Attorney Docket No. AM-10 -PCT SUBSONI C AND STATI ONARY RAMIET ENG NES
Cross-Reference to Related Applications [0001] This application relies on

t he di sclweuwn®/@aodscl ai ns the benefit of the filing datecwfuskho803s244
Provi si onal Application No. 61/039, 406 filed MaAtthres DRegYo.tAMI-dDsPdsur e
of which is hereby incorporated by reference in its entirety. BACKGROUND OF
THE | NVENTI ON Fi el dsoBSOrel¢ AN STATIONARY RAMIIENENGINES rel ates to the
field of power plants. More particularly, the present Invention relates to
devi ces and nethods used in the field of heat engines for various

appl i céitpssnRefeientq i Relatad Anahicatians dri ves. Enbodi ments of the present

i nventi rovi de,subsoni.c and statignary ranjet.engines, crdption o
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the efficiency of autonobile engines and other fuel burning engines. The

ef fi ci &Py Hrcopppsatad By sgfereass Wribisnfieeténgi ne on the road in the United
States is approximately 21% An autonobile engine with 21% efficiency burns
three tines as nuch fuel as an autonobile engine with 63% efficiency.

Ranj et engi nes possess 63BACIKGROEMNIY CANOHRIIYVHNTION04] Ranj et engi nes

have b%g ar uqd for 50 years, and are fanous for high efficiency, yet,
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and Shockwaves waste energy. Unless an aircraft flies at very high altitude
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ranjetS@mghﬁg$mﬁ¥@aﬁgﬂgugh they are nuch nore efficient than turbine
engi nes. [0005] The words supersonic and subsonic usually refer to speed of

sound iResempioaiteaRelatededbher e. | nside the apparatus of this invention
speed und chan i . er at . WO [ Cy:
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sanme air or gas traveling thrqough the apparatus. Mach speeds al nost al
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[0004] Ramjet engines have been around for 50 years, and are famous for high
efficiency, yet, today, ramjets have virtually no commercial applications other than military.
There are reasons for that. Supersonic speed generates shockwaves and shockwaves waste
energy. Unless an aircraft flies at very high altitude where air is much less dense, it will
consume a great deal of fuel by flying supersonically. So there is little economic demand for
commercial supersonic aircraft. But there is some demand, and it is not being met by ramjet
engines even though they are much more efficient than turbine engines.

[0005] The words supersonic and subsonic usually refer to speed of sound in the ambient
atmosphere. Inside the apparatus of this invention speed of sound changes with temperature, and
the words supersonic and subsonic usually refer to local speed of sound in the air or gas under
those conditions. The speed of sound can vary by a factor of two in the same air or gas traveling
through the apparatus. Mach speeds almost all refer to speed of sound in the atmosphere.

[0006] Ramyjets use de Laval nozzles to convert supersonic speed air to subsonic and vice

versa with the flow reversed in the nozzle. De Laval nozzles are highly efficient devices known



tube containing the flowto what is known as the choke area, where the air
reaches | ocal speed of sound. Beyond the choke area the nozzl e increases

t he area wO 2bd9om0178@ further sl ow down the air. The fast eCcTiuseommzzhe noves
through the air, the nore air can pass through Aernsamockeicke Avliéd01#eédause
the high kinetic energy of the air relative to the nozzle is converted into
hi gher foeseen aéntis. andinpugdel avdensizle/sldons dowe shysdhicuziE) eduBug thefaea each
airspeed, the rate at which air can pass through the choke area is fixed.
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engi ne .operate at. high efficiency. The term "adi apatical.ly” typically means
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w Il show how to output the power of a ram et en]%i ne as_ nechani cal work. In
addi t i one¢ lipytingfaggr keqparg Bmidegeines fomrbainbwerenEidglydised jn aifegatpossi bl e i n
sone preferred enbodi nents to renove all Attorney Docket No. AM-10d -PCT
significant Shockwaves fromthe process and elim nate wasteful drag, so
useful energy is not wastedlSUMMAERRSNOEKMYERSVENTEONer soni c flight cannot be

renove sone Shockwaves at the, ) . . . o .
?06)0%5 In nght gﬁhe above-described issues with current ramjet engines, it is an object

of some of the preferred embodiments of the present invention to show how to run a stationary
ramjet engine to obtain mechanical power. Further, some disclosed embodiments of the present
invention will show how to replace a de Laval nozzle with a supersonic to subsonic convertor
which does not have a choke area. Some embodiments of the present invention, even further,
will show how to generate nearly or approximately adiabatically from the same atmosphere the
high energy flows of air and other gas which let the ramjet engine operate at high efficiency.
The term “adiabatically” typically means without any heat flow into or out of the air or gas,
which is possible only approximately. Still further, some embodiments of the present invention
will show how to output the power of a ramjet engine as mechanical work. In addition, by using

a ramjet engine with these methods, it is possible in some preferred embodiments to remove all
2



| eadi ng edges of the engine are renoved by having the engine stationary.
The remai ni ng Shockwaves shoul d be insignificant. [0009] A choke as used in
t hi s descwopbesonoref ers to restraining, guiding, and/ or Phoarsdioag3se4d | ow
transitioning fromlocally supersonic to |ocal | tteuissdicketg¥o.tAMhd Dt4Pérli ng
fromlocally subsonic to locally supersonic on all sides of the flow

t hr ougRigaifsoaal dheckhiveg droat 8@ .prddesd il didnihens twaglefiil s, s vl edsrgyWhast
referring to a no-choke area or a reqﬁon wi t hout a choke area, what is

meant V§SteHatomsshetivetinsugaenin dight snnet P%@%Vﬁdaptwwewwae%& ng a
| ocal f u si des.
For exgﬁg' eQ%ef@?%? %%gg%ﬁgFB g%% thvébﬁ§ﬂ$gﬁg ggemgfggggg e Lava
nozzIesho@mdwanﬂ@uhUkusmgmﬁhmﬂp|raI|ng outward fl ow al | ows the flow of air

or gas nsitionj t hrough | ac eed of sound to s ad o r.adi IIy to
o T et Ofuh X B B A BBES it IppRGaib e BHARE. Silleripingh
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fl ow can spread out in at eas% one direction. [00010] Aside from
mec hamsulaﬂonertg iloraly |su1germmb phylbsides ofttheflowithiogeh aplpilallerdixed ardau dn ﬁ@t ent uses

in part_the ence eed gas d cs. For ,
by Damseh @SR Bt SRR SA50HRTER or EoLei S ARG 4 R BT cos i ng
t he subjigets m&mnt EEth@Tdr%ﬁloTHﬁc@%\MN@aﬁ 06Qundtrebldg a 1bcdlSpéed of
schemati c di agram of one enbodi ment of a conpressor, ranjet, and expander

i n accopeuhiemsiionihiongh p fiedeica houndsdonzyl ses, For Pample BT dees b RAFE vi ew
of an 3 ﬁg 0, expander
in accoﬂgﬁﬁ%gEﬁ% hnF%gn?ﬁ%g% ?6%98%%%5%81 gﬂg%ﬁﬁlglgpo sﬁggé gﬁal Vi ew
of oneaﬂﬁW@ﬂkﬁkﬁveﬁmodtgnnﬁmghomng@npngs&mmsmudéfﬁﬁmdnf@@emSﬁcﬁwﬁmyna a

pl ane perpendlcular to the axis of rotgflon of the rotor. [00014] FIG 4 is
a cr os9eedRthepeaded pisi B ovrat derrdif Inglids HsoRICHENEILOR. ARCTEHRMEER FeSiph t he
Cross- %Fg{e' Bl chfé{ ﬁa&@&ﬁng"ﬁé@e@'tﬁé‘g}@ {y dafl shfa&d B ifi a Ffeaét%%%r@éh &f the

rotor. 001 I's an enlarged cross-sectional view of one inventive
enbodi 1e010df a Aonderfessarcchadcaxpgineeing andtphysibe tlor wgnes agiliedmn this patq:ﬂtane

per pendi cul ar the axjs. of ratation of the roto and enl ar

ot ai | S551M PHE G 1rCE OL A P a0 181 P 18 ema: B ehsEk ona
V'e“/OUOHPthGYﬁ@khﬂ@z@ﬁﬂoQ%ﬂﬁﬂkbﬂke@&%@&ﬂﬁ&%ﬁ@&h@ j&¢pander, with the
cross-section in a plane perpendicular to the axis og rotation of the
rotor, and enlarged to show details of alternate bl ade and channel

struct ures. At t orney Doc . / . 7 is a graph
showi ng an annular flo ﬁﬁﬁE 'E d Pe ar: 1 radius to achi eve
radi al [Ho@wW] speedripy. Qp@ﬁ&dz}femltlctdiagtdiﬂ of alveeérﬁlﬁbcﬁﬁqeﬁthﬂ alcdeipusss@f rdnfjet, aid r al
chanber. [0001 8] FIG 8 is a graph show ng an annular flow spiral chanber
gap pr 6Kpandenintascordancesvithothg amieatenr adi al f1 ow speed bei ng constant with

the r ar{ib(ﬁbsl 2?f t h%lépi fsazl crggﬂwﬁénal view of an embodiment of an engine, including a

compressor, ramjet, and expander in accordance with the invention.

[00013] FIG. 3 is a cross-sectional view of one inventive embodiment of a compressor,
with the cross-section in a plane perpendicular to the axis of rotation of the rotor.

[00014] FIG. 4 is a cross-sectional view of one inventive embodiment of an expander,
with the cross-section in a plane perpendicular to the axis of rotation of the rotor.

[00015] FIG. 5 is an enlarged cross-sectional view of one inventive embodiment of a
compressor and expander, with the cross-section in a plane perpendicular to the axis of rotation
of the rotor, and enlarged to show details of the dynamic seals.

[00016] FIG. 6 is an enlarged cross-sectional view of one inventive embodiment of a
compressor and expander, with the cross-section in a plane perpendicular to the axis of rotation

of the rotor, and enlarged to show details of alternate blade and channel structures.



[00019] FIG 9 is a graph showi ng an annul ar flow spiral chanber gap
profile with radius to achieve radial flow speed proportional to the radius
of the spwvoaboxhermer. [00020] FIG 10 is an enl arged crosdarss@onsaal view
of one enbodi ment of a conpressor and expander Atforsydragheideo vikVilk 10 hdCT
invention, with the cross-section in a plane perpendicular to the axis of
rotati ¢ooaf7] t he MoGOT is £phpli gedvih® as howldeloas sradthdnhieer igap piofild @wh amtius

hol | ow shaft output flow, a configuration capable of doubling power at a
smal | &9 pehusvsadiakbibey spgedaworortignagio the inverssptahn @eys 9 theopualsbambehnal vi ew
of an j ment i i 1 5 i: in
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fi ber s tavhihodveandiakBypa bpeeddking consthzti with theuatias 9f thay@ral dearsbaypent . DETAI LED

DESCRI P OF V. S EVMBCODI MENTS OF THE | NVENT 00022 ference will
now be IS (n adidi ¥ Nodr PN 3 AU RV FHET Sh PIGTS RUBALT B,
The T ol oG (Hehefbw dpLaSHEPRidRN td e PABSESN RE s Si chdipdpur pose of
describing certain enbodinents in detail and is, thus, not to be considered

as |im[0042g]t he ke ison enbirgddecresstrodionehviswad soe etnbddinRat kg compressor ue
scope of .the invention is defined by the clains. 0023] Tenperat ures

mor o1 n a7 &N Sk Rars? a0 EuhO T et M b e URR R RRAEBRRPIRE%:
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At nospheric air or gas is air or _gas at anbient pressure and tenperature.
|f at mogpwefpy. ¢ eonfiumtionsapablaeidoublag pawer atissmeH ehgieney cadi abat i cal |y
change iO(S(ﬁé ﬁ] ave gygt Ialgﬁaah!,eﬁﬁé%e%@&rs?ste&ﬁoqlapifie;{fsof Kn %X}b%?{ﬁen%f‘% ar%ntumssof result
is referred to herein as [ energy" air or gas | e stagnation

t enper alidliheent®nKwith tie drossescilakinar plnegheependidiugi? te theragys @Eirotagdas ofs rétor,
specific energy. approximately Ts/To times the specific energy of the

ai r / gashaWingspiga %wah@r@c sapaRle of n}l@ﬁ%ﬁ&?w@a@hﬁm@%@P@.ﬁrﬂe\/en at
tenperature ToK, ordinary atnospheric air/gas has stagnation tenperature Ts
K =3 ToK traveling at Mach 3.162, and Ts K increases with the square of

t he Mach nunber. [00024] " SpBEIAICEDHASGCRIPISONS@Ht h of a material is its
tensile strength divi ¥aRIOYS ESBIHSMENTSPRVHEMNWENTIONS its density

di vided by the density of water. Simlarly "specific" conpressive strength
i s conﬁ%@ﬂve stfi%{@l%% i lvioaeke Bgdssigetetalite variaty Q’S?mpé’ﬁéémbi)‘im?ﬂséﬁélﬁ% s
the fi 86, TRE fdiloW Al &lidh$ f f BELRORE h to
speci f?ll(r:%gpg{l/i ty%gfm%%tﬁg%% l%l% ihﬁ%%%g&ﬁ{egﬁgjzogfg ElI\);t!asch" S%%rs
usual | ymbeflenentointdetilsipded tlofs, satunde consideeed dahitiag tsiphent®n tThle speed of

sound can change by.a factor of 2 or nore i.n a ramet. engi ne. Wen the

vor s BUSEREN deriftd. Ml Rt e S5oge 0L B IMYERERNS JPET PRAYE S35, 10 t he
speed @gpocaynd i 'Teh{jjb%raﬁ?féé Rrbind G¢heRAy RBRRsFIANRP&IHEdegtb KEOVIRS al SO
called "local" speed of sound in air/gas. A tenperature Increase nmakes the
speed ebPMsBUAHIN degresasentigradd, angemom mepeste chiermiroximately 284 Ky Atmospheric

" &d![ ﬁgg&trl ogr%%% iécaiir;errgglg at e{ng)bilertltsprgsglmﬁd rtrgn?‘f')’]elrerllt re?‘rﬁ?i aﬁn&sos})l){é%{cctg‘rlnlpgraﬁlﬁee 1% ltock,rrean

and that air or gas is adiabatically changed to have a stagnation temperature of T; K by some

means, this result is referred to herein as “high energy” air or gas if the stagnation temperature
Ts K is 3 times Ty K or higher. High energy air/gas has a specific energy approximately

T/ Ty times the specific energy of the air/gas at atmospheric conditions of temperature and
pressure. Even at temperature Ty K, ordinary atmospheric air/gas has stagnation temperature

T, K =3 Ty K traveling at Mach 3.162, and Ts K increases with the square of the Mach number.
[00024] “Specific” tensile strength of a material is its tensile strength divided by its
specific gravity, which is its density divided by the density of water. Similarly “specific”
compressive strength is compressive strength divided by specific gravity. Specific strength is the

figure of merit in rotor materials because forces are proportional to specific gravity.



heat bei ng added or subtracted.” The termis always only approxi mately
accurate at best. [00026] Included in the invention are devices, systens,
and net hoat® 2009/0mE8gy generation i ncludi ng an appar at us pcoatscanabs2ys wi t hout
a choke area, for generating a |ocally subsoni cAttomgy dlocketrNorAMad 0 hddeilng
stagnation tenperature 1.5 - 10 tines input air or gas absolute

t enper 400028] conPMashhgumbers aspillgssfer tocthappded iofigourdl i dicolocalaphogphadel Yhe

wi t hout a choke area, capable of accelerating air or gas ta a f|OM/MAth
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| ocal l'y soni c spee outputting the-f a vent Ionally
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wherein the rotor is c%%aqg of ;' s talned rotatlon %ﬁ gg n surface
speed GTPTHHHBUEEIB0F fEcPPbaming B Aoty €54 gt Pedtrstt Jidmhd
capabl e‘a&lﬁbeﬁféﬁl@ﬂf el G td RenRbd m@ﬁmﬁ@%df isqyblkﬁlyqﬂg&"ﬁo ltneﬁn Wl”[ﬁcﬁl@ 13&9&%16 of
the rotor. [00028] The invention additionally i'ncludes enbodi nen any

appar athgat Ueargedddedvesubimctedhé Thﬁt'@fm fsalwhes odp Approsiexitel g agdvadte aigieshi gh

speci fi sile yie ren rial centered revol.ution
2o+ fuBLa ¢ o MU B M SAGTRLE I Res SR B P ROu Y o SRV aA | )
rotor shdl@Sin®hn Elﬂ)}ﬁik’atﬁp@gh&ﬂamyﬁﬂfﬁbﬁlﬁ@ Shoke asdd, edt@leheraBA LA (0RbIIP A8t Ylow of
connected to the shaft specific tensile strength fiber tow [00029]

Any ap@&r%tga%hwe%ﬁ;tagrwﬁén &mpesgtuieds? —tl Adinagsrgput g 2b ghselitaiermpsisdrabl v

500, 0060 pey ey Ao RAE I TR S Bl SRR AShoR gt dail 0P, 0"

furt herapceﬂé*retmgmemt gasno hMohuaizs lcmﬁbpehpmh& sptedanyid aphanbdruapdbds ef n, such
as conpressors and/ or expander whi ch coppri se high specific tensi|e
st r engt#Feribeand ¢rsels fﬁtmgn%ﬂtuopa@bmtéwt&rcip}w pregrlgeadly swpetroHe flavdo decallir anmi cs

wh b f oQan SUITS
Shoer  SpBopRiet & GRIRAGNC ORI ERNREL Bliofild uRBt s EholG ks O1(

her ei n [@@R7¢ onpr iFsethér 1gtiuéep1b15|af1y apitaeatss he—:remtwlmngn hhef iobmris tapableartpunitsinedy at

| east one.of nanot ube 0sS flb on fib | and
coron dogp Rt R TR S o 3BDu 70 AedstonTp SGRE sl Bapsid

ther eOfan(N:&&'bw abegkatind\he aVr glag]o@@a_ aﬁﬁﬂwurﬁ@%ﬁ%mh@ 18for t he

invention nmay conprise any apparatus herein conprising high specific
conpr e480628] st r endie hinveatien pdditiomlyringlidry eatbotwasnts @?@Y@pp@rmhae@m Wherain

pol ymorte R0 R s B, &l SRGsh MR Fla i puliFhEisrufiy o

i ncl udexiny réphaloal slso hgeddtowsah akil of Agtatidg Btregai Blla@estamasiph@nany&bd)r
strength material conprises at |east one of alpha silicon carbide wound

wi t h catdssaf highepecildneqaprgssive sticagth meptenial eperablardognestedstpdled shagrtdugtpy

twistin eé%hﬁﬂgkﬂgﬁhﬁg leStovt i taniumalloy heat treated for maxi mumtensile
yield s reng tal or ‘ceram c or polyner, or any conbi nation

t her eof[00029] Any apparatus herein wherein at rest the structural blades are operably connected
to the shaft under a compression from about 50,000 psi to about 500,000 psi is also within the
scope of the invention.

[00030] Still further, the invention includes embodiments of any apparatus herein, such as
compressors and/or expanders, which comprise high specific tensile strength fiber tow optionally
coated or infiltrated with metals or ceramics whereby a bonded or coherent flexible sheet or rigid
solid, e.g., stiff sheet, is formed.

[00031] Additionally, embodiments of any apparatus herein can comprise high specific
tensile strength fiber tow comprising at least one of nanotube composite fiber, carbon fiber, glass

fiber, metal and ceramic fiber, ceramic fiber, and polymer fibers, or any combination thereof.



[ 00034] Devices according to the invention can include any apparatus herein
conprising a shaft with axial hollows or bores centered on the axis of
rot ati on woaosoi2er7sr adi al vents between the structural Iplcadsgooseaei n t he
hol l ows or bores and radial vents are capabl e ofttprgyildickef No.peNdEAGEWEY f or
air or gas into the conpressor; optionally a plurality of shells operably
associ §0@m2nM t h oppeslimente dihs ivfentiiemay copilsadnydppa@aistheadin exxheigingut war d
fromthe shaft, wherein the shells are capable of bounding air orggas

sing for
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t | 1 Lt ot $1Si,Rg;
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surroundi ng at l'east part e rotor and’ cap e of receivin oca
super s¢o033hi r of‘ughsr dnhlmdithemgsmiag tinwbade anlyeppamuns hareal wherachabe bl spbafit s

and capabl.e of nodifying.the flowto |ocally, subsonic ed wit hout choke
o ea: - SN Bl R opPT A A HATBOAIDY SRR BT P ¢ he
annul ugibeRE&I With BRNPORATRE ndiiak, SREINROrkeNBIRGKtAAM 1 shit b Wahdly spiral
wal | and opposing top and bottominner surfaces capable of bounding air or

gas wi @Hpnhedierestoil fed menmwhetensikndeldiseerdtin andenstgdior atraghaabrlyer, oapabl e of
| eadi ng fg%owitrcl) a vent. [ 00035] An apparatus according to any apparatus
her ei n QX548 g’fe ‘oduci ng conpression ratios in the range of about 10:1

to aboypo®d] 1 fr gyevicesardordiRE fthe igveatibn t4 iatisbe hidchppdeiud ierdifl @ompAiag af
the invention. [00036] Operating any conpressor according to the invention

in revehafewity aglab Boll@eserdioses raierashanibe axis ofidiareandgotor radid vierty datyesh

i ncl ud i . e I pander
when 1 1y DGR TERS Ain BRRH Sh B Bl SR B s B P AR Al O
her ei n pagsageviynigr hio ot bes intviatorapressun, @oivpallse plppag bHghellnbpdralsiy abacsedof

t he annul us havi ng shapes that produce during operation a snmooth flow with
ci r cunfeHegRPPSINg §§&”‘éd’f itWW§%%bm PR oytyayd @?@tt%%%f VBFCIHES axi s;

and/ or (alaR0 g}égeh%w&di ait B 8 tHREE RE s@g@gf @gﬁug@f&% a L g

operation, a l'y supersonic ow I s nodi 0 'y subsoni ¢’ speed
wi t hi n insetatahimuising; foaatdéast a ptrtioaof tHeushafiasd moordvakeisargean afiQd@3B]rovhdiog

Compr 1 4 lea A s GOt g giiabls Gre ey e | SRy SR iRR R gk Revyeess
t he spigeadirueRRRMRLdeR 5RY BME LRd BYbIFHEIdifhe t'ﬁlé/lhbtwgo ]:l(g)clql-lﬁy thgsoRRNBELS

capabl e of being noved away fromthe spiral wa ow t he natural
spi ral vetwpea elfokietaecal hrdha eliantien capatlet ofrreetiiveihg thedegallyoobsgjc feiyifieesthare al so

i ncl udead VYI t hihn t.hﬁ1 s‘%lg%% rolf ot h1eralic \a{eﬁti on.. Ear}lg(; nesrd' n. ac oaH%n(ge Wi 'fnh t he
i nvent CORT £ BT e D A OR B B A s R B MR PR UG VAY AP S ORRRg e

i nvent it@Mandisttoaxmael ufatdscapalae of Boumdiniesr @BWiMen tRRpRAIChehbapeidt i ng as
a stationary or subsonic ramet engine with locally supersonic out put

conpr i §Thegein theapirpr desber s sppahleoideadieg Bpwrtasivest-air or gas to a flow with

eEalLI0gRE SO0 5, JRSERs : SOBIAC BRSPS ANecel oL acine,
compression ratios in the range of about 10:1 to about 92:1 from room temperature air is also
included in the scope of the invention.
[00036] Operating any compressor according to the invention in reverse is also feasible.
For example, embodiments of the invention include any compressor apparatus herein capable of
operating as an expander when flow and rotation are reversed and vice versa.
[00037] Any apparatus herein according to the invention can comprise opposing inner
surfaces of the annulus having shapes that produce during operation a smooth flow with
circumferential speed inversely proportional to a distance from the axis; and/or an annulus
having an outer diameter selected such that, during operation, a locally supersonic flow is
modified to locally subsonic speed within the annulus; and/or the annulus has no choke area.
[00038] Also included as an embodiment of the invention is any apparatus herein

comprising an adjustable strip or belt located inside the spiral wall of the spiral chamber around
6



outputting the flow through a vent; and a partial input de Laval nozzle for
receiving locally subsonic flow fromthe vent wherein the partial input de
Laval nozawbeoessi2ewsfi gured such that the high speed fl owcansaocanssahoke
area are missing or not used; and optionally a Adningstdsketdhandi-106PCT
receiving the flow fromthe input de Laval nozzle. [00040] Included further
i S a ralg &inukRGhpudl€oMpinSmbgedavipdl frdraltheodplifalivald €o fodloal the ezt sgiagdabape of
receiving locally subsonjc air or gas fromthe conbustion chanber and
capabl &f efﬁéﬁéWéVﬁﬂP%&“kﬂékaOM/to input at locally subsonic speeds to an

eXpandﬁéOOﬁ@ t, mgﬁf-eg alterh‘?soglﬁ%ﬁlh wikihRHE sc% e hﬁﬁélin\%%iéh.eEh%ngsoiﬂf igured

such that the c area an I gher speed regions are m ssing or not used;
wher ei nctdrdarex pathdee inventiorf @adenfpriosva tomaresstambé/or egpatidrecodrdingdditheg f | ow

to an annul.us E%pablelof ecaﬁvin .and acceléﬁat%q%ﬁ%ocally subsonic fl ow
to | ocdfYPUsp PISOAIE s gttt h e ENERGICAPHY Q! ORFFEIEI 3 atsf?éloﬁ?fﬁi_lﬂrus i's
capabl %ulS’sfonlcelﬁﬁﬁ@Qn%ih@%ﬂl%@amly%ﬁﬁéﬂgﬁ& oltBhQonGRRAY: & cOhpRe&RlesMld Y

| ocally supersonic flowto locCally subsonic speed and reduced tenperature;

and an aesghexaidey aishiagas te aplaml withfocally vinsgsonagsedaiatchambeyrrapakde gfjreceivinged

fromco stion.products the rotqgr. [00041], A ranjet engine in

hecor aannaeaRif, STARbC Mosh May RhA wRESaRy ot 3 SRS PER her ei
each ofoutfa@irpanPfiessRiough A& il parfldinpitelceandorlcasredeiiRigdbn@ycapabl e
of being fastened together to form one housing. [00042] Also, a ranjet

ﬁngi ne spppoatecira fatethowent wheeein tearariiad innigle Laval ngezlaiconfigped S@ﬁgﬁrf?ﬁ?the
noust nd REBELT 685 adnd B LRTRLETTHine bR B: Bh oBRGRIS PHREARRL 23 1

and/ or cexmpbgrder receivagQahe flandnwihchinpheeilavalniozole. her ei n may i ncl ude

enbodi nent s_conpri sing any expander or conpressor herein wherein a circular
ring i $9¢14osed %%e%ofu ﬁ%ré?am%bewgecmiw opariyougus de L a5 AOBHEr abl v

associ 1 . f r.ek Nt i i i st one
A HHINERcdiBRe QLAY suwg’eﬁlcgd'#%%ag fibhd Y b&hbhidiiod HANBEY ﬁ@%ﬁ?&bﬁ s

of fiber mat, porou% mater1 al , and conprises sma
channelasgeleguaittig thhdowdonnmy adblpealdst subsorac speeds em dxipender sertapatriem thé partial

assi ngAttorn cket. No. .AM -10Q - bet ween the structural .bl ades and
ot nauTHF BE GV A7 g onaAY e Al G GEeoeiRh Sl FSPH ol ot o
bet weemitdigy GHRus&; 3B AR Kpstdes v feddBeloh 8% chhABAA%bakle 6PERAIRS TRV
and/ or expander in accordance with the invention herein my include

enbodi riean snioderprapshlegl eeyivimgpad desclaatinpleprlbssbrome fleivrio WreHe supersonizon

fiber windings are di sposed ci.rgunferentiall.y arpund the outer blade. edges,
wher oi APERRER iR aheePes Shsrut B TRERRF I Phasts ShRAMTPS P Fo R Bl g dase

f rom beaymanot deeelblatide Sodaly bilyrdnnull i talocsSUbsOBbic Sfeadad Feluadd ve to the
rotor. [00045] A conpressor and/or expander as described herein may include

embodi AEAPLABEBRG 31 Pepaafsy shalh attele Ardrivargplpadsswith higheperexrneysd i t i onal
bl ades c@ﬁl%u?[fotnap?g&ﬂ:tstﬁf tthg?otor.
[00041] A ramjet engine in accordance with the invention may include any ramjet engine
herein wherein each of the compressor, the ramjet, and the expander has a housing capable of
being fastened together to form one housing.
[00042] Also, a ramjet engine in accordance with the invention may include any ramjet
engine herein wherein each of the compressor, the ramjet, and the expander has a housing
capable of being attached to a common frame.
[00043] A compressor and/or expander in accordance with the invention herein may
include embodiments comprising any expander or compressor herein wherein a circular ring is
disposed beyond outer blade edge radius of the blades and operably associated with the rotor,
wherein the circular ring comprises at least one of fiber mat, porous material, or metal mesh and

comprises small flow channels, such that during operation air or gas flow is capable of passing



shaft between the structural blades and conprise PAN carbon fiber tow
pressed together and coated or infiltrated with nmetals or ceramcs to form
a bonded wbexidbi2e778heet . [ 00046] Further, a conpressor anu/useoopeader in
accordance with the invention herein may incl udétternsydiaskeitNo.covprl V&P any
expander or conpressor herein wherein the shells have an outer surface
shape WetWden tiadoatictupdlie &b ind floWingfthiohgh steafidg; aad hnsnriid shaei extstd iside the
housi ng; and/or the housi ng further caonprising rings facing the outer

sur f acéeloppetivgen diseufes blada edepiad s 88d thedii& he shel I's during operation by a

gap of gr)(ﬁ(ﬁm abouts 0,00} E&P% Spndlzy &&Bﬂiané@&ﬁﬂzﬂe iﬁv@ﬁ%rh%zeﬁrxg%qg?”d/ or

expander | n accordance wt nvention herein may In e ment s
conpr i snahgdeamyboetipearnrtsleomprisicpagr epsonder lne cenpresdoe heiem wheemutagrondilef ace

shape of. the shells have gr.ooves angl ed such that duri aperatij gn af the
Foror SUMRERTE JetE SR ELy SRR B el et iadh T nedr ger
radi usegpal Ak SRar8RY radedl 8fr ok LAWIOW t&PaRERAS bitdetl e HldRDtAheURsLIh G rotor.
[ 00048] Additionally, a conpressor and/ or expander in accordance with the

i nvent issbsoharspeedselptivaol thelwtembodi ment's conpri si ng any expander or

R B A S g T

M cr ongompABIAL An Behagti&cat campeashdrdrdif dheil ARERShal BlabdesHr€ aBRACEEH dAY
di st ances gr eater than their diameters; and/or wherein the fibers are

capabl eh¥t besiesen thgishgetnin bladeeand commiise 8 AMheaiberbBlar tawmpressed torether atdanet er s
out of cBﬂf%d 899%?&@{%& %Hﬁ%?e‘&ﬁ? Pla&%rﬁf?:ﬁ’?ob%o?moi @%F&p@ﬂpﬁ%ﬂ@&d the surfaces
g or gas e 0

when hi speed ailr OW OCcurs para e surfaces. [00049]
Conpr e§8@r4s] and/ ¢urtexpano@psson aadooeanda iwatdorddnee withehd inyantiver lesrein may
i ncl ude enbodi nent s _conprising any expander or conpressor herein further
conpr i Shgneludeempodimgnts sgmpripge ains poRBden ¢ coRgrateRidicHyn BderEeie shelsr ot or

and t he,annubus: Wirffe %a?ﬁﬁdﬁﬁr%ﬂo%@@ﬁg-?ﬁf &Qﬂ%flﬂa%geﬂ PadfhsQ0d i th'e%ggg%}et he

rotor sealing ring an e rotor; and/or oriented grooves on the su of
t he r otaond/osgelhonging fnrtheanomphenguhgs fasng filaceutaf sutfaeessiiehd shels aid eparatdde ai r

or gas betwee he ring and the rot to.gre radii ereby deterring
o s AToGh B oBEL figmarcPEERr B by AeBPhEy M OSERETORE Iiide - 42 BeF T 00050] St 111
furt hemgo@7¢onpr e8s@hprRRdt Bfd/EXBPRRRE it AccBRRAEIRNE Tl thtlondeldiy BRI ON
herei n may i ncl ude en%odl ments conprising any expander or conpressor herein

wher ei ndlide enabrgiments poroprasibeanshexpanpddr on gethpighsoabowgin wherew the ognesurfaeeisand
times its widih: and/or the co St chamber is insul at.ed ai,nst heat

L oae s ghahe B sns i BRiarh s SOBRY S ocBER Bhelsfah B0 HSFa8RUR TS, |
ef fici eRcyroot3QR8 gdp dAedtaly] RlgaeRAVaNE]ar Fer 4di e amdehattbhddibrefldvakedi | on
herein may i ncl ude enbodi ments conpri sing any ranjet engi ne herein wherein
t he cobpetipodrecHanBeunddiggiof¥es an increasing or reducing internal flow

o2 SO0, 1 RIS Al LBl BRI Ll SpER tand an
herein may include embodiments comprising any expander or compressor herein wherein the
opposing surfaces have short fibers embedded in the surfaces; and/or wherein the fibers have
diameters of about 4-6 microns, smooth and circular cylindrical surfaces, and are spaced by
distances greater than their diameters; and/or wherein the fibers are capable of protruding into
the flow more than about 3 times their diameters out of the opposing surfaces and capable of
bending toward the surfaces when high speed air or gas flow occurs parallel to the surfaces.
[00049] Compressors and/or expanders in accordance with the invention herein may
include embodiments comprising any expander or compressor herein further comprising a rotor
sealing ring disposed in the housing between the rotor and the annulus with a gap from about
0.0002 inch to 0.002 inch between the rotor sealing ring and the rotor; and/or oriented grooves

on the surface of the rotor sealing ring and the outer surface of the shell to direct the air or gas

between the ring and the rotor to greater radii, thereby deterring flow in an opposing direction.
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270 degrees centigrade. [00052] Even further, a ranet in accordance with
the invention herein may include enbodi ments conpri sing any ranjet engine
her ei n conpro@ing7éene or nore of neans for providi ng i NECT/U$ae9088244
non-reacting gas for circulation through the cofgioassdlocketido.r/evii-401-€6di ne
as working gas of the engine; a heating supply to heat the working gas in

t he corfbassi on clsainiferthehods@nplesmsdbiagxpandtral hadrdihchadh texohanga from an
external heat source; nmeans for re-circulating exhaust gas to the
conpr ed§t5N MR Hieaude smRogENEIgCARR IS IXPEREST PHCYUNPISTHIE AStE Ui WherPigdle t o or

bel ow %E)Hi%ﬁﬁﬂ)‘ﬁrdgﬁmi)%‘graﬁ&’#‘gl’?opﬁoﬁf Sl BYnE kiRGhs R GEs FORRKIE SR or {e00053] A

ranj et I'n accordance wt e I nvention herein may Inc I nents
conpr i sombpusiion achampert is ersglatel dgemsi reanloss s @5 tohpeoa daurewsareraivd lesxplaander ar e
on one %hafg' conpr essor % d expander portions of the shaft are separate,
capablé'ﬂﬁldﬁkﬁﬁﬁ A} O G580 i nput or out put through four ends of the

hol | ow p@ysti] oS Of rdnd)€r hidfelin abddPd£RIMABIROMvERNEHPANARE iRALAd Ons of the
shaft are connected by a solid shaft on the axis extending into each shaft

and susphotisaeniyconatisalg analrim]et psdideherkian wonpndbsomisiytion ckambeendiingseat a

solid portion.of th Q§Pagder shaft neasr, . the m ddl e. of thg eﬁganﬁgr potor.
[00054]a“A1&°&?*{5i“§n°£|r?‘5{“ IRl 1O i e RP S RE U R AT i2AY BRY RN P& 0 mmy
i ncl udepasa bR @RARIE bfiedGciAd Yir bAThehaSRGInDRntpRRire byhgreabodthe
conpressor and expander are on one shaft; the shaft of the conpressor is
not hol278geases Geatigigdel er in di ameter than the expander portion of the

shaf t qi@) neaylh dilie, f e if QRIERSOL AL A IRATPLES QNudes Capabl e
of allowng air or gas to |np& 0 the conpressor rough a cutaway vol une
of t he eatbatlimdnasdotheprisirgs dngusmirg edgide Béreinl ®mprkmgannpr assoof mbafstfoext ends
into the expander shaft and.is connec&&d.to a solid portion of the expander
shaft MEARIINGESH; Ehd108 NR-reasEne adrRb s aiogrthropgh Gssonmrees! aMbBEYHeHEYCof a
ranj et i danGhe Widike: i i rel i ﬁ@&' nts
conprié%ggﬂgggéranjg%w%%g?ﬁgﬁﬁgﬁ%ﬁﬁb&ﬁgﬁ%?ﬁﬁ%ﬁgﬂgﬁag%g%gﬂﬁ%l omﬂgﬂg capabl e
of al | ehamberahbgutiran soler ragesion or hews sxdhangaiffhmtaneexteohdl dwagt soheecioegisdeis or

and expanderAttorney Docket No. AM-10 -PCT are on the sane shaft; the
conpr eSCErEEI BTeH S hAT P ROT UG R aaIhs S DBRE £ P BB G sor
i's capaR)se (@br BldWWnMGphéc RhpBaturé BefolPibutifg td e CBMPIRSSOr through a
cutaway vol une of the shaft inside the housing and shells; and/or the

conpr ed8¥53has ci4 vamjeringpemilangs With theénvientiey geiamapysineluile embodigentse
housi ng _around the shaft .capabl e of .all owing air qr _gas to pass through the
opont ndatPANE AhLFrfEE R Sadieaf ine R b Brnf o st s RARDe M

accor dapg@rasbdriantl Bepdna¥epdrtions dTehesHAfmRY sdpatdte) dep HIDSTHIITRAE Saif OFdsitsi Ng any
ranjet_en%ine herein wherein the conpressor and the expander are on one
shaf t HeUt ehedpet thpseb doyreads efbibn heliel wpttipna of Bicishafsdhe canpigssof rd shaf t

di vi dgggpiﬂgyﬁoragfﬂs QYO Warf Q06 RHERT b9fa 58 Onf o fiE a&RRUHa R ind et Qe

expan
and supported by radial walls inside the compressor shaft and ending at a solid portion of the

expander shaft near the middle of the expander rotor.

[00054] Additionally, a ramjet in accordance with the invention herein may include
embodiments comprising any ramjet engine herein wherein the compressor and expander are on
one shaft; the shaft of the compressor is not hollow and is smaller in diameter than the expander
portion of the shaft except near middle of the compressor rotor; the compressor is capable of
allowing air or gas to input to the compressor through a cutaway volume of the shaft inside the
housing and shells; the compressor shaft extends into the expander shaft and is connected to a
solid portion of the expander shaft near the middle of the expander rotor.

[00055] Other embodiments of a ramjet in accordance with the invention herein may
include embodiments comprising any ramjet engine herein wherein the shaft is hollow and

capable of allowing output air or gas to pass through the hollow; the compressor and expander
9



[ 00057] Even further, ranjet engine enbodi nents in accordance with the

i nvention herein may include enbodi nents conprising any ranjet engine

her ei n whwoebemw/aowkel | on the conpressor rotor conprisegca/useomdszpeni ng at
aradius to allow air or gas to enter on a si deAgprielidosket No.fAadi1g1 46
housi ng; the housing facing the side of the shell on the conpressor rotor
conpr i s@soraths eaeehaAn el cognm@essar sorebh ef theabafuBoll@nhishe @OPPrassdic r ot or a
porous material or fjber mat supported by high tension fiber tow w ndings
occupi €8MPHEsHiis sapablseh iaH@WHHSd‘Hb%ftgﬂé%IHPHTetoéﬁf‘e‘qu%fﬁ%Pof REOUGRA QULHKY ext ends
t owar d | | t.atil ] g O
conpr eaSnm iR SRIARAML eTRAAR: Spd el Gl Pty a8 BRILEUAF Beninesing g
radi al thelmusingaand shé¢ibfacaditbd hamsitgsaround the sleafpaapdee of hiddwinpairer @as @reas

sel ected {7@1@% capabl e of accommobdati ng exhaust flow fromthe expander

t hr oug e PESIYPES L LR SPPIPHI058] Al so included in the invention is a

met od 66058 9ani Hahfe@inbinelenBBirhdr@NnlacSitSREyia hE MoleRBon RATRIHS MBlude
accel erating and conpressing air or gas in anbient atnosphere by ‘perform ng
wor k orgmtbledingdnts eampyeeng anyaathict vegine hereigevherpin thy capapgessbognd theo kkeander 4y ;

torper SuTE D BERe BRIt Seheng B S dumtie S PR S DR PPt
air or oggmt flb@wrédks o BRihefithad ehpreoNSiEME eRpRISUr € remai ni ng near
stagnation tenperature, followed by; accelerating and deconpressing the air

or gas [PPWVI per f diven figthes ramidk coging pabediggntsfip peeovidance yithdbe vertan hegeiand
deconpr, [ \: - Vi t . k, and

pr oducin?l%sﬁelgﬁ%%%?b rl{élﬁ]ﬁ{sﬁgﬁlglnglhg\r%ggaﬁ% %r%%eﬁ%@egé!w%‘é@eﬁ@&é%%l%n‘é@%i s capabl e
of pr odumiprgsdritotes tompideedifiretripsniak 20a raddisud allowtairagtaofo @itgani azdidigofahe or
gas flow, wherejn one or nore of the above actions is optional. [00059]
Enbodi retlt Scie hhkousiige i onsing £1cirgethg sids R iF BF! 08 di mrrPagr ©FE £ 1 ow of
air or : : - nce
Dt neers T G F i el e Al & R E Qe el bt £ P8l FARKEI SF"2
cur ved fdar matsipaomned bshighmehsoevibee oW windiagsrogccmgestht firtt@peshpoat Btttvoemey

Docket No. AM-1d0 - P 0006 Enbodi pents of .the inventjaon includ

et hod (oG SR THG “ut BPERIPEAR B0 5 hddh b ot TotEe OBt Tyt
subsonitge ddnedsOr SHARSINARRp&dEF HAFGREREIIW, NBe SRS QLAEHAMChaS WBRAGANGts! | ow or
accel erating subsonic flow without a de Laval nozzle, or a choke area, and

devi cegnd gre redin} yantginglue exraadershifd Have oOG1jelertedrte beeapadld eisicdemmoratiiget
engi ne the nditions of flight at Mach speed in an at nosphere at
sl PR T IR Rkl B Bl P EE S

tenperatu T with low heat | oss to the

poi nt \hers]its HAlagimatidedid @eReeatiod B,a mhsthéd oferdahisinghe dteagfatitebreate
tenperature of air inside the ranjet engine, at sufficient nass per second
f1 ow r &NEngierARMtilstye: ascelseringlaad campeossipg air 96 2asinfapitigit atnmsgherg bys g

sene LS RSO SV I8 Y SRIGL LA ORI SOTRNED 8 T

of a canpresp@ssing tigjairtor gas flow to near stagnation temperature flow performing no work on
the flow, followed by; heating the air or gas flow at approximately constant pressure remaining
near stagnation temperature, followed by; accelerating and decompressing the air or gas flow
performing no work on the flow, followed by; decelerating and decompressing the air or gas
flow by having the flow perform work, and producing exhaust from the air or gas flow, wherein
the exhaust is capable of producing thrust. Embodiments also include methods of organizing air
or gas flow, wherein one or more of the above actions is optional.
[00059] Embodiments of the invention include a method of decelerating the flow of air or
gas comprising guiding air or gas in the direction of convergence between two surfaces that
converge over a selected distance by way of a curved surface annulus, and devices for carrying

out the method.
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and expander. For ease of reference, various points of interest wwthin FIG
1 are referred to by the terns provided in Table 1. [00062] Table 1:

Ref er encewbanodpantiss of Interest Labeled in Figure 1 1. PATIGS2@b/0882APpr eSssor
2. Supersonic flow fromconpressor 3. De Laval Ageuies Dockeidee.sori-d0t-&’CT
subsoni ¢ convertor 4. Subsonic flow with heat addition / conbustion chanber
5. De l[e8@l0] nozzIBnbodbuéiaeof the iiveatipeinhidc @ neahy®fdr @onertifGuIPESomic dloft ow t 0
expander_ 7. Axis of deconpressor_/ expander, 8, Spiral .inward flow 9. Radi al
channelSUBsOniclYY a1 canvaivg sphsonigfipvafo wipsrsrBic Jlogy campiisingedecslsratingq; a|

channel : : L al r i nnel
o i e s TR et i R Pl OB oL BOTRAA PN 1 a 0K Bt BT

ai r / gasle@ictsofor harygng pyt tHenicthodl nozzle 3. The air/gas is passed through the

heatin 4, ich is.generally called the.conbustion chanmber he
noat ed 10T as exiEterE SEHT 4 i teRingdl SRPdi RO 2L NiehEraatontiees 81 s
ex pand_%fm@slpha}}é%'f ?en?d’e@atl\ﬁ%mo%@,%& %@Mlﬁiﬁ:’iéﬁt %pc&ﬂ}:héss ANWItIPIoRF Bk ks Wadhe poink| be

shown in FIG 2 through FI FI 1if the output 2 of the _
conpr egdwre iis stagnatio teniperaturs, T sKsequelsshmstagriation tampspeatfugcbfdirriagdd theiramist t he

de Laval nozzle..3.at the front .of the ramet engine, 3, 4. .5 at t oint in
the t natenget pasithesyier arard Tone b W Slo Betitnkvik: helle blRBrer ¢ he
super senel fd owhembfid MiggiahOiRobiie: KATRFREROfuntfonhPERhMRE@nRYNdytR drifRbdd. de
Laval nozzle at a point within the de Laval nozzl eAttorney Docket No.

AM - | OFoperangalpdie | shovite sthetate dingrasupeornsommodimeyof plcompeeseut sutictof t he
conpre I i I G I ed.j . i€ 1P val
mozel o MR eyt HRRRL o oo br RN ARl SOMGh kot SRP LIS JPBE L Bhad B

condi t iterm$plokizled dribaise ilon chanber 4 in the ranjet engine 3, 4, 5 will be
the sane as in flight at Mach Min the sane atnosphere, and the ranj et
engine[QﬁqqZ]reach the efficiency of flight. In various enbodinents of this
i nvention, the rpafj ensl : ' [AvE vijng. [ 00064]
To use the ranje?ﬁgﬁgﬂhggggﬁ%gggﬂgzﬁga?ﬁ}?éfﬁt?kbg@gé%e m Qur ned, or
heat is

Axis of compressor
Supersonic flow from compressor
De Laval nozzle — Supersonic to subsonic convertor
Subsonic flow with heat addition / combustion chamber
De Laval nozzle — Subsonic to supersonic convertor
Supersonic flow to expander
Axis of decompressor / expander
Spiral inward flow
Radial channel

. Radial blades

. Radial channels of expander

. Radial channels of compressor

. Radial blades of compressor

. Radial channel

. Spiral outward flow
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[00063] The compressor 1, 12, 13, 14, 15 outputs air/gas 2 to the entry de Laval nozzle 3.
The air/gas is passed through the heating area 4, which is generally called the combustion
chamber. The heated air/gas exits through the rear de Laval Nozzle 5 and enters the expander 6.
There are various ways to do this, and preferred ways will be shown in FIG. 2 through FIG. 10.
In FIG. 1 if the output 2 of the compressor 1, 12, 13, 14, 15 is supersonic it can be fed directly
into the de Laval nozzle 3 at the front of the ramjet engine 3, 4, 5 at the point in the input

de Laval nozzle where the air flow speeds match. For example, the supersonic flow exiting from

the compressor is received by the input de Laval nozzle at a point within the de Laval nozzle
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added, to the gas in the conbustion chanber 4 and the de Laval nozzle 5 at
the rear of the ramet engine converts the subsonic flow to supersonic,
creat i ng WOj2e19/120nt7put , not shown, which does not enter tPrhe/UsSz@aN2M4

[ 00065] To use the ranjet engine 3, 4, 5 as a nAdhesy ddckerp. V48 (dr
all of the jet output 6 can be confined to the input to a diffuser or

expandetpable & aceomﬁfddati:ﬂg e bnio tloputls tHéHﬁJlt]ﬁﬁl o€ dle cengkgyoranisaulsdvafctit Jan and
out puts exhaust, not shown. The ranjet enﬁl ne's rear de Laval nqQzzle 5 can

be t r uhededimtothespbsoptcqsst of detiaydl nrales. el thupqrae TRIEEHEPEhE AT speed
of the Lnp. tﬂe%@ﬁdlﬁﬁﬂsal'ﬁqﬁ{] (2?,%4599 ﬁalm@;?%% 'tlfée%nié& ehgﬁe f30h| lflge fh% a

singl e stage conpressor wt turning b 13%at t ache
shaft wamhhasinr ﬂlgh&tMaoérMng tHeetweetmbdphdes arkPtht ravet emgneatvilk uemlst;heeds of

from ab t. 200 et/second up 5400. feet/second, 14, which flow spirals
out ver GRS A [HbV?’ﬂ?uéﬁEil ety O%F%Iaglhvea QR %J@&agwsg mRB L
out put @b ok RRvidM et engine's front end de Laval nozzle 3, matchl ng

fl ow speeds in the nozzle, and al so described is a single stage expander
with shedtody bei Ay IISalthﬁerde@} ehgiad s4.10asvthiet ued neaddledl wved bpedior hgatgs 6, 11

Cr avel MCREo PR BinbeSuB TR Rl Bhohe U RLAATA i b e oflsgtiuer

f eet / sea@IRE covirts hel RkEshi S PR 1S Sliedsonit ultea@ng{]é PvLpet, hammwnewgicmfoés figar
de Laval nozzle 5 and spirals it inward to the bl ades, generating

rrechanleé@Fﬂ@LﬁXp@ﬁdepl us exhaust. [00067] Further described is a means to
repl acim ) Tm et 1eNAL B Fnd ét%ﬁéme@r Cﬂ&gime&%ntcﬁmél\%l&og gﬁlg’al%ftﬁe?et

supers 0 subsonl ¢ conv rwhi’ oes no e area nd to
repl aceugput arpebe estdinee tstheedput @4 diFtitsprudr, exgendeavaz, M oazllewbichotifpus
subsoni c %$p supersoni ¢ copnverter which does n sgess a choke area

[ 00068]MANTHCT KBIHEY 08 ATOH AHIUIYS &XIetifeP Yo Pwnf dhp Fangighpiedissoieands 13

oper at G h S GATE ALAL] ANAL BRECAILOWALRHE o AHRSARL GOt i doled b,

sanme tota h energy wthout its ow experienci hg a choke ar ea, an
converttheainpunqiertlwempanm;ﬁander 7, 8, 9 10, 11 operating at the sane rpmto

i nput ic flow wi th the. sane t.otal hener out .its f.low
exper | SHETRRY any eiiedds o NP B s - Boelretobes Oriatiestioy peiny oBewos o
begi n there | desshbdid ﬂ%@ §hafﬁw'1'tﬁtaﬁ}’ gaf @nt@rlﬁé‘Eét{)ve%"blﬁbescmr%ﬁﬁgﬁternﬁtspééd%f
speeds of from about 2000 feet/second to about 5400 feet/second w I

descri Wisan abgit 800 feagsqqemd]@m‘s) w00 rfesitsteotut4. nduguow apigds petevardio tb@u I d such

a rotor._a.mater n eC||ct l. |ed treni

oot o nbgliiiF ShiderfREETh YR Hp SRR hik hERPL g MCtaByS hERE i, |
yi el d shddeghial nbade 3, SpREInkiflov §R6dd A thd ﬂéﬁl@hﬁ&ﬂg@ Bedchibédig arsa@aest@ge about
46, 000 to 47, 000 g@l I n one enbodi nent, the high specific tensile yield

st r engtehpaslsT with sealt 7 being axaed by Pladesdl (swhishgrendrasey arézaodo | hsping sgived
exa”p' Qowhlt§Ghe FUTLC witheoARNY sBRGsSrfPRESED, § Y RfiRiind bl AR HRa0 8 2 rGnrave

about 2000 feet/second up to 5400 feet/second, which takes supersonic input 6 from the ramjet
engine’s rear de Laval nozzle 5 and spirals it inward to the blades, generating mechanical output
plus exhaust.

[00067] Further described is a means to replace a ramjet engine’s front, or input, de Laval
nozzle 3 with a supersonic to subsonic convertor which does not have a choke area, and to
replace a ramjet engine’s rear, or output, de Laval nozzle 5 with a subsonic to supersonic
convertor which does not possess a choke area.

[00068] Also shown is how to modify a supersonic rotor compressor 12, 13 operating at
the same rotational speed to output subsonic flow with the same total high energy without its
flow experiencing a choke area, and to convert a supersonic expander 7, 8, 9, 10, 11 operating at
the same rpm to input subsonic flow with the same total high energy without its flow

experiencing any choke area.
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hi gh specific tensile yield strength anong netals. But these materials are
not in the sanme ball park as sone carbon fibers which have specific tensile
yi el d st rwogoévsizatyeut 10 tinmes greater. High specific tensiuseomossagt h
fiber towis also obtained for hol ding the rotoAttpeeyDockptNenaVil4f 0 Lubddr
high tension. In the future, tow nade fromfibers nmade from carbon

nanot ulpe@edpy be Tbﬂietgﬁfﬂloidﬁesﬂmuohﬂei rpt(ﬁfoﬁrarsﬁdft khith cpepefatecattrgn Spdeds of
strength material is carbon fiper has abqut the sane

speci f ifEOy ARt £GO0 %ﬁtﬁ%@%@ @Oaw%ﬁopémt/éewr@ﬁmwheuct%qr@eée%gmlleasgmtéi»@qf
around 1, 38009 &géﬁ a d%h& hrd ﬁulmf QREH rBtES?Q nffRGRTEGh n&ﬁg h% pgdlﬁ@féhﬁ@f

this invention. used hereiln or carbon Ic tensil
st r engtyleld Istaengdi spbtifdddot #psifl. eAstsed hgteim fon atshaft, r“a[mlespechﬁalmmeﬂe %@l 000 -

465, 000 .1 n one .enbodi nen the high s eC| iCc t mat eri al
oo o SRS o BRGER fbit oLt T hger! steut SRt Eud DIt s o
and it GHBIMERAT, tﬁ&ﬁﬂgﬁ%ﬁec"’ﬁ’@fenﬁ%ﬁél’d@h@n%th'ﬂﬁi &'%é&ﬁic‘ tb8&lefyicldl Br&odesindve
reduce or elimnate wear or deformity of the rotor, the fiber can be coated

with a 416HJiOﬁ peiayler esdmpliegtica @npe:r\altrmred YREACPPIés] tspta@nﬁ Tlmgn bafa;C banstvens
net al cera ert i €s

mel oncTiatoe e fenstoSief ARhp BRI Fob el R CagtinthesBRR car bon

fiber, baﬁ%e@k u@gofnabefrfa&f ABdrs Whyl Hate siedcfid fefisiRryadle siré@ShOdboel ®lites HRMer.
carbon fiber can stretch el asti callé gFto about 2% wi t hout deform ng At
e

t ﬁb rrpgr Aligh snecifiscansiieghiength fiker tores agedrfeshqlgiag thagetoripgriaxpbignd! Yt? in
€mo 'glﬁgér OQI M}Q%’ﬁ ng[‘téﬁgﬁth%”to& Hﬁd% frB ﬁﬁje {i‘eoﬁoéﬁ' c%k nt%h&%Bes rﬁ&ylgi‘{ orm

as net ave an e ar oun Ot h
as | ar gettas fdPAbwciae prtfierfddieagh sﬂe@ﬁ&ﬁ@ﬂsﬂ%‘fﬂe@@h bauterfal tsefarbosl filredMast @arb@nsi | e
constru%tl on materl al in the rotor, q}éorrewhat like wire is us &y
suspendibghhasabagdae s3me shreHicLradly: aphiomeis Jugivdir With 8ltupate fansis dieagthor t he
rotor, elhastic
it T S e o B B e e

st r engtukedhiitreini carbom sibek, “lﬂgh bpasfiaiephk ssichgthd hacasgdecdie, telpde atisestiofn the s

| ow speci fi Vi wi th high,c ressive stre

modui v ogplatiohPyb s dBlert dhethPahoDERb i kitk SRRt gk dat f on
resi st ang&ial Ass é’&%ﬁlé‘ﬁfeﬁ?ﬂ‘l ,abold %bu% RETDHM BsiCOARRTHeY & vt h&AGLA It Rt} al
has a conpressive strength in the range of about 80,000 to 180, 000 psi. In

one enbganstenest ntatasiaty, gieluslormitsels ily erdst teredude arelisrinase Wﬁatsorade&mmyeﬁélna/e

strengt ve, abau nes of

ot r engenabdty fad (B br S0 St S S AtV e SRR R Y

di scusseehetd ofBéremitet Btiel eldreie @yopefites oBifor bxanidé, PRIOSCIBNIE®i1E, @FPANabudedS
close to the maxi mum tenmperatures in the ram et e@gl ne. One way to achieve

this i satbenpibgp asualy cglle Untidcaroghibebnpicessy dibferaappraxhealasisopatieneice it
wil | )ﬁ?vé]ﬁlf 2?{%@5‘ dﬁdnf #ekad Qs él&m{@?ﬂfg‘ %o%ﬁﬁﬁ’fy vb‘iﬁ{o’&ggﬁaﬁgﬂ'\'&ar bon

fibers evice is not runn when i ce is
runni ngeraperamids muchspged thahhke Shiperagures the fiber Bleapesed o id emiikmenoppthessi on

and only sl.igh expanded from t he tatl onar npression. This slight
expanS|“6‘f?nUf’%rt£"e§5?fﬁ{%€S notaelBerITep: PR P%@%ma? %&Mostmtﬁlé havean Jpstie vach

speed QfretthinflinfeRb 8 $R6€Y;s tas RIESS WhBoRiber.

[00070] PAN carbon fiber is used as a tensile construction material in the rotor, somewhat
like wire is used in suspension bridges, in such a way that throughout the on-off cycles of the
rotor, the PAN carbon fiber does not change length more than the elastic limit of the materials
coating the fiber. A high specific compressive strength material is used, such as alpha silicon
carbide, because of its low specific gravity combined with high compressive strength, its high
modulus of elasticity and excellent high temperature strength and oxidation resistance. As used
herein, “high specific compressive strength” material has a compressive strength in the range of
about 80,000 to 180,000 psi. In one embodiment, the high compressive strength material has a

compressive strength above about 160,000 psi. Exemplary types of high compressive strength
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a part on the shaft may be about 10,000 psi or higher. The part hel ps
reinforce the shaft against centrifugal forces. The PAN carbon fiber acts
as power fwb 200mie0rrswhi | e t he al pha Si C acts as the strorgThise@s/088240 very
stiff conbination. PAN carbon fiber can al so beAtsuwytpc FAMKALBI-#CT
bl ades using fibers wound on a fiber shape with predom nantly radi al

or i ent atdterinls fhhecahiteased i@ pkscasad bembiedbtdibbdlow. Mht SiC abtegp@kdtd wal |'s on
the rotor, or to fiber stretched around the rotor. Bonding materials such
as met AFMPGHIISIGLOsE 0 thedpanemdenRsARIEesdA thegRY St GRLings QHFI%YéO fHECYS BBrs to

hel p pro epﬂ&cettﬂﬁiand ?‘?{{er h%?%gx‘ﬂnhisg%ho rMiRHeRGhe F1ee E’%Hll%@éﬁ?gycédt@ﬁ%alcan be

coated Wt ramc t’o provide a wear resistant
coat i ndorcent mhensni Spehd,bfsrrg thdRANsafrborf fillees s/hde ehetdeerre 3¢ n@trotaog, tsocH tabr

nmore el tion, which.is about hal f of tgg MAXi. mte and hel d
Uindor OYET TS AT % REFTARE MEhthe D BT S LA eh e Tbrei
coatl ngng BQItyesq:l%ﬁt gﬁ Q)ﬁ)aﬁg’éd‘- fr&ﬁrﬂp@ﬁaﬁdrﬁ?’}r SorhprRERREI Ms AVLAEGhnE¥n %?eﬁdfﬁ’ﬁl@er

and by the har Cduring their application. The coating is netal,
per hapsnayereanitles raagrdom@ubﬂ&(wwdé‘y poa dachepeddar 4 et depiigespeedihe p@mp@@ﬁt i on

in situati.ons ere th ar.e ecte to survive the .

tenper Suee ehaatsy Be By I Pidy Sl e PR PR st el Ehageine

appl i ede@fifigfal fré@t A PAN Babbi hsérSa,ctsAfstp@rweffhlemﬁéxbsemll@me aBhalJi€dets s the

further bonding coati ntt] and/or filler materials ma l'ied to reduce
1

rel at i VEORDHPONSA b Verye éfcs:@n&nmaftlpbe PANoearben fbescrn a sp bé rus te maks\flexHlough
the fi %%{d%f usﬂ?gﬁﬁ&{s 'P]!\%H& Sr[)bre%l%t-? lef&l £ n%h%ltﬂﬁﬂfa&taﬁ S thlglffhe{]g

on- of f for ess 1 ast of the
coat i nghap&nﬁln be nidil ngtheadter mal ©.stiffwallsradthakoteie ot ta ffitheg airetchm‘:herremﬁbﬂhe wtdoh

encl osed radi al channels of flow, the air/gas in the channels s sl ower

and sl GeAingimaerials piehias mertaleatitles on epstaple quaméé@ﬁ%goamogwé‘#tr%tw st ént i al
Mach spepdsotb@hads. t he channels are larger at larger radii and the air or
gas is re conpressed at larger radii. This neans that the air/gas

encl 0s¢d071] a chaleiet wisdiegpbe PANCGanigpnl foher sebboovated wdh althih [fidoy ofingdtalroes pect

to the channel d the flo ill. nat gene S S inside or nd to
wear  oGERRHE CUHATHER ™S SRl Qe Pt FRSis nd hE SHip e G e wegtghed
filteregiof fancReRABati b WScHEX BBSItRAGRT kit hkikRn@ndibh,GhH BBl dWRAET BXET

t housands of start-stop cycles. The SiC al so experiences little to no wear

over t hwmnﬁlglqihebwlvwnd@ aerepiets the vel perty. i Hhedlopting protastrathy seférarbove t o
ot her it touc rotor and,shaft A | d -PCT
e oailsTrdh SR RREReL TS SictlraRdpE M Aeh R A e ShrilBnat IRd o e
conpr es:sginga@dqe@aip@;rﬁéﬁ{a,ps S€ramed) Y tA1OproOTg @YdtEdtionTot the fibetsQturiap @psadd inM | |
| ead toward achieving longevity in the device. [00072] The rotor and shaft

f or m a SHygjiogs @Wﬁfﬁéhmeldme&%aﬁ@tsexa@ﬁ@e@&ﬁwa@@ Shedprperpipiags spcounteygépy the
(2L g, TERAREEL ML B AR b rmnte pessaiese ou
axi al dppleet b dnsher botiding D@d‘utng aaépafittedatatialk heiyrbeappBed ﬂ’o&ddlwe relhtive
erbod rTnllaor‘]uto% offﬂ(ljer CO%?[(G rm)less or to %‘ocLaalrl otr{(/gag Eo&%ﬁrougwelﬁsbegs?nThbeestructural strength
fibers elongate and shrink during on-off cycles for the rotor by an amount less than the elastic
limit of the coatings and bonding materials. In a radial centrifugal compressor with enclosed
radial channels of flow, the air/gas in the channels moves slower and slower with respect to the
channel as it reaches higher circumferential Mach speeds, because the channels are larger at
larger radii and the air or gas is more compressed at larger radii. This means that the air/gas
enclosed in a channel is experiencing low subsonic radial flow with respect to the channel, and
the flow will not generate shockwaves inside or tend to wear out the channel. Assuming the
gas/air in the compressor is well filtered, the carbon fibers experience little to no friction wear
over thousands of start-stop cycles. The SiC also experiences little to no wear over thousands of

cycles, since it remains rigidly stationary relative to other parts it touches. The rotor and shaft
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included with the rotor. In particular, for exanple, rotor walls conprising
two al pha Si C di sk annul uses can be centered on the axis, which are

rot ati onawbyosynoesri c and reinforced simlarly to the lpCadsg000i08824PAN
carbon fiber, and are part of the rotor. The PANttomelhdtocketdee. Ads-1AbPE Tt han
enough strength to hold the rotor parts with the rimof the rotor noving in
t he ramgee fidadigitad elkitive Gt cheatl /asetho ndl yuasttmodah® pArtsS40k: deeirésecand. The two
parts are also referred to herein as rotor walls, or are called "shells,"
or can ekRAnder. &p aehieyipe lngeyifpindherqtor agfl shafe wilbiegd toyd @oipving langeeitydi nt |
the ragjal..£Qnpressor and expander are common shapes w th unusual
construction nethods and nmaterials. Alpha SiCis one of several ceramc

mat er i 40607A2hi ch rihghotobenduswdt fHhon atrigel shagh whodpxesslsand somteavtt dastmsléyr byal |
and may be the betfer.materjal. Bor.on_.Carbid d di anond-1i ke material s
Goul d- FERDITEoBe HSaire Sop Edho RSP s ae HAS BECPOIadPsy GIFbt chi ng
car bon «f{chidealoPURE” diRRASRA)BURAEdSHSICIRHNH RE akiBrdidRabhs inMbart§ | bers
then have extra material added anong them such as carbon, which is

t r ansf oeprsaied attheisp@ebiadhisgin tmhpdinsntsy Bresapleonpluality ef lotaworvallsean bast abl e

ceran G, ,0r ,0ot.he terjals 0 produce a gas. tight, .stiff | and
oot Pt Reg ST TR FC eyl s e doRE Syalls BOhprghe o a8 ST uiRf

| Pr oV eRRiltised\¢af b E&Mred Sn kactixd, whiiire SMidhall$ simifetrt dndvtingreddsifnligrly ot or
t he bl ades stop short of the rimof the shell. Coated PAN carbon fibers are

wound ¢@ Fhedngdes st BAN garkes fiker. apd aisuragrof dipjiesorof he RAN pabes fibgrdias gypse al
I ! i . t at
oyt = ESRAET 8BNS IRNEAESouPRIORREE (R oPIESEH R FHRERngPREY @

Thi s stabpw 20he fex/eadondnp ab alefult b4dEfeey/sevausd. | Tig: Soquikts wevaso @fidredas hexcasasat

the edges of the bl ades due to pressure differences across each bl ade,
maki ng TePHWAl % 9 alfetﬁaﬂaq? etells:n o ¢ bsrfsferred &9 ahdhe ﬁ@b PAHESOE exi bl e bl ades

wi t hou om@%st r esgig pefm,%@fagm&ﬁgl%isgw aﬁ@@xo%lnageaéyﬁ?rﬁﬁqioﬁlsh%%g wiHhso be

used. [00075] Another "I nprovenent over previous radial conpr ors is the
f ol | owungsuat benstihetdasnsthogs aidondteradls.t AbphriSit of ortehd ssvredll cerafmc amterladr open

space |li.es ar d the. bl ades. A cylindric ring.of fiber or rous ceramec
o 2ot Ao B phelp I A g B e e b b s s e PRRG S, e
out si dg3csét dadiRUind di AREGT- % Sreftid cB&lH'p%ssf@lSly%@ﬁh@écﬁi&g{l\é&‘%f‘ﬁ%ﬂ%&@é&n@% t he

shell between two radii, nmaking all rotor flow pass rough the porous

mat er i dbrmefirhy stietedyingf garhany fiey apook disppiableAnts s@irop@mathe ehafawhidekbaipt st op
the radjal, flq angd . s elimnate the turbulence whi.ch .Lse in
the eadhdti £8fip el sdiBE Bmng Ml sl A i Bh RBE LGB 3 o

per haphig teRipalatui®sdactiért With aidicah, Jrexagneatram@d, bs othBemaganr| toghedielagas It is
encl osed on its outer surface by w ndings of carbon fiber which provide the

st r engttight stiffotodide 4l mewiesedraiet dertisnosaiapartsoire then reupysidenent the f1ow
conctopgl 1 8RS IRH 16 SOATL S A0Sl 00 iy MRS
t he ci nleuthdrsenip shbrtfof dve rdped thecdhoB.e CyatedPAIN Edibor fibkgs wleev@uridhe f 1 ow
emer gescir]::&nqpe]réntgﬁllg/ iarno%'nd -‘It-lt]eethérne ggscgfetl'lee [)gglgs? toosreveral layers deep across the blades,
and bonded in place to the edges so that at design speed the fibers tend to remain side by side
between the blades. This stops the creation of efficiency wasting shock waves and vortexes at
the edges of the blades due to pressure differences across each blade, making flow less turbulent
in the shell beyond the blades. Flexible blades without pre-stressing or pre-compressing the
blade material may also be used.
[00075] Another improvement over previous radial compressors is the following: the
blades stop short of the rim of the shell. An annular open space lies around the blades. A
cylindrical ring of fiber or porous ceramic or metal mesh or channeled material centered on the

axis of rotation lies outside said annular open space and fills an annular flow volume inside the

shell between two radii, making all rotor flow pass through the porous material. The ring of
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decelerates the flow as though it were many radi al blades in the sane
volunme, so it too experiences circunferential forces. W believe, this has
not been woneiyprewsously in radial centrifugal conpressecs/useooepaders.

The outer surface of the ring defines the centrittaygly Dvsket Npeed-dp146d
conpressor and expander by its surface speed. [00076] In one enbodinent, to
cont ai mdtéréal Hbenmdoeypnhk fadeil flotwoind it Heescadinfins sl tultmilsice §vhivh rAih&ise in the

mat eri al s |n t he_housi ng_ beyond the rotor radius optiognally |ncludes a

spi ral eqaier pWnilthe gigesai Be a@rashet FPSWT PAIAVA LS MO8 RehaRsed el igeh Wil al i ng
out var g gaH{ethdonkl Qi &akHaPEndhRels ARAL 1SRN Bhits Wfer YR ARatGRGE NI L0
an out put vent Ing or other materirals in ing. e wal

mat chesatboe fibat whm;h psqmldcaﬂhe ofrergtle tagiacd d tHEhm@agaaist danlttﬁugaldnrom; dtpplehetthe

spi ral emai ns._constant as the radius increases. The I or a
por 1 oMoROY KNG (e 91 mesdecets deied el ek e ks tperadt

reposi tjy sfhg tﬁmﬁ it ﬁhirf}ﬁhﬁabso%ﬂcmﬂ/ uSitGREM CAMER dhdYirGhit @hEA MRS S
rates of flow. 7] Thé sane consttuction techniques nmay be used and/or
mrror @pleqdn:lQShb/ matdh #ie r@@w\tvhe;rpéheaﬂlovemame fromathe rinbe Thanmpg geeshaateyocan be

used in the housi | ation for t he expander 00078] The
ot ati onsr g ABOLR At SR pBH SRy ReididRike st g BRET el of o
seal i ngxpdritgiced dlﬁ@uﬁlf@eﬁtiaacf&c&mlwb beBdvRSthid KR nbhBedh@loRé pevRiuslyaHtfialsur f ace
between two radii near the rimof the sheII with a small gap between the

sur f ac €8NTiIEEHeBPEERrs Nexpandsrs: hequier surfacefithe ringidefies ﬂwr ceﬂﬁéugaéﬂ\é%qhng

bl ade I ggg |l ed to nove air/gas toward

t he rlﬁthigq@iggﬁﬁﬁ§?9%h 8Mﬁ§th%e r%%%wg%gallng ring has oppositely
angl ed [(pQy6Yes t Gn by embodimgass td awadin thehffow begondtthdiiogdr, Speethprdshe omEihg gap
and the grooves act as a radial punp, which bla hackwar d fIOM/ground t he

ck
rotor &f PEEE Maksriglsdp ﬂﬁ%@%#%%@é&% IYPr FHRS pgtigha TIY[%@C’?@P sgifpk weleimitdigeh
as the Bﬁ)'ckmg%waa%ng AL, CARP Ol nB¥Hur€ R RO ITRUR BERALNFPY adding
metal coating and outer surtace snoot ¥ y conmmon manuf act uri ng
techn|qpm@xsmndy@memnmhnmglmmeﬂ®@m(mnnnW@Mhmﬂuﬁgm@@g@tDﬁesnmhmabonﬁmessor
out put rsonlc flo eed f the rot
the. ai B¢ R et Heattutlanitakintfe b dEaTe! furlongudiacdls shidy
Docket VMI reﬁMn‘s lGhstifehs Heaamal hféfba&&”ﬁ%‘é%@dl‘lr 8r #hordioh dFHRIwAIN nfdyi @hixedlat MACh
M Ts K For exanple, if the speed of a ran]et engine i s Mach X t he speed
of a r atsdeast @éwsr@ldtrh@ beargpetitiencditnaaich dvfeteniypial S@pemhedzb}ém@ferenhmass
conpres%ed f%r/gas | eavi ng the rotor has enough high energy to replace the
alr/gas 5t %t he sane at nospheric conditions around the conpressor entering a
ran et [eowi7ne fl Viihegamt cdatdctibn (EbenifEsinayBe 8P an@bim@rdre@ah®d raidialt he
rotor, however, is only hal fway between TOK and the stagnation tenperature,
Ts K. Pﬁ@rlé%ﬂ]aWéﬁd%a%ﬁldﬁh‘?/éam%@W el he ustd iBdhesheusing ad 1pswdation ipr Bpylor
has, gq@g&q&bxu@k a larger size, and the nmaxi numtenperature

[00078] The stationary housing and/or material inside the housing comprises a rotor
sealing ring with a surface which mates with the rotor shell outer surface between two radii near
the rim of the shell, with a small gap between the surfaces in operation. Next to the gap, the
outer surface of the rotating blade shell has optional grooves which are angled to move air/gas
toward the rim, and the inner surface of the rotor sealing ring has oppositely angled grooves to
move air/gas toward the rim. At high speed, the small gap and the grooves act as a radial pump,
which blocks backward flow around the rotor effectively at the Mach speeds of the rotor.
[00079] Surfaces, such as the shell, covered by coated carbon fiber can be made smooth
by adding metal coating and making the outer surface smooth by common manufacturing
techniques such as rolling.

[00080] The following describes the compressor outputting supersonic flow. If Mach

M2 is the mach speed of the rotor, the air/gas exiting the rotor and later the output vent has the
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reached in the expander rotor is approxi mately hal fway between Th K, the
maxi mum st agnati on tenperature in the heating chanber, and exhaust

t enper at we 2009/2bisat nosphere. [00081] Note that anong trarhisc@osssehe
engi nes this enbodi nent of the invention is theAgningydhgketeNd.axMiiDER o
fast nmoving parts are exposed to tenperatures close to the conpression

t enper atagh&iodrtemperac@ardblistange ih éhge naMack M, TIheK nichexaaply, iff taepssedioines of
the fast noving parts is a key engi ne de_sigjg feature because it allows

rotor mutskprgise BAMah 4 shesnipd etp fatgecding theupmiey engie sidagh 4neror

t enper f i I i

Embod RS S HE o R He el AL R RS i ey (D Riplacc the g
expanderr/g@rgi the szoepmacpheyicaconditione sioond thetcompeespatdnéerofg apaogkiehgige flying

conpress i as. at the sane st ation tenperatures as air or gas
ot or  ApeheR Ny Bhe fBSinin orneRave S BR Ryharo b RNt Ciont TS dRbr s
exposed (i aRd IRXkIPHRNSERRSEAIE A0 Uhe B Uy caRehwe R sIK @R st agnation

tenperature, Ts K, and conprising an expander rotor capable of receiving
conpr essesirugiion the cgapressorttas, seaenelly ahylaagdr oiret andgbe aaymayn sanpergtusr  gas

| eaving a,flyi ranj,et _engi ne tr.aveling.at ch ,le the rotor is
o oo et K A ofRdh Hb-LURUEN Plefth BTkt g Snh i thatich
t enper aérﬁp@atuf&ﬁa@ﬁe?ﬂleaﬁh% chablisdr Nghdsxhamst @k Rk fuienn teathoysierg and parts on
the rotati nﬁpshaft can be separated by a srrallg%ap Wi th grooves on the

sur f acé80Q¥dfmpi ng Mple/th smosg Girbrestyle ertiines g caybadimeps e{iligmipieapen dhe be
used t i . i in t i I tor.
Tubes SUN LR BREnARTSI byl SRlds O p R IR ) Bletab bRl
t he hi gémphaatoresgarecdmhiowwtivn tdmpdneuicu e poichtledeidempsiangaof thérfastmaiing pul |
the air/gas in the tube into the main hi gh speed flow, generating. only

smal | SADE RiRKFSnZine e R feafiure Rptaupt ROV EeENatelals (PR PSP HECHBIET ARL a

| ow densj.t : : { it i t he housi ng
out st g FH FUED (oA A ISRl i PRS0 et vel

conbus thatbadmeitie of tajieteneayinebide amedial cenirl fhgal edmpeesstiragd erpander engirer . These

vacuum and .drag reducin rocedur can.add a small. percent. to efficiency.
{30083 OMRESBaA SRR 0k SHEZE & THEfebE R THeaTet Dot Rk Pev g
mat ch fid Ay eRR{AS alok %gst é]ﬁeriﬂ@%‘ﬂyiﬁ%?émj%@ OfraveNBe 8XPBACRT, WHIRTHE: R Y s
meet . At t or ney Docket . AM-1d-P 00084] This conpletes the novel

desi gn expgredeaprxgnyufdmpdrante abou ay betwteat fbkang siagndton tempéra@iresi t h a
superso[nir{g af | Qw I ecr eat i@l’(] idQ ! gg rar } e(t)fr%Q iirrlle o heresarae iri (prt er nf”‘tlh
condi t i o 248 SRERHIRE AT gﬁ“} 1’66088 10 S Gppl Ve CREPFAM et Engh Ae WPTH% t he

sane stsaghaidnaBmpennessaisaicorWat asinbadhiify fangvl dng iR taveIIAt OIS, file
annul ar space in the housing or other materials in the housing surrounds
t he conlist©syads exnesest toraomaxipwnysmperdirg sbowitiatiiyan hefegn T8 daard eidedstnot
extendtaﬁ%gmgﬂgn 1.8 tinmes the rotor outer radius fromthe axis for any
Mach spee eyond the rotor in the

[00082] The housing or materials in the housing and parts on the rotating shaft can be

separated by a small gap with grooves on the surfaces pumping air/gas to greater radii. External
vacuum pumps can be used to reduce the density of the air/gas in the housing outside the rotor.
Tubes can have one end in the housing space outside the rotor and feed into the high Mach speed
flow with the tube pointed downstream, which will pull the air/gas in the tube into the main high
speed flow, generating only small shockwaves. Without attempting to create a vacuum in the
housing, a low density gas such as hydrogen can be fed into the portion of the housing outside
the rotor of the compressor, because it will add to the fuel combusted in the ramjet engine, and it
will reduce drag on the rotor. These vacuum and drag reducing procedures can add a small
percent to efficiency.

[00083] The output de Laval nozzle may be truncated to make its exhaust match flow

speeds with the input vent speed of the expander where they meet.
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conpressor annulus, the circunferential speed of the air/gas sl ows down

i nversely proportional to the radial distance fromthe axis of revol ution,
al so ref ewpadowiaoms the axis of rotation. This further eomprseasmss2uhe
air/gas. The radial speed of the air/gas is | owAttatieymiasketgyo.t/AMdI-dp b Clof
100 feet/second, and can be controlled by setting the width of the annular
space 400084¢h racﬂhmconﬁﬂeta;u&e nbhe depich ahprogeuifiteaiiflicRint {ogapplys ssdtonaryg, |t
i s conpressing, such that unless t he radi al speed becones exceSS|ver sl ow,
the ax |Y§PJG§SI§£IP%thhé supRsIS R TEcTpE g e ﬂ%@rﬂmeﬁne\xnﬁ khe sgpgdptepngd ponditensa
exanpl g i as the gas in the conpressor, regardless of the rotor
Mach speed, be ore the flow reaches the radius 1.73 1 tines the radius of

t he roff@®0851 he f Ilovsupplylthe magét anlgmelvadathe spee staghat®auerdperaarecith sufsheic

act ual %F@d of sound inside .the fl.o Lower rotor Mach sgeed fl pws reach
the | o DREFOBIPT SN AN AR WaP P R USINGS) GHET PRGN BRe BRUSINScal  speed
of  SOUREERRLS tAOMWGRBILIMES th A |&LOWaGRWVhi M Qﬁhlﬂi}espﬁéeq&’é!eﬁ' a8t SdMaHorfeQhan
design speed it can |eave the annul ar chanber and Spiral out to a vent as
before.l. &h@eﬁilrﬁfrm@ubmtyr mﬂwéémngtheta@lsafvm@ Mpdasiead Bhywikdihe eatorain thaubsoni ¢
speeds i s an ord of , magni t ess ersqnic.s

ot SRR B s PR PR Pt 1B, B e IER S B E R RRREroh@higra e
down f ué tHeahdibldiStEmet fdri twlgéfadv@hﬂwn lanelreREtME dshBe axieof A4S Thie vent
in alnost any pattern w thout creating Shockwaves; at supersonic speeds it
i s equi wrélveéﬁt)mpm&rééh@ﬁr/a@ skhsdrdalgwesdoiihe atizas ssdowispbsames. pn g @Heretfi ng

t he out 0y i e o]

cr eat o 1Sy Rbal iRk Yo RHRRHES Mhfimg e bR B W £ Dae RSBl
subsoniBzchusevheadpirafige cstwiand air/pineis kloavihg, deis lcaM@fesmﬁg,Zsheh tHat uleattheradingr e t he
fl ow speeds match. The hi gher speed portjons of the de Laval nozz|e are

r enovedPeARycRgt RS IEOT hB ARk EAIhE BV dbep o FAbe Y g | aii%ﬁfs has

a crucigli; eAf %éxaﬁﬂoﬁéﬁg% dsPhd %a% i 319 c% bﬂ”'?e%élﬁages@%f ﬁ%%fbr Ma{f‘cﬁ

conpressor has no rea because the ow at spee soun |s "not
f or ced beforothgHlcew feasted tlar @dius 11t73¢ a;rmcspheeaadumuxf theadical tlhy flowhwal needntbe t hat

there is no choke area to.b e th n ide_of th et

engi ne SN ePeEI S UBHN iR i T AU L 0T ERRns TG hogHT EReelogt eci se
adj ust @Békfdsﬂov@ e AN IRl %edl Qﬁs'ﬂun@ Bﬁsrﬁeﬂﬁ:‘f @acﬁ’qr Q?ey'oﬁd %‘%adﬁﬁy afl18cdTBELADf
ranjets reliable. Attorney Docket No. -1 A -PCT[00087] The annul ar spaces

have srmmdwths floPvarpatnpgsxto slow ddven. demn thﬁrtbpvs basf doveel t@rceSlgdde@dtlbcanrlsmeat i on
to blo flow i toth |nsu at sur.face

bo ¢ r odbelREE et dpd SpSy SUCi TR B At o A BRI GEes g AU 2658R To
flow b}éh@ikb@déd aGubddard spbédas an billet bﬁnagﬁlf@eeessmamesﬁpemhﬁ: pbédsk Fout of
the surface perpendicularly or at a lower angle in the direction of flow

The fi ls8aplgr encedheaflow defotheoprtputyent if splsesicatt cambe slgpepddewpyudige bsr nor e

di amet %ﬁl%athg}ggl}Jaétgg%ﬂﬁlgﬁéérgé\}g}gztpﬁ are s_g h%r{;%}lte Bsalrﬁgﬁ\éﬁglbgt?%rﬁ W1ﬁqgﬁtecr¥mﬁghf[ he

Mach spee em e | bers are on ew n Ccrons i ck
and ar eheokavaveshesupsrsenioabeeds yi is Bquivadant ts dedigaeg squardhdanbavad hezAldsanf the 30
m cron varl ations in dianeter, for exanpl.e,
flow entering the output vent 1s locally supersonic, it is a design challenge not to create
shockwaves inside the housing.
[00086] The compressor outputs subsonic flow and feeds into the front de Laval nozzle,
truncated where the flow speeds match. The higher speed portions of the de Laval nozzle are
removed, and that includes the choke area of the de Laval nozzle. This has a crucial effect: the
input to the ramjet engine has no choke area. The compressor has no choke area because the
flow at the speed of sound is not forced through a fixed area. It can spread out radially. This
means that there is no choke area to be adjusted on the input side of the ramjet engine, and flow

conditions can vary without requiring high speed precise adjustments. Eliminating at least one

choke area is one key to making ramjets reliable.

18



carbon fiber. Boundary |ayers formon the individual fibers and get w der
along the fiber in the direction of flow, but the fiber ends and the
boundary wayesy/gomet h di sconti nues. The fibers do not pireTarstooe/o3snd ace
capabl e of supporting a thick boundary |ayer. [00088Y [RekttiNe.uods 105Nt er
t he annul ar space pointed approximately in the direction of flow, and they
can be [o8089]f | us lTh‘éﬁahﬂulhﬂ‘@aani;l’Ha&E ano&h&hrf@cek ubex twithd flkvav &hé hafaks Agas

pul led out of it by interaction with the Mach speed flow The tube can

cont i n@dddgdipdugationde P%?@F6?\5/%gomlﬁ@rth?rﬁtsé]rapalll»sanfl AMCREeA o8¢ ﬂgfa&ﬁﬂmewe? ge

bet Wee@rf;hﬂéﬁ 1O AR lér%g)})%gﬁ&ht&[ vERQ Al Wex%‘i’ %Enesu 5@&&9@% émlSéBidI

r ot or I'S saves ene y reduci ng rag otor, at very high
rpm i s shars fibérglin thaddithdeoraht fiberantiaxew rof die suafacmpnrpmmlppud:?aty dﬂetta(hmmcanght to

t he space ayound oto 0089] The ran et engine ntinue to out put
Super oonE FHeEUT o B ook RGP Acrapanted et pUET b aghe S LN S0 OB T al
nozzl e.4idnd8Q0Irhd hiBerS AR N8 I AdrPAiaRftdRd @&ove@@éu@ﬁc@w%@@ﬂ%%@ﬂ%’e@d flow

region around the rotor, makes the expander capable of receiving subsonic

f1ow i igagfair hpvoutver theim Bfe filives aa nuly%feamilcwwblﬁk ang anetavalcbabémqmesnsrmln c flow

|n5|det e, an S mat ch r,0 its ri The .subson f,lowis
{ aken eV DR RAD R b B MRS 0s BRR A RBRRG, righiofs f PhndiBE R BRRBlC AN
mat chegafbos fiB¥PABERIdas 1REE SinSeHe Mdivid i Hbes@dhet Wkt alohe $ife HIRE A e W | |
be before outfl ow reaches the choke area in the de Laval nozzle, and the

choke ahreetioarf fhivythat the diberiensisandl diesboandarpidayes graveh sissomypias s Bk fibgrs dp ng,
or remyed. &l LTk g%l%ggf%ﬁlgéﬁm%ormtcﬁ%guﬂm@?ageleng' ne output flow. The

expander possesses no e sa ason the conpressor
posses$es088p cholSenadirtabes C'EhieﬁteﬁtHeCa\nlEulhh@adeﬁd)lgﬂﬁrappﬁbxﬁhatﬂllynﬁﬂ& difeokien af eas
fromout put flows not use i mprovepent not

f ound ﬂ%ﬁ%«ifﬂ}%mﬂ Sejrele ge wdlﬁﬁtﬂ[ecﬁeof@qq %Cias,w'afr {veﬁjes' 3%%@5%13%1@%&\1}&&
choke Q{ tefric‘?i'ghfwﬂhvﬁe WERd s Peytu\% m%tlﬁubﬁe&%fﬁgé@%ﬂ Jnra‘ﬁ'a]ottltf@

ranj et erigine into the expan r annu converts ow to
super s amteriadnio thakouwsgngsandemsoge betivEannhe honsithaendmrmudnts dramdown ddi prsssared

outputting it throygh the super.sonic .part of nozzl e .beyond t he
Go Doyt dnohetomiod B IS GRRSIR B Baite tnafs BRuu bRt sl Es ditron: o

r epl acewatstéﬁnc b\@l&ﬁlc%ﬁ@ dfexterfld vhal@l pitag ehebdiSGfle@d & thekpAkpiung¥ rBREKet
CT [O The elim nat| on of choke areas is an inprovenent

needed [OQD%Pﬂake r é[rlnpe@mje:h giigiescan cabtieucle ovtph amecsonicollep ta areergiandsy andfor

stationar % | red choke areas require adjustnments which
are diffi Xﬁ%flmflghaﬁ%%gf%?v&e]‘atvg Uit ol in machi nery wi th changi ng | oads.

[ 00093][000ve] r anj ethe 8AGE AesiGOPidmSHleQRdEIRa ABRIpedanntidy BoWREEoH BRANO IR ot put
flow It can retain a de Laval nozzle output, and it can have one or nore

out put $nakes Biesapgites capablei o gestidng subrenic Hevcnixbe eu&ebntnsofethfr owailus a9 Laval
UL Pt RS s REISTR Ml By el a9 LTS gk,
goes t dlothe tﬂeendmﬂeﬂ& dm[talve)lmozblacdmthsgreapof the trehﬁ_]eca'@mmvhﬂl itohatoiesrthe The
eXpand%g(pelmrc]lera" 9 design subsonic input speed. That cross-section will be before outflow reaches the
choke area in the de Laval nozzle, and the choke area and higher speed portions of the nozzle are
bypassed, missing, or removed, eliminating the choke from the ramjet engine output flow. The
expander possesses no choke area, for the same reason the compressor possesses no choke area.
This allows the designer to eliminate choke areas from output flows not used as jets, which is a
key design improvement not found in previous ramjet design.
[00091] It is also possible to remove choke areas from flows used as jets, by putting
subsonic flow from the ramjet engine into the expander annulus which converts the flow to
supersonic and taking supersonic flow from the annulus inner radius and outputting it through

the supersonic part of a de Laval nozzle beyond the de Laval choke area. This allows the

subsonic to supersonic annulus to replace the choke area of a de Laval nozzle used as a jet.
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engi ne can be designed to work on the sanme shaft as the conpressor and
drive the conpressor when operating and still output power nechanically

t hrough iwe 28évai20778[ 00094] The exhaust from t he expandercCtars2dmo/ossed f or
co-generation heating. [00095] FIG 2 is a crosétteusyilneket No.eWMbfl 05 CT
enbodi mrent of an engi ne, including a conpressor, ranjet, and expander. For
ease Off0008R¢r enc&he\cimigiidonpdchile ddasiinireinggdverhdminBedetl @ makarsnjeedginesd t o
by the terns prOV| ded in Table 2. [Q0096] Attorney Docket No. AM -I1d - PCT
43. Dyniahicasspeghapicaloutpyt sagaes 105 sieHanary geVelisip aAwer haed chalfseireasiagyiress.

Bl ade J.;mg% I @héa, Lgwal | 71.
Annul a(raﬁnozz ggd‘g%lf I?grne ces [t%ﬁﬁgosﬁﬂé)%vcggﬁgltlggﬁ%cg&% ng? E?iin e o0 rot ating
shel | s [p@B0D7] | Ahelr@njeReng@na cummdhistiph almnubnrstttahaveztﬁore@lﬁamtoatmm flow. tthe

axis of rotation.and nade of Ti Rheta- her strength ium is
bor ed Sﬁ‘i‘rqi?%d&ltaﬁglrnoé OEBWE&“H&%H %0%&‘?@“ B 19 °3B ‘éf‘tﬁ%d’l%ll 70

and holaig@iosa ol dheRe 8&puR4lloRS a 8% E APV YpuTRbLAE B whRTas Ta'}@t witgfuk c&@dul
conpri se about 5% Al um num 2% Chrom um 1% Ilron, 4% MI'ybdenum 2% Ti n,

82% Ti tadnisimmntsatedtsaheka areoni igmozFleechokie Bmiitajjet ma;pubévuh‘élatremm@mgmh@@t have

220, 000 I tensile st W th.specifli ravity 4.

poci 1 ok pddere SRy SHETH Bl Bl Shbssh s Wi PR inn,
made t Rhgiugbart hedshakl wabliSorfhe s&fe kiaft ehe ¥Pap@sdor LRYHATe ABEomPresiie
conpressor region. The conpressor 52, 53, 69 is fornmed on the shaft 66 with

Si C bl ades operahipeandwtt howautener msehapicdixithronch Heshaliaft and si de wal | s of

Si C sh Th d
o Coontbd T SHEDLARER, Ry Ahi8 SERPLEIAEP el el AL DS Ve
bl ades [@05@! | 6$1G691scmcre$st-sh>enorsaﬂ gizwodf dnreentoldadas off an ph@aedndadingar bon

fibers are wapped onto the exterior ?f the shell. On the outside of th
Si C sh&PMEressbiRet Mt xrgudesr Eonenin Al fTERE: BHENS POIGT Ol tRsH™ithia Fslﬁdés

and ovef, {?E@re@ Q‘o?@l?&%nﬁﬁﬁ%ﬁl@dhb?ab%@es over the opposite side and back

down to t sha Thi's appli ng secures the assenbly of bl ades and shells
and por[@@ﬁ%d)ut er ring in place to the shaft. The conbination of the shell
+ h h

r
and t blades—and ..fe o}-es it H-ough thf‘ds raft+—fForm-ehannels—which ext end
" adi al 15306 S RefexengeTor Bpints,af tsexcstLabeled WoIZHEE L e w ndi ngs over ¢ he

conpressor hlades a porous material or mesh or radial flowdiredting
channel s can be placed to make the |#Pofnelig Wil seneesonenieeésor rlotor nore
uni f or@0aket] bestsarhgnpply ent . On t he | shadxpasgeacesdr sl i ghtly away frjom t he
conpr 23 oPretsurd wal ef fuebon fterm wippdy Ngs, Tiahstiex paivdesf cidumbBentml sijm | arl y
st ruct/ eneBusMot fredrai@er parts that are fisvappaeciem th carbon fibers 28, 29.
These |bbades tansfef IMRIE 3R Dr&RER t Na7shidsbnidBlowadidn) bridges 39, 63
wall to heat 48. High pressure compressed air outlet

24. Spiral channel at beginning 49. Subsonic flow from compressor

25. Fuel or steam inlet line 50. Transition region supersonic to

26. Thermal insulation subsonic flow

27. Exit of spiral flow channel 51. Supersonic circumferential flow

28. Fiber wrapped on blade outer edge 52. Blade outer edge

29. Fiber wrapped on blade 53. Blade

30. Fiber wrapped on shell 54. Compressed air flow tube to bearings

31. Pressure vessel wall dynamic seal 55. Wire wrapping on generator/motor

surface 56. Ferromagnetic plates of generator

32. Outward radial flow of dynamic seal | 57. Carbon fiber winding on generator

33. Dynamic seal disk 58. Not shown in FIG. 2

34. Air bearing 59. North pole on permanent magnets

35. Exhaust air/gas flow channel 60. South pole on permanent magnets

36. Shaft wall between holes 61. Air bearing

37. Outlet channel in shaft 62. Air inflow channel in shaft

38. Exhaust route hollow shaft 63. Bridge in shaft

39. Wall of shaft 64. Hollow shaft air inlet

40. Shaft in bearing 65. Disk of dynamic seal

41. Air bearing 66. Shaft air bearing

42. Pressurized inlet to air bearing 67. Air bearings
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bet ween apertures 37 through the tension of the carbon fiber wapping while
stationary. On either side of the blades SiC shells 68 are placed radially
on the shabtoto26sm radi al encl osed channel s. On the owmCIiuseoovi3sae Si C
shell's carbon fibers 30 are wound around the shéktbgmeg\acketéo.rAoVlbd 0F4PEW ri m
entrances, over the opposite side and back down to the shaft. This w apping
secur ¢s3t benasisesdlldyskaifitablicdde shand | sBekimntie rbtoe skdliafvall and confijnes the

por ousg 4ui Boide dhexpaaadyi nati on of the gshebhprEs: ther Meadasl form radi al
channgl s around the axis of the expagdgher dhgwg2l | ed a diffuser| or a
de-cornpressor. On the Ti shaft two|dgynap SR8l addengs or di skAttorney
Docketf No. AM -1d -PCT annul uses 33’72@51“;% . RL&LR d'arggl n%hts&dleoft shaf t
ports|of the pressure housing 31. Thése %MDRE anm c seal rings due to the
hi gh di sk speed when the engine is|run®MYEMT entrain gas in the gap
between the ring 33 and the housing 31 and drive gas radially outward out
of the cavity 32 between the rotors and the housing. This results in
reducing drag on the rotors. At either end of the shaft air bearings 34,
41, 61[0@P7ar e pllatEd.2, Bheuri ganpneswiirdd, b cerfti¢redvod thetaxisogfepmtien tlbmade

bearin Lniti an cone from.a pressure hottl.e reservoir_ or.air. pu
tron 1 S ab Brbict oy e SR et SR Pl G St ihel RS Corperba 8f ftatis b
cone f oG AWHRGHAs MaB FOWhH 8o WasvifiSs 30440fn &RRIpERIRIRS HE thrdRssHatiQ¥n
These hi gh pressure gas lines can run along the inner surface of the

pr essurcempapkat®ut ahdAlpotigime % keirethanpd Vo rasut’atMdrbdedum, 2Hi hint $&%%pr essur e
t ank. 1e_adi abatical ly.co essed. gas_48.from 0 ris t $Q by
o Eni BB Peeo il b ETRRGPRRy Bl e do SR RE nel Bt

runni ng em’a oward er a

hi gh prsgesl &igapeEao cheitg q@%ﬂerﬁe\a?ecbﬂc Ragle wrahasgeh W 460081 eRb@al Ng

fuel 20 and exterior pressure vessel 2 1 before it goes into the air

bear i ngles4s. ¥/, 92 arpyaadg threyghthagwltaralsd9neo yhihp euprandensei@ntang it Beat i ng

shaf t j :0ng I r i BBy 7, 59 is

hown ShrBreln sy RAThe iR 32, 91 6710 RARATGH 1f HURBTRRICHaeR 00, oy
i s addedapmedthich edribat filermageeiss thefshtifiand yidanmllS6f SiOhdells. hEhelgl bledésS3t dhni ng
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going in to ferromagnetic core-plate stators 56 t are w apped w
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hi gh frgquency alternating current output may be expected to be converted

\7

. y Dbe exp
to DC chellsewt poran opteo inD@ blaek bk shaft ol donduppsios pf thetsbibil agd tedlddeat i ons
or natchi electric i ds. These .conditioning,eleectronics a not shown.
Qut o1 iy PR LR e Foro MRS W DA ELE SO bR Sl B Fashoe < a5,
46, 47 cothPres&f), Beydndithe WindiABdHoted tlacaiiredsbebladdswaiodosihatatialng nicdloal fl ow
of f the conpressor_and to deliver the inward spiraling radial flowto the
expandétdialdypvefirerding shaynelstcan fhe piagpd tof ke the flopnpvideshie crBpEssA OB ROFance
of the

uﬁﬁgf-rﬁ‘hnd less turbulent. On the shaft spaced slightly away from the compressor to leave
room for windings, the expander 44, 68 is similarly structured with larger parts that are wrapped
with carbon fibers 28, 29. These blades are compressed onto the shaft 36, and on bridges 39, 63
between apertures 37 through the tension of the carbon fiber wrapping while stationary. On
either side of the blades SiC shells 68 are placed radially on the shaft to form radial enclosed
channels. On the outside of the SiC shells carbon fibers 30 are wound around the shells over the
rotor flow rim entrances, over the opposite side and back down to the shaft. This wrapping
secures the assembly of blades and shells to the shaft and confines the porous ring. The
combination of the shell and the blades form radial channels around the axis of the expander,

also called a diffuser or a de-compressor. On the Ti shaft two dynamic gas seal rings or disk
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channel s for the de-conpressor, rotor sealing rings 7 1 nade of SiC or
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compressor and radial expander, annular channels 45, 46, 47, 49, 50, 51 are formed to accept the

outward spiraling radial flow off the compressor and to deliver the inward spiraling radial flow
to the expander. On either side of the exit for the compressor rotor and entrance of the radial
channels for the de-compressor, rotor sealing rings 71 made of SiC or metal, such as 304
stainless steel, or dense ceramic material are formed to define the entrance/exit to/from the
annular supersonic transition regions. During design rpm, the rotor sealing rings are designed to
maintain a close gap with the sides of the rotors near the rim. This gap between the rotors and
the annular nozzle entrances creates a vacuum pump by entraining gas to flow out of the cavity
into the annular flow cavities at larger radius. By evacuating the gas cavity 72 between the

rotors and the surrounding stationary components the drag on the rotor is reduced. In this
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various points of interest within FIG 3 are referred to by the terns
provided in Table 3. [00099] Table 3 : Reference for Points of Interest
Label ed iwoRBbgumer78 79. Supersonic circunferential fl owPB8@/USBWO®3sHEL Vessel
wal | 81. Thermal insulation 82. Edge of annul usA88mey QecletNo.pvit-dD 146 v ent
beyond annul usAttorney Docket No. AM-10A -PCT 84. Flow apertures in shaft

I D 85. ehibvatiiment of hERNEIHS Oltsike.thdt @biEreBér rc@@ratﬂmm@iabecsm@wrﬁmtémaehyi\alluch
wr appi ng on bl ades 88 Circunferential flow channel tran5| tioning to
tube 89 2 YRiHBES &0 thowém aggebiotation; idoesd wislyvalls o hprtay laﬁtawéde 9

1. Comélﬁlﬁﬁ&dsugﬁ‘ﬁs %]}%P%@g?f}’brggpﬁg&l%?ﬁoggl c H‘S H/agtoﬁBﬁ%gMﬂ@ea&ﬁlse ridge

bet ween holes 1 n sha sha ovm ng subsonic spiral flow
96. Radadhl p‘rbﬁ)hmshdtm:eghnlsisahdmewaddmragmeﬂmm EICW 7, Radd&l(explmmd m mauctidrtail
channel rotor 98. . Rotation. directi on radj.al conpressor 99. Locally

subsonlb{?ﬁ’é"f)r%r A PEpfilesy for thg frem eaﬁn&@ %‘Muliﬁ‘BSIP 1UBPURTIREC SEORN ew

al ong they, @i dehewe thdsatlRlAstaadidBNel. JvieANRCaD0lar b4ViR thE ASW BRSS! o
perpendicular to the axis. The flowin the rotor 97 is'radial relative to

t he rottle porbug ringher anpty tamméare&pmeaarompbﬁad b?a@le$ ef tﬂmchmmegmlat wmmonme radi al

| nout 2B ST Poe T BB P P RATR a8t S Rl R 8B 0 e

expandgfibsonftet e Al cGhe dtiRilR2MOW id$n 88 sub&nid@¥ionttRe AHE piEMe kst bOFhaabed 24
spiraling outward 83 subsonic flow 95, 99 transiti Onk@%% to the exit

vent , srstiallopitoptindcirsshogkvavss and\slopgdswhich gomistte thy kinticrepeesy afitough

e ooy ROyl BELR i bt AN SRACAND OB SelegLes £
becausarminddaopKe 859D Camcbreysadt arouhtl 028 atme@phdrbe thhaded | hEVE cedgesiren t he

shaft 93 between the holes 84. At the outer edge of the bl adFs there is a
ci r cunfPEMEA LS/ %atrwpsgherﬁ ejs“gqjqalgewaﬁldlpﬁ the annular chamber occurs at the first point

contracting the outer wall blocking radial flow. Beyond the outer radius of the annular sonic
transition converter a final revolution with constant axial width leads to an exit vent 24, 27 which
connects to a spiral tube in the insulation which may be formed of gas tight materials such as
quartz and leads from the compressor 24 to the expander 27 where another vent feeds the annular
region in one spiral flow revolution. Within this spiraling tube, which is the combustion
chamber, heat can be added by various means to the gas stream, but frequently by adding fuel
through a fuel line 22 to the high pressure and high temperature air and burning it. The fuel

line 23, 25 can be used to scavenge heat from the pressure vessel walls and to heat and optionally
vaporize the fuel. Other methods of adding heat to the gas stream in the combustion chamber
are: radiant heating such as solar, heat exchange by circulating a hotter fluid through pipes to
heat the air/gas, hot material injected into the flow such as very high temperature steam, particle
reactions in the chamber with high energy particles from a particle generator, and other ways.
[00098] FIG. 3 is a cross-sectional view of one embodiment of a compressor, with the
cross-section in a plane perpendicular to the axis of rotation of the rotor. For ease of reference,
various points of interest within FIG. 3 are referred to by the terms provided in Table 3.

[00099]

Table 3: Reference for Points of Interest Labeled in Figure 3

79. Supersonic circumferential flow

80. Pressure vessel wall

81. Thermal insulation

82. Edge of annulus

83. Outward spiral to vent beyond annulus
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encl os r she I's on whose
section perpendicular to the axis. The flow in the rotor 97 is radial relative to the rotor, but the

circumferential speed 79 is much higher than the radial flow. The housing 80 contains thermal
insulation 81, and hidden inside the insulation are the tubes 82 of the combustion chamber
spiraling to the expander. The edge of the annulus 88 lies next to one revolution of spiraling
outward 83 subsonic flow 95, 99 transitioning 88 to the exit vent, shown only in cross section.
Air/gas flow enters the rotor through the shaft 85 bore 94, as in FIG. 2. It flows 96 through
tunnels or holes 84 through the shaft wall into the rotor interior where the flow slows down 97
because of compression and greater flow area. The blades have edges on the shaft 93 between
the holes 84. At the outer edge of the blades there is a circumferential high pressure winding
shown as straight lines 87. Radial windings 90 also put pressure on the blades. The shells are
not shown but their outer radius 89 is shown. The direction of rotation 98 of the rotor is shown.
Also shown is a tube 91 supplying compressed air to the air bearings. Also shown is the tube 92
supplying fuel or steam to the combustion chamber.

[000101]

cross-section in a plane perpendicular to the axis of rotation of the rotor. For ease of reference,

FIG. 4 is a cross-sectional view of one embodiment of an expander, with the

various points of interest within FIG. 4 are referred to by the terms provided in Table 4.

[000102]

Table 4: Reference for Points of Interest Labeled in Figure 4

100.  Pressure vessel wall
101.  Thermal insulation
102.  Spiral shape outside annulus
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the shaft toward the axis of the shaft, and keeps shockwaves and vortices from appearing at the

outer edges of blades. The blades are enclosed in a rotor shell or shells on both sides whose

outer radius 104 is larger than the blades radii. Air/gas enters the spiral shape circuit 102 with

subsonic flow 118 through a vent emerging 107 from the thermal insulation 101. The flow spiral

is shown by a heavy line, the flow enters the outer radius of the annular region in one circuit

around the axis. The flow remains subsonic 116 outside the annulus, but speeds up with smaller

radii until it reaches supersonic speed 115. The rotation of the blades 117 matches the

circumferential speed of the air/gas 115 at the edge of the rotor 104. The flow 113 in the rotor is

almost purely radial with respect to the rotor chambers and goes from slowest at largest radius to

fastest at smallest radius 114 and enters the shaft hollow 112. The rotational speed 117 is

proportional to radius, so the blades are slowing the supersonic speed 115 to subsonic or near

subsonic in the shaft. Every portion of the rotor which limits circumferential speed, from the

outer porous ring (not shown) to the channels in the shaft 108 does the job of blades by slowing

down the circumferential speed of the flow. That deceleration produces forces on all bladelike

parts in the direction of rotation, all of which is conveyed to the shaft through the high tension

windings that reach the shaft. The pressure vessel or housing 100 touches the tube 110 which

25



132. Rotor shell 133. Thermal insulation 134. Bl ade outer edge 135. Carbon
fiber winding on rotor shell 136. Radial carbon fiber w nding on blade 137.
Bl ade 138woDneki2oyyeam ¢ seal 139. WAll in shaft 140. Apectaseomm3ghaft to
conpressor 141. Axis of shaft 142. Bridge in shafttormeyDocketVNe.cdhmiel-PGT
shaft 144. Shaft wall 145. Dynam c di sk seal 146. Fl ow channel in dynamc
seal 14dricPcempresed\uishethewd Beatingsd yAgmueessi®@lon tiSinnBodupfacs bedhk sHafPare
Annul us, bet ween housi ng and shell 150. Narrow ng channel 151. Supersonic
f1 ow afpeiVirs of conpressor 152. Rotor sealing ring 153. Annul ar evacuat ed
reg OnZO@U 1@’4£d rqyQr é\ﬁst%ﬁre@@a)f g&)?rg%t-sewf?onaf‘MeW & a BiedprE L0 @xphﬂﬂeﬁ,l \@ﬁh the@n
enl arged cross-sectiona Vi ew of the conpressor and expander with the
dynan creseatdionsn sipama cantamingthe axio o ratatidn aithatwogandenlsigad to dwoinsdetdilst he

engi ne. .The drawing. i s symetric and mass rotati.ng co nents _are hal anced
Sbout  CRUTEGHEFPIGSERS: 145 GOF Of TSI HETOUPHI Tt s, PHETRHG A istat

hol | ow§y\ tRAEIngAdroGiavd i esH1d29, 141 formed in the high strength material
144, such as titanium Channels 127, 143, in the shaft 144 for inlet

ai r/ gad08016d] whi ch conmes in through the end of the shaft 129 and travels
sh

=th

radially near th aressor blades 137 are formedintheshaft 144. The
renaini%g naterigfmﬂs5&2§ﬂ9$#gi@E@ﬁ%%ﬁé@igﬁéﬁiéﬁ-ﬁe €242 of materia
agai nst which the conpressor conponents of blades 137 and di sks 148 are
pressed. Near the cdiber ofPEhdrsyrasdl &t ween the inlet cavity and the
outlet cavity a wal 12139 of Sungesogigshanied ofidgtned to separate the inlet and
outlet flows. On thd2dutl etBlileltp of expasdghaft the hol | ow cavitly 129 has an
outl et bore and ft hen@3are cRahdelminizdrtendibapen blades 128 simllar to the
inlet side with |a greater cBlgs-sectional area to the flow to |accommpdat e
the higher gas f|l ow|2s. Carbon fiber wrapping on rotor shell

126. Disk dynamic seal

127. Channel in shaft exhaust flow

128. Aperture in shaft ID for exhaust flow

129. Hollow shaft exhaust

130. Wall in shaft between channels

131. Disk of dynamic seal

132. Rotor shell

133. Thermal insulation

134. Blade outer edge

135. Carbon fiber winding on rotor shell

136. Radial carbon fiber winding on blade

137. Blade

138. Disk dynamic seal

139. Wall in shaft

140. Aperture in shaft to compressor

141. Axis of shaft

142. Bridge in shaft

143. Flow channel in shaft

144. Shaft wall

145. Dynamic disk seal

146. Flow channel in dynamic seal

147. Pressure vessel wall in dynamic seal

148. Rotor shell

149. Annulus between housing and shell

150. Narrowing channel

151. Supersonic flow annulus of compressor

152. Rotor sealing ring

153. Annular evacuated regions around rotor

26



volunme fromthe exit of the expander /de-conpressor. On either side of the
rotor assenblies (conpressor and de-conpressor) 122, 124, 125, 132, are
dynam c swel2809126778131, 138, 145, 146, 147. These dynaniPcTdamsados/osmsi st of
one or nore di sk annul uses 145 attached to the éMafiey Dntketido.tAdir188P4dent
to one side of each disk annulus 145 is the non-noving or nmuch sl ower

novi ng [PIESEYr e 1essel 5 wabdlaged kroas;mhumli/% of the epepasi@nnibeundBewshaf t
144 is rotating gas is entralned by e di sk annul us 145 on both, sides and
by cenths Havmic ssabsdp shoyyn Bhitke <ap$5v5@ﬁtl%a19ﬁ%th6l§b%ﬁt ayia8f (s cgeinehdhai sk 145

and ex'dfraﬁmﬁl';'ﬁsg%ﬂﬂgé{gg ta?g% d@@;ﬂltn ciéﬁ‘l éfr‘ént%‘@e 'baljac?iQed 404 Qghagtﬁ%)i f’[‘ﬂa&ﬂhe

dynam c seafin 1 sk w ear ance
gap 1_4©nguaar Thdneha;ﬁtrﬁsthcucr@wlwevvoﬂmllbwctyhkdri@hawhﬂmsﬁ2apbﬁbl fioanhedinl tbgvhigh

t t t el d fl t th
it 1ol AEETGREHA PGP RSO (SDAORIE b7 P St SRR 61 LT 1485 ho gas
wi || Do) WM Gh Fi b e BRHoShRKNA | ANMAFRERYEGN nddh S AU ngs.

Thus, the dynam c seal wi draw gas out of the space 149, 153 around the

r ot or s bigles llﬂ&eéﬂ@nqﬁrle\t@ﬁha@d§4f ﬂbwmgalnmgcmattm@ bsiyeeee thdme@blyrs 1 édfoimsg
the ga ter.i 0001 I

ot or o PRt a B il b0 S o R coh PO ALURIS T3] and S5KEH S e
Wit h cardgesstil bBJrearWhé‘B@itﬂgﬁ Ry shaftsdtings the ilet b2Gity dndbthe doetlcavifod dallheo
shells 132, 148 and bl ades 124, 137 against the shaft 144 and agai nst the
centri p"éthﬂ shaficiosmeshta sspariedbe indempd nutetdlowsn Orbihg eadetside qféh fighe of a

mat er| %tollk%v ¥1?y EngllthSdB GhiLd %r@?@o{h%sesdréf gha%kélgrf?? gfrl]% %Sefr{ugeisl %@%Er@:}lérgg the

terrpera ure o as f ow 1 n e en

be f or nilet idd wih lalgyemtcrozfs sédthomnl etrea/\towhé Aosaattcdvgsmodatatiiplhégheo fassilivw abl e
naterlals are Al pha .Si | i con Carbi de, Boron Carblde and Alunlnun1cx|de to
name a VPEW tg%(%iﬁb?fé he pRagfey/dsgomalests. Qoeithgissidael e Feiet ansemblies

conpr e3§dme££%£ gr{cl]@é _cHhpRsHPMPHESSI V85 Sishengtd néﬁQ,sQQQ f@é' 133NEh S REE f4i6C

gravity 3.1, an ence specific conpressive strength 180, 645
psi . At tlé7 néyieddolykamnicNeals AMisidt Of oRCTT HerealigyarBalusen] 4Seatabbai tnehh $hatnh44

Sai nt - Go cs St.ruc ramc i agara Fall s The bl ades
Sl shant Defatpertus neHAERE 8 G ORaT A8 B A ARt T I om £ he
shaft. p(AnROPreluREVEsQRvaPL N arthuGR 1951 ENGhdatidnbORch RY ShhrAR440k @&ﬁuﬁg Qfsr@
are wound around the blade tip 134 and back down to the shaft and

t hr ouglentrieed bafhe datk dnnvhie IR 9w both sidrs aptl &yl @sntppetgls@@ela@@pnsﬁt dm\hf@ t@ H@f t and
brldges rtures. ber wi.ndi ngs
o e donuenradif s SREGES PRLATR Duldf QFE b SFe o it LB R 1S
the shahll dwhdnhic @begimgtlsamxeé\&ti Bk eheHaX b Lhe dikWigPNidhiCole@andd @psl46iRhathe
brazing, or frictional nmechanical clanping the end of the fiber tows. The

car bon PrsBEE yew&ywwéd@kdéawhrﬁsdqsﬁ netRlipnt SXIgHarEas Heenle tihBiesalb? ¥espelr 20
resi st apg fowH ag;}lf?{{ ﬂlie Fa n%ﬂfg?ts it L 1'4%” WhE ﬁﬁl@%ﬁt dahd @ {j"é‘{f {1195 fhe
C e fibers

brazi ng or chem reac I ons secu fuse e sur ces 0
t oget hens wiHbBs albdveedstuiciratlbe andatanymgmeeﬁressﬁrz(af thenduetoahdipgat Thg, thSidgnaricO2,
ZrC, ZrB2, Hf B2,. and exterior coaling on

Che 11 e ERGrY e O eeh Onbt? FOUkbUEAotGY th?f%wprsm SenaoY ger
able t Qnt%ttlliigtsﬁa{%e %@@5}} I‘Eauélﬁ(g the gas drag on the exterior of the rotors.
[000107] In this figure the rotors of the compressor 137, 148, and the de-compressor 124,
132 are shown with carbon fiber wrappings or windings 123, 125, 135, 136 to hold the
shells 132, 148 and blades 124, 137 against the shaft 144 and against the centripetal forces on the
these components. The blades are formed out of a material with a high specific compressive
strength, at the operating temperature of the gas flow in the engine. Additional flexible blades
may be formed primarily out of fiber tow with coatings. Examples of suitable materials are
Alpha Silicon Carbide, Boron Carbide, and Aluminum Oxide to name a few. For example,
Hexoloy SA may be used as the structural compression material with compressive strength

560,000 psi and specific gravity 3.1, and hence specific compressive strength of 180,645 psi.
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over the range that they are used in the engine. On the two sides of the
rotors, conpressor, and expander, enclosing shells or disks are forned from
hi gh specwbi2eoxaopBsessi ve strength nmaterial such as al plraTdiskéoomss2aar bi de.
These shells are used to hold the flow ng gas i Attorneydeketide Adi-WBERGlhe

bl ades and separate the blades fromthe stationary evacuated cavity 153. At

the hi glexoRliy®A val ncotitaiasd ﬁbmtsm'uﬁ GebaenCeami gasinghealrCdramis a€ Nigaga bdllsppen
bl ades with the stati onar%fvva |.s can. create si gnl ficant drag. The shells

are sedl¥-edhs Blagereand;shells formepdialgayiies syidiHidingthoblads vrlrmg oubfomibe shad-
shells Caa?lgjo flﬂ?e@&atftﬂer Hé%}éést&;[ ﬂ’lsﬁﬁe?g ﬁlchrﬁg%lats%ﬁb%geiré wol d’ﬁl‘auf?@t}fe%e{’&%qw‘g th

i ndexi ng grooves or position t es even y about the s
Beyond 18hend baﬂkeddwrpw ti@shaék andfoo tisough thhahafelval tinalvase ohtheddades pressed rim of

the circul ar cavi.t und t he bl ad Thi s, porous or_ channel.ed materi al

absor b ENI0T SHEEnd REdEET LI R Shrehafhhie B RO Wtk IS FRGRN GReEr YRCGESh ¢ he
channelag Rglewaatch{lSn Bh afeBersTRanHPEL WU REd 8RtsscBd I@ec 3hdfl @R hah a | arge
number of blades. Carbon or high strength fibers are wapped around the rim

of t he tpopaayre époxivat elidoal SlCcrearcélpas, mstal bagyangi ot fdtiendl gécherinalrdldrupyat theor ces

when the,c ressor, are rotati . Radi al | eyond t he
(Ten ofo REMRRE Blnso i hs CRADBTRESIRA e R an el bhafen R R ik RENABrNS:
r ef r actr@jigtari¥B! @lidlongeiflade, &fbsHnatdIbes® HtaBbw fhabraginy By clEphivildesichs

fused silica, alumna, and gl azed foanmed silicon dioxide define the

ent r andesycyre i ugenihe Puifacss peihs Sk tagethero Pestille siicabla enatingsedis BeDornighehw
h TG t h
region 6)'leﬁ'm §fe§&gzé?a%e% Ehe%{I ‘liffﬁﬁ%dr}ﬁh%&ﬂs gld 'ﬂ%e@ﬂéhotrgSatﬁ&fLA ave

a narr s’alr o | arger

| ar ger tl&mﬁbﬂrabulﬁéglfonn@lf such éhagitrwdudd f(frirml\layﬁgjveﬂtheeﬁbebdalé o stechndlidnically
snoot h surface of castable ceramc or fused gl as nmetal s such as

mol ybd@neinthe BeR ithay theyiase disgdR Hisrengiisul @r the&w&snfeéézif MYgotorngomeresHer 3ad | y

i nsul atekg%dgy %{égoﬂﬁgm‘g or %ﬂs%(ﬁg[@ n@2 6 hith Pecifit QSﬁq fdsgid St}‘éﬁ?fﬂ AhleAR:

Radi al I'y beyon eti e- conpr essor rotor t he annu sonic to
supers (sm}camlniwemlmomrcaéndml Hiresé blwls raaagnsednAt hald tieyfl Goink eds Mothe AMliti¢sOl - PCT

121 is ., defin e sim.l ar h strength refr rials
ha s edeatesnite This e RelE R dle ont it Moy SR8 BEl Ehyar e B

cases ther anpubiay oﬁhfs‘ifa}velaﬁér_l sh@%ei@ltetfe{bnbﬁi 8r @d’é@l bR “ﬁ’tﬁahé‘ﬁﬁtlérﬁﬁy RhgsSSur e
vessel walls the pressure difference of |ow pressure around the rotors 153

t 0 t he can pissigtsegnifecapt dragube shallsiageserigd m)dmsr@s of the hlad¢gsv1t11592rb®@ar the rim

f th d
wi ncti ngurie B8 SHA e Aol R PO EMERG e ES B0, +aai

wher e tihxpipa g6k oah@gt@cto tpbﬁtm@tt&rblidegwaﬂy Risoud $heasha 'S Bl §61RISthe blade Gher -
[000103§%FI G 6 is an enlarged cross-sectional view of an enbodi nent of a

conpr ed33R PRFAPSEX s%m@é}ed mgterpl epecrg the o ebtheicrulancayitylagarmddbmblafes ndis he

axi s of %ts %E lcl?a[}nlngl [a%ﬁ’sror ANfbufRkah :?oegst#b%sﬁ&q}ﬁ"o@%ﬁb}ﬁ rﬁlalﬁio%‘?&ﬂat €

bl ade £ hanne ruc ures. lfisor ease erence, various points

i nter eshrough the rhirli@ls letacan thebadeedThopirypus Hirg has 0B theravided allatrgérabﬂnberﬁ

[ 000109]Fb1ades Carbon or high strength fibers are wrapped around the rim of the porous rim material
to retain it against the high centrifugal forces when the compressor and de-compressor are
rotating. Radially beyond the tips of the compressor a rotor sealing ring 152 of a high strength
refractory material such as 304 stainless steel, tantalum, molybdenum, fused silica, alumina, and
glazed foamed silicon dioxide define the entrance to the annular supersonic 151 to subsonic flow
transition flow region in the engine. The aperture or rotor sealing ring and the shell have a
narrow gap 150 between them which pumps air/gas to larger radii. The larger annular region of
the annular flow region can be formed with a smooth surface of castable ceramic or fused glass
or metals such as molybdenum. Backing this smoother annular rotor sealing ring is thermally

insulating fused, foamed silicon dioxide 133 or other rigid insulation. Radially beyond the tips

of the de-compressor rotor the annular subsonic to supersonic conversion annular flow region
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Table 6: Reference for Points of Interest Labeled in Figure 6 170. Shaft
bore 171. Shaft wall 172. Disk on shaft dynam c seal 173. Flow channel in
dynam c swel20ds7ia0778lousi ng wal |l in dynam c seal 175. Pre®suns200003%k4 176.
Super soni ¢ annul us for conpressor 177. |nsul ati étfoneg Doskpie¥s alvit-1ahiGlTus
for expander 179. Inflow area for expander 180. Porous ring at expander
rotor adges dihed Gathttbe)sdnhdér similadiigloptrddlgade th8dry mileliak asatelydralind the bl ade
183. Dynam c seal  di sk on shaft 184. Channel through shaft 185. Aperture in
shaft cpmpgssorshabethibs ForpRieweemndirariiapissspgyascEA08tay dislkol 11grshreertio 188.
Low pr J r L ssor
190, A B P L e B (P B Lo B BT e
192. Robtors KX3gb thenschespiferic rdssure butsele theblodsirg. ¢he 11881 5Carctrahe finbefithof bl ade

194. Fil]ler of blade 195. erture in holl shaft for air/gas 196. \al
separ atPRE %ﬂﬁfth%wﬁfg%ﬂ AT PO B 50 ot S InARES | p 380 PRBGir' &) | n
FI'G 6 fafm 8Rlah@8Aspat&Y5Plo [hiker RANRIRESHE prQbRE aldifd tHObtor kiR mal$3.24194 and
expander rotor 179, 180, 181, 182 are shown with alternate bladé 181, 182,

193, l1eimespHerchanhigher184 structures. In this figure the alternate

constr i of des directly fromgcarbon fiber w th coati ngs and

CorT ondfodiRy PL HAMER i Gt boderhl AR & el P BRRS e ard of
t he holekpaMddr Qvithdé trodd dectibh @va BRAE EoHtERinkGHe axdif of roddtbnbffidMotorsaad s 172,
173, 174 to the pressure vessel 175 are shown as duplicates of what was

descr i salarged teplmvg detreolietnatg bladpandsdhanieel stractures. For ease of reference, various
points of interest within FIG. 6 are referred to by the terms provided in Table 6.

[000109]
Table 6: Reference for Points of Interest Labeled in Figure 6
170. Shaft bore
171. Shaft wall
172. Disk on shaft dynamic seal
173. Flow channel in dynamic seal
174. Housing wall in dynamic seal
175. Pressure vessel
176. Supersonic annulus for compressor
177. Insulation
178. Supersonic annulus for expander
179. Inflow area for expander
180. Porous ring at expander rotor edge
181. Carbon fiber in or on blade
182. Filler material in blade
183. Dynamic seal disk on shaft
184. Channel through shaft
185. Aperture in shaft ID
186. Shaft wall between channels
187. Exhaust in hollow shaft
188. Low pressure annulus outside rotor
189. Spiral outward flow from compressor
190. Annular flow area from compressor rotor
191. Porous ring at rotor edge
192. Rotor shell made of carbon fiber and filler
193. Carbon fiber of blade
194. Filler of blade
195. Aperture in hollow shaft for air/gas
196. Wall separating inflow from outflow
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to subsonic flow annular cavity for the conpressor and subsonic to
supersonic flow 178 cavity for the de-conpressor are duplicates of what was
descri bedwDreosd¥1@ B8 i ncl udi ng i nsul ation 177, apert uresPt8A1S2a0bm34204 | ow
shaft 187, the low pressure annul us 188, the spAttairiesiddsketdde.AYI-dMPE Tt he
conpressor annulus 189, and the region separating wall 196 in the bore. The

bl ades [0001t1D] s allhk €1G26 e &iiged Mkt ofake édlﬁpﬂemerﬁtmomoanel flopnens, 94 hahgi ng
tow of carbon in | oo s or as brushes, d around a stretched

t ow perem@éxdélf roaefslgﬁb pPb- 152 i S i @16%{1@9 blaﬁ?ém»ﬂﬁ‘é ERarl P4 ﬁl@%channel
apert UN8S st 1}1%5' ﬁ%ﬁi ﬁ&%ﬁéma&tc%sta?a’ufoﬁ ofmaescafébeag fJM@Jrﬁo@ﬁﬁer%ﬁﬁyr ed

to the sha tyl ng, t enper at ure epoxi es, zing, or surface
i nter accbatmgswnd hptidral stiang M&rﬂmr@hh@ rﬁdttbléatls ianhe T\hleumﬂipomﬂms ctﬂ‘the shaf t.

Q her o i ki i ecurin ns al cla

o wealpoovia shash EF1. TR Tosfiiend i o, S Biptns Pl | Taa 164 pe
woven 'v@§5@1 ﬁ7§atr5 WedWA & & at@% 81' &ﬁat@vé%%l%&‘ﬂbeﬂ M Flesdenk Eu%qll&}' saf&Sonit adh al
gas flow channels 183, 194 and I's 192 to the gas flow channels.

Stifferd pepsomic ovadnng b avityefor th‘el dompaﬁtse@r andtshbsenidip supgssamce §owddBgawdtisuch

as silisco ar bi act.ions, or v posi ti on or sp ering,
o onstnne SEEPRs R AR RLE s RER R kR 1S s R R e
radi al agasurtd P98, eleaivNRksshaftP87 aHs 18T pleadirahhntl &3NSl & firdlidpout®ihd lodhlin S

pl aced and formed out of fair speC|f|c conpressive strength material, stiff

agai nstth ermmgafrsssm agaisd 88y angighe regayy &eabqa@n&ﬁﬁﬂrlﬁéursthﬁ&prq hihs bladeg imfhes f used
si I'i condi oxi gfoogm o‘fﬁ{et}f?@en‘ho{? e f&%&gﬁ}éﬁa% Q%ffcaﬁ“?% Qﬁ{)g@ bKg t hat

have been rea h™siTicon form rs and
bondi ndprivdtsveens fibe Wiundragsoundhstieghbbow pdraneted nfrdslblg/ pre-saegsad gedcatelh t hat
radi al eX|ts 179, 190 for air/gas flow are distrjbuted at the center of the

ri m of faRatheshpf ¥ aprriuasioanddridgeandsdtbs rpior Buss. W%ﬁ@n Hresiade peavrd But er
surf ac?hé:ﬁﬂftltbglt?ﬁi@l ﬁ—‘;dhl M 8dn 8{11% é?%é%f%?tbr%ﬁ‘% ol k%&@ﬁ%&%&%w}tﬁ% énéﬁ 189.

Ci rcunferent y acce erate ow I ncident on t conpr essor ades,
t hat arldelmaogng &itiemlchy be ivghod blycottllmsha&ntOthén;gMiblfed?bcesecuﬁng otealtdngims ase | |

flow throu se. a ertu es and ter t nnul g rsonic
oS ubdOMEEM VSIS FLAGh B A CE s b ks Bty S o SEPRLbHRA STUREr soni ¢
radi al cb%l&‘%dvehllntb %'trﬂgtﬁreatﬂgt thin®¥ & BERUOR th8esARE bladEE SaiAl N BBt he fi ber
wi ndings 192 and the parti al lé seal ed porous 180, 191 or channeled ring

mat er i ghanisel &3n1%‘bmdaﬂldm‘gali 2eb thig mfrpWBChanntlheSuﬁemogrma@s@bwul\d b¢

decel er. st therln ada r bo t hat are
ner e cuftiBoRERUIRL b o el QR Shis L Fafte B nbnfa] eredtiS e WK
rotati @egés@cﬁdrmrrsputt@ﬁ@ksﬁ cdbkable/wtanh& cdd@k fored G¥tvieen tiefilstes. CAMDE €s 6f the The
mechani cal energy fromthe de-conpressor will be transmtted though the

shaft 1943l gag@lopirhaneclednprons siaduty channekedritng 1881 19 bisalacepand Bnaegyutof
dynamﬁalﬁgpe%m%ni ef iv@str%n%ﬁ nﬁllte%al jsgff a%%gn%?f&r?%epgféegﬁgﬁ L) %}é (ggg.ﬁta*;)@ ei t her

side o e conpr ssor an € conpresso wound
car bon nidtéredsfor tds riag erefasdiedlidongidtiés fdayn, barhbn ﬁbafpembnks e:akhmcﬁ

mat eri al C.or. by their protective cqati These shells f rmgastlght
barr i e%fW%L%ﬁhabhafVF@ﬁFfb{?FCtS‘? Vithesilichgta for g%f‘loéwl%ﬂ%ﬂ”ﬁéﬁ%“ 298 bORYNEY or mad

by the pokadashe £H:EOThe carbon fiber winding is arranged such that radial exits 179, 190 for
air/gas flow are distributed at the center of the rim of the compressor and de-compressor rotors,
or the porous rings outer surface can be sealed everywhere except near flow apertures 176, 178,
189. Circumferentially accelerated gas flow incident on the compressor blades, that are made
radially rigid by the centrifugal forces of rotation, will flow through these apertures and enter the
annular region of the supersonic to subsonic transition region 176. On the de-compressor side
the supersonic radial inflow will impinge and flow through the apertures between the fiber
windings 192 and the partially sealed porous 180, 191 or channeled ring material. The in
spiraling radial flow 178 in the de-compressor will decelerate against the ring and against the

carbon fiber blades that are held out by the centrifugal forces of rotation and deliver rotational
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fibers 192 are wound fromthe shaft to up over the edges of the disks to
secure the disks to the shaft and pull the disks to the rigid blades of the
conpr essowoana/der/gsonpr essor. [0001 11] FIG 7 is a graphTdisosionssan

annul ar flow spiral chamber gap profile with raditameydagketiNeeAMadD PG ow
speed proportional to the inverse of the radius of the annular spiral
chanberfenergh tdthe.deohtpeesannultrrmédhanicglavietgy feon ele de-cbinkpréssor Whebd @aisusttdds
shown to achjeve radial flow inversely proportional to the radius in the
annul arftheughithsshaftd TG todhs eampygsser gid ssHeghppical rgtatigpal cqgngy do Agpamasiged
fromt t had t, S oRpf id with
t he gagﬁ%‘gﬁﬁfgﬁi%e&;lé Eée (g\él%ggﬂﬁ(e)lt %Hgﬁg&g ogﬂenﬁ?%l%ér)%ﬁl ngtegsggag% at ed
assum rgmaressaddddes sersheldpl ¥ dupemd@arbohdibessahatard bmuietzlntd)gethdnbyhegh o 7/5 of

const ant ress re heat capagi to. constant vol une ity of the gas
0 rodup B a S G A G iy e B e SoaiES) | Breshaty o et g

show ngaaRrafNiteaod bR Fadlal ?5@4‘1‘&@ Ch&RRIsPIgef 1 dLfovhbdby adiBiRieh Ocﬁ%heVe
radi al fl ow speed bei ng constan he radi us of the annular spiral

chanberfibetsnl 9lagg waund&omrthe slaft tH qu;wvclathﬁ gl ghe drwlcﬁtth s¢are thealiskado ths i s

shown t n bsoni ¢ radi a ow t hroughout the
oo ar FE R G PR SRR g FRE RIS TR B o 4P Ee T of e enced
from theo@ailp of FMGe7 shadrapMsidwihden hadilatSldvishiRe ch@hih o§@brofide RNE rafigk Wi t h
the gap set to one at the edge of the rotor. This profile was cal cul ated

assumi rigagnevedadipl ﬂ@éﬁmedmr@pm@ﬂ ot ansiissv ecrad U Wl terannylaesmad i o 7/ 5 of
const a%ﬂﬁ%?fﬂ Ef%hf@e aﬁf?lﬂ%cﬂ&% cmn(ﬁjagm&g%ﬁfh 4P h‘é%dﬂﬁ%%h&&%&é({%v% ng[)glf gap

gas. gr aph an annul a chan
profi | dlow mher@agilpu@otmnratfu tﬁvmdna;dhalhe :iﬂncnm spand mredmlzbmtarmdls bfthe plot isadi us
of the annul ar spl ral ~chanber. |n 9 the annular flow cavity axj al

wi dt h s ragie refgegnerd ﬁr%mélﬁrow ?%thSéll*ﬁbeéh Msdradine of tigpaionset to aes and witlyipe
propor g'at%@c'to bRe ath ¢ E@SY 4fShd f&téreghﬁﬁguhﬁrw&ac\éi&yat dTe{lﬁLgﬁfs?ﬁaa?l?@éaﬂseﬁ‘ffﬁpﬁ of

t he pl IS the ralus referenc mthe axis o wtht
radi us sopersdnec/subtaric flewv with Greeatand Swif tchndtére pgapurs dtattcapapnty tatonsteat golgercof

the roto ThIS rofile s cal cul at ed n i deal isentropic
super s%‘ﬁ? {EPRIBY |ﬂ2:e §95 S QAT OP I B Wﬁglm&? s%Efc‘fﬂgst ant pressur epheat
capaci fyod192fonstaat g kol BRA%Ing AP AGIH Rfw MRl el@asnbe& Q00 protd with @adu}so i's

an enl arged cross-secti na| vi ew of an enbodi nent of a conpressor and
expandée aChmwerradlhbﬂw opeeddwitg constamt \altlplham@dlcmﬁthﬁ ﬁnm@artsmalaghlamb@f Inot at i on
of the t Att enl ar

Che 1 ngf Flsam iR A S SharigiMsnbe i SPoBRA b iRt tighiteefs s
doubl i Rgbfpawakdial fléw sirehghoat fHeGhfilaycEas!t ThEQbrigaSa ans Jfeieelenic ehe Maiuk OUS
points of interest within FIG 10 are referred to by the terns provided in
Tabl e 7eferepophfiramithergiis af the skadt with tecragdivs ipBieptor ot t9 Arepnskyith Hisedapgetta

Figure oh aR?: edé! &t tﬁg ?c[tbln 9lhis profile was calculated assuming an ideal isentropic
supersonic/subsonic flow with the ratio 7/5 of constant pressure heat capacity to constant volume
heat capacity of the gas.

[000113] FIG. 9 is a graph showing an annular flow spiral chamber gap profile with radius
to achieve radial flow speed proportional to the radius of the annular spiral chamber. In FIG. 9
the annular flow cavity axial width for the radius is shown to achieve moderate subsonic radial
flow proportional to the radius in the annular cavity. The horizontal axis of the plot is the radius
referenced from the axis of the shaft with the radius of the rotor set to one and with the gap set to
one at the edge of the rotor. This profile was calculated assuming an ideal isentropic
supersonic/subsonic flow with the ratio 7/5 of constant pressure heat capacity to constant volume
heat capacity of the gas.

[000114] FIG. 10 is an enlarged cross-sectional view of an embodiment of a compressor

and expander, with the cross-section in a plane containing the axis of rotation of the rotor,
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251. Air/gas inflow 252. Gap between pressure vessel and rotor 253.
Material adding rotation to air/gas before reaching bl ade 254. Rotor shell
255. Rot ovoge@i2orysri ng 256. Thernmal insul ation 257. Pres3wseoweseaed wal |
258. Spiraling gas toward vent 259. Heat additi dtfornsgjilneketdNgasMEHahmelT
260. Hot gas vent to expander 261. Wall clearance material 262. Rotor shell
on expanbeged26 Show\dtthilbef the aipub fibeint hoBbwfshaf2 6dtpuliddw, aododdigarnden assble
evacuat ed regi on and dynam ¢ gas seal 265. Air bearing 266. Ferromagnetic
core afddediiipemonst pia JuAl eibgichanentt: et OMicEsRKs, Yaio8h RPNt antershaf ¢

269. E’(ﬂﬁﬁ'ﬁﬁlé.' @k Ebg%]gédzg\g'yqféi} Eggg g%?&% aig?fg?ilés]t gas flow 271. Exhaust gas

fl ow t hrough shaft fl ow over blade 274.
Super s¢p0™ 16] ow to bl ade in annular cavity 275. Transition from subsonic to

supersoni ¢ fl pw2+6—Subsenie—tlowin—anpnulys—27/7-—Anpnulus—eavity wal | 278.
Colrorpressor' s hhabledr Rel £ ointscof I d0¢ Kignre Qa1 ar cavity 280.
Subsonic to supersonic transition 281. Supersonic flow 282. Radial disk
wal I's - shells 2880. Radi Alrbgpdikg wal | s - shells 284. Bl ade of conpressor

251. Air/gas inflow

252. Gap between pressure vessel and rotor

253. Material adding rotation to air/gas before reaching blade

254. Rotor shell

255. Rotor sealing ring

256. Thermal insulation

257. Pressure vessel wall

258. Spiraling gas toward vent

259. Heat addition region to gas channel

260. Hot gas vent to expander

261. Wall clearance material

262. Rotor shell on expander

263. Wall between holes in shaft

264. Wall clearance and evacuated region and dynamic gas seal

265. Air bearing

266. Ferromagnetic core and copper coils

267. Permanent magnet wrapped to shaft

268. Shaft

269. Exhaust flow in hollow of shaft

270. Exhaust gas flow

271. Exhaust gas flow through shaft hole

272. Blade

273. Radial flow over blade

274. Supersonic flow to blade in annular cavity

275. Transition from subsonic to supersonic flow

276. Subsonic flow in annulus

277. Annulus cavity wall

278. Compressor’s annular cavity wall

279. Subsonic flow in annular cavity

280. Subsonic to supersonic transition

281. Supersonic flow

282. Radial disk walls — shells

283. Radial disk walls — shells

284. Blade of compressor

285. Radial flow relative to blade

286. Exhaust gas flow

287. Porous ring with flow channels

288. Carbon fiber wrapping

289. Carbon fiber wrapping

290. Porous ring with flow channels

291. Fuel source
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285. Radial flowrelative to blade 286. Exhaust gas flow 287. Porous ring
with fl ow channels 288. Carbon fiber wapping 289. Carbon fiber w apping
290. Por owe 2oeamgotmst h f1 ow channel s 291. Fuel sourceAtt ecmag2090B2t4 NO.

AM -1Q -PCT 292. Air/gas line 293 . Rotor seal i Agormerdddciedyo. ¥eyllH1Al#Cdur e
10 a typical enbodinent of this inventionis illustrated as a

crosssectional vi2ow cont Airfdalting he axis of the engine. A round tiftani um
shaft 268 cenferegszon thro@xksliah ringt ati on and nade of Ti beta-CkZ, or

hi gher strength titanium or a high tensile strength fiber/metal |or

fi ber/ pol yner —Tomnmposite, has a tottow centered om 1ts axis teaving a thick
wall. The shaft material nentioned with respect to FIG 2 above may al so be
used f ¢00aihe] shafla Fofurd1 @a tylical Badodimehobfrhis2identidd 1s illnarawabss 4 droaugh t he
shaft wal| 268, 271 in the expander region 272 and not into the conpressor
r egi on SCCHPBANGEY GRITANHHEIE ABls O?éhel Bging- goroand fitagipm shat 20ff centared on Bg@gisal |

t he wa t : T I, ONS
ot si e T P e T bt S TR e PR, YRR E g 082, 263
per pendibetnatal bofibdrgofhadricomiposike, hasarhd bvbegnterdd dinés axit deavimadi thskofalk he

expand b es 272, and sai.d disk 2 54, 282, 283 is ¢ ressed rd
Chet e haie b el e VB it B 2 Sy Snabass bpbtad TPOMG ARt el
opposi 118, RadRl Rbled D63, @7 PARABAIS BERsh i ThafiaVHE] 287 7 SinGha Bnaér dbidk 2262
starting at the shaft. The bl ades, di sks, and shells can be made prinmarily

of st r endhetintsethp opmpicher reghdic hlhisshallem, semetimes ¢a)ledatberd erlag inkritdianaier,
stiffen an arden, t he, f.i ber king the hgid forns ich are s..tight.
IR P R R b I g A

Bl ades &€%h 1Sstie an r

rotor pRR4ft sre sERREd by h rddigl MARAS hlpRa SiEisRDS8L IMB3GRTRAEISEIS to Ak Saf2RBich 254,
283, 284, 287, 288 is a Si C annular disk 254 centered on the axis but.
st art i rigpches kevand themuier edivnef the exppnderdiedes 272 randspigidiskaift?. edhti8AuiSigst o a

radi us ' g i e ul ar

G sis STERRSE AN hOSHEPRPRARAR 285 SR nainAfleiag @lsHEmud o0 Re"7 2
Cross tppostpack dietioweganddieotdi SksabeuimdiSig anheaf disk262ghoing at thedhak.eThe
perpendi cul ar to th i sks and extend radially fromthe shaft, [0001 18] On
t he cordﬁ‘ﬂd%sdé?rksse_}“&é, ellyanihg %J&doémz?éﬁme Hratghed BP@B@@tbahﬂﬁ{Cﬁés W@ﬁf@tﬁébm?, a
por 0uS iRLriSHal ddal. $1iffeF RAPRuUAEE DR (fliths ABAING (GRE DR aleQual REnD! ades
284 and extends toward the housing. It 1s constructed of strong carbon

fi ber, Bladeswecelss e fleyibhsfitsr mondy iasietHexibelshifMind otheraoatptgs.n whi ch ret ai ns
Lts ShapG @RpPT OX iRt Sl ¥ MR o &L 9 sor rotor 253, 254, 283, 284, 287, 288 is a SiC

annular disk 254 centered on the axis but starting at a distance beyond the surface of the shaft

and continuing to a radius greater than the compressor blades’ 284 outer radius. The annular
disks are wound individually with carbon fiber. The SiC blades 284, 272 cross the space
between the disks bounding the flow regions, and are perpendicular to the disks and extend
radially from the shaft.

[000118] On the compressor side, in the space between the blades and the housing 257, a
porous mat 253 fills a space under the disk annulus and next to the blades 284 and extends
toward the housing. It is constructed of strong carbon fiber, not necessarily as strong as Hexcel
IM6, in a pattern which retains its shape approximately under rotation.

[000119] The housing 257 has an annular opening around the shaft which is at a distance
from the shaft less than the radius of the axial bore 268, which lets air/gas 251 enter the
compressor. The porous mat 253 rotates with the shaft and rotors and lets air/gas 285 into the
blade area through a larger opening in the shell 254 around the shaft 263. Air/gas enters at high
axial speed, up to local speed of sound, spreads out inside the housing, slows down in axial

velocity, and picks up rotational velocity from the porous mat before reaching the compressor
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[ 0001 19] The housing 257 has an annul ar openi ng around the shaft which is
at a distance fromthe shaft | ess than the radius of the axial bore 268,
whi ch | etwoansygaws251 enter the conpressor. The porous POmIUS283/08%24t €S
with the shaft and rotors and lets air/gas 285 Atibmeyhwckttadde AviEd0t#dugh
a larger opening in the shell 254 around the shaft 263. Air/gas enters at
hi gh adiales 3®& echichigre atredddaabvisP eedhpeoisosio Upetds spmeadse oufacé osthdehdfheThis
housi ng, slows down in axial velocity, and picks up rotatjiqgnal velocit

f r om t FaUSS® Ehs et east2 8 &9 Bheoupieh thsitiasies R84 alapy S BIAPBICHEN I TOHIEE?s: ftha

AM -1 O RE 103885k 28feratll! RBLaATE tAhE BRI TRV By e AYRRTRANDE3 SRERLSanGVEN
e ﬁa t. T f gas h

at the surface of t S is causes the~air to encounter the
bl ades sk8v aksb noeBkely hagerstgpesteokvavasel at i ve speeds, so that no Shockwaves

i o) 281 ow Tt ehdRal e shan ity SR aRce, HbRAAbCe 0000 B BAR: onds

of theghalds ovi Pyd BohaURicoRBRssA3Rd bk PRILNR 16X BRNAAS IS A Si@Wth 262,
263, 271," 272, 282. The conpressor and expander rotors are constructed of

al pha $aChlades284 AT2 inseramakdulyimyin rdgss ositaiaing the hyis pgratatiopl sméblades’

cont ai ni n he axis,of .rotatio ai.d bl ades' i nner ,edges pressed, agal nst
Char 2 0T sl B SlairsP IR h and Qfoutt AT tIES LA SHFE BRRRTE aPER S
chantf engdcHat @e@Zo 0.02 MndN widbs @ rdfealitfee of ABE eRani® Bads PANSIEe Bhates | ay
on the shaft on sggces bet ween the holes 264, 271 through the shaft wall,

and t hreaceppetifiser thedwopasedd 0?7 Ihenal the halivwdll, and threqpdeere comappraidiadss PAN

b | et : ' 60,
Cor oon aH A0S SR e @B FHBED, PRKc s 25 FRDB ERE S
el ect r opllaho Mgnaxvii$a®, tt @O fitiees perwewecoarderith £ ish osatil, dShonibl @tkel or

approxi mately half the ultimate tensile stress, are wound around the bl ades
conpr eStcHgPatee. sihilgdhs ﬁb%rﬁ Werngrder (gRYeR at hé sEainer ppprogHEd ey haH the eat er .

Al NaiRAE LR 0SSR hhBRY %@?%&%%lﬁygoﬁ%ﬁ%n%ﬁg&mqo R bt hAdG - 05

inch radius or larger. The w S conpress t es to approxi mately
200, 00Gampsil %t enaodot greatshahll haSomet adigaddihagbeuwaclmslhese edges adjiaed ta attleast he

bl ade aor. W nd around the shaf.t to nmake t de resist si forces
ey ng 00 TrbrhE il dRER D R EE s Bt R EHE BRI BED G OLIgER. r ovi de
200, 00Qopsd theghadl Sfoﬁ{ecx{?inﬂﬁg_s Bl cAdfeA adfa it RO iblele Wel kvl AbEnSMaishatPfPVi de
approxi mately 20,000 psi radial force per bl ade. These are the w ndi ngs of

t he st makeghabladd weigssidervaysvipmel thysg tanp Be Hadetdver. Wiidings asoatdettic blatle onal | y

by ni cke| electropl exi bl e bl ade de wi.thout.w ndi ng hi .

corpr eSBie SRR M R RS B bR R Mg o

st r engtapploRithdtalg 120000 Pexaelal vk o2 @0Qef iThede drOie wihllingbetht enadtlual blad&ngt h
827,000 psi, specific gravity 1.76, or Hexcel IM 12000 fiber tow, ultimte

t ensi | dhetyiadigencadr, fodberghinly eqséad dntiengfiyaky pigkel efectraplato hidextila dladense0,
T ooy e FEoP A ANALR ARBCH0, Afpifelial CalbBeey thades SR uRTREC

mat er i adrsile ameriyeh bt acinded Hek e MexIQeD0 Gbepromatiitionitstesild stleaiid 8C71000 bkiber s

Pl ant, | ted jn West Vall @] . Th h i al bt ai ned
fr gnm Téﬂ%(l; grgy{t{&llrgpis%raﬂgqc@gﬁ\@ 15(}/0’0 ‘rlfglér tow,eult-[r%at% tenrwlisglg rstlrgng%h §€7r}06)0eps(1), aine

specific gravity 1.8, or Toho Tenax IMS60, ultimate tensile strength 885,000 psi, specific gravity
1.79, or Amoco T1000, ultimate tensile strength 1,002,000 psi, or Amoco T40. The Hexcel
materials can be obtained from Hexcel Corporation’s Salt Lake City Fibers Plant, located in
West Valley City, UT. The Toho materials can be obtained from Toho Tenax America, Inc.
which has sales offices in Irvine, CA, Braselton, GA, and Mooresville, NC. The Amoco
materials can be obtained from Amoco Performance Products, Inc., from the Parma Technical
Center in Ohio.

[000121] A ring 287, 290 made of fiber mat, metal mesh or porous ceramic, such as foamed
fused Si, silica aerogel, carbon fiber or metal mesh capable of providing small flow channels or

expanded honeycomb, lies concentric to the shaft around the blades 284, 272 and about 0.005 to
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whi ch has sales offices in Irvine, CA Braselton, GA and Moresville, NC
The Anpbco materials can be obtained from Anoco Perfornmance Products, Inc.,
from t he waro®/iteBni cal Center in Chio. [000121] A ring@Cc288200809882amde of
fiber mat, netal mesh or porous ceramic, such agttbugpdidckeide /EW]-1814PCda
aerogel, carbon fiber or netal nmesh capable of providing small flow
channelfsl @echaxpan dechlide ey tamnpehiaasulconoeaind theblddes imeleshafihg. arkuinge hize

bl ades 284, 272 and about 0.005 toAttorney Docket No. AM-1QO-PCT 0.1

i nches S EARECHNRIEEE S tieAZhn{ 1S58 RTEHHE I0h BIZAFo ARt HECKBPEatoss NASIRME t he
ring. i : e or
i gher s GO Rs B B [ EA R O TRCERTANE SHGERRLT. Lh) ARFA oRLRATA®,
can handifecewtielne niod stappgxahatelyP 15p éed/'secbop. Sphed fdarst389 soubend tharigace of

the ring is.apprgxi mately 3157 feet/second. . Carbon. fihers 9 .surround the
SN SR L R MY SN T

cent ri fod8aly ifsahGRing MAGuE Wiln WeltbtoPSGHRY Thd Snd0§K DG hiAPA NScalheitiehe 1ot or
spins. The'ring 28%, 290 has PAN carbon fi ber anchorln? it to the shaft,

not shawehorimgdt twith¢ shasic aptsbownandiwitlanteivd vign fritant eieuraferdndiabtorder foom tthee

ir/gas. ing t n it. The ring. all L/ 73 t0 flowt h it
it o PSS Pt MG e BRGNSy PR h b BB W G " !
appr oxilgat@sedone. ThogirapeRendsl fldw PIa0k&ehprdxiheBNhé Rag kpded.as TRodeedd
conprises a porous ceramc or fibrous mat or netal mesh with small flow

channeltkrough thexpan ddd rigreysings, a RaTeuskReEupices fibruais mgioametd] swshaihsmal t he
t ( ] .
oo O SRR b LR el e Bl Rlr B

rotating suc as or alr esse
t hr oughaditrecloseng tngrchtosesdias of the rgas ahdirdatirnegh drdowr,rsaulrthar ehfasadr air
pressure gradients in the ring, and enmerges.to near uniform supersonjc

ci r cunfPEM@FOMRressbea eailirWga g BIhPSHBETHiSES FAbI sccsPd ST ReMRhe
[ OLOF - pRASEINAIAR! ) B b Anll ARl Rk A bl Sugfedole cgf&qg{#@%m?éeh@ Mach

speed e rotor as Its supersonic circunferential spee I ch shoul d
mat ch tahé neirnouofre sersbnialradiplespdedsfiram tHegasr28he ciogiacty asthe fanatiblaile fagalse 274

oing in. A I i ch with, the speed 274 i.s allowed:;. the ri Wil
Sbsod e v e e VRICedh o tnt el Rt e Sobi serutratial Teed M Lt
[ 000122}0Y@ thadl M€ Eiﬂélﬁhfe@nﬁgﬁs%e@d &f ﬁﬁgﬁdZSthbohﬁ@Sﬁ anb Qirlag 334 gé‘mg PpAacross
structural blades. The non structural blades can be thin bonded sheets of

near r atial|mifmpigh svithiihe bpagil 274 ¢y Dkosvedt tha ringavill abpayb éhd mementyam rédngeyr ees

or A r%gi%ﬂitgj%p %Mﬁgethhpggrz%nounts of axial fibers bonded to it. These
bl ades Can t'ar t HEaT "tHe §hé¥%,'fron1ropes of PAN carbon fiber anchored to

the shabooiany r eatdh duhetulil Yhdeensiaddedonddunrgshapeisuee dldp asiosyatueahl bl ades,
and/or at the high tension w ndings around all the blades and reach to the

annul udlagespuhee pestacruidihladgs o bridin bended shests ofiisanadisl Agerssvhishsvidlrapesd
B L e
from t endduabtit. drtets¢ bladesvdah Btaitheasthafshafekim tapet bEP AbUsiring fihetr enclowdtace
acting t}?'esshré%daing lrea%ll;f r‘[T}Il)eshigh tension windings around the structural blades, and/or at the high
tension windings around all the blades and reach to the annulus around the structural blades.
[000123] The housing 257 is shaped like a thick walled tin can with the axis of rotation
along the shaft axis, with holes passing the shaft through on both sides. Small disks 264 extend
from the shaft and turn with the shaft next to the housing outer surface acting as radial pumps
removing air/gas from the housing, on the expander side in all cases and on the compressor side
when a vacuum is created outside the compressor rotor. Rotor sealing rings 255, 293 have a
small gap between them and the rotating annuluses 254, 262 which also pump air/gas to higher

radii, blocking backflow from the annuluses 279, 276. The surfaces next to the small gap may

have grooves that enhance the pumping. Low density gas such as hydrogen can be introduced
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removing air/gas fromthe housing, on the expander side in all cases and on
the conpressor side when a vacuumis created outside the conpressor rotor.
Rot or seaworgowizorys 255, 293 have a snall gap between t Iremisnaobs244 ot at i ng
annul uses 254, 262 which also punp air/gas to highmeylgket NolodkilAyPCT
backfl ow from the annul uses 279, 276. The surfaces next to the small gap
may hawearghe oinesradhatof estbastakng Feg PSFR98 o rddave dapsh the @as Tavahdagerhigdr ogen
can be introducedAttorney Docket No. AM-10d -PCT near the inner radius of
rotor $AVAHE iithigenests buyesfuel 1t Wi en-dr ag in the gap. The hydrogen is not
wast ed rhdo 1t engi j 1 [ : ses
276, 2 géoalrz Eﬁnd tq| r?g%wg}td félrrﬂgl,lge\gv% ??:’hi%ra\opé\’}%d éﬂ%‘f}dgorss,u\g@?%%ﬁ%%&gtgi%%r% soglgi c
279 tr amsulsbing 72 8anononsiB0cnrthe esspiessr dide and thehsabsmis6i to sBFGsdnic 274

supersoni c .27 ransition 275 on t expander side, extend from.very close
to the UAgsgPn ?Eg gn ﬂﬁrﬁé@?ﬂqﬁéﬂ Ersex\t/ﬁngﬁroé‘h E%féf e 9 g\i‘v.m‘?ﬁ g2 %‘%ﬁf& \}Se%iyql nt o
i nsul atshdnfd fdv.NBhdhee bAYSE N0 fds@RibA BIITRXhEIHM S R HAImES ihig out er

radii of the rotors’in operation. The insulation or coatings on the
i nsul atracoms todhe cwtat widn of te rploesisuaperationt Rbe asnlatios esc@rings o imhdatioot er

surface_of the ring at 1 ed of otor is seal ed.except for a strip
et -1 g% ref i gtk s SRR 2L S7BooRbey SRR i T WRleBo Bt o
radi us theRedies séaldskcé@ fér Matip nsfith @d di@nRidtinfoahy &iHuld58, 260 in the

i nsul ation. The annulus on the expander side is Iar%Qr than the annul us on

the conPPlgsbr sifgeh ammduseatiits opies divfercebaprlossora wintheRtMinE Ui 1§ A2 %r m of
appr OX'z'a‘ﬁtil?h% iftghFar o IRk ahGYOL ot 1 %xﬁa%d%f‘siwsflhu%t%\f tglﬁf?%he%lnﬁﬁlls WRhde
rectangul ar at e begi nning and may over a sho I'stance convert to a
round teuhgreds8 swlel dheeRit fianstharcotpeksidraindelut benithsioratdfappriornadedy tohe

housing going to larger radii and gradually noves toward the plane of the
ent r anéBIgeYHiats 2 8t loynRent yehicihBre bs fwéwé\ﬂar &t the, Regipning anfﬁwaﬁ §8 Shape

to mat Ghok ARL-GBE EARER to REGRITI G PRPEEXH gﬁirr(ﬂg @gg&}@ﬁg%@fm ILQG01REE lﬂiféﬁe

Bl
tube 259 is fﬁé ran et engine conbustion c ; annu?uses repl ace the
de Lavabusoggcing tmiaeger eadsi ofd grivbiatlpmaoets ervgird the maneadphositrmteiopthal | t he

fl ow vol u between the.two rotors ljes in no choke .area ranjet engi ne.
The f1 GUPHTCE SRUTsHMessY SRBs g anch sy DaRs to MAch s enban&o besomingngt h
of the ghpbRikdislk yeesoaneugh | oops around the axis to guarantee enough tine
for fuel to be conpletely burned or heat to be exchanged. A long thin

conbustPYH 26hanbdheitgbea Paatherramses engioe pembystion lkbamegrgiha @snultes eeplaagiibs

t hrough, the i nsul ati on 256, deli.ver fuel 291 t.o the stian chanber/tube
ona” havs SRR kS o0ng ik EineldiChq Sottodifulel o BERE SRutRERRRL L'
bear i ngise ®s@vopas Hbd @la ¢hoke lea rimiet widife. cOMM @Y irf hevat@bohaatpprlogc ncom ng
fuel. [000127] The annul uses have one of the shapes shown (Figs. 7, 8, 9)
and ar SURBIFBLIIdREEeHysO;i the ength o thetmBe inchilse endqug depnsiarquag thy axgs fpeguarantee

054t AL AR e SPHEON, DB LBt S ISC A
chamber is a feature not found in other engines. Other tubes through the insulation 256 deliver
fuel 291 to the combustion chamber/tube and have injection nozzles at their exits. An air/gas
line 292 to the air bearings can parallel the fuel line with counter flow and heat the incoming
fuel.
[000127] The annuluses have one of the shapes shown (Figs. 7, 8, 9) and are surrounded by
insulation 256, foamed fused silica or other insulation, for example, Cotronics M310, which is
coated inside and further reinforced with a gas tight castable denser version of the same material
277, 278. The silica 256 is a material which has excellent thermal insulation and very high
thermal shock resistance plus a low coefficient of thermal expansion. Cotronics M310 has good

compressive strength, but the reinforcing material has 5 times higher compressive strength. The

reinforcement covers the surface of the annuluses and the tubes between the annuluses and fills
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277, 278. The silica 256 is a material which has excellent thernal

i nsul ation and very high thermal shock resistance plus a | ow coefficient of
t hermal ewpan®iam78Cot roni cs M310 has good conpressi ve ®PCTAIsgioa/o3sut t he
reinforcing material has 5 tines higher conpresditomeytaskeitho. AME101-PCT

rei nforcenent covers the surface of the annuluses and the tubes between the

annul usieia daokkesfdut InsAthe prineyy Dealabn bibthe AivhullOfor REUcttiial Rrahigtic NES deuberi Nt 0
the primary insulation of the annulus for structural strength. The denser
ver si or/eisionda spsithlesai iy ysed & caskipinfgreangsttrucBirr lobeanigndhs wevlaien: T- beans in

the i njihcabspn. LA0QASE nIieiARRH hAG IRIGR IRk 6A PRD FATPRR fildPihopdded
to it so that it acts Iike a short fur pelt which [ies down in the ow and
i mpededut fedt ek liepdent inahe flhivandbopediartle deaybpsennof thekfboomdarPyesan lien

fiber is 4- icrons. thick and has.a smoth surface which is snopoth

ci 1 oul %% o AERIERT 6L € THOOR QiSO 8SQ00Ra BULH B 15 TRORBGEFffay be
ar ound (QRShINAYSRNIEH $nibn 8P 1s§1CThd Setd] 1 8Bvdr higayl BeLRES AR tRARRnHRYEF LY
the flow. The fur is useful where the flow is highest speed, which is also

t he coliedrthishrrheofthe heraarmdicnsdovrely tedlooy. Theefus uridsatié whisiecthe Hawgs highest
t enper at ures, above 1000C shoul d.be suppligd .w t di £ferent fiber such as
L Goar epe RGN st BE RO RILOL RS PR Bkt B S E B Rat  °1'e het
by pad tshphedrediaboReBIN0NOShathdbe Afplied Weth aafifiiewt Age sBRapds @itz Tibesalle t he
housi ng and nmounted on the housing, which are driven by an external

Qe

conpr es$e BHVivEHksiemperteef er abl y started before the shaft begins to rotate.

: A ) . ( . | ”

Cube f 100fIBRLC SRR HI DR BIFHARTH Bl pEPAL S E s cRREEN AL B fad ™2

hihg h],c ioF&ide:cthh@tE}'mgIFldl ﬂé@ﬁrﬂﬁﬂoﬂ)ﬂfle &oﬁh@gﬁ@}/}addaﬂetdrﬂvaty lbjD an exeimtcdypbeat.i ng

t ;o . A i gh tri er at 266,

263 cgeﬁh_s@f %agp%wa?lwé%?@@gf%ﬁléﬁgﬁ 'bgga\ﬂs é@géﬁﬂc ré&&%@&ﬁfﬁ%ﬁf% et to

remove  gifet @@4%5 &&megtdgﬁrdmﬂ%g%nm thg@frs%ﬂﬁ@ Q&Jﬁb&kin chd PR L3 fbudipaRt art the
e useful I1n c

engine It" m rtain applications to block the ends of the
shaft andbsirhand mputerataretis BEgR, ithilow gimytbedirhioedshyngcliode laeé g aayr beoroodgaishyf r om

circul atin i.l e .the rotors accelerate to start-up spee i.ch iis a speed
ohi ch Qe Bisteir SR SHaT Era ReBirtangres shitrin bR RS 2o6marHRadE it ae- of
the shahtthdRdtingRhEE S Wh@xAPRE FhdudpdhF cAXRANELFenRNB a6 4 2hh thé hbusih B8R
start conbustion and open the input vent slowy. The tenperatures in the

engi ne thg expapgareiiemat el y i ndependent of the air/gas rate of flow [000131]

FIG 11,/ S-S i . i i
cpi ral L0ARE S PR R RN REEALAT R ROl DR RRC ATyt P G ™
gL

r ot at i @Rafohind dhe ikl Oént 23D Aolch Sembades d kepsirwigahfrafiecicapans vhilk the
mnim zing boundartywlﬁz%er devel opnent. For ease of reference, various
O

poi Nt s IYPTS Agcelpiaty whsiepd Whish raespeed ehicbavill supgort eranlpustiag, theovpld in
Tabl e %pelli 9199 ]fl’?’czclompressor side of the shaft until pressure appears on the expander exhaust 270,

271, then start combustion and open the input vent slowly. The temperatures in the engine are

approximately independent of the air/gas rate of flow.

[000131] FIG. 11 is an enlarged cross-sectional view of an embodiment of the annular

spiral chambers, with the cross-section in a plane containing the axis of rotation of the rotor,

showing surface fibers which are capable of minimizing boundary layer development. For ease

of reference, various points of interest within FIG. 11 are referred to by the terms provided in

Table 8.

[000132]

Table 8: Reference for Points of Interest Labeled in Figure 11

300. Fibers protruding from wall of compressor annular flow channel.
301. Thermal Insulation
302. Fibers protruding from wall of de-compressor annular flow channel.
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Tabl e 8: Reference for Points of Interest Labeled in Figure 11 300. Fibers
protruding fromwall of conpressor annular flow channel. 301. Thernal

I nsul at i on020®/1217Ber s protrudi ng fromwal | of de-conpr essars2@ansd2as fl ow
channel . Attorney Docket No. AM-1Q -PCT 303. SupérysyilycketdVe.riedi-dAl-dClt he
annul ar fl ow channel of the de-conpressor 304. Porous ring of de-conpressor
305. Porous rijng. Mupeoiit €9sakgidlof tH3l aadelapflowhpies 8 Dthe JQ-LomPudesiSONi C

fl ow regi on of3anmgkays rilaTaslcoappdssst conpressor 308. Subsonic flow region
of the annul ar3gsl Py GRFMIEI BRPHAGLCONPr essor [000133] In FIG 11 is an

enl arged crossygeqh AN o HipfWQf the annular flow channel's showi ng surface
fibers fort hepurpase o yiL Y.l  Da,RONNSALY hAST syeloprent . Protruding
fi ber 300, |30 frgn'g he o] E ann‘gl gfﬁ eIEW cEann $303, 307, |308
around t he| compresd ?O%ﬁlg‘ﬁﬁ%ﬁl%ﬁ’ @ﬁﬁ% Lor XA BN EQMPEHEt as a
boundary |ayer mnimzer. The fibers 300 302 are snpoth with a surface
roughness |less than a 0.030 of a mcron. The fibers are about 4 to 6

m Ccrong, { anet r L t hei ' fromthe
sur t ac0 o 33he 18T RaRHp AR AR s AR b B d Lo BLBTRRE, | 1

ot her fshdveing satfadenebesfolr deepudyose € noniniivihg bduatiet kst debiepnichowWrogading t he
fi bers pend and Erotrude |l ess than three dianeters into the ﬁupersoni c flow

307, 30@er Al SPhiigm e Vel o nplas fosoBanidieyl e aH 7 b S Hddn B LR BFSSPAN
car bon 305 Bl 480GmbAREAYGM alhibNe Walias TSRt 10 minihfiz PERAHAR sHHS A OW
h™ 1 ndi oundary” | ayer whi ch

generates on eac vidual® ti1ber a grows in diameter
al ong taheimodtiemgthta sunfatdeudhness tesothanf 0f030vaf aTherdnarlderfittehearbabmddrty 61 ayer

th the.fiber b d t r f .and t I
tor m natEORALEBTEE S Dokt dred i S6 SGm G wifesf JEle oy ar e
the bl agenctiow BRanaOINPIRSHREs 308 RARHed EMRARQYbefd NYR: 3P ce BPONOSr hH

de-conpressor and the conpressor. They can be formed out of matted carbon

f i ber s damgiors.oWéhendtow qeavest the fikers bepd oot Bojrudplesnihien thegsdipmetersiaiathabout

of - aucorrasdibe B 08ae it GeSuBoBTRY P i Goh RRTarGalhE o BRNST”t e

can be chiboh tfibetiinditnbeBded in\hd Walllmate@ian8 ©F. CRIrdpeiation e Shaktndiakd Ovedchdi us
provi des one of the power limting factors of the design. If it were |arger
t he i niedividuplifzhes a Rowndarplayerovhisl 2epevia dimegierialong their jongxingtheydirgetios of he

conpre i I I i i nfl ow
from o%f% OR&T lh'tgeﬁglgrsﬂ) ﬁg{ﬁﬁ& g‘ﬁ%} tthﬁ|tnrt1ber{£/|v}a e{}gd'eg}) ?dp?ﬁ%‘\ggljg tpaﬁﬁﬁaggfgﬁ&;ﬁe to bring
ai r / gaoupddrp ldybeterminates ovhate thp ek tofmibites. sABbishovn $1i thiis @napyd vibwrarsvdlel | s
pl aced inside the outflow section of .the shaft stop rotation of the
exhaus P13 theremypger SGorng thsporpyt Hags 35%59550#39 dgreompreseanathed,

howevercomipfesg(ﬁ! 'Tth{/ E&F LM @ Bue@H Rarbon fibers or porous matrix materials.
[000134] Not much has been said about the shaft, except that it has the highest specific

\*2)

tensile yield strength of ductile metals. Consequently the shaft is approximately the largest that
can be built out of metal without reinforcement. The shaft hollow radius provides one of the
power limiting factors of the design. If it were larger the inner surface would be moving above
Mach 1. If air/gas flow into the compressor is through the shaft, then there is a wall separating
inflow from outflow in the shaft, and thin walls are placed in the shaft to bring air/gas up to the
rotational speed of the shaft. A stationary thin wall is placed inside the outflow section of the
shaft to stop rotation of the exhaust with the shaft.

[000135] Larger shafts may be contemplated, however, if reinforced by high strength
carbon fiber windings. One way to do this is by having channels cut into a high compressive
strength cylinder of material, such as SiC, on the outer surface at 45 degree angles to surface
lines parallel to the axis to a shallow depth, leaving square diamond outer surfaces untouched.

Holes put through the shaft wall are cut inside the square diamond shapes and through the shaft
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carbon fiber w ndings. One way to do this is by having channels cut into a
hi gh conpressive strength cylinder of material, such as SiC, on the outer
surface avo4boviegriee angl es to surface |lines parallel tecrhs2@giossuo a

shal | ow dept h, |eaving square di anond outer sur AtewsydcheichedMhdD e Hut

t hrough the shaft wall are cut inside the square di anond shapes and through
t he shafdllAtQkgderionaket id\iretcAM td KoeR@Eatad br. mEeatets eanuao intb ithkeshahsels,
stretched to 1% el ongati gn or is wound into the channels, out one

. and
end of ouhenesidraf thgdhaftsag éeprsd g??ﬁlgd ﬁ%peﬁ@%&@% thaeueharpthsrhasneiand out hsnnel

and OUtopIgﬁszte%HF’%ﬂHeesh?fl?ﬁnggl?é Qﬁgﬁ%@ téeéae%ﬁ uhﬁﬁall"ih@%&gleelsssatr{]ﬁﬁ&ﬁt Figh At |

all the nnel s are gree wrap provi e required
t or que deapacirtlypoiidehtheshafited thigue capmpoy bathelshaft.t Morevnagorpndy.ithesrdthe hoop
strength needed for hi speed. rotation. It. al so, makes the total expapnsion
of |t ha PERATES (e dren F bR oAb PO BT AL TEHBs deey SOBrSohar

i nvent kphsraf&nutl. i ned bel ow. Features described herein may be optional
dependi ng on a particular application and/or desired result. For exanple,
enbodi eetlS6hay duldpringbspeedigparbodmants ofi the invapiadn are obitlimed btlowatlicagresr

decel i ir. | ar. vel ocj f . dur | '
and. cagatrbug feininatBe ondul e ipd G At Do st ety Shbiirsel G881 Faloo
f eet / seganfleCONPEdisbng mad ®hphike & OiREdohid@tdticgpatidetictéleratian st H& elrald

strength material centered on an axis of revolution; structural conpression
mat er i AT GigEhtornghlas pelerity of the Faspedingepstation ot canablsrof spdasscipeets ofhom i n

dosi . ! . . om. - . :
Spec: 1 R0yR0b FRUSALHER aRpl RPNk thd Qe A R 0RO Bedhe
t he desénsdeyethitiegythahaterialdeniersd onainaixiiOor rofoltifien; Stradttiras smhpressior] MA@ LI/ ]

Before rotation of the shaft and rotor during operation, the conpression
mat er i AR pRECHIORIHBISBS SEENSHN PR OhAIENA %‘flgt“ﬁ% degigdicAnfigEpOmar ound t he

conpr essi: J i - i : ile
el A T O R i e B L PR R L LA
rel at i wvempoission noferpint the dedredlrsofi guraeorsdwingpotatids o6thefsbait emplder. squar e i nch

di t i nf tiall i .t t i t hout i i fi tl i ,
and whddefi37F whederae sttt SrhrAR wideRE dhndopiiie B S Ro ot ne
axi s i £afB@prel @nifrdsBY iR eRhAInEYSBhe ft(ﬁ{/ ﬁﬁlogﬁﬁ%ﬁﬁ@ﬂlleQﬁmﬁa%sigﬁh%atéﬂé'l LA

operation and the conpression material renalns in preconpresse
conf i glught teonordafout ong-hdf slbimmtetessiterstiengdrvigdi a Expaiothiandthelagstand abiy because

rotation _r.educes,C ression king the fiher ,tow expan ut nore

o o SR SR TR R e R Y 1€ ald BRRe A SRR, N0 Ry TR

hol di ngndhhfirecRaRICSBFPEntIABY Qpaiadt thd parsWvithbupbigeFicahtBORdBBL, dnabakrel@nt s can
optionally conprise additional less rigid and nore flexible parts

conpr i §7hey retabes attMach wicedsothedaragionts nerpraisisthe axis fis ragytcnmaaiain eantijfuglout

W ndi ngo lnde '@p R Oy in@RHE R thlhé(dw e AL f‘ﬂé iffs AprGEr am cs
or metal & prﬁelreg 5 }FH% fqhblélg; Ejan(q e pgrct ¥snl%ar eocapaa ' 1ssclalplrng in size
W t h neonipangel donfipmiaton duy foahe capgessicumhregalbpenading alast Al b3QusOaxatvas
according to the invention ﬁap have a rot or mhereip thﬁrhigh specific
reduces compression, making the fiber tow expand and put more force than the maximum
centrifugal force on the compression material, holding the compression material firmly in place.
[000138] Embodiments can optionally comprise additional less rigid and more flexible
parts comprising fiber tow reinforced with compressive strength material without winding under
high tension, optionally with bonding materials or ceramics or metal applied to the fiber; and the
parts are capable of scaling in size with no change in rotor surface speed during operation.
[000139] Devices according to the invention can have a rotor wherein the high specific
tensile strength fiber tow comprises at least one of nanotube composite fiber, carbon fiber, glass
fiber, metal and ceramic fiber, ceramic fiber, and polymer fibers; and/or wherein the structural

compression material comprises at least one of alpha silicon carbide, boron carbide, ceramic,

diamond like materials, metal, and polymer; and/or wherein the high specific tensile yield
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tensile strength fiber tow conprises at | east one of nanotube conposite
fiber, carbon fiber, glass fiber, nmetal and ceramc fiber, ceramc fi ber,
and pol yrwo 2bidieows and/ or wherein the structural conpressiuseonmmssns al
conpri ses at |east one of alpha silicon carbi deAtthmeydasketoVNeleAMedp &iiCd,
dianond |li ke materials, netal, and polyner; and/or wherein the high

speci f isgeign fiakediay e Itk S Hadtrcoepribxck ddastNene AN phb GllicBCTadideangind wiel eirb@l f or
the shaft conprises. at | east one o ilicon carhide wound with carbon

. f al ph
fiber ABSEeWSH VN disgirA dike imederip éﬁe&a‘legr%ei PREVISURE RethelPall Kt HAYUBN t he
shaft  gxhSrealddtBnind %engi'iéaﬁElg%trfef? th " D §r@RSiInlie PYb?ggl(%?&r th, and

metal or cerami c or polyner or any conbi nation thereo 140] "Al so

i ncl udedmbmatibetlecampe of the invention is a single-stage, nearly adiabatic
radi al trifugal, conpressor conpri.sing a supersonjc rotor according to
the i miOIHIABh, " WAYRCITTET Fths SGoRrag e B TN Sna s LA apabh OGP Gt

MoV emenidiWeh?BudPt&hbRBsR omPRsiah alstip@EhidRAG REoBng B kit RYerdtidd, Wh&Bin
specific tensile strength fiber tow, and/or wherein the shaft conprises
axi al ettt affgshed topbe ekaficandtcapade ohfasthmoesment diiringradaticorf tpshabraed ipdhel/i ng

a solid rti ear m.dd]l e .of the.rqtor, and, conprises or_radial. vents
Fhr oug it SR Y FRE spA 6 teRRLsuisn s e oy YA cf S B8 shalk Plpafdh el

opt i onabliywé bexdrbd nbdredies tHeyik o faparniox iopab@dlly Hakingl 2088 pornaicht Mgdldef
axis wth bases on or around the shaft, wherein the bl ades are capabl e of

sweepi rile otar. ascomnitses kpierupdiakyeatsgpraugh ahafy walbmpiq & blade solymepdoptienally

ot age. b ke RiEGuRnaBOfIbEHRERiG b BaRafy B DR Bplefthe WK ELRal 0°
shel | s bd$es pasedraind ojppdait! @hateiheke bladéhee bhmtle: Mfehwesging ear thbbiade vellges t hat

extend outward fromthe shaft and extending to an outer shell radius of
about @0¢ ePugIYsowREe the dirpdural eRIAPERURN Baterial angdugh srsgificdensils shengtiys
passi ng,.ne : (-1 :

bt o T ha e T e A e R T o™ ot or
conpr i slispgseadree oppdsite nslas af thoblddawbhgne mmar blade bdgss shat extand bwigvaat frbmabe par t

of the yotor, and having an i r radi.us cl ose t he shaft, erein the
annul ushitk SR Bt Flagh i abo fRBRERlde ki Fdtcapalbtat oy or b
recei Vimgy Richple &p@siih%ﬂeafrryqaaitahﬁrt}ﬁb@gﬁhwa_laag%luaqesa&\rv@én tH08HR&S ardegi Nni ng
at an outer radius of the annul us and conprising an outwardly spiral wall
capabl écofeehitlpctichy arhmbial {61 apheasraipappost thy sbaft fratrsorfcompbismgdhergabi r or
gas within the spiral chanber ni ch.durin eration ,of.the.rotor . at

Joper somifuioBRa! 8w IRRRERoptRLLI G bAEo PR FEM SRR R b PR o
flow f g tdie 3Rt vdferéh thedRinuNg fid igatioRslly $yermétdicaby@nhe axapabiseagdble of
produci ng conpression ratios fromabout 10:1 up to 90:1 and hi gher from
room t éeRserag @ er gasifloveFemghablage yalyais a soifal spapberibsginagnzah ag PghtAdfUs\iiien

f ow a@ﬁ’e n?lhﬁ:&iaﬁg c rigiﬁ% G ﬁﬁgvarcilggﬁ}eﬂjv}'alﬂ%gblg Bﬂ)f&?ﬁqg}%&lﬂl w Q’fﬂ scope of
the invention are cofipressors capable of producing Ioc y subsonic flow
out put oppedimgswfaessafor bouraling dieosgiperidontie spohlothawdber, evhich dirmgapposiongf
surfaces of the spiral chanber gom%r i se .shapes, optionally pr oHor ti onahl to
shapes theyrotor at supersonic speeds 1s capable of recerving outwardly spiraling airor gas flow from the
annulus and delivering the flow to a vent; capable of producing compression ratios from about
10:1 up to 90:1 and higher from room temperature air; optionally capable of operating as an
expander when flow and rotation are reversed.
[000141] Also included within the scope of the invention are compressors capable of
producing locally subsonic flow output during operation of the supersonic rotor wherein: the
opposing surfaces of the spiral chamber comprise shapes, optionally proportional to shapes in
FIG. 7, FIG. 8, or FIG. 9, for producing, during operation, a smooth circumferential flow
inversely proportional to a radius from the axis; the spiral chamber extends between a first radius

near the rotor outer radius and a second radius, selected such that, during operation, a supersonic

flow speed exists at the first radius and a desired local subsonic speed of flow is reached at the
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FIG 7, FIG 8, or FIG 9, for producing, during operation, a snooth
circunferential flow inversely proportional to a radius fromthe axis; the
spi ral chaoters/ent’ends between a first radi us near the Porars2a9ss244 adi us
and a second radius, selected such that, duringAtpmestiasket No.s\dér 8 bi(d

fl ow speed exists at the first radius and a desired | ocal subsonic speed of

fl ow i Sedomdaidids;alic iphatHanibeeiadiackeke biza aAdVdodsGlot R&Te meabrdiriiads e flohve
spi ral chanber has no choke area and does nqt have radi al restralnt of the

f1 ow WHERE: dBtiRg ARFrafa Hic Y raapkesrlpephspasd ohsqunds RIS pReeriions bEBaARe dur i ng
, I
oper at isgfl,| c%&ﬂﬁﬂdtﬁe*}ﬁﬁpdrﬁﬁé hanhed sg\g{lﬁlJ& Q%HRSQ{ER{M%%C%% ﬂ%tou{e@kwgﬁmfr a

flom/sh pe matching the sp out er e spir er an
cont i nulesspiml chaneghet amt ccsmlhac)smoca wpegdpbopid pead, Ioptimmhllyi wvegtifig romtthe housi ng;

optional ly capable of o ting.as an expander i | ocal | bsoni c
PP wihahie g o RRRRGIY bl o Ring o Eroar pr T o e RE e by 001 42]
Conpr eSRAY arRITBRBLABIY BvASELA HAGinkGoldhBke M¢gnt i on can conprise neans for
adj usting to changing mass rate of flow conprising an adjustable strip or

bel t in8dM&2} he §mmtmbsswa¢mbqﬁlmmt@ agqordiag tcctlnamb@tntlelap@tmcenmfsem@angfqmved

away fraomthe spiral wal ch the.nat ur iral shape o he .f | ow,

o oh aaoereorindng PRbertoRe b BT BT T b B8 Sl e R b Gt

Conpr e sl ofeRd§ialeitnsheR 6 AL dTheln@ hkdi AW TEdr FheGpitalCOMPLd Bgc RN mnfar

|ncrea5|ng expander efficiency mhereqy the two rotor shells reach the shaft
Y

and ar epigdphneofdhe 8oyt whish ﬁgluaﬁs forgfiffgeeat magjaten @f EQWAGKTY mgXIHBNf | ow
thr OUQEO(S(ﬂgJ ol l {%ﬂggsgr LBb SRS %Jorggngntcﬁl]le n%{]eng&? AP co%?pr?s' %éaﬁg fopor K;

wher ei n expander efficiency 1's CO ait or gas throu h
annul ann@%mgru;@aﬁfe@affmdnhgv\&hmby thdmvmxgtbrtshellss’eaihl thwlghaﬂhamll drowspablersd ai r
or gas to |eave at a |arger radius er tenperature than %Lher air or

gas, gUaPERIREARE SSHOW @sdse%fw%mg|t1§qnfi%§hr0t1@b@$mlo‘m5%ﬁ AUl bthgiaf I
the scopeio glmgf QM&“WthEn%@aﬁ&@%%‘flﬁé’fﬁ{Uysis CompAEA %th%fzgmﬁﬁ irBebading a

statiofary or subsoni ¢ or supersonic ranjet engine isolating fast est parts
from hitighest aren@ﬁr rmpemlegﬁmomdmhe shafaﬁndo@tthmimﬂll whivh tlhowut sonfrokeoage s,

conpri anj ef. engine c rising,an iLnput de Laval nozzl e, conb stion
chanbert At A GO G DR U ARG it B A S a1 1 gh

in air epici@cher gas at Mach Mspeeds in a particular air or gas atnosphere,

where Mach is below 7400 ft/s; any radial conpressor described herein

conprliﬂmﬁ4é]rotdﬂﬂta@hﬁbé“whndhﬁS@ngéﬁkbnvgmﬂmawe@nb@hm$@$eﬁﬁmabtspeeds
of Ma‘Chn'\{L c{jn a3 r Ibs 1§ rhRiet ehdt [am PV eg ],Eer than
the rafefceiyiHene ai fd YR SR Sff’%p“ﬁ’}% SR %%Pebsu e "Efably

wher ei fro mghést enginé tdnk&ratmﬁeytand@phalmﬂy Witk EhdkeGkda8] dd@hprisiri: 6 kARt Section
of the nozzle where subsonic flow speed is approximately SI and conti nui ng

i nto tBZiEeADUIBTIBE 2k Hvbes Ll a%?é% lcemgpstioacapybeg aebeas sl e igzleand
deL o NG BATRE E39R Y e )1l SN, ER8 oY Bl gaPar b o1
i ncl udigagatinicspledie keheas BRich diis bafpvo Be0Gaftispmy radial com@assoedéserib&tbherein
comprising a rotor capable of air or gas output at circumferential speeds of Mach M/N2, and of a
size which produces a mass rate of flow greater than the ramjet engine, and having a locally
subsonic vent output speed S1; wherein a portion of the input de Laval nozzle beginning at a
cross section of the nozzle where subsonic flow speed is approximately S1 and continuing into
the combustion chamber is capable of receiving compressor output and delivering the
compressor output to the ramjet engine; wherein a portion of the input de Laval nozzle capable
of higher speed flow is removed, including its choke area; during operation, air or gas entering
the compressor is reduced to the mass rate of flow of the ramjet engine by blocking input flow
area, and the adjustable strip or belt of the compressor spiral outflow region is adjusted to the
changed mass rate of flow; optionally comprising any expander as described herein of

appropriate size and having a locally subsonic design input speed S2 for gas or air with an
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the conpressor is reduced to the mass rate of flow of the ranjet engine by
bl ocking input flow area, and the adjustable strip or belt of the

conpr essowoepiwiab77eut f | ow region is adjusted to the chamg@msmmsmme of
flow, optionally conprising any expander as deséttotnss Dneketilo.gtMapdpt-dprl at e
size and having a locally subsonic design input speed S2 for gas or air

W t h arAérigonaey oDasloe tir Natpufiboml tek cHiGhukioaciymbay &l a @tatgaBowvoRinte out put
fromthe conbustion chanber, at a greater flow volune capacity, for .

pr oducicARRCHECIRARTAdEFingRschiicH mptionof # shafyardnidautt; Wiwenantiopdly HpaifiPy a
por t1 one@fe i PHERYRA nfeL BUAhniROZAE BRBLARN Mafber {1 AERBUPE LG, Chanber
and ending at a crosssection of the nozzle where [ocally subsonic flow
speed issctappmfohd medzkel wheB2locsllcapamie flofv spetd isapprogimeatbla it isfaapahle b€ ranj et
engi ne tg the e glgnger; wher.ei n optional | poh%i on of the exhaust de
Laval 6 %r@g&éﬁ F frogxthp ragpst engisdg thy sipepder, WhgeRPPgPnals porgon ehieudi ng
I 1S ChQKRnAf &% avNRESAdcapRbIE OR Bl dh¥r $pREd ABIVUS FaRhvRd OF Rlifir, iRl dingits dHoke
spiral chanber of the expander is adjusted to the changed nass rate of

fl ow, whear evhereraxphenally dnpadiestabiestiip or helt obihgspisal whambergrf thimekpshddrtis i s

[ | f heri c. d '
ot hgnattone s BorE e enBoLRBLEb S ERamuer e R AR PRRASRAL ur e 1 n

the optbenadd Sxpansisirotiaia@ly amavesiiaf 3f akrfo BB O ¥enipREfRh aaf caMmpreagden of
exhaust tenperature in the atnosphere and post heating stagnation

t enper &tagRElqnieMpatiBHSe CoRbetiaRtsBambergif mepxiremdeRperadison theppiionabout

450C b I [ I ] ,
and t nE BBl AR RTBLRRTH A0 RELI B bl BRI BE fufpRgL o
t enper ahdipest hamthgcdapmiation teaqeaitirein tie coadistimvéhagmbpa makirgfthe bempiregione f ar

from hi ghest ten&erature areas of the engine, wherein each of the

conpr ed2i8F abquih 50 Enkelon stageationisempistyien tanRsraare. dheneMefeypd eohatimerpander
has a ' j . : : [ s[o el
her o T B e b e e s T A A L ine”
capabl esobdtioneiffigpt stoatingarats pf tre engins dmi frorohighepgemperatiye grapad the ergine;
supersonic.jet oytput wwth a conpl ete exhaust. de Laval ,nozzl.e w t hout using
" ex et G b Prior A ARTBLE T He Teasarsioy ore TErgkEn ST of her
i nput  GAOK BodhRAsap@Blkio® Bainb YaseRakd Rt tdPfodni ke _'P@uﬁh%, P HRHGn BRWMRLsihg LM an
expander shaft Wi th negligrble net thrust and without any choke areas,;

opt i onard sapeldapf beinggttenhep i a seramon piowes: camblcaddbethgestdipuaty cddsubseuiiornozzl es
fromthe conbusti %E cfharrber .as su%)s](’)nitﬁ to s&l{%er oni Cy anv rtefs .ftor
exhaust RFEAET FgPEN UTPESEHE SHAMRT BUf Aol ¢ h e e e d ey P Adic s her

mat er i akihgwhleRpaidesidr with@it WatiRg an GppHEL gval avAé clskgiare. or [0BR0 i} choke
Conpressors and/ or exg;ander enbodi nents can_conprise a circular ring at the

out er atgeorifonale carabisy of reaipdive all outnug pavenigomian sxpanaer gradrvithc arghigitde ng at

| east fi: i g MLSI nal |
1 ow cRugsang it MREchoROLRUS IR Fom BlsiflPoRby (TS pBRE: SRMRHLE LIRS
beyond dehaviladzriss fbmtthe caubetioblchaabadgeshsositab stiptatondd donvert@asorfexbsvst s

capabl e of ssin hr ou he bl ade vol u bet ween t he Il's or shells and
fl gwi nérqaﬁpg Pty (%gltonal?y glﬁlc{ing the same des?gn \q/?th other mater'{als W},‘éﬁout startgng with a

complete ramjet engine.

[000145] Compressors and/or expander embodiments can comprise a circular ring at the
outer edge of the rotor, capable of rotating with the rotor, comprising at least one of fiber mat,
porous material, or metal mesh and comprising small flow channels and disposed in radial gas or
air flow paths in the rotor beyond the radius of the outer blade edges, such that air or gas flow is
capable of passing through the blade volume between the walls or shells and flowing through the
ring, while losing turbulence and circumferential pressure gradients in the ring and emerging to
near uniform supersonic circumferential speeds and near uniform subsonic radial speeds from the

rotor; and an annular space centered on the axis inside the rotor and ring disposed around the

blades.
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ring, while losing turbulence and circunferential pressure gradients in the
ring and energing to near uniform supersonic circunferential speeds and
near uni fwormeukswei ¢ radi al speeds fromthe rotor; andrPam/iBrewglods246pace
centered on the axis inside the rotor and ring ditepeydibcketdNmd\Vikd01-PCT

bl ades. Att orney Docket No. AM-1d -PCT [000146] Conpressors and/ or expander

enbodi merdigetan Cmpreserssint o txpanlersdniteyighbntweardiongprot saacthanstidniger
surroundi ng structural strength bl ades at the outer bl ade edges, and

sur r oundn¢ige ohearBpry feensgrramding siencipalsdicagthduadss Bl aeutcoRiare edgse. a¥aft, so
that t Wprol 1 1 I f t i:c,Speeds;
wner ei nCE R e BT bR e e e A Bl B e P e e o
each blpaceitsandiabxit engs ftnw wapads firsmbsdriespeade whstead theedigding as dibtriboteidroger

during operation pressure-dri.ven high speed air or gas flow fromope side
of |t he ST AHeonBE pHEr Dats ek pa eV s vody bl B be BreL b B o
Shockvaygkide Rfin @pBiatiee PRE&:&Mridén hiBR sPititlr RIS BoRTfrdhOndbiad 6f the GIE4 7]
Conpr essors and/ or expander enbodi nents can comnprise very |ightwei ght

bl ades tethemthasisily oPANdledg ¢xlgas;faapahle o btopngrelwckyavesgramabeing getpsatedat that o
| ong fI %%e S reisp the/¥f a(gepi ng the strips around a rectangul ar stretching frane
made bf W SPpE }%oé? d carbon fiber around four snmpoth supports in a

rect angb@1ar] pol Ya@ibrepisaxi/Rtehndef asleddshads vard onditie St dhestighetlgdksas
the outer bl ade edge, such that the strips formtwo sheets of fiber

cover i KgMpBSIng BAN pabereBiberdigidosreddor yersading thsdew 1siodens Badtine Weapingof t he
o . ‘ _ :

i r evr HRHEPCabhRLY G BLEE AT APALAR 1B bIS A AL R BEG BB 2,

sheet s foir shido€t suppges et rectasglder pblggdn approtimatedy hlade sizaglith dnbisiesheet ;

applying a thin coating to the sheet optionally by electroplating; and
[ enovi ﬁ@mg%e%ﬁfg@ HU%&%? &z Pusihthat dhe %ta%grmﬁwéhwt% W\Leﬁl?ﬁé COVITIEHRNE PG ht

bl ades : e
ot ruct (e BPESEERlybeh bR BRI Rl 06 R B Sl IR 0 Be K IRRRp L
desi gnas €t mudrdladecgee and mrit dckctiomalosk toherpeadgebi to tdiousr bjade©dgk8 pressing

Co d/ der . i ment oy i S! top fl
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conpri $6a t@&hesg{efe?&;ﬁ%nmcwgﬁ&hﬁalm@,s AWMV Y tBE ems&h%flf?&ﬂﬁlfwn gemmet ri c

surfaces of revolution about” the axis wi thin about one-half inch or nore of
t he shdtameymhereinr thdivary: lighteeighishlhdasiaonattach¢tbioghhshastonmithes gerts piige rétaci ng

t he outer surfaces. of th hel | s .and separated fr the sh S duri

oper at e G EE G B PARe D B e ITORHEN e P BN h R R

sur f acesitcdpigosadntad t6@aRIths Bir@sogas. angl ed such that during operation of
the rotor at Mach speeds the grooves and gap punp air_ or gas toward | arger

r adi usd800148t er r (GagTESWSiaRd/n cXHBES siRpadinents FEhcamiA deRsta BerHowand
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[ 00014 npressors an xpander e ts can conprise mnmeans
el i m ndidimgthe housing which are rotationally symmetric surfaces of revolution about the axis within

about one-half inch or more of the shell outer radius; the insulation or housing comprises rings
facing the outer surfaces of the shells and separated from the shells during operation by a gap of
from about 0.0002 inch to 0.002 inch; and the surfaces optionally comprise grooves angled such
that during operation of the rotor at Mach speeds the grooves and gap pump air or gas toward
larger radiuses, deterring flow in an opposing direction around the rotor, and wherein the grooves
are optionally formed by placement of windings.

[000149] Compressors and/or expander embodiments can comprise means for eliminating
large boundary layers in supersonic speed flows whereby: the opposing surfaces capable of
bounding air or gas within the annular chamber comprise short fibers embedded so that the fibers
are capable of protruding into the flow and bending down toward the surfaces when high speed

air or gas flow occurs parallel to the surfaces; the fibers have very smooth and very uniform
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| arge boundary | ayers in supersonic speed fl ows whereby: the opposing
surfaces capabl e of bounding air or gas within the annul ar chanber conprise
short fi beoxoennettded so that the fibers are capabl e of ppratseardiossp44 nt o t he
fl ow and bendi ng down toward the surfaces when Aitginespasgetdie. AYII-das-Plow
occurs parallel to the surfaces; the fibers have very snooth and very

uni f or rehtdiler agindBod ketfadye and\Marlefdrs HPboat 4-Guhiezrosythe Mibeiscdd sepufatericdes and

di aneters of about 4-6 mcrons; the fibers are separ at. ed. by di stances

gr eat erdIHgRs EIRREF tha ypet Gpetetshiheritser e a1 blegiappiEicine Qe o t he
flow n‘%ﬁaﬁreébgﬁfr?uﬁ'ﬁﬁgyﬁﬁﬁ % rH@rérstolﬂ’?bf thggﬁé(?:s%g strfQbds \ithih i aﬁ?{ﬂ% ﬁ%nb%lr faces
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a thick boundary |ayer. [00015 Conpr essors and/ or expander embodi ments

can coribei eaverng of the sglefacreungapab g)faum@@tsmrhrphmnﬁwéw@g or ot her
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mat er i i<p, t he ousrn
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reduci rigs dmgn\ﬁmrce@m or OWMed Bfafdrials 8@ hARigMRBVdeY thy &3@d thd snuklreased

i nsi de tﬁe housi ng an § outside the rotor; or one or nore rotors has one or

nore oghapb @h@h?@lfbaaffm%ﬂ gandfestieBdeniee midraralinegingandhe raser: gwans for ough t he

r ot or S I el |
o our TR riE Shlco: 1B dDERNAR, RGN FEGbAT, KieRbsel 1Ok houlBE akl

ot her ratsitel tht sotbm of buee dratisieGtod has @ baoanowadsheBs prhblelotﬁbﬁ)ckmgtalﬁeﬂ
housing@er ot her naterlals in the housing out to a radius, hor t

di st and¥V¥ Pl ¢tes Jrpugh e sefer Pudiotisadi Tomethrauieh the gesigAdiug Qﬁth§°tRY>tth"e
outer syIf ﬁ%ﬁrr@ﬁn&ea%ty%%whal 'vﬁcﬁfyét&@&ﬁhg shélBYel Eh@ﬁh@@tﬁm&ﬁg@% ind

conpri ses grooves spee the outer sur ace eyond R
lies a tl$d11nmlsir1gic3ﬁ1asrutaelof1 randnstrtm clos¢ trthe dabisimgor dthey; matheals ot the heesahd og to ang

and the r of .the, shell are close eno nd have

o' ent GETr Boaator f gt porras At bAIGHa SR (EaR TR PTR EinR AR or 1o
great ersuff@&' df 1tht,b£ll*@ﬂ ki DQurkdceWr ot oARBOS tRad} ra%@cbﬂ@n@é@%r@d\}é@% iMMERt he
vacuum between the housing and the rotor when operating; neans for

enhancispegdsibe ouieusinfach o Sh¢lbh¢y0|n§1 Roligsey shotirdiianes fraputheadtoopealing righaf t
are c sur f.ace t e S and, are |t| ned

opt i ondi 7 Geed g IR SuProd s BEHE P, FFIRE Rl bt lBNs ai mec
downst fogigfifeil Rrdoves, 36! pemp oY dir b @Wbbﬁ%@ﬂ@hdﬂ@g ARl 0 rdl@tVt@ g@@ﬁéﬂ rBdi§ bidukaty are
flush with the opposing surfaces and extend through the i nsul ation inside

t he hodl$hig aarPPesing digertionant sulyingipedhe yasuam betwednibe Beusingeanddhe raier Whao
the Sa%?u‘éﬁﬁé“fﬂé%ﬁ%&%h ﬂ%&@%&i&ﬂ%&%@ﬂ frof: 9V tﬁér%@‘#g&tso o‘ﬁﬁféﬁ dn e Blgssure

in the i) an exter vacuum punp 1's onnec e sanme vacuum
vol une;arestlode tb haater sulfags on t}tert&)usmg cand b posilivaedlaahsptionell e fifobeeddgyngf ait he
rotor is |ncre by. a sma per [ 000151] Ranj et _engj ne odi nent s
in accdF g%sn%lg CHIOUPIB L] 1,11)\;3 sI aérﬁe ?IW]&%%]F]I 1§ e supersonic flow beyond the rotor

have openings Wthh are flush with the opposing surfaces and extend through the insulation
inside the housing and through the housing or materials inside the housing into the same vacuum
volume, and the supersonic flow creates a very low pressure in the tube; iii) an external vacuum
pump is connected to the same vacuum volume; such that, drag on the rotor is reduced and the
efficiency of the rotor is increased by a small percent.

[000151] Ramjet engine embodiments in accordance with the invention can comprise
means for prolonging combustion in the combustion chamber whereby: the combustion chamber
has a length, up to thousands of times its width, appropriate for prolonged combustion; the
combustion chamber is insulated against heat loss so as to provide during operation a negligible

loss of energy or efficiency due to viscous heating because the flow, factoring out burning, is an
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means for prolongi ng conbustion in the conbustion chanber whereby: the
conbustion chanber has a length, up to thousands of tinmes its w dth,
appropri ave 20@v12p178l onged conbusti on; the combusti on chaoiars2e09/088284l at ed
agai nst heat |oss so as to provide during oper afitornes DysletiNo. A MI41064 (It
energy or efficiency due to viscous heating because the flow, factoring out

bur ni ngppiosinanéy tadrabetyc Vel tfloNoin thRdborhblstiBCThaniyr axd makediyy teatheadati C
Venturi flow in.the conbustion chanber and wherein_tenperature energy plus
ki net | ENEEEPYYP KinstigicAegy Aehainconsientapd Hendpimeatios o imekr sBerEY (uhRaf BIETEY heat

ener gy aﬁ?lg%%;if ] @h@hkﬁ%@&ﬁ&gﬁ%&@&w% fsqwksu&gwﬁ%é gy is not a loss of

ener gy. an) et engi odl nerits 1 n accor with the invention
can coipedise] meaksnfjerengad woibodinnand imaccdrdapevatiuthe mventitie caosinysise on
chanber duri.n eratiqn at_a subsonic flow rate in the conbust.i on chanber
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chambery, GORR Ve fatéfh thB bEHB&tioh AN BErSAhi B AsHAIdiNg b BERLAS iRYaRragduci ng
down t he chanber which, as fuel is added during operation, is capable of

gr adualwherdbiye thedgngpnaiustion clipasbef conptispaan dntemebflow preadratualy invdeaamg or
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the i nygitdsiy 06t &0 MM 5 afdlBLAlsPecda¥ablm] &d Qpaslabl Rdudisg airk ahd onary
ranjet engine without air or fuel conprising: nmeans for providing inert gas

or nonREHBEMigNPSUOPY P Fcupaird B dagress sedigsddeai r t hr ough the conpressor,
ram et i<Re, a p r . 1 f. Lne; r

o at IEOASPF  ond e FERREE o B R AR R b B G RS e o

t he comratfts @paliibafiberating Reatationerywamidt Rggigasvithoeadisor fael dogprisinguh@tnang
and cooling exhaust gas to a t.errperfaptéu.re cl.ose to or. be|l ow at nospheric

t enper dPUEVIJEREGRYI E&t QIHEAYINE 28 A e Evighen inglagseofiapfhgougihg fompsessor,

i ncrea i g j d i -\ R - re
than sumonRe; 92%“’%%%&%%%#2% oy & o e ey nfRhd 0 Aldiafind o g?“‘lﬁfi?%?fon
or by [s_emlymg (hhftpgldldllt glgngilgezllexascéeo? aito (tlmrrimﬁiljsmbn qdrafrrdesm logat dmhmrkllng@as;_ t
genera I N eactl! on. . . I onar (0] Su oni or s rsoni c a e

ongi ned A e S TP AEAT CORHRE R 108 RSBt SR &0 S AImesBheHY ve

the conphgss@re R¥oBa¥uRtngd e KRART 8890 theARPue XRANAB In@Bast REpRAPBVENRT t ;
wherein the shaft of the conpressor and expander are disposed on an axis

and ar eswabarvderghs god phaenadl higheupresswdsthen swieundald aswospigfe, wherdii thes can

i nput or_output air and.,are connected, b smal | _diameter solid shaft on
e ax e it Bt R AR SORARE! Sttt TP ta e By AT R Pyt pfostil g™ ne
conpr es8e hediatbheratith @acliong at a solid portion of the expander shaft near
the mddl e of the expander rotor; or the shaft of the conpressor is not

hol | ow[BRRHSHE s medltationagy] i ebsonice SEPRIs B FANKE RAIZEes fire hgo inelvged 3dweh r ot or

o1 g SR 0h DL MM PHEND, SRR o (1

t he expapdeer shiktsamandhdfs vdrmie dieestlaft of thesohiptespardnd@rpaidet fre disposed on an
axis and are separated so that all four ends of the hollow shaft portions can input or output air
and are connected by a small diameter solid shaft on the axis extending into each shaft and
supported by radial walls inside the compressor shaft and ending at a solid portion of the
expander shaft near the middle of the expander rotor; or the shaft of the compressor is not hollow
but is smaller diameter except near middle of the compressor rotor and air or gas is capable of
being input through a cutaway volume of the shaft inside the housing and shells, and the
compressor shaft extends into the expander shaft and is connected to a solid portion of the
expander shaft near the middle of the expander rotor; or the compressor shares a portion of the
shaft of the expander, optionally reduced in outer radius, without radial holes through the shaft

wall into the compressor rotor area and air or gas is capable of being input through circular

openings around the shaft through the housing and shells and the expander is capable of output
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expander shaft near the m ddle of the expander rotor; or the conpressor
shares a portion of the shaft of the expander, optionally reduced in outer
radi us, wohoes120mdi al hol es through the shaft wall i nt@ecrhs2@o0ps286sor
rotor area and air or gas is capable of being iAgatmeyhokegNeiAMIHIAE-PCT
openi ngs around the shaft through the housing and shells and the expander
is Capallnb&glﬂbothlethAhé eimﬁerDQﬂZlbﬁ/tshhb orAith 1helcoPGilestdirand gite d@uhdee acksorof

t he expander holl ow s or. both the conpressor. and the expander are on
one ho|0|n%\1;w1é%fslﬂafmth aéO%%PPf@lOﬁ&f fheéha fliv ”ﬁég SearioPeiapH gh iyt AR nput  and
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wher eb}comnsehmbdmsdnr inkeasiogpowesiswherelot: (arshclcbnpmhesc@mme$mr1$’tor@pmtprmg; adfirstl
radius to .all ow ﬁ@lr or.gas.to enter on a sjde E tg shel | faC|nq t he
housi NGPEHARIHDISIHEC FACY AY OF &> O GET O A U the a‘flﬁ%thedw?ﬁf»lag»s 8¢ rotor
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vent s ftholBusihe a4 PACHEBle olf astatingoltNtheahefti the ERFSEIthE Borhprevkorkstar afad t he
radial vents to the conpressor blade volune are not present; wherein,

dur i ng cBpEYdgE 108, is fqlbfvbomcb@ﬁttan@ thexpaiatieants Somdprapinandsr bladsaiobmaget hr ough
bot h enﬁj&eeggd rgﬁ'o& Q%fata{lﬂ [tlpeorgl&él?%en@t%' tHEZ ]gfgpsro |a89 gluﬁl%rg?é ﬁ&%ése
0 I nclude

expander accor Invention are a cdnprlse a
conpr esgerein,aludihg @pafanms,lﬂwv fbmuhé exmhdadspipadkl ddrexhniseng &irowghtlh)th ends of
conpre55|ve strength 560,000 psi and specific gravity 3.1, and a shaft
conpri h%ﬁmﬁl beta- CEZ heat treated to have 220,000 psi yield tensile

t 12000
Fi bor Uou el e eE s P o SolPres B n b e R D O Y 4

specific gravity 1.76, or
12000 falsoencluded, whichimat enm@iss ialcenprasesrgbtor 88MpH§iog pumqtumb@nnﬁrmslcglr avi t y

1.8, or, ultimte tensile stre 85,0 C
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the expaBE@ICERh& tRERd ehi 29310 p§fﬂy%lizl'ﬁ teﬂsﬂg'sﬁléng‘ﬂ?%tﬁ sﬁ&ﬂﬂ@gltavft?ﬂ 6ol gy i n
the shaft bore to the expander rotor blade vol une but not to the conpressor

rotor: hpghtﬁnsm§tr@flgthw oh&2Q00vigher tawy Wtrpate denprle sisangthr 8Y1.GW prayspbafieut away

wi t hout_openi t haf t..bor

corpr oSSR B ot Thhe' ke R B Sersle ST S0 BT A T ik BBk TR,y ohear

t he connmrﬁas@dnsb@gtkbn@ﬂﬂws(mprspe,ﬁed;ﬁcf gﬂalvay 1179] &S uRinguiO entinesteigfht to permit
axial flowinto the conpressor rotor glon in and around the shaft with a

snal | erl.- 481098 psh vehigeeim B\ SORTESHRIT Ot athlm egprpfuider tqier age pp éhesagle shpfidediabr e

sl i ghtly,g Q&é\{e%{ the RN ﬁ*ﬂﬁ ﬁéﬁﬁtlal# ?e to'HEELS é]eﬁ’ld 26 (?rb?adegfoﬁltnlle{}g{t n‘i){] 1L ades

conprise wi ndings fromt over Bl 'ades an shaft to
190, Ooaomieswwoemmnsldﬁ thehfhafl Ivendllein tleenebnureg0r S@ion mal kgeut away without
C|rcunferentlally , 000 psi npreiflon in the bl ades ?Pd t? f%yer t he
out er KPSHBES gH@ ore to pr0V1de ow paths into the compressor rotor; the shell of t
compressor rotor and the housing near the compressor both comprise open circular holes around
the shaft to permit axial flow into the compressor rotor region in and around the shaft with a
smaller holes on the housing than on the shell; the structural blades are slightly shorter than the
shells, wherein, before rotating, the blades comprise windings from the shaft over the blades and
back to the shaft to 190,000 psi compression in the blades and comprise windings
circumferentially to 5,000 psi compression in the blades and to cover the outer blade edges, and
wherein the outer blade edges are bonded metallically to the windings; between the outer blade
edge radius and the outer shell radius, the rotor comprises a flow-through ring made of fiber mat,

metal mesh, or porous ceramic, which is disposed within a few hundredths of an inch of the outer

shell radius and in the space between the shells and is separated by about 0.005 — 0.1 inch from
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wherein the outer blade edges are bonded netallically to the w ndings;

bet ween the outer bl ade edge radius and the outer shell radius, the rotor
conpri seswe 2hdooneer78r ough ring made of fiber mat, netal meshiS2am/0pOUS
ceramic, which is disposed within a few hundr edAtisrnsy Rneketded A1 AE-PEUL er
shell radius and in the space between the shells and is separated by about
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vacuum an er ic flow cr ates alo ess n the_.t he
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revol Uto'deS‘sn«?g‘ Qipded HiR1 e%*f@lﬁtthr%ﬁgh tHRenQPRRS 1Hsgdéﬂh'éfh@ﬁﬁﬁ% of th?(ﬁfgh tl@é“l%ﬂsﬁf or
chanber conprise snooth surfaces, optionally treated to mnimze boundary

| ayer @éhﬁemmmhtnsw thmlyomngstrm)l the sHnaqegcanmt ke sepsstsings depatdates aflow
extendi n ou andth into n erat i,on;
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ci r cunfogr@titiah amadh@mw &Wﬂﬁ@@bp@lsmg@hﬁ@de& Yf aath sspilaAtEanHet cdmp@set he
annul ar chanber, |osing speed and reaching | ocal speed of sound at a radius

Wi t hi n seRethasriaress optaabBireatah i maimizethopaday (aver derelapsant brvay chamahnul ar
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single spiral revo ation |ng 0 a vent
|nsulawpamnoﬂumhﬂgopﬂﬁﬁaﬁnbmmrbh@m&uﬁmoﬂwgﬂﬁqﬁﬁamah$&khmdughnhﬁ£mﬂﬁht and

the vent changes tqQ beconme a circul ar tupe ov ort distance in the
vent, aRerd ﬂ’i‘gq?‘(‘jﬁ ﬁgﬂt& ag%ﬁl?laa(fs Pudntgyt @a%f%ﬁ%mgﬂ?ro@ﬁ@gtswd&@éé?a Ui us
of the 1&%0%13”%@ BFg(ﬁfnd%lf'QF’ib‘ﬁ?s Whthih hge &R g&"r eRARber2H BAESHdyBnd tHeADHiMS whidloer

than the a ar chanb t he expande
the annular chamber to local subsonic speed, and leaves the annular chamber for a single spiral

revolution in the insulation, leading to a vent in the insulation; during operation, the air or gas
travels through the vent and the vent changes to become a circular tube over a short distance in
the vent, and the tube makes a spiral radially outward around the outer radius of the vent annular
chamber of the compressor and goes to a radius larger than the annular chamber of the expander
and then makes a spiral radially inward and connects to an input vent into the spiraling inward
region around the annulus surrounding the expander; during operation, the air or gas is heated in
the tube by combustion, or by adding steam, or by heat conduction from solar, or external

combustion delivered by heat exchanger, or by particle bombardment, or by other heat
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and then nmakes a spiral radially inward and connects to an input vent into
the spiraling inward region around the annul us surroundi ng the expander;
duri ng opEpaviwng78he air or gas is heated in the tube PgTas2ess20H, or by
addi ng steam or by heat conduction from sol ar, Agprrextackel Ne ddid01-06 T
delivered by heat exchanger, or by particle bonbardnment, or by other

heat At tgefidratyndJeaktins NurindMpefatibn RRd aige o€ ttrtihfg vesao thodxpandba chings trelat i on,
the area of the input vent to the expander causes the flow to have the

speed ApPrEpns siesd taBPr@RB%tﬁ &%?Xnaﬁﬁmmptgn@dtte hgyg e spirad ghapg seidapmosaile pgllg
movabl &, \é}% élr}r%dt Rehitad! sBHﬁt l?’cfﬂ\En %t%ghé @ipané&%nhﬁﬁp %ﬁa‘i’hb%P Wﬁ@rettﬂg ﬂﬁ%fp and er

annul ar er where ow speeds up to matc e rotor circunferenti al
speed, speedatiptto tnlaa:h thMactorMircamnferbigtiab xpdedf groatet then MmhIM,r at ¢licaexdefirerh theeast

radi us, vvlthth oth osi.ng surfaces within the. | ar chanbe
t r eat ed"BYIAS ‘fhé B {93s re%ﬁgrveéhs SIRATY ARPOUAG A& BY e ﬂsaamﬁe%lﬁ Ff t he

rotor aRgedRinkidr tb Hié’%%%prrél'é%ﬁulfah EnatBer GbdeahnPloadRs 1andidrR|l spigH ti&‘\fvard
wrapping if any, and the optional additional |ightweight blades in the

rot or, thmugh heetruettshblages anddheir hetehwrappinghf enigland He opitighal adélltllonelnd to

e B Bab BB s OE BBy A SR R en i DR R ATRL e

shaft angr sRadslotvBat eRBdBinOduriteogepdtloaVinghe@hblldvi shagietht ReweX PRIRET fré@t or
and beyond said rotor; wherein the flat bl ade StOpEI ng rotation raises the

air or r@f&%ﬂ@kﬁh&@ﬁt blagsybichtivstationsnci thashadisandrspans the langtieef thohallove shaft up t o
| ocal ?PS?(?F 8 a?lld O{d’r%ﬁ’ﬂ E{)Eﬁ ntdvgglélerg tﬁflerhltﬂe[hé Hgtfﬁl%%t&%?@o‘éﬁtfoﬁ raises

posi tione eari ngs unt oes usef ul
mechanitlesdir mogds eshmm &m;iewturre Rchich geapertht oif or gpttb @RAlat yp toheca xpaedsif sbwat | s
used to pre-heat fuel heat bui | di.ngs, .or water, or is input into an air
condi t it H§ 89 spenelthashalt the %lﬁ‘gtl froRasitioged ﬁ&elr&eﬁel?gSHeethgoru@éélown%h make

the devy & AiEs Hs%@al%echm%;vgcﬁ Erggasqer 9 LITRRSS opti R AR émuepeﬁ@g' ne

ol
conprising: a conpressor cap accelerating air or gas to a flow wit
super soécttogpeddt fael clhmmbm'lldin@p abivetenfor nsemeut\mtmgmaamdcaﬂldrt@lnmgeaysuagl that

supersonlc flo S ni ¢ eed er, capabl e of receiving and
2coel erdisonahist B She i s tes P SURE Cp detlet BrCKSHder capabl o of
decel en@fdiRg] ai I MAidamboRirfertd £¥% fremwaﬁeﬂglﬁe §@Iﬁ§§sm%wherf ifedshecapRPBILESSOr
rotor and expander rotor are on one shaft; radial ven are in the expander

por t i oRcesflerating yhearf gaskbon ﬂthttheummrce@scﬂ ap;diamb@map@hie pérageiving awdnpr essor

LT ongtiRcdt AT BERLDNS (Rt Rl Tt TP R R o Rk R R8s,
heat t gedoalt fldy ﬁﬁ&ﬁ@eﬁaﬁic@ﬁ&dpﬁﬁ edfagli€l dapdtié bedtlepitigh Ritdrtohs ﬁ)peeﬂd)\fv it€
gravity 4.69, or fiber/netal conposite or fi ber/FoI ymer conposite, and the

hi gh t ehasonis speecs Agerein Biw cOBPISEETOtOr BBY eXRARAeUPIIr s @n eneridipfteradial wergt h
from 7%.? @qge an&% pjortg)oqgonHQ s}fﬁ%#]o agletﬁk Eblﬁg‘%'ésao\f :pBManr OMLrtin tﬁe E:Qméreg olr ch

[ 00015 ngi n conpressor e Iments ude devices i
t he conpoesdngh $11Ecﬁ“ﬁ&abipeesﬁlfve alréroth ngteaiar with cogmpressive mpanigtit S60L 008 oamt essor
t hr ough cut away. of the shaft ?ll de th tgﬁgvsei%o%rad shell | s; .and/ or

| u
the corps “s%ﬁavmag lept @Féhafbﬁe%bﬁascﬁ% g dreate psi yield tensile

strength with specific gravity 4.69, or fiber/metal composite or fiber/polymer composite, and the
high tensile strength tow is 12000 fiber tow, ultimate tensile strength from 790,000 psi to
1,002,000 psi, specific gravity from 1.76 to 1.8.

[000158] Engine and compressor embodiments also include devices in which the
compressor is capable of allowing air or gas to input to the compressor through cutaway volumes
of the shaft inside the housing and shells; and/or the compressor has circular openings in the
housing and shell facing the housing around the shaft capable of allowing air or gas to pass
through the openings into the compressor, wherein the openings on the housing are smaller than
the openings on the shell; and/or the structural blades are shorter than the radius of the shells and

have windings providing 190,000 psi compression toward the shaft and 5,000 psi compression
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housi ng and shell facing the housing around the shaft capable of allow ng
air or gas to pass through the openings into the conpressor, wherein the
openi ngs WO 200ve12bmr8si ng are smal | er than the openi ngs orcrhs2@leBs2g4 and/ or
the structural blades are shorter than the radi dgoukeyekeies.|AMEnalHhve
wi ndi ngs providing 190,000 psi conpression toward the shaft and 5,000 psi

conpr essin®ciAfundferayalDo@K Rl s, NoherdiVthd €dterMTddef gdoer o bondddaneallically o theli ngs,
wherein the outer bl ade edges are bonded. netallically to the w ndings;
and/ or “HadiResAng/RedbYuEeR ﬂlﬁloé}Efé bladg sdgaddivs aaﬁéhet%er@ ¢lbradgisethe Cpmmﬁéor t he

corrpre§§tgf cSRbiPes G HIN-1hS ICr{%'rHX&etJ‘fffﬁJéQngf Al THEE, Qje[\)ﬁfr?]l%ﬁ{i b, whith

or porous ceram c, I's di spose ths 0
|nch oﬂn@baﬁo&ﬂanaibﬁmhnmadmﬂsfandmhnfﬂh&m&pahﬂlb@hm&md1nﬁesghﬁﬂkswamd |s

t d.Db bout 0.00 0.1 h |
e e el AP emied by ARl 4 R "t Lo h e s P R A G sAing
ar ound weig bfingds hbM i H‘%Hﬂé B? %vn:ﬁﬁhgsi G\&r Hﬁ:eroﬁ)? %hél arofRd teenafaf by Vﬁtﬁgngs

wherein the ring 1s cap lowing radial flow of air or gas through

or a
t he ri mgldang ﬂharshkrll@ds tf@f shfa&eandpfelner@em@ng amdpahle of 4llopang raglial @uowmfram

mat eri al gccupi es .t he CII‘C eni n essar shel | outside the
Chart s PR FE P G e 3L rRE RO B ek e RHEAERE Poroln alesihy *' g 1<
capabl Scafpidé &gcmﬁt@%hmgﬁin the k@Bpileysor @hdINGAHE thedhhft Wk t@AS thlrd
operation of the conpressor; and/or a surface on the shel| of each of the

conpr edByingietaes pedee shast fmdsrom 3 15 gdnableradging sptagonad velogit fodaeorping
revol ution \%Iﬁfg&gng‘s%%ﬁf&h%fm M&QQP%@O{ DEL: da%% oh*%ﬁe %‘éﬂ%rf eSdHedfd adi us,

and rings ace and di spose e surface of
r evol utcbmprease adil sppseer Iloltbrt mldhduses nige lﬁxrusoighea Smﬁﬁderdfaé\&lutmntdbeuﬂthbl axing,
so that, durin ug opera*tlon of fromabout 0.0002 inch to 0. 002 jnch

separ atadhin Ao feinek o Trhsmuﬁeﬁ éherl AgWs. apaings withaesusiars ma “kgmnidé‘rﬁ’
conpr i sfé'm RRYEFa NG 186t art BRposed Y 'tlﬂz%ogﬁﬁ%ﬁ ?%@T RbtetiBR 1A HeHoudhe NBCH

speeds, e gap and grooves punp alr or arger radi uses,
deterr itlmag durimg oiparaéinn. opgesifigndatiet 0i0602 al’ChUO'Iﬂ 00Renchoeparatea g shiléx om t he

| f. th d ' t ) d Kk
Annul udhComsr RLFE e Statiels BRI SRmPaHasoRrsavstt b S0l ound
the shafid roRHas MIRh 3Pkds! Gtﬁé A dBYSIR Punpr WNRE &dvwarll RS radin®d, &jé?&’ﬁﬁé ream

in the supersonic flow beyond the rotor are flush with the 0ppoSi ng
surfac élsmamn@ppemg theahiog laravnd thmlsmra@ndowhfrrn@l theantvdusad kg expandertihr ough
t he housin naterlghglns the Qusi N vacuum and

Lo Do bR bR fLa P ML ed Do AR R B St R By Y s

fl ow chasdes syhah it hgp@semafma@me haft cRxdRBNdEmear e S6RAN@had Wdktdietibed
revol ution around the shaft and the opposing surfaces of each annul us

conpr i $&8ed deyarstisemb ths supermonic dpyrhsyend Ge refobiie fish 31 the eprasingcipasise of
ext endi a9 e%n& r&u eﬂﬁ\’e Iﬁﬁfdﬁgﬁ' ﬂ{sllh% r‘%ﬂé l{l(ﬁ.@l gb?Qhﬂoﬁéﬁthtem%uglhg \3’1{ 'é1l f8terial

operation; and/ or during opera or gas | eav e conpressor at
Mach Mu@snata:nhaheuﬂmg in&d thsperael vatuainl, and tlediupérsoret Aoivtoresaesch Iopi pradsaredidtthd nt o
t he conpress r annul | 0S| ng speg&land reachi g | ocal speed of sound_at a

radi us W% ARGIO% the ag %%‘g& agp{e PLEe cCamaTgHTRYg Bé%ﬁar PRAEPF YR VANME Ohi n
the conprRRRfArardiHithy §he¥fpaﬂdQH@l)p§d§9{%%mfﬁcé§Q)?%Qch annulus comprises fiber stubble

with a diameter of about 4 to 6 microns capable of extending up to a few thousandths of an inch
into the flow during operation; and/or during operation, the air or gas leaves the compressor at
Mach M circumferential speed and low radial velocity and spirals out into the compressor
annulus, losing speed and reaching local speed of sound at a radius within the compressor
annulus, and going beyond that radius within the compressor annulus to local subsonic speed,
and leaves the compressor annulus for a single spiral revolution in a chamber in the insulation,
leading to a vent in the insulation; and/or during operation, the air or gas travels through the vent
and the vent may change to a circular tube over a short distance in the vent, and the tube makes a

spiral radially outward around the outer radius of the compressor and goes to a radius around the
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and | eaves the conpressor annulus for a single spiral revolution in a
chanber in the insulation, leading to a vent in the insulation; and/or

duri ng opeEpaviwng778he air or gas travels through the vemrcTarsdoowhasnent nay
change to a circular tube over a short distanceAitarnelidogkeitNo.adltAE-PClbe
makes a spiral radially outward around the outer radius of the conpressor
and goespidmdepardatlenumaResciitpiral fadAilly aiway andeketeciNao aAMput CentREED texgpandeg and
then makes a spiral radially inward and connects to an input vent into the
spi r al iMMYAIAAGEPH 2088 8IS SXPesE t he expander. [000159] The goals of this

i nventi izg¢!l ud i : | ] j Lcations, from
autonnég?gggfo jg?ﬁgﬁgk%?g%gﬁwgﬁﬁgﬁggpgf%ﬁ?%gg é%%??gkggagggglﬁgration, and
cut t i ngpplhatipno dwet awemobildSOR jet and piopaldsr aamchfdoahmtn capdver geratattomgnd he cost

of turbine-1jke engines. roved efficiency automatically .cuts fuyel use.
Coubl | rBe i Bt s BN, frd frEmAncy ORI b Bpeosfibieltie' ¢ ol
use by ch¥Red. NinffiSved EPHE¥nSOR oM IAIN Bui @M uSe. I8HR AL @ rRQOR yRowds RE iffO2 at

peak effrciency for one mégawatt hour of electric power. An engine doubling
t he ef fialfi dnplingtffisomey cptbs durl vsraky two-tiindes Todaynaalbwningatlantagengeate 2@Muces

CO2 product i 1450 pounds.per nega hour, conpared to coal, dif
the hedriiiet Bt HECRAGT 1 She TR} hotat i fRImRMNGTs AR B o figihe

nat ur althgasiciaey Spdwre phiat bkl tddindshenfik® o agtued] 'F@sﬁreaﬁqelm ROMRES BET
megawatt hour, which is 82% of the CO2 fromcoal burning electric

gener atl#8® poyrdls premygasyatt kous sempergd igeqal iad uf e hgaipredused by thegagieas vyedwi t h
cogener.at i i , L i Lnto
Che’at oniR Bull AL DA, SLGR) b 328y O BRI e O efull] 6E BAREC pLt
it pracidgaahtthouyséidhhe 82vigifnkee CO, dvhrotmabbliming aMutichgdi@stioat besnyaeh eved
Wi th gas turbines in the past, even though gas turbjnes woul daﬁreatly

i ncr eadBC PREIWRY NYPEh TS Pectiih gensiaipryeh a%eéﬁﬁspnﬁe%wgi%,swﬁéé 338t " t he

high ¢ f a1 pi Thi G ' i ' it.h
Conti naomdiaraas, St M e LANERhLE By OSHHRE el OF B0, PROLATOIIET |
not a tenademabesait ptagtibilne usd the pagine oudwemolatesnwhich ies ne bicer bahieved avith gas

oo bl ll B Fatvreenn e s bebhetRouH bt TR B st iRbot B bR One
of t he aa{dntdBilk anP¥e WML &R BF gl g1eé st ng?dﬂﬁﬁ(rb[fﬁ)!. PRisartingYL thel RO 1G]y The

present invention has been described with reference to particul ar

enmbodi weging watndongnyausiflowsorfeadtam esd tol andwint [thaseforgiperemtike, but Hoswoteki | | ed
in the raalt. tnhlatt A iIousrtlrEDpai fit(r:la&]iing)r}s argdl vari ati ons .can bﬁnr%deiri n thlerl
pract i CEUBIMEHEN % BRI HPEA PO AT 't BT UEpkr A VP OHTR A WESPET §7°
spirit tief edghe, imfaenthe desigiRdusdsithibeRnédwhitd nadythawt bker R60@RUZ Retifid@hg t hese
features may be used singularly or in any conbination based on the

requi r éwbRleBcls @ne pbiefcrifeia tyrikhigh highgi ¢fépicappmar be pgHewd. desi gn. O her
enbodi ft i.nvent. W . il in the art
rom oon 98F ac i oe STeSFRuh Qo e BEnBROANEE ikt el RARE b RR, 1 om. - The
descr i piibodingdntd heingweeious tratypesoMt ddtbé sppaedne ko/thexeskillalriyi thenarntiativaioand,

t hus, varj ations t$at. do not depehrt. fromthe essence of the invention are
i nt endélepc{lgcaﬁl@an Vayiagipgs %a&pﬁéna e in the practice of the present invention without

departing from the scope or spirit of the invention. One skilled in the art will recognize that
these features may be used singularly or in any combination based on the requirements and
specifications of a given application or design. Other embodiments of the invention will be
apparent to those skilled in the art from consideration of the specification and practice of the
invention. The description of the invention provided is merely exemplary in nature and, thus,
variations that do not depart from the essence of the invention are intended to be within the scope

of the invention.
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of the invention.Attorney Docket No. AM-10d -PCT CLAIMS 1. An apparatus

w t hout a choke area for generating a locally subsonic flow of air or gas
havi ng stworeatymenperature 1.5 - 10 times i nput air @eCcTgssoosshut e
tenperature, conprising: a conpressor conpri si ngitomeydlagketiie.-Houi-181-Phdke
area capabl e of accelerating air or gas to a floww th locally supersonic
speed; and a chanber capabl e of recefMAngSand decel erating, w thout a choke
area, locally supersonic flowto | ocally subsoni.c speed and outputtjng the
flow througH-a vefl ARIHIuP HOM ROk pEA .forzg.enqn%@n%@zﬁﬁay é‘ébsaﬁl&fﬁ’d? PRIt o
claim =y 1.5 .capalhe; : [ ' surface
Spocd of TR o e e s T B B SRS
capabl eomprisiogel erating the air or gas flow to about the surface speed of
the rotor. 3. The apparatus according to claim2 wherein the rotor further
conprises: & “SRBfSYiOHIPGR"¢pecific tensile yield strength nateri al
centered on a3Bt0RXlidholf a Rk LIARapaHld &Mc@él@ﬁatiﬁ% afes (AN & MWPkvidilgesiyof high
specific conpressive strength material operably connected to the s%aft by
hi gh spegrdr§anic spepdiand strength fiber tow. 4. The apparatus according to
claim 3 wherejn at rest the structyral bl ades .gre operabl onnected to the
shaft under AT rr%‘@?% 8P¥6F81ﬁ%“§ba6‘ {1oEgT, ’E)g’ﬁ{%lﬁo%a g%oéﬁf‘rtar%o CH0DS RS SOnE

The appgrfivdoUscallsGabsbinitGspeed sldBduipdtiAd e TRIW SOG0MNI SVenfwithglt aSiekE hicg. tensile
strength fiber tow coated or infiltrated with nmetals or ceram cs whereby a
bonded or coherent flexible sheet or rigid solid is formed. 6. The
appar at us accor di i P erel Al i fi i trength
fiber tom1c%ﬁprigggagﬁﬂ4%%é€&§%8¥g¥&%gﬁ%&%%ggégﬁﬁggf%%%kggég?ﬁgg}%%% fiber
gl ass frotagsn atmeduafacaspted of Aomcabbut®00 fectfsacond upi tbaboutarddo Pezt/yevend khder s, or
any conbinati on thereof. Attorney Docket No. AM-10 -PCT 7. The apparatus
accor dicARpMoTAcss IpFaENe (isetietrzap HewHp ghowghe surfase é?ﬁ?flroglgq PETSt r engt h

mat erial conprises at | east one of al pha silicon carbide, boron carbide,
ceramic, dianond like materials, nmetal, and polyner, or any conbi nation

t hereof 8. Bhe apjhampparstusecwrdingtp ¢tleinc? avheredn thehretoeifintheheompgdesspeci fi ¢

tensile yield,strength shaft terial conprises at | east one af al pha
Sil T con var Bobat QLR SRR teathon e Sperah B fteed A AB AT (e ar i al s,
st eel wor kedyBstufavbREESHdABtok BRI S BAkibh 8pdcstic ddntRBIsHPBLhaY nheatal bp&atied for

maxi mumtensile yield strength, and
connected to the shaft by high specific tensile strength fiber tow.

4. The apparatus according to claim 3 wherein at rest the structural blades are

operably connected to the shaft under a compression from about 50,000 psi to about 500,000 psi.

5. The apparatus according to claim 3 further comprising high specific tensile
strength fiber tow coated or infiltrated with metals or ceramics whereby a bonded or coherent

flexible sheet or rigid solid is formed.

6. The apparatus according to claim 3:
wherein the high specific tensile strength fiber tow comprises at least one of nanotube
composite fiber, carbon fiber, glass fiber, metal and ceramic fiber, ceramic fiber, and polymer

fibers, or any combination thereof.
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metal or ceram c or polyner, or any conbination thereof 9. The apparatus
according to claim3 further conprising: a shaft with axial hollows or
bores cemnwenea/aomr8he axis of rotation and rotor radi al peenissoomsszeen t he
structural blades, wherein the hollows or boresA#ntheydticket NentMI-dp&PCT
capabl e of providing a passageway for air or gas into the conpressor; a
plurality of7. shelllhs appet@bhycoadia@c dhi@d3w t h opposi ng edges of the
structural bl ades that extend outward fromthe shaft, wherein the_shells
are capabl e VgrRHB HsdlEysREriicHonpaesse siRsth Tt eqipptieant lspsiqag of apha

ther malyy.oh Rl At ﬁ&oﬁ%h&%ﬁd@c&%ic‘?ﬁiaﬁﬁ)ﬂﬁtﬁk@ LAl O he®dl. A& PR o rotor
conprising: an annulus surfounding at least part of the rotor and capabl e
of recepmbmgtibodmidof. supersonic air or gas flow from between the structural
bl ades and shells and capable of nodifying the flowto |ocally subsonic
speed wi thout a choke area; and a chanber capable of receiving the locally
subsoni c fl@w frametBards Ut dsdinREEIgIN3 Tt he chanber is a spiral chanber
having an outwardly spiral wall and opposing top and bottom inner surfaces
capabl e of bderain thyg hagh sperifigaensile tyivldhstréngthsghartahatetial iebeaprisesrad laabieonsiod t he
spiral chanher is,capable of |eadi flow,to,a.vent, .10. The apparatu
2bcor aifiegien sff@REidartn tFRGH BkrenRt onand B et AT AN g e
of abowl tdfkiihg bA tRbddfi al2; dtahfu@MIlREal EmRET RE Hakirdirh tenbille yiENEstARRAL AldIS
according to claim 10 capabl e of operating as an expander when fl ow and

r ot at i GRFtalras ceraes eleRplineio phay Eaekeationgherapd - | O - PCT 12. The appar at us
according to claim9, wherein: opposing inner surfaces of the annul us have
shapes that produce during operation a snmooth flowwith circunferential
speed inver el y phepppiratanatcording taltlsinad dwter odmptiengxi s; t he annul us has
an outer dianeter selected such that, during operation, a |ocally

super soni ¢ ﬁggwft Mgtir?émﬁﬂpléw o hasesgenipred s BiRiaxis b sfation ansi itar H@K%lﬁ/ﬁmsus ;
and 1 AR S NRANDLERRKEALiRhe Hitiowtf BRRARALIRITEARTE DGabi0 of! al M 9
further conprising an adjustable strip or belt located 1 nside the spiral
wal | ofpréshding pipasdagehanfoe nir ar gamidta the campresses; capabl e of bei ng noved away

fromthe spiral wall foll t he.natural spi.ral  sha of the w and to
it rads o el ofhell Pepl dsdtigrie vl saphungreGpar Dy g fionary
or subgRRhE ohifHIE FroRNAE SRR iR AR sh¥l|SHBBARBR & H%thHH% afk QMRAd BItREen @B
apparatus according to claiml1; a partial input de Laval nozzle for

r ecei visiigctbeat Bladss; subsoni ¢ fl ow fromthe vent wherein the partial input de
;ra\e/gl nozz| G tilesrm%iw firils%i‘larteecfjl”losulélﬁlg fg)rhe%tleeitsp £ pgritigg of &%%ﬁalrt lar?(Yv ro%reca(‘)mapr}gin%b()ke
an annulus surrounding at least part of the rotor and capable of receiving locally
supersonic air or gas flow from between the structural blades and shells and capable of
modifying the flow to locally subsonic speed without a choke area; and
a chamber capable of receiving the locally subsonic flow from the annulus,
wherein the chamber is a spiral chamber having an outwardly spiral wall and opposing top and

bottom inner surfaces capable of bounding air or gas within the spiral chamber, and wherein the

spiral chamber is capable of leading flow to a vent.

10. The apparatus according to claim 9 capable of producing compression ratios in

the range of about 10:1 to about 92:1 from room temperature air.

1. The apparatus according to claim 10 capable of operating as an expander when

flow and rotation are reversed.

52



are mssing; and a conbustion chanber for receiving the flow fromthe input
de Laval nozzle. 15. The ramet engine according to claim14 further

conpri si Nyo 2009p20178al out put de Laval nozzl e capabl e of pceamstamongsocal |y
subsonic air or gas fromthe conbustion chamber Atnthey dpubttNofAlMEdel-FCdt i ng
the flowto input at locally subsonic speeds to an expander vent, wherein
the partial 1Qut puthe@dppdramvabcodadiag e tlsinc@nihgeined such that the choke area
and hi gher speed regions_are mssing; wherein the expander vent feeds flow
to a chamberPPaPRbhINBeIrfesiike ngis iy sishapesthahyrducs BENg SPERtiaghAUIl us

capabl e Qb £64¢ W’@hr!:grcﬁl'ﬁ@ergrﬁ%ﬁ %{E@E@qﬂﬁ%elmk$t¥ioﬁﬁﬁé Qraliis‘far{cE @i Belaial |y

supersoni ¢ speed w t hout ar ea, ein the annulus I's capabl e of
| eadi ng f | owhd amnahisdwrpamdeer diometer sdpadd ichbfthadebringroptiangn, aloed!lyy

supersonic flowto |lo I ubsoni.c speed w.thout a choke area and reduced
oo s St e o R st e P Re i e St ARG SEde et h i o

ener gy renvygd,fniiARHe9 Y UBddeQRePr oduct s by the rotor. Attorney Docket No.
AM -1 A -PCT 16. The ramjet engine according to claim15 wherein each of the

conpressor, the ranjet, and the expander has a housi ng capabl e of being

f ast ened toget her,to form one housing. . .The ranj.et engi according to
ciaim 16 whdrei n BsapSr RESRUR T8 & e PP af Bt ERE R P nae
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pressed together and coated or infiltrated with nmetals or ceramcs to form
a bonded shea@eombustion chamber for receiving the flow from the input de Laval nozzle.

15. The ramjet engine according to claim 14 further comprising:

a partial output de Laval nozzle capable of receiving locally subsonic air or gas from the
combustion chamber and capable of accelerating the flow to input at locally subsonic speeds to
an expander vent, wherein the partial output de Laval nozzle is configured such that the choke
area and higher speed regions are missing;

wherein the expander vent feeds flow to a chamber capable of leading flow without a
choke area to an annulus capable of receiving and accelerating locally subsonic flow to locally
supersonic speed without a choke area;

wherein the annulus is capable of leading flow to an expander rotor capable of
decelerating locally supersonic flow to locally subsonic speed without a choke area and reduced
temperature; and

an expander shaft capable of driving loads with high energy removed from combustion

products by the rotor.
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16. The ramjet engine according to claim 15 wherein each of the compressor, the

ramjet, and the expander has a housing capable of being fastened together to form one housing.

17. The ramjet engine according to claim 15 wherein each of the compressor, the

ramjet, and the expander has a housing capable of being attached to a common frame.

18. The apparatus according to claim 9 further comprising:

a circular ring disposed beyond outer blade edge radius of the blades and operably
associated with the rotor, wherein the circular ring comprises at least one of fiber mat, porous
material, or metal mesh and comprises small flow channels, such that during operation air or gas
flow is capable of passing between the structural blades and flowing through the ring; and

an annular space inside the rotor between the outer blade edge radius and the ring.

19. The apparatus according to claim 9 comprising:
carbon fiber windings disposed circumferentially around the outer blade edges, wherein
the winding is capable of permitting radial air or gas flow to pass from between the blades to the

annulus at subsonic speeds relative to the rotor.
20. The apparatus according to claim 9 wherein additional blades are attached to the

shaft between the structural blades and comprise PAN carbon fiber tow pressed together and

coated or infiltrated with metals or ceramics to form a bonded sheet.
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