down between filled Y-
shaped tines YT extending inwardly from each of the rim
segments 138 or ramjet thrust modules U.

As seen in FIG. 4, the circumference of rotor 120

-18-



conmbustion gases will be mniml, and substantially limted to the

regi on of the conbustor 216. Turning now to FIGS. 2 and 18, the
overal | -21- WD 98/ 27330
PCT/ US97/ 233R)esr7330 structure of the prime nover in nypEfednRsant is
further illustrated in these views. Ranjets Uerr] and Uerr] are
suitable for oxidizing a fuel FF continuously supplied thereto
through froma fuel main (not shown) to 5 fuel supply pressure
regul at or 230i¢sesdd|p di) ,a lemedity of riw daegalersisppBy andi éoédo232 and
into an entering airstream 234 via injectors 236, to provide a m xed
gas ai morgt rampeta 70, suckhasegemithgliai r sEAPaRFaRBLy., | here

preferably provided through an apnul ar suppl.y housing.SH 10 defi ned by
i nner walls IFF%nagﬁ?e? ngP%rc?f E@I%Qﬂﬁfﬁélﬁy exteplligg; §ERAKSS Bt or FM

or by other sublahe BEoegly of corSUIPUS iBRCALL BUPRLY Lr R, TNl et

air plenum I AP. I ij eCtors 6 a pre ocate
sufficiently of strak@SddSmAtd, LAen 80L8ks éédgﬁ\%rﬁ:g HeAndy H.%Weéi‘ﬁﬂl'ﬁt ahf Uﬁl
iC

15 m xing. The m xed gas stream 170 is fe o ramefs U,
utilize oxygeBotmed wiehi AcCoOim Ngedharal NS®N 2 with a réfmjem as2anksent air
supply at the plant site) as the oxi dant source. Ranjets U are

provi ded at thAppveopriate. Eachdioft fher shtdlee sfgnents may0beodefinedn type
rotor 120') 2 so that the propul sive effect of the ranmets U.is

0
utilized to tBYn“Petoreddd R zr26° FREFULR MG priefddliipd 3t S1(frectly)
the output Shﬂtatlroghﬁ inlgt IN folhﬁikgégé?g'g%bs LRLRt ARl ¥, S gl('ied 'n an

operating posi n~by a 'fiXed su _rutture of franBs 130 and
25 332 in g)mangan spbt &l @691, axdd e8B! vnhi G- siRfedo s, (a-BRETAti on of
the rotor 120, such as rotation rates In t he range of 10, 000 to

20,000 rpm owhbtghehds ldat tthe exhaust rpgtitl, EKnloft tHalesbesitd ngoassenbl y

126 and outl et side

combustion gases 172. Similarly, strake segments £fir

strake S, start at S; (IN-R), at the inlet IN, then on to

S5 (R-Q), etc., in like manner. The strakes S; through

15 .8 partition entering gas 170 (which preferably is mixed

to provide both fuel and oxidizer), so that the mixed

gas 170 flows to the ramjet inlet throat 174. This

process occurs at a first (Uj;) of one or more unshrouded

ramjets U and then at a second (Uz} of one or more

20 unshrouded ramjets U and so on to an Xth (Ux) one of the

one or more unshrouded ramjet§ U which are mounted for

rotation at the distal edge of rotor 120. For rotor 120

balance purposes, I prefer that the number X of ramjets

'U and the number N of strakes S be the same positive

25 integer number, and that N and X each be at least equal
to two.

The strakes S5 through Sy allow feed of mixed gas

170 to each ramjet Uy without appreciable bypass of the
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PCT/ US97/ 23351 bearing assenbly 128, or suitable variations

t her eof , nmust provi de adequat e bearing support for high speed
rotation andy Fﬁw’%’ with mnimumfriction, while al so PCT/URSM38410 t he
operating cavi 0, so as to enable 5 provi sion of a vacuum

envi r onnent haV| ng an operating pressure of about 1 psia. The
detail ed bearing and | ubrication systens nay be provided by any

conveni ent enteriiRgnmilgdt hase 1konowce dgealdxhaus thicgmbapeddnr gaaeisng

machi nery, and need not be further discussed herein. 10

oper ati ng cavilt’g .2581pe, f anrdratpHetimmortantéyi ofhe exhau%telqosﬁesr—apnw | 204
and the interior 254 of frame 130 and the interior 256 . of frane 132.
Th| s cavity igases 176ogx%iting£35an %ﬁ‘t °f PRE ORI IS AFEMIEEEr Tt i on.

pI’OVI ded oﬁefﬁgl Ieﬁrfg?t%y%ly:ﬁ%e arﬁ%ﬁ‘u % Pﬁ%%ﬂfeﬁeeﬂ &6%&?&:&?362 S

provi ded; on t&%oﬁpmﬁ%br%'@%r@ﬁléb&gra”&ﬁﬁ thus suﬁéﬁéﬁﬂiaﬂQQUb&eUenIhese
seal s hinder "in-|eakage" toward t he evacuated operating cavity 250.

For cool i ng ofcheheetuinsogneshimistiormr@sebeliranfedm e exHawsttssidedul es
Uerr] and Uerr], a supply of conpressed air is provi ded t hrough
air lines 270Amntto2¥bB. inleprafde R to the iplppl §ide rofatsuliseauens0 psig
and about 80[err]F to chanber 272A and 272B, and allow it tq expand
t hrough porougamjets. g strpkecdeaspxg ﬁ?& ?F4I§’ectﬁe5bﬁﬂprf§1§tﬁ§| a and

25 about - 50[err m 150 F e ent di | I on
chanbers 276A OZ’?E]G’éi(rI‘-‘ngm %ﬁ?}%léjﬁ ¢h %%%ﬁgly 22b b‘% 276B,
the coojd ng a'rreé dﬂ@&t ggr't'ibﬁseaﬁ:ﬂereof asveaééﬁatmorw@am%&o\ég of the

respective rims
flgures of the drawing) which revolves in close

proximity {(a) to a fixed, annular shaped inboard housing

198 with inboard wall surface 200, and (b) to a

preferably fixed, annular shaped peripheral wall 202

15 -which has an interior peripheral wall surface 204. The

strakes S have a height HH which extends to a tip end St

that is designed for rotation very near to the interior

peripheral wall surface 204. As seen in FIGS. 9 and 18,

a wear ring 206 of soft, sealing metal is provided as ah

20 insert into the fixed peripheral wall 202, to allow for

tight fitting abutment of the tip end St of strake S

with the wear ring 206 that is provided in the
peripheral wall surface 204.

The construction and operation of my ramjet(s) U is

25 alsoc unique. The ramjet thrust modules U, such as seen

in FIGS. 5 and 11, are provided in an unshrouded

configuration, that is, the structures depicted in FIGS.

5 and 11 provide the necessary elements for compression
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WD 98/ 27330 PCT/ US97/ 23351 or
ram et thrust nodule U such as thrust nodul e 142. ~ Leakage of the
cooling air from chanbers 276A and 276B to the operating cavity 250

I s subst ant H%gymg_/‘davent ed by labrynth type seal s 28@rtaig725%5 5

Vacuumin cavity 250 is maintained via punp (not shown ) acting on
ports 290 and 292 to vacuum | ines 290 and 294 and 296. A
second enbodi nent for a desirable rotor design is shown in FIGS. 3,
5, 6 and 12. dferencémbhgh adtd,engtdeptlOfor @ardmm:dimentt oberut2irei S
provided. The rotor 120" has - a high strength inboard portion and
out put shaft againstl@Bishi compeessian tamd ppandiporedanrsand Irottdishl e

t herew t h. As illustrated particularly in FIGS. 4, 5, 8, 11,

15 and 12, ”Inlﬂtuéf éngtlﬁé"u§é‘eoF°O’éﬂ%T"F%‘f%b‘Ftemqqqrﬁl dSopagvided by

surfaces, | ncI d| n ﬁ§5"§g§%%§%%a h?gb?é 902”0;% n;lef 202 U. Cooling

air is supplle alr,”ttod ventilation

chamber, s such as C%@beéct\ﬁl' ncompressﬁﬁpha:%%[thﬁﬁ Qfamﬁge rmu The
ventilation chanbers ct as a centrifugal cofpressor, t he

conpr essed can m-poéeérg gasncsssest andt ward ki dugbmongl aﬁ&eaoga@f
cool i ng passageway orifices 302. A high density pattern of cooling
ai r passagewaystoEafi dg9 E(SZCiosippeséedaberamjet ipredyigtenictivre &18Gt
parameters depend upon t he characteristics of a particul ar design,

i ncl udi ng t he between %e&%&hshﬁﬁbgg)ofcb%%\%‘? (BT Githdiz (Bt®drs.  In
(o e <oV SOh L 2hATLe Bl sSRRIE 5178 2ParbGn or s, ORI ©
per useH) 2335 u"°'5‘\@(8’“9"&/‘@17%o| FRansition ST hebagh®a RETEETE Q1 304,
| ocated bet weestaldig iventheahbHfal AN préeeswhi Which is followed by
a stepdown to the combustor 216 at flameholder 214.
Then, combustion takes place in combustor 216, and
pressure builds to about one hundred eighty pounds per
15 .square inch (or another suitable pressure, depending
upon the design chosen in this critical region) due to
the buildup of combustion gases against the geometric
throat 218 as they build up to the choke point 220.
After exiting the choke point 220, in the outflow nozzle
20 222, the combustion gases expand to near atmospheric
pressure and cool, normally to about 1100°F or
thereabouts. The preferably helical strakes S, and S,
are thin walled, with about 0.15" width (axially) at the
root, and about 0.10" width at the tip. With the design
25 illustrated herein, it is believed that leakage of
combustion gases will be minimal, and substantially
limited to the region of the combustor 216.

Turning now to FIGS. 2 and 18, the overall
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.include an inner cold surface CS, and a hot surface HS | ocat ed on
the radially distal side of the rimsegnents 5 138 and ramets 142.
Due to the swirling action of the strakes, the cooling air CA

ener gi ng fr Qg aubipt s 300 of orifices 302 is advant pgpRysFingssswept
al ong the hot surface HSS of the strakes for cooling of the sane.
Note that in FIG 8 the cooling air arrows CA are 10 exaggerated to
di agramatical ly depict the flow of cooling air outward through
outlets 300. karactwdle of theprpelimeemdvrr conl imyy poweEAEnaauntiers the
hi gh speed fl ow of conbustion gas 176 and a very thin, but

ef fective coofnmgher| dlilystsarhed. inOtheser s evwsne Ramjets1391 apd Hach
strake S is prinarilgﬁin contact with cool mxe s.inlet_air 170.

d gas,
This fil m cooPFRg FBERBRLEs for oxidizimaant fufde FF APBGARTRABSH¥e of
material s suc . ' ' ' ust envi r o t Ip this
manner O BuPRuing rnpthtE MR, SRR BN P GER um) B,
prevent ed fromﬁnaqbggyt fesga@él%@guﬂ%xotﬂ%(%@ ¥16. 1), tHBheeted to

heati ng by the hot eXhaust gases. oling water CWis provided
to outside cogb Nfuel supphanbeis £8XAf eszcoghandirite peri@heesingal | 202

and its surface 204, and to inside cooling chanbers CCl for 25
cool i ng the walirstg@8amnd34t viguifjeet@(0.236, to provida kewikedt gre of ny
power plant is the rotor 120. Rot or 120 spins about its axis of

rotati on due 83% hE&geam 170 4 onfR@njestteXinFnwR HeEEgRFar 43¢t e & of the

110 . - 25- MO 27330
boT! UseT! 2335PFeEerably Provided IS 3P ARPEIAT (FHRRLY AOMSE BY muer be

constr uef ed oliefBheni 84S 9beh 813kl n bnl BuBUEVLYE1EBH, by B @TE!Y

hi gh centrifugal [oads”encounter rotor is”noving so that
the ranj et caasopRfidtedy ¥y tH6tor S5FM, MRCHYS. ScHaxNOGuitdb¥e . medh€ bt Or nust

be capabl e of wi t hstanding extrenely high tensile stress. Second, at

combustion air supply from an inlet air plenum IAP. The

injectors 236 are preferably located sufficiently

upstream of the ramjets U so as to allow adequate fuel

15 . -mixing. The mixed gas stream 170 is fed to ;amjets ua,

which utilize oxygen from the incoming airstream 234

(from an ambient air supply at the plant site) as the

oxidant source. Ramjets U are provided at the outer,

distal reaches of rotor 120 (or carbon type rotor 120')

20 so that the propulsive effect of the ramjets U is

utilized to turn rotor 120 or 120’ including (preferably
directly) the output shaft 108.

The rotor 120 is rotatably secured in an operating

position by a fixed support structure or frames 130 and

25 132 in a manner suitable for extremely high speed

operation of the rotor 120, such as rotation rates in

the range of 10,000 to 20,000 rpm, or higher. In this

regard, inlet side bearing assembly 126 and outlet side
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such speeds, mnimzing the rotor's overall aerodynamc drag is

critical. Attention is now directed to FIGS. 16 and 17, where
10 ny power plant is illustrated in conjunction with necessary
power gener agg9ghBsli pment. The shaft portion 108 agicyrsn7/23351
conventional fashion to transmt mechani cal power to the primary
gear - box 104. The gear-box 104 reduces the speed between shaft 108
and shaft 111 to a 15 sufficiently low |l evel to accommpdate the

capabi lities bearingofasdwmbdesi¥2®l appl suathbhe MarfrGSong, therepfid 17, the
primary gear-box 104 is, connected by shaft 111 to R[i mary el ectri cal
gener at or 112™u&l (RECPY QeAerglate” bearigge SUARCHL piRter Nigh SP£8EN ssion
to a power grid, or . 20 her .electrical .load.. . wever, ..shafit 111
coutd be | O eyt $i8 Jeeiril AriskiCRA MigsR. 2rso

For starting laht +na {0t 5490 1850 shown, cgpaegiked to
gear set 104. gé%ﬁ%ﬁo%:gr ?O%é%%{lﬁ@ & co%figuréd Stoo rotate rggtor 120, and
bring the rangiovidion JSMraSvablgrl esvilrtinéfr ahadRgNagNlogaaRaamy al

vel ocity so as to enable the start of the ranjets U Once ranjets
U are runni ngpdessure oof 4@bous turpeilaof f .The detailed Bearfingg.ands wel |
as nodul ating the ranjets U can - 26-

WO 98/ 27330 lubrication systems may be proviqded bgopny33mnvenient be
acconpl i shed with a secondary fuel, 500 ppl i ed Vi line 502 to
i ector s S04 MeAhs Batheps rigriepgaaily 15° nich sreedogobAtIPRer
suitable ignitera.. er Y.l | ' 1 L st ] et air
stream to fee ci,hﬁp%%&ﬁeggé nég?ann?tetb%%&g%&e: ?E?‘gﬁssée%%n}%rréylﬂ'uel suppl y

is stariged on An b@@r@aﬁhgt ch2ep Dob des £dAmed NSedwiln Rmtexildien
I ntroduced through injectors 236. As seen in FIGS. 13, 14, and

18, a series g@eripherialawedbl @ogosntli dcheanmileaxiogaké4yalfvesrame 3ovi ded
around 10 the edge of peripherial wall 200. For starting, the
and the interior 256 of frame 132, This cavity is
evacuated to about 1 psia during normal operation. As
gseen in FIG. 18, an outer labyrinth type seal 260 is
15 -provided on the inlet side and another labyrinth type
seal 262 is provided on the outlet side of the ramjet
thrust module U. These seals hinder "in-leakage" toward
the evacuated operating cavity 250.
For cooling of the rim segments 136 and the ramjet
20 thrust modules U; and Uy, a supply of compressed air is
provided through air lines 270A and 270B. I prefer to
supply air at about 250 psig and about 80°F to chamber
272A and 272B, and allow it to expand through porous
metal orifices 274A and 274B to about 13.5 psia and
25 about -150°F (minus 150°F), before entering distribution
chambers 276A and 276B. From distribution chambers 276A

and 276B, the cooling air is injected into each

ventilation chamber VC of the respective rim segment 136
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annul ar gate valve 600 is opened in the direction of reference arrow
602 as shown in FIG 14, formng a gap 603, so that a portion of the
incomng air which is bei ng conpressed agai nst wall surface 200 can

escape 15 rdly in the direction of arrows 604 and
uni que parti a(?%& %@r ouded ramet 162 allows this esgap@%ﬁ%&g

bypass air 604 and 606. Once the ramet U has "swal | owed” the shock
structure, then the gate val ve(s) 600 can be cl osed by actuator 610,

as 20 i 1] ggt nahgét nelht rédule |uhauenskhewtarddyedrmstile 142.
actuator 610 with shaft 612, nounted by bracket 614a. Any conveni ent

mechani cal , ebLeakageabf mhehxcdoaluhgcalr fromachaabers naysheand i t7véRd as
convenient for this purpose. Al so shown in FIGS. 16 and 17 is
the use, in atozshe QRAFSCABE CPVLEYs¢SPerds subssantipblyt peewensedon gases
fromranjets shown, the h(?Lt exhausé ases are conveniently

col | ected by QX %gﬁmtfhg%@%lﬁﬁa ExpEOTRB exhaust gas duct EXD is

directed to a heat

. . = 27-
VIO 98/ 27330 vé@ﬁ&ﬁ?pﬁﬁatc%rlty 250 isg malrlgéf./nﬁggﬂlfss'%timp (not st eam

gener at or ( HSEhwmWheget sh§advh i o PBRLGrddOR92 to vaBhlnhi NIndsSeam
turbi ne ST, by heating condensate returned fromthe steam condenser

SC vi a condenaaiezpanmngnd 296. CP. This is the comonly encountered design,

where the 5 working fluid is water. Al t hough the water is nost

easi |y heated to hhghepord fnbediment fod 2 desifalde yosdr designt bsdrive a
steamturbine, it can also be used for su of . thermal energy in a
co- gener at i onSBEPERI && FFRS- ARz 5, 6 and a£201 I IHgf?at%dmﬂhes“&lﬁ'éaﬂ?burbl ne

ST,can e usedobgenlBiose MAMCGB0AL ALK JOE. USd Beghechnbe gegerator

112 or terna ectrical "génera i E&IP roug

05, b 0% o Mg obsnpie abaad isan ST s uamue, ot
t hrust deternineswhiiehoveeahted to inboard portion and rotatable
therewith.
As illustrated particularly in FIGS. 4, 5, 8, 11,
15 and 12, I prefer the use of ventilatable, film cooled
surfaces, including in combustion chamber 216 on ramjet
U. Cooling air is supplied, preferably via compressed
air, to a ventilation chamber, such as chamber VC in
each portion of the ramjet U. The ventilation chambers
20 VC act as a centrifugal compressor, and the compressed
cooling gas is sent outward through outlets 300 of
cooling passageway orifices 302. A high density pattern
of coolir;g air passageway orifices 302 is preferably
provided; the exact parameters depend upon the
25 characteristics of a particular design, including the
speed (Mach number), capacity, and other factors. In
this manner the ventilatable rim segments 138 and the

ventilatable unshrouded ramjets 142 are provided with a
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15 “power plant output, the thrust fromthe ranmet is an | mpor t ant
figure of nerit for overall plant output | evel s. The ranjet thrust
| evel s and the overall plant output levels increase in direct
proportion %égﬂ%ﬁgo mass captured and processed by tdaguisaats

Thus, 20 ' ing the inlet area and mass capture results In

doubling the thrust generated, and thus results in doubling the
power output of the system Finally, even though high
conbustion temelaing eair flowapatbxpairenieda rpodedilgn walbwdoaxtrenely
| ow ni'trogen 25 oxi de out put This is because of the short residence
times at the Higpetedbbsttiveen ehber atantds atdmn bekanbers VC, whddhyel is
extrenely well m_xed. Thi s shock-boundry I ay%r i nt eracti AL

preni xi ng tecﬂﬁ}cd‘&’@ei Qany :'tﬂﬂecfuémld surface CS, and a hot surface _0g.

WD 98/ 27330 ' . . . PCT

approach for a}aﬁa@ﬁdné’na trli'éeal’r%léﬁlégt F%S%?%anﬁs&dg% étu%yé Z%grﬁgﬁetqmgr?stsand | ow
ni t rogens oxi dog e RpQnjer ™4, Due EoNEhEoBRD: Sl o  abe are

limted by limting the size of highly non-equilibriumfree-radical
zones in the drrakeeQnbet ebolilNgxa i @sicwsgdang E€sbdm ittty 300 loFss than
5 ppm or El is less than 0.5 grans of nitrogen dioxide per kil ogram
of fuel. orifice§h@ 0ret hod ashvairdmmecataly f swept oddonyy wWeehdsitcal |

el ectrical, and thermal power as described above 10 rovi des a

revol uti onary,smtgsgaﬁﬂ yehenstrakesd for coolingstokf £BEt iRAMSower

pl ant. The output fromthis r | ant_ can.be used in_.conjunction
with existing rtgat lnd%&%er@ E& e‘ﬁ%o, i PFepr &S acgi RiT i cant

option 44 difdglEHUELR0 & AHAURIS] DAL SPTISIA BheClLRBw bE
burni ng fuels. urther, given e efficiencies, dramatically
less fuel willcdwt oogswind petwaplt tiirough oueleesrizva. IRchavwedl , or

t hermal energy generat ed. It will thus be seen that the objects
set forth practice, the cooling air CA encounters the high speed

flow of combustion gas 176 and a very thin, but
effective cooling film is formed. Of course, one side

15 .of each strake 8 is primarily in contact with cool mixed
gas inlet air 170. This film cooling method is
important since it allows the use of materials such as
titanium in a combustion environmment. In this manner,
the high temperature generated from combustion is

20 prevented from damaging the combustor and other parts
subjected to heating by the hot exhaust gases.

Cooling water CW is provided to outside cooling
chambers CCO for cooling the peripheral wa}.l 202 and its
surface 204, and to inside cooling chambers CCI for

25 cooling the wall 198 and its surface 200.

A key feature of my power plant is the rotor 120.

Rotor 120 spins about its axis of rot-ation due to thrust

from ramjets U. Two design parameters of the rotor 110
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above, including those nade apparent fromthe proceeding 20

description, are efficiently attained, and, since certain changes
may be made in carrying out the construction of a power generation
appar at us awe ok/sabde execution of the method of powRiT gRHeHEE 1 on
descri bed herein, while neverthel ess achieving desirable results 25
i-n accord with the principles generally set forth herein, it is to
be understood that the invention nay be enbodi ed in other specific

f or ns, Wi t houtargepaxtiragefiyommportant he $hinsitt, crhesgetbiralmedtar ket eri stics
t hereof. For ' - 29- WO

98/ 27330 constructed of materials which enpbpeyde7te3snrvive the

oot B E Sl ShaESRh b5 LARE Oy, st L of 2T
result of t h@:o@birnqismrﬁévﬂ'fg t% that h@pPgrﬁgéty.sc doé%@ayée 'Bf tthge met hods
5 I t%e Feature S ﬁls

di scl osed herein. di sclo int

specifizati oMach 3.5(ifaglgedi ng. &ny 8EE0HRAMY NHust abEs,cddih 1l aweng, and

t he abstract) and/or any steps in the nethod or process so

di scl osed, nawithetapdiingedxinemayy chidh nadnsdile eteegls. Secondonitnati ons
where at |east sone of the features and/or 10 steps are nutually

excl usi ve. such speedspyg@nimieipg ghecrotew § rPygHadl ls peaycddyaamion
(including i theiacconganx%ng clainms, the draw ng, and t he
abstract), 3Fe*PepFatdd®by al ternative features serving the same

or similar purpossttugggéa XSS U drectRa toS%] &d pf *L%{(g”fﬁ- gggmu&

unl ess expressly stat ot herw se, eac eat'ure discl'o I's one

exanplxo onl ymgf power plgRbEriL $ELLBErate8UiyakemntuictSidi | aicheat ures.
Therefore, it will be understood that the foregoing description of
repr esent at i necessediynpowsr ofendmmtizih equipment i orfhe\whafite pogtdsant ed only
for purposes of illustration and for providing an understandi ng of

t he i HP8NEICES, @nFovensinpeli firentRn bt Weansmsumechandcal

. power to the primary gear-box 104. The gear-box 104

reduces the speed between shaft 108 and shaft 111 to a

15 -sufficiently low level to accommodate the capabilities

of the desired application. In FIGS. 1, 16, and 17, the

primary gear-box 104 is connected by shaft 111 fo

primary electrical generator 112, suited to generate

electrical power for transmission to a power grid or

20 other electrical 1load. However, shaft 111 could be
applied directly to do desired mechanical work.

For starting the plant, a starter motor 400 is
shown connected to gear set 104. The motor 400 is
configured to rotate rotor 120, and bring the ramjet

25 thrust modules U up to a convenient tangential velocity
so as to enable the start of the ramjets U. Once ramjets
U are running, the motor 400 is turned off.

Starting, as well as modulating the ramjets U can
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restrictive, or tolimt the invention to the precise forns
disclosed. On the contrary, the intentionis to 25 cover all
nodi fications, equivalents, and alternatives falling within the

spirit and wpopesed the invention as expressed in tdarepppensed
clains. As such, the clains are intended to cover the structures and

net hods - 30- WD 98/ 27330

PCT/ US97/ 23351 described therein, and not only the equivalents or
structural edpe \eadommipsl itshedecfithbat sdcomdeqyi falednt500 suppdtiedctiimes or

met hods. Thus, the scope of the i nvention, as indicated by the
appended cl ailine 592 o injaceprrb o | FHEdEVSAr LAt bhPY roRligsma

enbodi ment s provi ded which are, neverthel ess descriped by the broad
meani ng and rFGE pPOfer?y é‘%ﬁdeﬁu’rﬁa?ﬁ% EANEGE o?rePerab'ﬁﬁelé‘I. ai ns, or

to the eqL”\”ﬂf?yﬁith§ﬁﬁ§§'in the inlet air stream, toc feed into the

5 ramjet U. Once this secondary fuel supply is started on

the ramjet flame holder 214, the fuel FF is then
introduced through injectors 236.

As seen in FIGS. 13, 14, and 18, a series of

variable position annular gate valves is provided around

10 the edge of peripherial wall 200. For starting, the

annular gate valve 600 is opened in the direction of

reference arrow 602 as shown in FIG. 14, forming a gap

603, so that a portion of the incoming air which is

being compressed against wall surface 200 can escape

15 -outwardly in the direction of arrows 604 and 606. The

unigque partially shrouded ramjet 162 allows this

escapement of bypass air 604 and 606. Once the ramjet U

has "swallowed" the shock structure, then the gate

valve(s) 600 can be closed by actuator 610, as

20 illustrated in FIG. 13. I have shown a hydraulic

actuator 610 with shaft 612, mounted by bracket 61l4a.

Any convenient mechanical, electrical, or hydraulic

actuator may be utilized as convenient for this purpose.

Also shown in FIGS. 16 and 17 is the use, in a

25 combined cycle system, of hot exhaust combustion gases

from ramjets U. As shown, the hot exhaust gases are

conveniently collected by an exhaust gas duct EXD. The

exhaust gas duct EXD is directed to a heat recooperator
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-31- 5 CLAI M5 1. Apparatus for generation of

power, said apparatus conpri si ng: (a) an
inlet for supply of conbustion air; 10 (b) a fuel inlet for
supply of aybdszakd e fuel; (c) a rotor, senmusonias havi ng
a central axis and adapted for rotary notion thereabout,
said rotor extending radially outward fromsaid central
axis to an outer surface portion having an outer

extremty, steam ¢Bnerator(dHSR&)perdhpe abtean issaprodecephdoa wal |
(i) positi oned radially outward from said

central axisdwmkfing a steam turbine S{j, )b}ﬁoéﬁeﬁtdrﬂﬁj Gepdensiage | y
radially out var d cﬁter xtremty of

said rotor; afFurned frojpthe steam c°“(q%“is)erh§§| Xéa ﬁ°‘? TRSaR s}iﬂl’face
portion; uhf8L-E8 Sa

r an gts Ccp. This is tgl'ﬁ-:) co%%nggr ERES eg‘ﬂrg Q»?Fe) g rot at | ng
portionsl Ocatvﬁﬁrl@iniafdugat Q.rs wate Although the wate€Xikemdgt of said
rotor, and (||) a peripheral wall portion,

(f) said rot adsigypdreated andhigh dopmssyptecsdieamabhd thereafter used portion

of said one or nore ranjets cooperating to conpr ess

t her ebet ween & phriMee Gtesm surbiRistitorfan also be used fopjgupply 30
(g) one or nore strakes, each. of said one

strakes provifed FReEgY ohB %fc%aqed‘%a%rwpeappllcatmn Also, [anjets,

and at | east PRYl, @rgg ?ad}.h%f Bl Oeﬁrﬂ.{n ST cagxz be used Y€

strakes extendl ng ou fom at east a portion
10 produce shaft work for use in electric generator 112 or

an alternate electrical generator, typically through
gear box 104’. Alternately, the steam turbine ST could
be utilized to provide shaft work for other purposes.
Because the ramjet thrust determines the overall
15 .power plant output, the thrust from the ramjet is an
important figure of merit for overall plant output
levels. The ramjet thrust levels and the overall plant
output levels increase in direct proportion with the
mass captured and processed by the ramjet. Thus,
20 doubling the inlet area and mass capture results in
doubling the thrust generated, and thus results in
doubling the power output of the system.
Finally, even though high combustion temperatures
are experienced, my design allows e:ﬁtremely low nitrogen
25 oxide output. This is because of the short residence
times at the high combustion temperatures, and because
the fuel is extremely well mixed. This shock-boundry

layer interaction premixing technique is a unique’
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5 of said outer surface portion of said rotor to a point

adj acent said interior surface portion of said peri pheral wall;
(h) whereby said one or nore strakes effectively separate said
suppl i ed congysbhRsy air fromsaid 10 exhaust gases acanistned3s or
nore ram ets conpress air and oxi di ze said fuel supplied thereto
and generate exhaust gases therefrom and thus devel op thrust to
effect rotary notion of said rotor about said axis of rotation.
15 2. Themppaaahusfas sathfevihgi m cheham lpenbecbly cpcémdked

said one or nore strakes conprises a helical structure ext endi ng

subst anti al | y qondlidiiiogns rendsdiow guttgfogen oxidesgsgrigedoporti SRYSH sai d
rotor. 20 . 3. The ,a ratus as set forth i | ai m.2, .wherein the
nunber of sai PiFEIEP bide esdesiops aze ;LlRPQSﬁd%Y 11‘“1mn9t &€ unber
of said one or_.mnre. I anj -, R - [ A 4 ke equal .
25 4. Tﬁérga%p%afr %%gigshé%i(e ort brllr‘f‘mc gﬁ% %&:S\ﬁéa?e%%n sailgx T

i nner sugface iR r0f 3Rxd RELRBAE Ahravbst ftdilto be less tdRRPrises a
wear ring seal, said wear ring seal adapted to effectively seal

the interface shgipmere®Ei is3Qess thaaf 0S8l drame of mirmoghy aldesiaied sai d
I nner surface portion of said peripheral wall.
33 pexs kidogramhefappet at us as set forth in claiml, wherein said

outer surface portion of said rqotor conprises a lurality of
ri msegnents. P 'I%e met?lod and apparggus gor producing mechapnicaa, y

electrical, and thermal power as described above

10 provides a revolutionary, compact, easily constructed,

cost effective power plant. The output from this power

plant can be used in conjunction with existing power

delivery systems, and represents a significant option

for reducing air emissions by combustion of c¢lean

15 ‘Jburning fuels. Further, given the efficiencies,

dramatically 1less fuel will be consumed per unit of
electrical, mechanical, or thermal energy generated.

It will thus be seen that the objects set forth

above, including those made apparent from the proceeding

20 description, are efficiently attained, and, since

certain changes may be made in carrying out the

construction of a power generation apparatus and in the

execution of the method of power generation described

herein, while nevertheless achieving desirable results

25 in accord with the principles generally set forth

herein, it is to be understood that the invention may be

embodied in other specific forms without departing from

the spirit or essential characteristics thereof. For
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6. The apparatus as set forth in claim5, wherein at 10 | east

one of said rimsegnents is detachably affixed to said rotor.
7. The apparatus as set forth in claim1l or claim 2, wherein
each of saidy Qﬂﬁ% nore ranjets further 15 conpreicgysayagit i al |y
unshrouded ou nozzle, and wherein each of said one ore
nore ranjets utilize at | east a portion of said inner surface
portion of said peri pheral wall for deconpression of escaping
conbustion gasfsmple, @Bile I hav8. sefhforppanaindazry sesibost foknacl aim 1,
wherein said outer surface portion of said rotor further
conpri ses fuel feed sirtaowementie cvDYalptbewalembodanenesorudl alael |
conpri si ng: (a) an interior coal wall surface,

(b) an outer ﬁ@ﬁsﬁéﬂﬁ §@r P4&@in the result °f(§PeaPEFHFaPF?§ BF €881 i ng

passageways haV|

said cooling & agagus ana %h%§ﬁﬁ%ﬁﬁ§§hﬁr8$ 58%% éﬁ% ‘§ &5 F§ggzag:n

said g 30 aidcBgbdh ok %&5 %ﬁefaqqc%@qon
adapted to pass therethroug coo Ing alr supplied said interior
cool wal | surf@geiua@nghahy Saécoertlyitg cld4ms, the draw:.ndi and their exits
said outlets to provide a thin film of cooling air on said

out er surfaceamstracn)obnddpd any steps in tbeomethod or procgss Blve
apparatus as set forth in claimb5, wherein each of said rim

segnent s furtlﬁ’élscé@ﬁﬁffivsé‘aé{ &Rl FARPHRed in any °°mb1P§EéPW n§*S§Rber, and

wherein each of said coolin recei vi chanbers
effectively ¢ f‘ﬁ?tflﬁgﬁef"ﬁere at least SO"Fe Ofgjtgl%: |£(;e:’:1étt% refarngrﬁo cool i ng

air proyg ded teﬁ%&ﬁt Qre mutually exclusive.

Each feature disclosed in this specification
(including in the accompanying claims, the drawing, and
the abstract), may be replaced by alternative features
serving the same or similar purpose, unless expressly
15 .stated otherwise. Thus, unless expressly stated
otherwise, each feature disclosed is one example only of

a generic series of equivalent or similar features.
Therefore, it will be understood that the foregoing
description of representative embodiments of the
20 invention have been presented only for purposes of
illustration and for providing an understanding of the
invention, and it is not intended to be exhaustive or
restrictive, or to limit the invention to the precise
forms disclosed. On the contrary, the intention is to
25 cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the invention as
expressed in the appended claims. As such, the claims

are intended to cover the structures and methods
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15 10. The apparatus as set forth in claim1, further

conpri si ng (a) an air dunp passageway, said air dunp
passageway comunicating with said air inlet and with an

out | et ogz73s0 dunp air location, said air dunp passapemess7esssii gur ed
20 to allow starting of said one or nore ranjets, said

air dunp passageway defined by a through wall portion in said
peri pheral wall, and (b) one or nore displaceabl e val ves, each
of said one described theeeim;e atiGphateanly velhe eSANBLEIHEEDIRX bet ween
25 (i) a closed position, wherein said one or nore

di spl aceabl e sarvuesuralnseauseal ephssditeranfoughuhaplse equivalent .. oy

of said peripheral wall, and as resul t tapki no
inlet air escASEIIHEGFd ¥t I“i?tﬂb%‘ﬁﬁ' Thus, theai?ggggat‘?%né%é{nd 30

(11) an open C)Sie it?.%n Vmgée!ir}lc}si%%&é@l ¢ aé_l‘lé)"‘ﬁppended clai_msf,:jﬂi-r.f%

communi cat i on B&tvieen gai @ ai't et and”said air

| ocationy via §@k@ndderugl Waldl v tv&Piffions 36rom the efbodimensai d

peri pheral wall, allowing at |east a portion of said inlet air to
escape t hroughrseidedi whdohp are neverthphsssgéesgyibed by the(byoafier eby
each of said one or nore ranmets is able to dupnp a portion of
conpr essed i nimeenang ehdowgmasaiproregly affoxded giAptPasiapevage ?b ef fect
conmbustion start. _ 11. The appar.atus_as set fofrth in claiml10,

wherei n said the claimsq;qp te %W@geﬁﬁﬁpﬁ%ﬁ%o an annul ar gate val ve,
sai d annul ar gate val ve being operatively located 15 al ong at | east
a portion of said peripheral wall, and wherein said annul ar gate
valve is positioned radially outward from and closely adjacent
to, said one or nore ranjets as each of said one or nore ranjets
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rotates thereby. 20 12. An apparatus for generating power,

conpri si ng: (a) a su sai d support structure
conpri si ng (i) aﬂmlnmmuljgmmmhousi ng with an inner side
25 wo sshrisece, and ¢i) "an oxi dant spEpUSeIEEssdUIt,
sai d C|rcunferent|al housi ng conprising at |east one
wal | of said oxidant supply c (ii1) fuel supply
passageways, said fuel supply ﬁﬁs SHEET HAS BEB@<sagemays adapted to inject
an oxj di zabl ecf.arks i MEBLAGEDoxi danjt contained within said
oxi dant supply conduit;
36 51. App@yaqf)slfo i %/@t oeneratigmief pavers i saidoarparathaf t
rotatably secured al on an axis of rotation with respect to said
supgort strucFBf i t gcgta rotor, said rpta: rot at abl y affixegomﬁth
sai ir o) a r 0 h..respect .1 0.

%35'% ﬁéqsf% %8 h&&éfﬁ$ éb%?él S BRCL1 10 RRLM

support structure, conpr
circunferenti %rp%EJaEé' é’@vdd?c%u%tﬁbﬂr 8ik! Yad an exhaust gREI ¥hevat,rim

segnent s; (d) one or nore ran]ets said one or nore ranjets each
(i) conprising a r¢batiagfpent i DN1edt efpnl bypplyy of fuel pooOvaded as part
of said circunferential portion of said rotor,

(ii) adapted appatratuge at | east a portion of said i nner side
surface of said circunferential housi g ress sald
suppl i ed oxi dant ah®) s@i Fot9y, said ro °6xF8F§EBP€Yfﬁ%?ur said

(ii1) wherein,each rotatl ép rthg cooperates . of rotat mnth t | east
a portion of ESPE ?%heFa§| S de2ree @ x %%ﬁcﬁ%ﬁrcﬁﬁ% rentia

housi ngl 0 copBEgssesebflding cutwardly f'r'%'metsac.‘lﬁm&ﬁ%' 8F 2btabebtyeeg said

one or nore
an outer surface portion;

(d) a peripheral wall, said peripheral wall
(i) positioned along said axis of rotation
between said combustion air inlet and said exhaust gas
15 -outlet,
(ii) positioned radially outward from said
axis of rotation,
(iii) positioned radially outward from said
outer surface portion of said rotor, and
20 (iv) comprising an inner peripheral wall
surface portion;
(e) one or more ramjets, said one or more ramjets
(i) each comprising an unshrouded
compregsion portion located at said outer surface
25 portion of said rotor,
(ii) said unshrouded compression portion
cooperating with at least a portion of said inner

peripheral wall surface portion to compress said inlet
-32-
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5 oo ourorting porti o IHHAYINARHIN poreion of saia

(iv? wherein said rotating portion further conprises an

outl et nozgdegssgl | ow conbugtion =3 - gases f or retvUBS7/I23351dat i on
of said fuel to escape, Tﬁ& SH%ETﬁHﬁu?%?%ﬁ each of said one or nore
ramets _ REPLACED 3 5
tangentially about said axis of rotation of said out put
shaft; combust ion( &) r afe: wierTRiad ds bhakes , modwe rexim edrze apfl said one or

nDre'strakes I's provided for each of said one or nore
ranjets, andathdeept sapbrviomaif ssrid snnabreesiphgienl wall pgrface extends

outward fromat |east a portion of said circunferentia
por$|on o; s&jiFﬂ@F@r to a point adj acent to said inner side
surface of sai ...y ClIC erent | al Si 5..,13. The
apparatus for generating(bbhkrOSEréggﬁtég %nsgggghlagth resPeCQ tf or claim

12, whesein said apRRLALYS fUEtdeNeast Mach 1.5; CONPrises a heat recovery
sectlon, sal eat recovery sectl on conprising a conbusti on

gas inlet, and a (£f) one or mogenBUEhkes, JeacloUbt edaidarghen dreatorexchange
section for 20 containing therein a secondary working fluid,

sai d strakess gomvddeyd \forkieaghf lofi daddamned domagie aAmiEtéh to and
from said heat recovery section, whereby said hot conbusti on
gas i s cool edWBgTeEBORASh 0Pt hBRAEl UHer §F more strakes; gxtendsocongary

wor ki ng fl ui d. 25 . 34. he_apparatu recit ' aim13
wher ei n sai d Substantially I?Q&Sﬁ Xr?u%BFﬁﬁngerufg ?%ﬁﬁ?igbggﬁggég% and
wher ei fi, of said doﬁ’tpéér.n 06289 rtS¥nd cTeGARARGLRRT Kl G fddlift Steam
i's produced.

adjacent said interior peripheral wall surface portion,

said one or more strakes effectively separating said

inlet combustion air from said exhaust gases when said

one or more ramjets receive inlet air and fuel thereto

15 ‘and oxidize said fuel to create hot combustion gases

which propulsively exit from said one or more ramjets to

create a thrust force causing rotation of said rotor.

2. The apparatus as set forth in claim 1, wherein each
20 of said one or more strakes comprises a helical
structure extending substantially radially from said

outer surface portion of said rotor.

3. The apparatus as set forth in claim 2, wherein the
25 number N of said one or more helical strakes is equal to

the number N of said one or more ramjets.
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5 orising ot comeurce AR, o zimier funerer

fed to said steamturbine to produce usef Ul mnﬁk on a st eam

turbi ne out gy oemhaht - 16115 TOEEFAPRAS BEON jas set fort Bojgsedadssh 12,
further ' conprising g ir%&PgA@erical generator, and wherein 10
wherein said first output shaki—is—operativety connected to said
first electrical generator, and wherei n sai d nechani cal work
provided at sai.d firhetapparatus adWetlifoshafl int 6188 5B Gidrein ®get ri cal
generator to produce electricity. 15 17. The apparatus as
set forth in gexiph&balwweldi sugslade portion ofStswid tpediipheraldt patlllshaft is
operatively connected to said first electrical generator, and
wherein said further comprigeswar Weah Sing SealamaaibiMearodtipagt se@dft turns

20 said fjrst electrjcal generator t r.oduc electricity.
39 adapted to effecti ely seal éﬁéjintef%ace between séid y
5 one or more strakes and said inner peripheral wall

surface portion.

5. The apparatus as set forth in claim 1, wherein said
outer surface portion of said rotor comprises a

10 plurality of rim segments, said rim segments.

6. The apparatus as set forth in claim 5, wherein at
least one of said rim segments is replaceably removable
from said rotor.
15
7. The apparatus as set forth in claim 1, wherein
said one or more ramjets further comprise a partially
unshrouded outlet nozzle, and wherein said one or more
ramjets utilize at 1least a portion of said interior
20 peripheral wall surface portion for decompression of

escaping combustion gases.

8. The apparatus as set forth in claim 1, wherein said
outer surface portion of said rotor further comprises at
25 least one coolable wall, said coolable wall having
(a) an interior cool wall surface, and
(b) an outer hot wall surface, and

(c) a plurality of cooling orifices having outlets
-34-

This Sheet Has Been Replaced

AT




#}Degg/pf)z?ifg'?us as set forth M“ﬂlla“ll““l

M

PCT/ US97/ 23351 18.
LA, ™ W

sate-second el ectrip &?%Eat or to
THIS SHEET HAS. BBHbe! appar at us as 14 hin

appaReRI§EDener afes shaft power at a sinple

el ectrical generator, and whefeih

;S)ﬁ gglrpcteur 4 Wo %ﬁé@prl C powver.

claim 12, wherein sai

cycle ef ficiency of at ent” based on the ratio of 10
fuel energy igputgaliqy W&“'ﬁé\l ﬁgﬂg¥u95%wt1sameeoollng oPReiabikng at an
inlet velocity of at |east Mch 20. The apparatus as set forth
in claim1l2, phevreding passagia'idad{samwabﬂSsg&m&Ec&ﬂeSvaﬂllafshrﬁabér afd a
sinple cycle 15 efficiency of at |east about 45 percent, based on the
rati o of fuel sendérigtiwplt swrfmeEhani cal energy out put, when
operating at an’inlet velocity of_ at |east Mach 3.5 21. The-

appar atus as set f&ffh Fﬁ”c,q aCRAbinghePEi ficHF adsaéi"éleépp‘é?at%sﬁenerat es

shaft paqwer S ef fici.e cy. of at st .52 ent,
based orf t he %QFFSngough °°°Hféc-f %’n"er?j’ﬁ?q gh&ﬁﬁ%gﬁ'oﬁn g out put ,
when o] ti gdheanghn % [ t L_ga .1 Mach 4 22.
The appar at usp]ggilset F t'r:?h F% l(t::?tgltm% 1 TC)SP Irlﬁé]1 3 ehath wﬁg?esﬁlat | east
one material oofnetsi #e PHAiket @ &m&; film of é&elcirig Caftl 8AgERiBN excess
of 683, 220 i nches. -40 WO
98/ 27330 outer surface portion of said ro®&H/ US97/ 23351

10 9. The apparatus as set forth in claim 5, wherein each

of said rim segments further comprise a cooling air
receiving chamber, and wherein said housing further
comprises a rotor face portion, and wherein said cooling
air chamber effectively contains therein, for metered

15 -ejection therefrom, cooling air provided thereto.

10. The apparatus as set forth in claim 1, further
comprising an air dump passageway, said air dump
passageway communicating with said inlet air plenum and.
20 with an outlet air dump location, said air dump
passageway configured t6 allow starting of said one or
more ramjets, said air dump passageway defined by
(a) a through wall portion of said peripheral wall,
and
25 (b) a displaceable valve in said peripheral wall,
(c) wherein said air dump passageway is
configurable between

-35-
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23. The apparatus as set forth in claim1 or in claim uum”ﬁﬁumﬂﬂ e"’ "lat
| east one material conprising said rotor has a sp

bet ween 683, 220 i nches and . -1, 300, 250 i nches. 24. "Thé

appar at us a?vosﬁhﬂs@”h in cl urma 5:QL . i Avc FEk 12, Peeuensni | east
a portion of material conpriding REPLACEﬁald rjtor has a specific strength
of approxi mately 1, 300-258—t+nctes: 25. The apparatus as
set forth in claiml1, or claim12, vvherel n at |least a portion of
material conprising said (i) a [0l 95 eBASs 8aSReCi fgds StEeIgL hvlie gacess of
1, 300, 250 i nches. 15 ' 26. The apparatus as set forth in claim
1, or claim laubstantiadfigr @it ainleastiz pecepes dfhuwigdr izdidoapri sing

sai d rotor has a specific strength in the range from about

1, 300, 250 i ncagpt Eaagégewewa@daoo inches. 20 27. The appar at us

as set forthinclaiml, or.cla ., _Wherein at | eas Bortion of
material conprising said i) an r‘?ﬁ%’r Hﬁglglgﬁeci“ﬁefeéﬁ e?ﬁjt‘% B9 hout
3,752,6 h )
it LT ST S R

r ot or has as [ n €S$ 0 732, .
th 1C Jdl‘?i 35&%%‘.%%'%&11 waX8eS8o0fom/ 22.RP0 between thRehgh

PCT/ US97/ 2335%all portionZQanJheaaﬂpaimplBae\Salsbe fraitvie,i rtel aldo®, or
claim12, wherein at |least a portion of material conprising said

rotor has a seesiatemestty enfjt btbeteasth 3, TOXtdem | pEhesids inlefndais, 000, 000

i nches. . .
through said air dump passageway,

10 (d) to thereby allow combustion start in said one

or more ramjets.

11. The apparatus as set forth in claim 10, wherein
said displaceable valve comprises an annular gate valve,
15 - said annular gate valve being operatively located along
at least a portion of the circumference of said housing
and wherein said annular gate valve is located in a
position radially outward from and closely adjacent to
said one or more ramjet as said one or more ramjet
20 rotates thereby, said annular gate valve adapted to be
moved from (a) an open position wherein a portion of the
airstream ahead of said one or more ramjets may escape
through said gate valve rather than become compressed in
said one or more ramjets as said one or more ramjets
25 rotates adjacent thereto, to (b) a closed position
wherein essentially no escapement of the airstream is

provided therethrough.
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30. The apparatus as set forth in claimi1, or claim 12“","1 mumr)mr “uat

| east a portion of material conprising said r ot

strength of about 15, 000,000 10 i_nches. . An ‘appardtus for
generating ROV Set forth {Hmg SHEET HAsCh@N 1, or c! a| Mpdpysivi8ssgi N sai d
at | east one ramet peratﬁg%ghEﬁn inlet velocity Merr] of between
about Mach 15 1.5 and 32. An apparatus for
generating power as set forth in claim1l1, or claim12, wherein said
at | east one rlam ehn apparatx?sp%ﬁ %%n@&a@ﬂné%@%ei’el&ﬁdﬁﬂis% ”] of at

| east Mach 2. . 'An "appar at us generating power as set
forth in (a) Claal dil’uﬂ:po(i'lt céarmck&re/mersamu sau@pabtrﬁ eatfrdweutanj et
operates at an inlet velocity Merr] of at |east Mach 2.5. 25 34. An
appar at us for cgoparstingg power as set forth in claim1l1, or claim
12, wherein said at | east one ranj et operates at an inlet velocity
N[err] of at |east (fcpn3opidant supply conduit, and -42-

35. An paratus f ener tin as set, fort

o aim 12 anoroin S4td & FesSt BRin pSteldh Dbl o oref FifklL °

vel ocity N[er%hrgghgeegnyhch 3.0 and Mach 4. 5 5 36. An
apparatus for generating power as set forth in claim1, or claim12,

wherein said at |eqsiipne reddceid housmgoqsﬁﬁﬂm aFitd & nketoyelsaget y
Merr] of approximately Mach 3. 5.
surface;

(b) a first output shaft, said first output shaft

10 rotatably secured with respect to said support
structure;
{c) a rotor, said rotor comprising an outer surface
portion,

(d) one or more ramjet thrust modules, said one or more
15 ‘ramjet thrust modules '
(i) each integrally provided with said outer
surface portion of said rotor for rotation therewith,
{(ii) each further comprise an unshrouded external
portion, said unshrouded external portion comprising a
20 substantially constant cross-sectional size when
sequentially examined in cross-section perpendicular to
the axis of an inlet airflow from a forward cross-
section to a rearward cross-section, to thereby minimize
pressure drag when said one or more ramjet thrust
25 modules operate at an inlet airflow velocity Mp of at
least Mach 1.5, and
(iii) each coopérating with at least a portion of

said rotor side surface of said second housing portion,
. -37-
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37. The apparatus of claim1, or claim 12, wherein sal llm “,Iumﬁ) lmum
conprises a central disc. 38. The apparatus o I n

said central 15 disc is tapered. 39. The apparatus "of *cl &im 1,
or of clai mylgegekgr €i n THIS &HEET fAST BEBIDri ses a et abcumssizsast
conposite. 20 40. The appappsiygepf clalm 39, wherein said netal
matri x conposite conprises tlhitanitHh 41. The apparatus of claim
39, wherein said netal matri x conposite conprises silicon carbide.

25 42 toThwmprieasalsdidofinlledi Mokbustichakit 1Betwben ekaidavde

rotor conprises silicon carbide coated carbon fibers enbedded in a
titani um net alrsutste aramjets and said at least a portiom3ef said 5
43. The apparatus of claim1l, or claim12, mherein said rotor conprises a
carbon fiber é‘”ﬁ&&?? 56%0%’1”&'%5‘09' The apparatus of claim

43, wherein sai rotor further co ,ses hi strength fiber
w ndi ngs. a( ()i %kfﬁparea%}‘s %? EF& mE Fhel& T said
high st r§“9thsft'z%§’:ésv"'§}‘yﬁ%d for each ofCYEE HndOHPf iy ?gerlfa aibon

fibers The apparatus of claim 44, erein a|d hi gh
strength fibernusdi ﬁ\gaulé§ wherein eQIPbESEak@Vbi¢ dit hire strakes
47. The appar at us of cIain139, wherein said netal matri x conposite
further extends coipsranesallyi cedisalpi detvardinEnoms. at 1ea@st a
48. The apparatus of claim1, or of claim12, wherein said one or nore
ranj ets portion of said outer surface portion of said rotor to a

point adjacent said rotor side surface, said one or more
10 strakes effectively separating said inlet combustion air
from said exhaust gases when said one or more ramjets
receive inlet air and fuel thereto and oxidize said fuel
to create hot combustion gases which propulsively exit
from said one or more ramjets to create a thrust force

15 - causing rotation of said rotor.

13. An apparatus for generating power, as set forth in
claim 12, further comprising a heat recovery section,
said heat recovery section arranged to receive said hot
20 combustion gas from said one or more ramjet thrust
modules, said heat recovery section further comprising
an inlet, an outlet, and a secondary working fluid for
circulation to and from said heat recovery section,
whereby said hot combustion gas is cooled by recovering
25 heat therefrom and transferring such recovered heat into

said secondary working £luid.
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further conprises a silicon carbide combustion chanberJJuM'[”mr"mrlwwmrg
The apparatus as set forth in claim48, wherein said c )
conprises a nonolithic silicon carbide portion. "50° * The

apparatus a 5‘:&275 thinc W 12 wher ei N peeudoPI3ss10r
nore ranj et ?véorrprl ses a reﬂ@ﬁ? déry S'fgjon chanber i nsert. 5

51. A nmethod of generating povver ISI n (a) providing one
or nore ranjet thrust nodules on a rotor which is rotatably
secured W th nespeghet Gpfhratus as st Feztd hReUSENGidaykNg wiikrelRer
surface; (b) supplying to said one or nore ranjet thrust 10
nodul es an ai rsstide amcoodbaynwogkang oklulixht isndsesh to provide mhedm@abl e
fuel; (c) oxidizing said fuel between said one-or nore

ranj et thrust eRgddYes and sai d out board housing, to (1)
generate conmbustion gases which escape 15 therefrom to

(ii) generate a notive force by thrust reaction of said

COHbUStIQn 9ases empl%gfa%@sbeég\esgt forth in c%%:. sf'L ﬁodvl-{e@sel aCh of

said one or nore ramnje and 20
(B) at |east saaﬂf’”s'e%rﬁialsf‘" GNP €1uid comprises water, and

housi ng; (d) propelling said one or nore ramet thrust nodul es
at an inlet veladin iup®RXchRsSatirig MMEhs2iQ tdeconghry working S dsuppl i ed
airstreamby way of said notive force, 25 said one or nore ranjet

t hrust nodul esstesnyiisgpypdaced. | east a portion of said inner
surface of said outboard housing to assist in conpression of a
portion of said supplied airstream as each of said one or nore
ranj et ust rmdul &5, Pasgse nt .t h 0; ( e)
effecti v%l y sepsar at| ng FRPATAHNT rorﬁslcaoﬁaoaf h Ehet comgglgéggby usi ng

one or nore stdaleRs aleBInthe iRHAReIdaid steam wRicBaidsi0tar .£RAch of
said one or nore strakes

heating of said water is contained under pressure and
fed to said sgsteam turbine to produce useful work on a
steam turbine output shaft.
15

16. The apparatus as set forth in claim 12, wherein
said first output shaft is operatively connected to a
first electrical generator, and wherein said mechanical
work provided at said first output shaft turns said

20 first electrical generator to produce electricity.

17. The apparatus as set forth in claim 15, wherein
said steam turbine output shaft is operatively connected
to a first electrical generator, and wherein said useful
25 work on said steam turbine output shaft turns said first

electrical generator to produce electricity.
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5 provi ded adjacent to one of said or nore ramets, and at
| east a portion of each of said one or nore strakes ext endi ng

outward fromat |east a port surface portion of
said rotor %ﬁ,ﬁgyont adj acemil’“m[mmlmnlﬁml I nner surf acecniswassi

out board housi ng; ¢ turntng® arr out put shaft operatively
connected to sai d one or nore ranjet thrust nodul es;

(g) whereby power is provided at said output shaft. 52. The nethod as
recited in clagm Stheheffidrathe iad eset forth ivelakdiny b6, sdudtbee or nore
ranj et thrust nodules is 15 - at least Mach 2.5 53. The nethod as
recited in cl aump&islmgeraemewmilﬁleqztrlcal gengratet yand vhededhRe or
nore ranjet thrust nodules is etween Mach 2.5 gnd Mach 4,

54. The met ho®ade rddfite ok cPEedHIeL Wﬁe?%m ShgamyFurbine BHEPé‘Fl onal
inlet velocity, of said one ar, more La S I S

appr oxi mat el y Sha&y Fu&n sald5§ec°ﬁe%?%]6]dcaals ?%ré?l%a}l(?%l tr%:ogllg)g::é %gf

wherein said f I is selected fromthe group conprising gaseous
hydr ocarbon fug%cr'rlfSpoggr The nethod as recited in claimb51l, wherein

said fuel Is essentially natural gas. 57. The nethod as
recited in claimb5l, wherein the step of supplying fuel conprises
i nj ecting sai dd.uelThientapparatus as seor tfioothofisattatuppRi edheinedty eam
radially inward of 30 sai d outboard housing at a point priQgr to
conpression said appajyatys @gepereteR Shadhi POUEFpPLed AUMBEe£MYE ween
fgm et thrust erﬁ;d'.lﬂigzlalydo%u'[a?:oﬁregspo '?IB cer%: alge}/seoém of hsealr%tg.rc]:eo fnore

10 fuel energy input to mechanical energy output, when

operating at an inlet velocity of at least Mach 3.

20. The apparatus as set forth in claim 12, wherein
said apparatus generates shaft power at a simple cycle
15 - efficiency of at least about 45 percent, based on the
ratio of fuel energy input to mechanical energy output,

when operating at an inlet velocity of at least Mach 3.5

21. The apparatus as set forth in claim 12, wherein
20 said apparatus generates shaft power at a simple cycle
efficiency of at least 52 percent, based on the ratio of
fuel energy input to mechanical energy output, when

operating at an inlet velocity of at least Mach 4.

25 22. The apparatus as set forth in claim 1 or claim 12,
wherein at least one material comprising said rotor has

a specific strength in excess of 683,220 inches.
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58. The nethod as recited in claim51, wherein said nethod

further conprises the step of generating electricity. 59. The net hod
of generating power as recited u wherein said net hod
further inclyggs. the step of ”"mﬂwmm,a mgmng t her mal eogusy2s3som sai d

conmbusti on gases. 60. The frethod ad récited in claim59, wherein said
thermal energy recovery step conprises transfer of sai d thermal
energy from said conbustion gases to a 15 secondary working fluid.

61. The nethodzas #Rei hpgatdred addn £ Fhaeiinh Selidim 1 or in skadwmdary
workiing fluid is water, and wherein steamis produced by heating

said water. 12, @heréhe aet hesdstasomeandterrial clcapmiédngwesidi nosard 20

t hermal energy recovery step conprises indirect . heating of said
secondary wor kiagg 4| @ipedifisnj gtrength betwafiusEBdn23Bsddiches apd The
met hod as recited claim61, further conprising the step of
directing sai ¢-8800Rdqr yP®#%%ing fluid to a 25 turbi ne having a
wor ki ng shaft, and generating power by rotation of said turbine
by sai d "secondary wor ki ng fluid, to produce shaft work from said

turbine. 284. the HB#QQ&&@ d€£GdeddinCliai B163m féw bReEnCemminsi ng

the step of generating elTectricity fromsaid shaft 3 wor k of said

t ur bi ne. 12, wherein at least a portion ofdtaterial comprisifig65. The
nmet hod as recited in claim65, further conprisin the step

of m'nim'zingsaéldodytmamrchdsagiaspsaiﬁi@netmengtg of approximakelyhrust
nodul es rotates at supersoni c speed. 66. The nmethod as recited
in claim65, %héPQPRSEaFBCQ?%p of m nim zi ng aerodynamic
drag further conprises the 10 step of maintaining a partial-
vacuum-al ong a . substantial radial portion of said rotor.

25. The apparatus as set forth in claim 1, or claim 12,
wherein at least a portion of material comprising said
rotor has a specific strength in excess of 1,300,250
inches.

15
26. The apparatus as set forth in claim 1, or claim 12,
wherein at least a portion of material comprising said
rotor has a specific strength in the range from about
1,300,250 inches to about 3,752,600 inches.

20 '
27. The apparatus as set forth in claim 1, or claim 12,
wherein at least a portion of material comprising said

rotor has a specific strength of about 3,752,600 inches.

25 28. The apparatus as set forth in claim 1, or claim 12,
wherein at least a portion of material comprising said
rotor has a specific strength in excess of 3,752,600

inches.
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67. The nethod as recited in claimb51, wherein said
out board housing of said rotor further conprises

ventil atable rotor caps, and wherein said method 15 further
conpri ses t {y sh9idyo0f providing cooling air pCT@RYA3Isand

t hrough said ventilatable ro I“““l“““ The method as recited
in claim51, wherein each ofnm“ﬂ‘mﬂl sai d one or nore ranjet thrust
nodul es are crrctnflerénti’al [y spaced apart so as to engage
sai d 20 supplied airstream substantially free of turbul ence
fromthe previous passage through a given circunferentia

| ocati on of a@$.on€headpparesusr agpiet forth in claim Iamrerclehmud®, nodul es.
69. An apparatus for generating power, conprising: 25 (a) a

ci rcunf erent i ¥PeRaER, ahgdrAsE @hiRaFtisnepiamaterial comprisingafaifyel s
suppl i ed; n_out put a said.o haf t rotatably
secur ed aboutr8t85nPP3I f&?kf%lc sé%eng%ﬁ Eetfgfna3rg%g goéaﬁa P

securel y affixgd 48,880 %00 incheiD out put shaft and further conprising
an outer surface portion; (d) at least one
ranjet, said at |east one ranjet 48 5 (1)
conprising a conpression portion, said conpressi on portion
af fi xed to saBBd.roTrhe;apparatus as set(ifoythtihiciaign slai ercicladnf eeent i al
wal | as a conpressi on resistance portion, so that said

ci rcunf er ent | ¥ReFGLP &ét§eé§taaréFE¢ﬁPﬁgC§uﬂﬁ§@élaloc°mprlsln9 88aPnst
which said inlet air |s com cunfl sai d
conpr essi on r &7 or PR8N PGC:&dlc stpenghpg qaﬁ %llt o#g bhﬁr gﬁo

(e) onqﬁpr nmoLe . ﬁggakes each of said one or nore st rakes
provi de adjacent to one of said or nore 15 ranjets, and at |east a
portion of each of said one or nore strakes extendi ng outward

fromat |east a portion
31. An apparatus for generating power as set forth in

claim 1, or claim 12, wherein said at least one ramjet
operates at an inlet wvelocity My of between about Mach

15 1.5 and Mach 2.0.

32. An apparatus for generating power as set forth in
claim 1, or claim 12, wherein said at least one ramjet

operates at an inlet velocity Mg of at least Mach 2.0.

20
33. An apparatus for generating power as set forth in
claim 1, or claim 12, wherein said at least one ramjet
operates at an inlet velocity Mg of at least Mach 2.5.
25 34. An apparatus for generating power as set forth in

claim 1, or claim 12, wherein said at least one ramjet

operates at an inlet velocity Mp of at least Mach 3.0.
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of said outer surface portion of said rotor to a point adj acent
said interior surface portion of said peri pheral wall; 20

(f) whereby said one or nore s 1 tuy separate said
suppl i ed cpdugimsn air from sa“‘ﬁmmllﬂnﬂﬂun ust gases pay/USHI/IIIZINE OfF
nore ranjets conpress air ~ cand oxi di zé said fuel supplied thereto
and generate exhaust gases therefrom and thus devel op thrust to
25 effect rotary notion of said rotor about said axis of

rotation. 35.70An Hppaappasatfozx gfenelkatim@§9pwher ean setd fatrthedst one
ram et operates at an inlet velocity of at |east Mach 2.0. 30
71. The appalaims lof ot &¥aig0,1vherhaneisqisgist ateds@sgnone ramjet rgpj et
operates at an inlet velocity of at |eas

t Mach 3.%.
5 72. The apRRe¥RHSSofate|af mHBLEnERLPTLighi Yo aPeFEest Yagh 3.0 and

ranj et oper atb&séhat4 an inlet velocity of between Mach 3.0
and Mach 4.5. T 73. The apparatus of claim69 wherein said at

| east ope ranj et operates at an inlet velocity of

approxi mat el y 10 Mach 3. 5. 74. The apparatus as set

forth in clai3p.69anvgiRiratedl Gor generating powe8t ag ettt Faxrttodpri ses a
plurality of ventil atable rotor caps. 75. The
appar at us as cletinf dr.t led ncldim M4, wherais sasidl it least e ramjedt or caps

are detachably affixable to said rotor., 76. An apparatuys for
generati ng pRREEALESIHY hgintet velocity Mg of a?p%r‘??f’r“&]"rﬁaé’r &astal wal |,
agai nst mhichsi let air and fuel is supplied;

(b) an output™snmaft, said output shaft rotatably 20 secured
about ggcentral axis; (c) arotor, said rotor

(1) securely affixed to said output shaft, and (1)
conpri sing, a7l hereeaippacayukhefedfaim 1, or claim 12, wherein said

rotor comprises a central disc.

38. The apparatus of claim 37, wherein said central

15 -disc is tapered.

39. The apparatus of claim 1, or of claim 12, wherein

said rotor comprises a metal matrix composite.

20 40. The apparatus of claim 39, wherein said metal

matrix composite comprises titanium.

41. The apparatus of claim 39, wherein said metal
matrix composite comprises silicon carbide.

25
42, The apparatus of claim 1, or claim 12, wherein said
rotor comprises silicon carbide coated carbon fibers

embedded in a titanium metal substrate.
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plurality of detachable r
conprising a plurality of

bl rim 25 segnment s
g sssageeys S
outl ets; easl sone ramet, said at | east one ranjet

(1) conpri SimegBswonpression portion affixed to PCT/US97/23351 sai d
rotor, said conpression pariT O UETREr 30 conprising a
conpr essi on ranp, THIS EHE'E”f HAR ?IEEI“ utilizing said circunferential
wall as a retaining surflace aﬁéFHgﬁgmthh.said inlet air is

50 5 conpressed by said conpression ranp of said at

| east one ranjet, ~ (iiii) operating at_ an inlet velocity in
excess 43. The appampkys f claim 1, oreglaHe ¥4 dtieredsy $Rdd each of
said one or nore 10 , strakes prqyi ded adjacent to one of said or nore
‘am ets, and TAESKeEOTPELREE (7 GARHOTLACREG! SBATY SEPRHLte mor 6
strakes extending outward fromsaid rimsegnents to a point

adj acent said interior surface portion of . said circunferentia

wal I, g5 44, (frhe Y‘Qﬁ?@?é(tﬁ@! GONE1QL MM E, skhakesnefdLrd i velpr
separate said inlet air fromsaid exhaust gases as said one or
mor e ranj et s faafhees somblreébedi Kighdtrength fibexiwinéimsgs d fuel supplied
thereto and generate " exhaust gases therefrom and thus devel op
thrust to 20 effect rotary notion of said rotor about said axis of

rotation. 77.  The apparatus as set,forth in _claim?76,. reipn at

| east a porti4Sn offB&i BPPEEELYSs eonfG IRt widéhi nwherein Salg\gg‘ﬁé‘anti ally
gas tight housin nd el I . h | I i Kped under
Vacuum to rediaahed (etBBESWIsiinbe Copnriae "AUALPELLACHE! Uaigh

met hody @f gengiflldgNg power, conpri sing: (a) providing one or nore
ranj et thrust nodul es

o ——

46. The apparatus of claim 44, wherein said high

strength fiber windings comprise kevlar fibers.

15 -47. The apparatus of claim 39, wherein said metal
matrix composite further comprises silicon carbide

filaments.

48. The apparatus of claim 1, or of claim 12, wherein
20 said one or more ramjets further comprises a silicon

carbide combustion chamber.

49. The apparatus as set forth in claim 48, wherein
gsaid combustion chamber comprises a monolithic silicon

25 carbide portion.

50. The apparatus as set forth in claim 1, or in claim

12, wherein said one or more ramjets comprises a
~44- '
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rotatably secured with respect to a circunferential 30 wal | ;

(b) supplying to said one or nore ramet thrust 5

nodul es an airstream contai ni ng an oxi dant and an

oxi di zabl e fyel . feroxigdizdRol said fuel b 1.d one
or more W5 9827330 r anj aﬂ"*{shgﬁg%fr%&uﬁéy and sai d cir Unter et al

wal |, to 10REPLAGED iii) generate conbustion
gases whi ch escape therefrom to

(iv) generat ' f . thr react llve
o1 "saird Compusebaitsals ooy pbweenshbate. | INHH NI IHLUML
15 (A) each of said one or nore ranmj&t ¢ - " % 7

t hrust nodul es, and (B) at |east a portion of
sai d 51. A method ofidenur=a1ieRt pawenql tomprising: (d)
propel ling said one or nore ranjet thrust nodul es 20 at an

inl et vel ocityldan exoydding Mmh ar0 moneoughshrouded thrust mogiudesupplied
ai rstream by way of said notive force, each of  sai dﬁgne or, nore ranj et

t hrust mbdul eFH@tabdy secured between &, LirstesipPoard hquiing angd @

circunferential wall t . sist_in conpression of a portion
of said suppl iseefond’ Sgaﬁéonary’ a?qtﬁﬁgﬁ?’ggséﬁgh of said one or nore

thrust modul esm)  supplying an RASHA%AAIRATHRN PG one or more (e)

provi di ng one or nore“sftrakes, eac sai d one or . nor e
strakes | ocat athrafjraaedulkg;one of said or nore ramets,
and at |east a portion of each of said one or 30 nore strakes
ext endi ng out wed foxddbizding reaist foed in said one or pppre dAdjrasént said
circunferential wall, said one or nore strakes effectively
separatthg sai™Pdudest t2ir 52

(i) generate combustion gases which escape
therefrom, and to
(ii) generate a motive force by thrust reaction of
said escaping combustion gases to (A) said one or more
15 "thrust modules, and (B) at least a poxrtion of said
second, outboard housing,
(d) propelling said one or more thrust modules at a
velocity in excess of Mach 1.0 through a supplied air
stream by way of said wmotive force, said thrust module
20 further characterized in that the thrust module is of at
léast partially shrouded construction, of the type
wherein said thrust module relies on at least a portion
of said second housing to assist in compression of a
portion of said supplied air stream, as said thrust
25 module passes adjacent to said housing;
(e) turning an output shaft operatively connected to

sald one or more thrust modules;
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(5:orrpr.essf |r glmetsaia?r eggguzii g?igss:isds?iugl Ogﬁpgh ggr o arﬁlﬂ”’”ﬂ’”"ﬂtﬂ”,#“j
gener ate exhaust gases therefrom and thus devel op thrust o=

ef fect rotan } of said rotot -about sai d axipeT®koAaisati on;
10 (f)wot%?\?bﬂg an outpu@’grﬁi&ﬁdﬁ’& BtiNe¢ly connected to

said one or nore thrust noduljes; REPLACED (g)|whereby power is provided at
sai d out put shaft. 79. The nethod as recited in claim78 wherein the
i nl et (f)vethereyy Opovesat d sopeovidenr e tduis toutpdittl ehaEs.at 15

| east Mach 2. 0. 80. The nethod as recited in claim79, wherein the

i nl et vel ocity of said one or nore thrust nodules is at

| east Mach 3. 81. The_ nethod as recited in claim80 wherein the 20
oper at i onal |r$I2et ToEodre il &8 drefkted Adr CYFisPl wherein FRGules s
bet ween Mach 3 tho reci n_claim80
wherein the q°°ngN§§eF3%$o%’a? ?’ﬁl%?r?/eﬁqbnﬁsty guggﬁd%né o}eﬁﬁfe t hr ust
nodul es g s ap@,&ra%)lc1 gabely Mach 3.5. 25 83. The nethod as recited in claim
78, wherein said fu is selected fromthe group conprising

gaseous hydr ocar bon fuels. 84. The nethod as recited in
claim78, wherein said fuel is essentially natural gas. 30 85.
The net hod as SBeci Tee imethed masd, redhtednivheckaiop Bt wherein thepplying
fuel conprises injecti n% said fuel into a portion of said

suppl i ed ai r stEEQRLEY QIp&RAL GFEoion grore thrust modules is between

53 si.on said portion of said supplied airstream
bet ween sai d &aF(t,lum’g gﬁ? CI'\1/\/a4f'lcgand any one of said one or nore
t hrust qgdul es. 86. The nethod as recited in claim78, wherein said
met hod

54, The method as recited in claim 51 wherein the
operational velocity of said one or more thrust modules

is approximately Mach 3.5.

15 -55. The method as recited in claim 51, wherein said
fuel is selected from the group comprising gaseous

hydrocarbon fuels.

56. The method as recited in claim 55, wherein said

20 fuel is essentially natural gas.

57. The method as recited in claim 51, wherein the step
of supplying fuel includes the step of injecting fuel
into an airstream between said first and said second

25 housing at a point upstream of said one or more ramjets.
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ol edirrerty P e herhoa of generas i ng powes INNULHICAIFRIES..
78, wherein said method further includes the Step of ° ~

recovering thesdBhagener gy fr@i"%@ﬁ?& 585;5” Tn gases. POBrus97HAss1Net hod

as recited in clarm 87, whe thermal energy recovery step
conpri ses transfer of BEPNGE ermal denergy from said conbustion
gases to a secondary working fluid. 89. The nethod as
recited clai ms@8, fruet RUcHEAPE SirBOiLtEE in claim 51 epwHeFeTh i Bgigai d
secondary working fluid to a 20 turbi ne having a working shaft, and
generating powsthod further ofiatdlondes ddhe tatrdp nebHygsmekasetogdary
wor ki ng fluid, to produce shaft work from said turbine. 90.
The nmethod as elected@itk-cl ai m 89, further conprising the step of
generating electricity fromsaid shaft 25 wor k of said turbine.
91. The nethod as recited in claimof claim78, wherein the step
of provighng a oxigahlydh 3l g O98cPEAPER claim g, | BhURLIAOMLGS 15
ent 1nh sai suppl i

provi ded by oxyden pres _ _ _ ed'a!rstreanl_and
wherei n sai d RPoeturiter indAhldell QA istelf B dtA/ASGN thetd1

circunferenti al wal |, and wherein each of said one or nore thrust
nmodul es are cienegfyefedin shiy sSqanestiapakhses.as to 54 5
engage said supplied airstream substantially free of t ur bul ence
fromthe previous passage through a given circunferential |ocation

of any one said one_or no

.th t du] . 92. The .net hod
recited in cl &%n 7 P%Mﬁﬁéﬁaﬁs%?dreféteauincﬂgE%H$:?%ntVQFrﬁéFIfﬁggF_ o8 %
stationgdy.  tnerddn HIR t@%@P%r;egt%g;%%{&n%@'&a%fegg%rfe'&ﬁa'd

rotor further conprises a-plurality’o gnents, at

| east sonme of uMirgfalhavergy EeestsHE combustionCgabad! €0 V@ldecsiriayat | east
one cool abl e wal |

working fluid.

61. The method as recited in claim 60, wherein said
15 -secondary working fluid is water, and wherein steam is

produced by heating said water.

62. The method as recited in claim 60, wherein said
thermal energy recovery step comprises indirect heating
20 of said water by said combustion gases in a heat

recovery section.

63. The method as recited claim 61, further comprising
the step directing said steam to a steam turbine, to
25 generate power by rotation of said steam turbine by said

steam, to produce shaft work from said steam turbine.

64. The method as recited in claim 63, further
-47-
This Sheet Has Been Replaced

AR




(12) én oﬁ?glr)rihzjt n\g/]viall surface,(a) an it eEL?racgloLr\g?: !Iﬂuf mjﬂ"“l!m“‘

passageways having outlets at said outer hot Wwall Surface,

(d) said nediaagdridst her co LY @l@@ﬁ t}gssggp; bf S Ujalnysotgsasy cool i ng
fluid behind said interior 5‘ £ surface, and passing an
anount of said cooling BEPMQ Rn t hrough said cooling
passageways to said outlets, in an anount sufficient to effect
film 25 commtisichdftisai stepiod detieraaihgsdaléacei@itys af tbno uiLid
rimsegnents. 94. The apparatus as set forth in claim94, wherein the
step of suppl §haft cet¥ mf fHaddd staamhewrli®epri ses suppl yi ng an
anount of cooling fluid to effect film 30 cooling of said one or nore
strakes. , 55

65. The method as recited in c¢laim 51, further
5 comprising the step of controlling boundary layer drag

as said rotor rotates at supersonic speed.

66. The method as recited in claim 65, wherein said
step of substantially contreolling boundary layer drag
10 further comprises the step of maintaing a partial vacuum

along at least a portion of the radius of said rotor.

67. The method as recited in claim 66, further
comprising the step of providing flow of said supplied
15 -alr stream at a rate sufficient to provide interior

cooling in said segmented rotor caps.
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