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present invention relates to an engine and specifically to an engine having a

rotating 5 assenbly conprising a co-rotating conpressor and
conpressor-driving nozzle wheel enclosed wthin a non-rotating outer casing,
thus defining a rotating spERESE CONRAMBE NoAzipENe@Rrent i onal turbine engi ne
10, depicted in Figure 1, one or nbre non-rotating conbustion chanbers 12 are
found between a conpressor 14 and a turbine 16. Conpressor rotor 18 and

t ur bi ne whegl 2 AN A GEEREDRE dPrde fRPAOKOt ating shaft 22. During operation
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25  moderate temperature and velocity and limiting the rate of rotation of the turbine wheel. This
results in low efficiency and a limited power output.

A number of turbineless engines been designed overcoming the limitations imposed by
the use of a turbine, see U.S. patents 2,465,856, 2,499,863, 2,594,629, 3,200,588, and
6,295,802. All these turbineless engines have a plurality of combustion chambers, rigidly

30  arrayed about a power shaft, having nozzles directed substantially perpendicularly to the power

shaft. Exhaust exiting from the combustion chambers through the nozzies drives the combustion



rotating nozzles strikes a turbine is reduced. To this end, a conbustion
chanber and nozzles are allowed to rotate as a result of gases escaping
t hrough the nozzl es. Sinultaneously, the gas escaping fromthe nozzles
i npacts the turbine blades, turning a turbine wheel in a direction
opposi t e twe 2di4mexssi on whi ch the combusti on chanber anpcrnzadsesossot at e.
Torque is extracted 10 fromboth rotations. The primry di sadvant age of
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None of the alternative turbine engines described above presents a solution to the inherent
thermodynamic inefficiency of the turbine engine.
30 In U.S. 6,272,844 and U.S. 6,460,343, one related to the other, are taught turbine engines

without inlet turbine stators to reduce the inlet pressure drop. In these engines a vortex is created



conprising: a. a rotating assenbly including a prinmary conpressor, an inner
casing and a 15 conpressor-driving nozzle wheel; b. an outer casing,
enclosing the rotating assenbly so that at |east one conmbustion chanber is
defined in the space between the primary conpressor, the inner casing, the
conpr essorwdréniossgsmozzl e wheel and the outer casing, PRSNG0S
characterized in that the outer casing does not rotate with the rotating
assenbly. According to a feature of-8he present invention the at |east one
conbustion chanber is 20 substantially a single annul ar conbustion

chanber . ivAeetosfdhagnipeessor foetdet five by fdditpea pridsiestaton at erdoinpressoheutishdinise f urt her
conprises a. conbustion . chanber, conpressaor. | s : her. In
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bet ween thEne3EspegRllY Brior a1t SFRIRT “§5t he non-rotating outer casing and
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casing In sone _enbodi nents _of the present invention, through the WO
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the conmbust i OR. SRS the ehM@! MYtht CrdedtUinkéiibn theré @atprveiedfant Biginpr esent
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air inthe swirler, the pressure is further reduced. The present invention
avoi d arfabssgirlly asmglesnmar colustionghaabehst anti al |y naintaining an 15
ai 111 oW VO teXeRFANGSd M GOWRT BRSAI iAOHG: Ackbatinng GoRtkst O
chanmber and thr ough a nozzle wheel. Anaqt he{l o!{ies dvant a ed.of theht eachi ngs
of U S. eopbystionshamper cpmpressonigothy #3mpustiph 4pamaeh Jp i STREUPERY 850 %
gener at eQoﬁﬁusﬁp§Mﬂaﬁﬂb@*cofr@kss@ﬂh&ucfe@ﬁ plaraBIdf s fifaciedto hompereasy ai rfl ow.

This results in a relati vel}( | ow vortex angul ar, vel ociji tf\(mﬁlt .tli'l t ur bi ne
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25  substantially annular flame holder disposed within the combustion chamber.

According to a feature of the present inveniion, the engine further comprises a
substantially tubular element surrounding the inner casing, wherein a leading edge of the tubular
element is positioned aft of the primary compressor so as to divide airflow from the primary
compressor into an outer airflow and an inner airflow, wherein the outer airflow is between the

30 tubular element and the non-rotating outer casing and wherein the inner airflow is between the

tubular element and the inner casing In some embodiments of the present invention, through the



20 In contrast, according to the teachings of the persent invention, the
entire airflow from the conpressor nmakes up the airflow vortex, so that
the angul ar velocity of the vortex is substantially simlar to the angul ar
velocity of the nozzle wheel. As still further disadvantage of the

t eachi ngs wb 2084803387 272, 844 and U. S. 6, 460, 343 i s tharctheososasst or,
being stationary, creates pressure drops due to vortex / stationary

envel ope 25 friction. In an engine offthe present invention under certain
operating conditions an axial backflow can occur. Axial backflowis also
known to cobstmtidlly wbiler elengi mes perfosations akiptieg icomyasicationriisireen dhginiers wher e
swrls are. rgongn&%edutér% norease air / fuel mxing efficiency. Wen axi al
backf | ow SEEUT &2 RO G Trom the aft section of the combustor flows

forwards. To cAuntdig @xifedtur86f thaplefdnbinyertibe rtiee ¢rgina lfighepeayprised reetuy di ng to
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t he corrbustfl on chanberl, t he conbustion chanber conpressor configured to
count er act®T AXPHMAHLERPEER i n t he combustion chamber. According to a feature
of the present Atdvvdiing th @featufcofeliEpessit irvantdh b aitatiag apetdg of an mglnémfdlses c. at
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conbust i orPUEstafBEieNtan m@‘é‘?ﬂhﬁ aérr?ﬂa’ﬁ r&@)’%‘&‘% "ﬁ‘@ ‘ii/ji ‘ﬁﬁ{‘ﬁ\%
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conbusti on chapper conpressor hody encasing .the, c ustion cha
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about the axis ﬁg{eferably symmetrically within each 15 circle) where each
circle i ndlGdR¥MSt | east two, preferably nore than two bl ades. Conbustion
engi nes, especiAabihar dlﬁﬂ%tag@eirmé itagmﬁgs ch‘itgb 6.eThHerandIes, 6,660.3A iptaduce
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25  friction.

In an engine of the present invention under certain operating conditions an axial
backflow can occur. Axial backflow is also known to occur in other engines, for example in gas
turbine engines where swirls are generated to increase air / fuel mixing efficiency. When axial
backflow occurs, hot air from the aft section of the combustor flows forwards. To counter axial

30  backflow, there is also provided according to the teachings of the present invention an engine

comprising: a. a combustion chamber having an axis; and b. a combustion chamber compressor,



25 conbustible m xture by conbining exhaust, fuel and air in a first region
of the engine; and b. burning the conbustible m xture in the conbustion
chanber; wherein the exhaust is taken from a second region of the engine
that has a higher static pressure than that of the first region. Turbines
bl ades of wormi4nessengi nes are exposed to high centrifupatmsbosesrsand as a
result often break at the base due to creep at high tenperatures. The
preferred prior art nethod of 30 injécting a cooling fluid through turbine
bl ades fashi oned with special cooling channels is expensive. Centrifugal
stress i scakiab wathpandbladiaily mwakls dtont He cvebrdtien \whaeter, dhe spmensgemehagibert he WO
2004/ 003357 PCTI1L2003/.000434 -6 sent 1 nventi I ject and in fact a
gener al pF%r%gﬁ?réﬂﬁtg%‘ﬁetdg? 8%1"%8%0'[035‘%&% eVl lgghse cﬁ%\b‘%ﬁcg’d %a%r%o}t ating wheel with
bl ades (her ei nAdcefdater dth featumsofahd bastatl invettiat ithegcontbesgion . charhes compresser i s al so

provi ded accqrding to the teachings . of the pr nt _inventiqn a: od of
cool i ng a”'lﬁﬁlaﬁ‘e oot lgast B‘F%&?Hﬁ“ﬁgﬂf‘ zig"’lnﬁ’ r Wé?spoéﬁagg ﬁ%ﬁ’cﬁ(gg?uﬁgmtaglrsg‘l&%% end of
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one chanfIPPIESRA bRy SRFATIRA S COvdSSA PePmPEssF &P ng a cooling fluid into
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energing fromthe channel through the outlet at.th bl ade base tp b
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cooling fluid fromthe outlet, the pressure of. t copl i.ng .li qui.d _ener gi ng
Chroudt ¢ REmethamgen i savisdngrier At g A of e cPRRPUES iR sl

posi t i onegtaitnmk dRcltad G aRERlantiAl9 tublkABRh IR st R S tomfreshredle encagimpr essor

as descri bed hereinabove. Accorﬂie%g to a feature of the present invention,
t he bl adedherconbistipg chabey comgressor | e wheel or a turbine, and the blade is

a nozzl e wheel AbloaGE: &Y 2 Featutt B A€ pRkad @nventibh the SqEuitionedhymbiaompdisog to a
feature of the present invention, centrifug;

al forces are .used.to tranport
cool i ng f Plaies BHBFYEHEG PIEATIORCI5IE PRAYT e 3Rl (ye I&E’ iSﬂgmatB&f’i'Y&f“thtﬂheé“‘b| ade
bei ng 1600l.8ele) Whes cabh eirbhe iRddtct 8aGBQF0,Prdf@ IO oRfthah tirbbladsbl ade cooling in
which a rotatiing bladed . disc is atflached to a rqtatin tur%%ggjgg&geel. The

effect is thatCemppsten speings gspeeiallyghosgjoperpiingdtiiied ICBBCTa IR, &

transpor t gdadshdtdH ¥ted RATHATES phAREFENGE cinflsibhd) neOfetod &F Pedicing Ssuthur bi ne
bl ade. The cool "air envel opes and cool s theglgsggffecti VE}(tur_bi ne bl ade.
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doubt f ul  tihatonitheidC AR IS pREest kowd i R, #ds Shralst rdinjb&iohOThaprefettedcr i bed.
The primary problemw th such_ a solution problemis that ai egte ing the

i nl et L0of nicted o sxhayslepiestiqryios pyy ABAINSPLADS Pigsep) Bvengion s 312134§a°tit at b e to

flow thr Olégﬁtstahﬁdiﬁlaﬁ%ﬂ@%ra@fégt BARS @Rine] Vel @bretih @ Ie@obthtROpredirk @loser to
(designated 44 in US, 6

272,844). This is a result of,  the fact that since
the air atihg fes thenelurther frem theernemer tedhus ﬁlé"r%fsa%i?"cprﬁ?’lg§£ﬁ‘f‘°8%'% tlf’htge
vicinity efachif® bMhRt Sredefit ink&iH ik Rarenkife hetind b coMbeSisn lcRaniber tWhereidud | et s.
In fact, under such condijtions hot a'&l radi al | %f'f rom.t he

It r-wll flo ]
per i pher y kugengl fush gachalr ip Rapefs & et %@(\ié’\%sreﬁ%%’t‘g #8" SIISIF OV h&n¥SH F ng, the
30 t urdsi neoRb@dBE mixture by combining exhaust, fuel and air in a first region of the engine; and b.

burning the combustible mixture in the combustion chamber; wherein the exhaust is taken from
a second region of the engine that has a higher static pressure than that of the first region.
Turbines blades of turbine engines are exposed to high centrifugal stress and as a result
often break at the base due to creep at high temperatures. The preferred prior art method of
30 injecting a cooling fluid through turbine blades fashioned with special cooling channels is

expensive. Centrifugal stress is also a problem to which the nozzle wheel of an engine of the



WO 2004/ 003357 -7 PCT/ 1L2003/ 000434 There is also provided according to the
teachi ngs of the present invention a nmethod of producing torque by: a)
providing a vortex of a fluid rotating at a first angular velocity about an
axis; b) directing fluid fromthe vortex through at | east one nozzle, the
nozzl e rotwbi2ny/00335A shaft at a second angul ar vel oci pgT/EROBIGBE axi s;

and c) extracting the torque fromthe shaft. 5 According to a feature of
the present invention, the first angut@r velocity and the second angul ar
velocity are substanti ally equal. According to a further feature of the
present i npreseni igventiorie subipct aad il Beterasheslguoblint dncounteraion othertdavicasdiagug er

casi ng. Thl% a‘ta’m hy l%vth% 9 I grgmr errgadionﬁ tb?ad%&'?ot?&lg %Jﬂ Q}g%hl%f th%rlgqs g sent
nd §f e an

i nvention ¢ing Vortex  of
conpr essedpravxdedranbca'ﬂmgg) m teaclﬁngs :af tlmrpgashﬂnnveﬁlon@ﬂe}hdb@ cadjiogt blede aka s; b.

mxing a c stible f eco fuel

W thin the%nég?tr%%tmgyhc‘g {;aeﬁ%q[tﬁéh rfn“h aﬁ?/at%nﬁ f)ﬁlfor]iligﬁggff’rom%ﬁﬁ vortex
t hr oughS at prbeidist aiost srezalisantially hmammielarotwh@mtmtye enatimg akig fitie afeast osecond
angul ar vel.oci about .t he, ax ext.racti.n h or fromthe
Shart - Accomeh i e s BrteobiesZihbR hydte s SRES R R g o
vel ocity aintkt;tdne csagafits thi TodlingUludd eni@liag bk the ehagndd Shrauphi thd buytleesprad .
Accordi ng a%ab?fur her feature of the present invention the vortex of air

i s enclose ¥R P8CHY#H: rot ati ng outer casing. According to a still
further feat umeoﬁfar b iR repferd iy eFfvi@B) bspevially iEcav@vile thepreseire aathedtieby a

conpressor, rot tlng about is.at .the seco nd, angul ar vel ocity.
20 BRI BB DRI O P PRCE SPLTE PG RPROHE PO Mhehe P UEsth Phed, by
way of exapgelify mﬂl&emmm@tmwgﬁmmﬁem nio?@seda@qm@aqwsmge-ﬁkb@mgﬁmu\her ei n:

FIG 1 (prior, art a largely cross-sectiopal iction of a, conv nti onal
t ur bi ne enpfsHigned gﬂF‘ ts %rrf'g%m o acg%bugt@w%@er CHRPPEDS Hndegirieg by

t ur boj et ]glmélaﬁabammcedrdla@ a@%aﬁﬂ?@bﬂme anFEe@Em%xEtlﬁmpmemaéd iofmeg;}vlém m@w ng
rotating fue nj ectors that are qQf the ers

| argel y cr Bl %Ijtf'f’fBF\&I mﬂ’ért?r apg dﬂ’Pgl[ad‘F 12 cHFHESY e&'nplé'lllf‘aﬁbérmﬁnea 1f“@r boj et
enbodi mgntregfecm]yCI:N engi ne of the present | nvent| on; FIG 2B is a
Iongltudl nal sectl n of r ot Eng@assenbl Bﬁ GigbOdl nment .of an OCN
engi ne; 30 FI GA8 ’é‘géc'? ?afi tag %“%E‘&?‘%“B‘hélmt B PP HYsed REHBE i on
chanber of cnndGhd &ﬁ&giﬁi@ﬁoxhahﬂ dﬁget%loﬁgb%aﬁlﬁgkdgb afmsbmeaaeh@@ameﬁ at the

di ffuser / conhustion chanber interf

PCT/ | L2003/ 000452 173843, tqaghey al‘%‘iﬂbf)éll‘% %V\g‘aé%?"ih&%a} Whlé‘biaé?tPtB’ﬁ Rigded,
combust i ondisdigalehedio adbraiXgNdRg iwhee!. THetdifeétils il oationfolf @Rodl@lrdein wad

exhaust.reinjection; FIG is a transverse craoss-section. of %I engi ne
depi ct ?(}l ?’?fﬂﬁg% r@ﬁpo&‘tﬁ%ﬁﬁ h a passages to emerge mqfront of a respective turgine blade. 9

The cool air envelopes and cools the respective turbine blade. Despite a superficial similarity to
the present invention, it is highly doubtful that the teachings of U.S. 6,272,844 shall function as
described.
The primary problem with such a solution problem is that air entering the inlets of the
25  passages (designated 40 in U.S. 6,272,844) is unable to flow through the passages and emerge
through the cooling outlets (designated 44 in U.S. 6,272,844). This is a result of the fact that
since the air at the inlet is not centrifuged, the static pressure in the vicinity of the inlets is
lower than the static pressure in the outlets. In fact, under such conditions hot air will flow
radially from the periphery of the turbine towards the axis heating, rather than cooling, the
30  turbine blades.



conpressor; 5 FIG 6A is an axial cross section of a conpressor-driving
nozzl e wheel depicting three nozzle wheel blades, two nozzles and an

i npl enentation of the blade cooling nethod of the present invention; FIG
6B depicts, in cross section in a cylindrical plane that is coaxial with
t he axis of0oam4/ 0038 engi ne, details of the cooling of ptEnhes®@bs a bl ade
of a conpressor-driving 10 nozzle wheel according to the nethod of the
present invention; FIG 7 is a |argel/y cross-sectional depiction of an
embodi nent of a turboshaft embodi ment of an OCN engi ne having a
free-nozzl e wheed istabo grovided adnerdir@ad the FdaGhing dof ¢hegprepemtspeptioneemethedwiof a

schemati c iction of, a ra tatin S i gured for
parti al b‘%f“g%%%’f‘ﬂ”e ]i%a]:‘i’r@fl gavorgexloir ﬁn@r%at ggyge {}l ﬁ{ﬁhogﬁ%%gotqfdgn of an
enbodi menkisof) mrettmgﬁmicaﬂomehﬂ)ﬂdﬂemﬂﬂbu@fat &lastmlnen@ fte; noariel rdEdtidg 011@ is a

ermbod MeRESIoR * SOURBANGRE" SO0 CRTRIE B DA BHCREE T RWENT! O The

engi ng of t heagoekRNb a fauens tmpresentain&nmt e fizse shegular teoditn gndcthe edeartdi Ng

assenbly conprising a,co-rotatin d no e wheel encl osed
within a &H%H?FI PEIeD; ‘ﬁ%‘gsudﬂf‘%‘?l Y ek %@m %&‘ﬁeﬁ {6 ?Se’ﬁtgmveﬁ}ﬁ%ust i on
chanber . i@l vaaex zsbﬁbl&mﬁ}aﬁhn&:prothhhg)dsmarchsu{gur bi nes | n the engine of the

present invention there js_no turbine wheel d torqu gene using a
25 rotating nb¥sHis a&ﬂ@@"lde‘éﬁ‘do’iﬁl@ééﬁg@ %ﬁﬂ@sﬁ%@%@d?‘?ﬂ??{‘ %"’\‘7{5‘?‘5 ‘gtg of air
rotating pkag@hd@rquiby: . gehaemrgd.t@hw@caﬁ@eﬁﬁbch ¥ir roketmﬁg engfisemaflartveleigr esent

|nvent|on|s called an orbltln tion noz (%:lm\li S‘P The

pri ncilpl BOU AR &r MG IGfmbLs % coﬁleff’ésre a’ﬁgc g gﬁ"%svg

i nvent i ofhdWRiytex; e dd@tih@sir Héh%rl:@'ttﬁé)ﬂlrﬂ\yhé Hoh&lﬁﬂc@tﬂﬁﬂnédghtah&aﬁﬂbﬁ&m@l@, and t he
acconpanyi ng description. In th raw n | i ke ref

1ces desi gnat e
equi val emewfgowgae&b%%w%ﬂau a5 ¥Riost GB%’EH“’A"“LS %cﬁa? & t&%%$I mting,
enbodi mengrq@f franmesinengi ne 40 is schematical 'y depict ed in Figure 2. Th| S
depi cti on, and ot her depictions belaow, are primari i.n.cro section.

will be cl eafciopingfe aferogh higPaiea e gh il ﬁn%rl@%"fé?%*aa T ey (for
exanpise %%ula?'v@l%@it}&zd suBkt@ntRANY equed B Ple€dr@fl fora faftiRs &aﬁ@&éﬂtﬁ@prem\inﬁdilgdnne 40 is
anal ogous_ to a prior art turbojet eng

ine such as 5 turbine en@
depi ct ed thevaey of @ir fs englosgg Y"Hh‘fir"’l P-rSipting QIS5 AR AYFHERE Iy rfﬂ%‘ﬁre 40 has
a conpr esHk of tedbhed iRRRIS lieORbrieh aRBEraK® by HOWRPRESsOr Wsthtinkeabbutri ne
engl ne 10 where non- rotating termnal stator vanes 24 direct corrpressed

air fromveﬁ?ﬁﬁxéssaéws%ﬂndc%lg@%%ﬁ on chanbers 12, in an OCN engi ne such as
40 air is directed fromconpressor 42 to conbustion chanber 46 by rotating
di ffuser bI ades 44 Further unI I ke conbustion chanber 12 of of turbine 10
engi i 1ERIEBPESCRIPIION DL LT DRAWINGEH N engine 40 is a rotating combustion

chamber . COW%bShiv@fﬁmﬁ h@ﬁ‘a@m d’e@cri%d ANwenef Bl bsty,0efh céfedndenodrd ai | in
Figure 2A. Further, instead  of a turbine 16, torque to drive conpressor 42

is pr odu@é@WPﬁnﬁ‘%ﬁ‘ﬁ%n&Se‘é’P‘?rﬁﬁ 48 using a

FIG. 1 (prior art) is a largely cross-sectional depiction of a conventional turbine engine;

FIG. 2 is a largely cross-sectional depiction of a turbojet embodiment of an OCN engine
25 of the present invention having rotating fuel injectors that are part of the flame holders;
FIG. 2A is largely cross-sectional depiction of the combustion chamber of a turbojet
embodiment of an OCN engine of the present invention;
FIG. 2B is a longitudinal section of a rotating assembly of an embodiment of an OCN
engine;
30 FIG. 3 is a largely cross-sectional depiction of a combustion chamber of an OCN engine

having static fuel injectors located at the diffuser / combustion chamber interface;



conpressor-driving nozzle wheel 50. Defining the axis of engine 40 is
rotating shaft 52. OCN engine 40 has a rotating 15 assenbly 54 (see Figure
2B) including rotating shaft 52 to which are connected axial stage
conpressor rotors 64, conpressor inpeller 68, flame hol ders 58, inner
casi ng 60 wodoo4messpr essor - dri vi ng nozzl e wheel 50. |n pora.2esmosizaent s of
an OCN engi ne, sone elenents of rotating assenbly 54 are not directly
attached to rotating shaft 52, but ra8her indirectly attached, for

exanpl e, through inner casing 60. Significantly, during operation of OCN

engi ne 20 40, k!4 BandrselPérodsQbdibhdl Gepsise o1 donfbhstiontcRirsbentt 4 Qe ermginee
angul ar vel oci tﬁl about the axis of e 40. I n sone enbodi nents of an

OCN engi ne ot HEfh 28apuks Tanef @ﬁ%ﬁ?%e%%?raw;aﬁ%rt of a corresponding
rotating assemhys; isRataiveRE cRESREH B RAOCN Pika 86fcting adoMbiBtibOiAMbig out er
casing 62. It is inmportant to note that the 1 nner surface of stationary
out er casi ng GRMPEsSOFonsi dered as a part of conbustion- chanber 46. 25

Conpresgsor Jus#gags & aWéxﬁ[ cx@Estseétiéﬁ BE B%Iﬁﬁ?%é}%ﬁﬁﬁhw%ﬁe Wisel adpiddliesegi ne
made in accordance with teachi ngs of the present invention_ h s a

conpressor. A @@%@w@éﬁpﬁe@fmaﬁ@@ﬁ@@@@uuﬁé‘emﬂm‘@aﬁﬂﬁm &PPYnE AP # to
prior art conpge &ﬁﬁn& |s of any type comnmonly used in turbine engines,
such as a centritugal W conpressor, an axial-flow conpressor, or a dual
axi al 30 cent rFIﬁu@Baqiepiqtsow ceshrrckansia B cyindeca alranthake sorsfl Wik thy ¥ 81 A8
conpressor co 186 the WBhHmgKSTONE bhR GNE bRl bt 8 LolnPrebbLddidg and
rooHs ot b 0 O L e O L e 24 - 10
An i mdér t ant diorlewhast eccordipgiatbe methed ofdkapresshgResiois of prior art turbine
engines  such @gg %Olsagfﬁﬁ%wp&@sﬁ&‘hgﬁ? d%ﬁmﬁdh QEJélne&Stso'aﬁnén? of NAkurbdinan OCN

engi ne there i's no st st at i s discussed hereinbelowin
the section ramdwntﬁmﬁéwgmmb@rngamn%ﬁ@eh@ dripe e dafles 2 i s

equi pped with g pae}g%, ERRL ok § UGahatRUIRERHSR e rdiingsbly\ of GRNAXI 2l
conpressor rotor sy%f g({tlgr%\%r?es%l%G %nglgﬂ cent ralrf ué%glsasl rrpgﬁger 68. It is
i mportant to nogie towiguicd fos prrtialadbisetent s of t he present invention, an
engi ngsi s eq BicARE aG 2B B 9 - ertldRREOTE 2 fibgtRT® cases
a conglrsessor u@@?ﬁ@%\ﬁﬁ%w %@ﬁehg?ne&zo |£s referred to é)s aa primary
conpr essor. RotlﬁIOﬂmganfaﬂ@s?éPenm'meRndor art turbine engines such as 10 have
an axial air flhew jhhioligh ecf}p RIS kR %apﬁaﬁgﬁﬁsof 4 embBBmEMNG b AfkbGHrop
non-rotating ternina stator vanes 24 mak Ing up a stationary diffuser stage
is to receive emboditrenifenMeMNesngve. rotor 14, axialize the airflow and
convert velocity to static pressure. In a prior art turbine engi nes such
as 10 air typ| caIIy enters the diffusion stage with a velocity of 400

m sec 2ind DETA] SORIEATON OFi KHE INVEIWNIZAY t he ef fect of non-rotating
termnal 15 st ”fﬁe ncﬁ’sthgﬁretsé?lt vielcact tk ?Jter?z@@ 4 h4fnd"h S6Gting! kst aki ng
| eads to a 5% - oss I npr essor ?r Iciency. In contrast, in an OCN

engi ne ai rcommlmgl engo tdwémg@nmmsqsprowdm%aheﬁtlreavlewdu Witlin ¢ SPR-ERANG8EE t he

e[‘g' e axi Fund a0 iR drotafifly ESMNuGRA AL BficB O cBRME: 18 pRbadkd fbaky idli T T user
sta
J° the engine of the present invention there is no turbine wheel and torque is generated using a

25  rotating nozzle wheel, and because combustion occurs in a vortex of air rotating together with
the rotating assembly, the engine of the present invention is called an orbiting combustion
nozzle (OCN) engine.

The principles and operation of an OCN engine according to the present invention may
be better understood with reference to the drawings and the accompanying description. In the

30  drawings, like references designate equivalent parts



but a rotating diffuser stage. In an OCN engine the rotating diffuser
directs the air flow exiting 20 the conpressor towards the conbustion
chanber and converts relative velocity to static pressure. However, the
airflow vortex is not danped, but is rather preferably enhanced. In a nost
si npl e enbWoi2nen335T he di ffuser stage of an OCN engi nersrrnbmmbidad | y

i ncludes rotating diffuser blades as extensions of the blades of the
terminal conpressor rotor or inpeller%-The shape of the chanber wherein
the diffuser blades rotate is such that rotation of 25 the vortex of air
exiting a corr esiypicdl nap-lgitipg, esbadimempin @CNieagioe 46 tsetthmatilladapiztdden ,

towards the c st,i an. cha r. Further, due to the reduction_in, airflow
vel'oci ty +HEHE Quatls Sormishy PRt dHpibe bolons SR HpHE Taicrrh eavoh g B oy i ¢
pressure ofledr i ttei folibvaing dcussion @BR depidiéd derhdn® (fart &binpla alr siowOsM Ateutvt of t he
gas vortex,is e]%}Snserved_or %\Ne/n enhanced, As the vel ocir\%i of the air in an
OCN engi ned9PEteddn Stpss spction: QGN) enefts V4 aralqggUsyara eior eff dush@ietuging sybd§ct i on
i's | ow,5 f ofurtineamipine 18 Qepidtalh #Roket 1. AQQith PiGraet tiibBle 3hiiNed, WENQE(iNe/J0 HaOa 100
m sec due to decelaration fhrough the diffuser, Jleading to a nere 2%/ oss
of conpr es%‘ﬁ%’i’r“é?OFi“Eiaéﬁé;??le% b sHow e LEidisgarbms chgas &W’EFé?)P?Pf ed in
Figure 2 apetihg tdrinBidl ©adb vare®Ratdired dinbress® hir HoAf 88mptdssef 146N RibgitRE 40
are si nplyhlg‘k%m cal, extensions of the blades of centrifugal inpeller 68.

Rotating df'Fhgei2Hn4a N snping fhchrs 40 ahds diseist! ifomatormpBTER A 1A SIoRH gas
vortex entghinBé 460k abthily GRARBUHdeON. CRBRD 8hlke46mBistieHaBerA0 of & thRBingt | N
Conmbust j on Chanber There exi st many conbusti on chanber configurations for
prior &'t egEsi e cembysHes chambends o FrEIeelD s KRG LAOMPRRTOL KhAwbER i s
subst ant i abbyimBrOdhafber 46 b 4b ¥REpERIRHGIION FigaRAI0 Furthi §hfeall NE

gases travel in a vortex about the central axis of the engine itself.
However, @i fdwbingdo6gimqueotor drive ragmareessr ¢ tih PEddueed op ttprang-sectivnedSs ayive angul ar

vel oci ty agulR&sdrARPmE 38R ewehi®o10 diffuser and the conpressor-driving
nozzl e wheel, in the rotating assenbly frane of reference the conbustion

chanber is an &efiamsfthewxis phengienblist oG Prafb®: OGN eoginc H0 hasea Eakating
vel oci 1y hsSenttd) 34 (368 Bguk¥hY i%l%ﬁé ]f‘cﬂaéihg % 3R Wb YreAWREheS il SBE) -

Structural l'y a conbustion chanber © engi ne, for exanple conbustion
chamber 46cQfPragen woigs 194, sompressprc irenelien68-i Bamee holders | 38, Junsstoasing 49 |apda
singl & annuuglesSHARPRE norR WIRE! S Hh R LObGHih s HSAVEN Yneatt, f&ﬂ{i eldienisNner

surface of non-rotating outer casing 62. During operation of OCN engine 40,
ai r propel viewtatige pgsEmblyny aF mpudiesctiy péaghesi WArofagng shafedP. wut rattey gldirgqtlym

rotating igj 0 ' ) ] . L . )
primary zognuga%g’rfoiggﬁgn st :fﬂcr)ér}%flslﬁgl 8{)%%&%36 g§@$fg1. o }?%%rh%@?re ‘}ﬁ‘gﬁ?ggﬁ‘g&%{é\
gener aZ{ ngdt aH pavy ehoisting assembly 54 frptairevithalle Ringcingelat vadcitFabiut thyjaistadrs A

first pref I i L0i - i i
toget hor - H38he BbddindiAften DR cobfl GiLREme BrRnthILERE AR AT |
Fi gures 2, craspanding Botalingr sssandbatRotging mpsemblyr ¥t is7encesed OCH wngotrég@itar e part
of rotati ngefl 4 il fekRao fhieSHRONE iBlcPUGHRE be!DRRP il Blnd o fue!
n OCN e the air 0

injectors in ngine is in the area 25 where vort ex
exits the easiderphe aaftfol sembusiimnehahter éonbust i on chanber, as depicted in

25  Compressor
Just as a prior art turbine engine such as 10, an OCN engine made in accordance with

the teachings of the present invention has a compressor. A compressor of an OCN engine is
substantially similar to prior art compressors and is of any type commonly used in turbine
engines, such as a centrifugal flow compressor, an axial-flow compressor or a dual axial-
30  centrifugal-flow compressor. The advantages of the various compressor configurations are

well-known to one skilled in the art and needs not be discussed hereinfurther.



Figure 3 for conbustion chanber 47. The vortex at the diffuser / conbustion
chanber interface is an effective pre-mx zone allowing the creation of a
honogenous fuel / air mxture. Such honogenous dispersion allows for the
conmbustion of lean mxtures with relatively Iow NOx em ssion. 30 Rotating
Fuel | nj ecwonrsnn@32004/ 003357 PCT/ 1 L2003/ 000434 -12 | npCEN.2em3@00384 40
depicted in Figures 2, 2A and 2B fuel is directed through fuel channels 76
runni ng through rotating shaft 52 to-ldtating injectors 74, energing into
conmbusti on chanber 46 through rotating flanme hol ders 58. OCN engi nes

equi pped with Anrintp@tthmgﬁffan@me;tlmmvearlst\mmeombﬂcgsonmﬂf@rimarpacbmet h@inem\l

engi nes _egy th stati,g i.n njectors are
used, hi gh* fbrggg(gﬁlﬁecqnﬁjeﬁsmﬁ 4%15{ %&gkoeﬁﬁlg%ése@d@a{? ﬁnyﬁlﬂﬁne x| s a%f‘gﬁl from
t he i nj ecttaio24bYhie ianlt fsidfstigadd Heminbelow St thé bectidrieltidgth @etdiffiserAl t hough OCN

engi ne 40 depi d in es 2..2A an icted.as havin otating
Cnectors 74" Gt el A iavEEA I o S BREGe RS ERPIEY b

i nj ect 6r Sha]zﬂa@,twa&lal:b&npleﬂbﬂbﬁﬂs G4nstdcdryificd 68 and dcehrir@itpaEimpelles 68lepi ct ed a
conmbustion ch rrber 47 of an OCN en |n i m I ar to copbustion chanber 46
depicted in Fltglﬁrnapci‘?\m g Hetedhal i somg B‘f SPEEhGYEHY 2P 678G Ry f uel

i nj ect or seqafpped Wil MERAANohE cSifiitbssdr. THeRNoré, fi&iﬁﬁie&ﬁé%s 4 4bpr&k @l duh Ashpegt ors 74b
ener ge |n£)8¥ conb stian chanber 47 at the diffuser / combustion chanber

i nt er f acePCNSE A On‘F%??Tbe &9 asf Rring QmpLFasor. njected through static injectors
74b is I’T’DRﬁatﬁfgﬁ)lﬁﬁg@f\t than the mxing of air with fuel injected through
rotati 69 injectors 74 due to the airflow vortex inside conbustion chanber

rel atiit¥e to t REOGHLpTHe cpines;syrhsas 10 have o pdalgjr flopthopghsombpstions hapbers  74b

are prefefs qde fdﬂl‘:ndﬂsﬁ nblﬂro‘iattﬁg &&mmmeda%ﬁe@% HﬁkﬁhQGp L%ﬁ&la@m%@
chanbers. Rotating Flane Holders 20 In l%ne 40 depicted in Figures 2,

2A and 2BiSde Tefeive aig JromncammRsEns Fotemlde nﬁﬁ!ﬁe the OH’ef’é‘ii(fP@GrﬁVﬁloiﬂFYth (Sgatig |
prinary zgoQseahe Henst ﬁ&lﬁﬂe éh%in@gsuﬁlpésaﬂ)' mq{ﬁléa@% t@@lt@ecﬁﬁus%% staRO4/Af b NY
ro

flame hol ders 58 are consi eredneg)art of ting assenbly 54. "I n sone

enbodi mentedocsy o misernd dsslpwedrreny by difiision ped te gEech pErPCISipting tBBHAl ot at | ng

fl ane 150l gg6SvdB0hq Q?Q'v%&@) ofeébB&Oﬂ%erH/sécO Thid WrdkineClasis 9 263; - 1% 168834 9n and
pl acement of rotating flanehol ders 58 or non-rotating flanme 25 holders is

known to ¥WreSKrpfis#neh the art. It is noteworthy that the use of flane

hol ders is  unyghatast th mﬁgu%hgl@@mp BAGRE R QmbhitoRicREMRPALRER ARk S
typically found onIy in ram engi nes or in the afterburner of a prior

art turbi #eutethgprene 5. éc‘iﬂf‘é‘flﬁlﬂr"é (@hprsinerdont nesthayema etationany giffiuser stage annul ar

f1ame hol aﬁara&lﬂgsmm e, RRRGA engn@%ra%r@eﬁfmsér RS mefagqlowkxfdﬁg ai |
herei nbel ow. 30 Dilution and Thermal Insulation WO 2004/ 00335
PCT11E900%¢ copagasor tgvards the combustion chamber and converts relative velocity to static

pressure. However, the airflow vortex is not damped, but is rather preferably enhanced.

In a most simple embodiment, the diffuser stage of an OCN engine substantially
includes rotating diffuser blades as extensions of the blades of the terminal compressor rotor or
impeller. The shape of the chamber wherein the diffuser blades rotate is such that rotation of

25  the vortex of air exiting a corresponding compressor impeller is directed, as a vortex, towards
the combustion chamber. Further, due to the reduction in airflow velocity that occurs from the
impeiler through the diffuser, the static pressure of the airflow is increased while the rotational
momentum of the gas vortex is conserved or even enhanced. As the velocity of the air in an
OCN engine is measured relative to rotating parts, the velocity reduction is low, for example

30  from about 200 m/sec (relative velocity) to 100 m/sec due to decelaration through the diffuser,

leading to a mere 2% loss of compressor efficiency.



In an OCN engine, a preferred nethod of exhaust gas dilution is by air
injected into the conbustion chanber through the inner casing or through
both the the inner casing and through the outer casing. |In conbustion
chanbers 46 depicted in Figure 2A and 47 depicted in Figure 3, a certain 5
pr oporti orwof20@i0p336T om conpressor 42 is brought throughCcooabusng4shannel s
such as 78 to energe into conbustion chanber 46 through inner casing air
slots 80. In Figure 2A, cooling channdil 78 is one of a plurality of cooling
channel s through inner casing 60 bringing cool air fromconpressor 42. In
contrast, cool %ﬁgieldﬁaﬁlhéiigw@ ol i Bigha 2bi ronatinghdifflser blades dépf @EM dngdime 46 gure 3
is 10 def} YR I far 1 casi . a ul ar

ci eront 79 TaBo oy B Bigeb R B R Sl 05 RS T

i nner casi#igenbice dhedofational gomémunc ofithe gsadrithar@ing riytingfcombustiomgmmbér st rut s
86a, 86D, ﬁﬁﬁh@gg”%6d' Struts 86a, 86b, 86c and 86d are positioned so as to
define, togeth wth tubular elenment 79, a "conbustion chanber conpressor”
di scusskd Ratatind €tomblistineCimtloel ow. 15 The advant age of dilution air injected

t hr ough i nner qRsLD } nce inne asi ng

air slots. 80 i wofol d. First, [
air slots 80 are totatAY ?onﬁ)lugmp ﬁtj‘a&s:of e Iﬁ’éﬁc’it@f‘%#%ﬂboﬁ aﬁﬁ'gb’%%e@ﬁpﬁ? Erth‘rrent um
and thus @CHsngind, tidi @mbndsiod hiember is Sltewantally axrtexSBeo Achulat HPe eahisletion and
t hus densery,

ajr, .injected. throu i nner._ casij air slots . 80.is carried
out var do. 5y Rl PSS ptelo Bl S8vt SRl Gl RS e ot RO 11 s
ef f ect i vel gneaitheagds wirtek raackbsawit substidlyt e satid shgiarABlosiRt a8 thel cBmbREsor, the

i ntrodycti her ei nabove, priqr art turbi.ne engi.nes wi.th_rotating
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out er Casitlg‘gccnfbluﬁyﬁhhal?fei- Bfan _aml-ftowrthbert@m}wbﬂﬂa&nﬁ_ E@Lnsaml fHe6d swifl leio@lﬂ/ lhOOp
stresses that ultinate imt t xi mal, attainable rotational velocity,
curtaiIindsE%Q%?yhﬂﬁéﬂﬁ?tm%kagﬁFggggggﬁoééﬁ¢bngine does not have 25 outery
casi ng hoop st Besdurally di @atvdios aganiet dfhe Dast chidial fbhexaaipleetos@siidkd of an
OCN engi ne doeﬁ ngé gotate gﬁth égﬁrairf QW orteﬁ so there is flow
friction tYFPEARPYT PENERHE 106 iftcdBistrods. Rsugpantialpe dugs pmulahcliaméeni r 11 ow
vort ex15 FldefinddrbyGbtaiirg a6efblS4 bethcRbkrisit i oo reR@ipatePdasing 62.€Ct i ng ai r
into the conbUﬁ}Lon chanbeg %géou?h peni ngs. in the outer casing to change
the flow at t &3 PPeFRUSH o0 Hfesnefme s0: aF peoRelied Pyuitas Fijtuses bladentd dnt 1 ow.

I n addi ti aQfixedivith ifiy] E&ebtatfy IofcRUON hAAnOWS Phrt AR AR 3BHE TbRlels58. A
maintaining. a therpally insulating air _blanket, Still further, air

i nj ect ed tpiwgﬁ?“? "?%'?“é‘imd%\%rf’%ﬁi irPatnslamerhaliers SBersauating® homognow3 357
PCT/ 1 L2003h0&48Bée] N conbusti on chanbers 46 depicted in Figure 2A and 47
depi ct in Fiqure 3, air is injected through outer casing air slots 82 in
out er ChsildtfeBy” opfrehniacittésed above, such injection, reduces flow friction

between the ai A firktgreframl@uticans pldeefi€lukjediors RSHMEGN adfileSd Sgdthtr Wite or in
uFathg air blanket to protect outer casing

mai nt enance of .a.th 1y ins . t
and dil ut ége %fﬁ’ﬂ@&%f’%‘gﬁgﬁ%hol °F BEIRIEES PdieueH Zndre AndRB WisH; oRERE Injsoiorsqur e 3,
it is seerv4tof @CN dagins h@ge paf ofrhisting MAAE hol@ds §|ce of outer casing 62,

defining the oyter houndary of. conustjon chamber 46 is, in craoss
9 A seton pr&ened%ocation tonBace ﬂ.lelnmjectors in an OCN engine is in the area

25 where the air flow vortex exits the rotating diffuser into the combustion chamber, as depicted in
Figure 3 for combustion chamber 47. The vortex at the diffuser / combustion chamber interface
is an effective pre-mix zone allowing the creation of a homogenous fuel / air mixture. Such
homogenous dispersion allows for the combustion of lean mixtures with relatively low NOy
emission.

30  Rotating Fuel Injectors



section, convex outward. The conve-x outward cross section is effective in
trapping cool air injected through inner casing air slots 80 that is
brought by centrifugal forces to outer casing 10 62. In such a way, a
self-replenishing thermally insulating air blanket is fornmed in order to
prevent ovepoRe&twIsyg? of outer casing 62. |nner Casing rCiAL2b03n00434 Fl anme
Hol der In Figure 4 is depicted a conbustion chanber 49 of an OCN engi ne
similar to conbustion chanber 46 of OBN-engine 40 depicted in Figure 2A
One significant difference is 15 that rotating flanme hol der 58, cooling
channel s 78 andn iOfie engiizes #h depidtagit in Bpures 2,c0Ataud 2Boficlch atitoged gk fidt ed i n

Figure 2A ar e ed wi.th an nul ar. fl.a | der, 84 ip, conbusti,on

Chamber - ag el B H6ifie e ho AR <R S2olIE ook hickites, Pa, AR 08 of &

f1 ame hol dexmbasivn ahahbiri 4pnthefuble cotatiig BhreertinlderisnS8a QN efginesCéquipped withi npl e

yet highly effective conponent. In additjion, annular flange holder 84

al | ows formga%?%%l{elc‘i%s aﬁ%%%”%@ B¢e Ewg@%beﬁﬁnﬁlﬁgﬁqﬁ@ﬁl"QHFZSE?t’S\H’éeé’FOT%O, as

di scusskd Alo,defeairbtatigy igjecte lagvased\tigh-gresshi 3@ padbdae vBdectSsasuishiainki al ly a

t ubul ar stru%”éjre at.t.ached to inngtf%casi ng 60 by a plurality of struts 86.
g

The | eadi " SHGECBECIN AN B SPriieALINee 0| der 84 is aerodynam c so as not to
cause t ur buherieel Bfecerock waves in the airflow vortex. From | eadi ng edge

88 the cross-s i 0 annul fl.ane holder 84 conprises a first leg 90
whi ch ends at 2&%‘?‘@8 (SéN eﬁglﬁ%gétd@ﬂ"tgg 1 %@@F&sé—’j‘s@@t{%ﬁ gq’r’”"é‘%‘irﬂill%i‘f’mgl ame
hol der 84 wntitd MjteBrs24, i OON BanGRCAAGn*RE b dquippad M kiatic ﬁ@ﬁ%ﬁ&@@%@%ti on of
annul aﬁofl%me Hol er 84 is roughly a harpoon or Z-shape. The presence of
annul ar” f | SRE“AS 884 in the airflow vortex divides airflowinto two

di fferent airf oWpuredsfis rdspictoditaeongiubtidnOVaRBEMBE Bf 38 NOCRT enbind Bnillelder 84
and outer ca ini% 6§ ang second i nner airflow between annul ar flame

hol der 84 KRGUURA &pambsy ﬁge%ﬁ‘?d 1 FigBegh OnfesigticpRifferenge jbeing that rotating o\

di verted tfelt fiRcioRN@E rédidctd wh antlc Gl GhjedtblsI148WSiaSc U8RENIEIN cRABeRBRY WO
2004/ 003357 PCT] 1 L2003/ 000434 -15 factors, it _is currently believed that
bet ween 2595LHoB 8Amber 477 the diffiper 4 combustipn dambaiesiBry directed to the

outer & rflow ThbeipkesRncatOhieciShieied®Rirdugh 3R infictold ABBs Reledgfici8d thah t he
airflow ggtgerat_es vol une o air that is relatively slow noving in the

vol. f S .
axi al di r €8¢ MG ALAE SRE hldmptis Hequeh agtatingoinientarsy 74 BKdo 1B Hirfloporsigst i on
chanber 46insidd coRMEREn LRHMHABIaANY iR statib MBI AL TImB 4B RjcdtoR H&Blsi7hy Of

passages or perforations 96 configured so as to allow air to pass fromthe
i nner  ai r fAFONEEAFLIGH e dnfitHeACN engiss hyingdareaeenhvaionchamhsisge with the outer
airflow, espgRGk&d AdMebhe primary zone and in the dilution zones. The

Si ze, ape and distribution of passages or perforations 96 is chosen so as
to al 18 ef fi cleRtNEneiROH! fenigtedfin KIgHIGH 2r 24 £ povellas iggomhystiga| chatatisr t o

al | ow ef f i 47 ®plectedinKFiBgte 3ehinthy tﬂnﬁ@ﬂﬁg&e}éﬂﬁ usig irbPRng fARE hSRES B8 Alo¥aiRPNeS
during conmpustion. In a preferred enbodi ment, not all of the inner airflow

i s al | oned @ heldeyedarg prosidachparee! aiafing wyembly Sbgh seme embadimensmas MW der 84

but 1 at hesngidesSirky iohi Hre RAEhEP RsingSnoalb@MBhR HRSS REYPIGed At end of
annul ar flanme holder 84 for effective coollng of cor?)ressor driving nozzle
wheel 50, W&TardePsdbr fisiicasphplproamenepinsistingflameholders 58 or non-rotating flame

25  holders is known to one skilled in the art. It is noteworthy that the use of flame holders is

unusual in combustion chambers of turbine engines and is typically found only in ramjet
engines or in the afterburner of a prior art turbine engine.

In a preferred embodiment of an OCN engine, an annular flame holder is used. The
annular flame holder is described in detail hereinbelow.

30  Dilution and Thermal Insulation



15 Specifically, depicted in Figure 4 are two types of perforations through
annul ar flane holder 84. The first type of perforations, 96a and 96b are
of a size, shape and direction through annular flanme holder 84 so as to

| eak air frominner airflow substantially parallel to second leg 94. In
such a waywosemaoodsi eg 94 is insulated from heat generetEd.2mg/oduei
conbustion in the 20 primary zone by a filmof air flow ng through
‘perforations 96a and 96b. The second type of perforations, 96¢c and 96d are
of a size, shape and direction through annular flame holder 84 so as to

| eak air from then OGhemgias, afpramradondiatifvf extaudt eastdiletianlis by aiainjdctedwto tad t o

forma thermal Ly insul atin il.m of cool .air, | ontact with and flowing in
baral el "t esmuon e i e fiePcestie B e b B e kB Brvishe oac
and 96d i sthswuothr dakiag. t he dense cool 25 air frominner airflow, that does
not mx with ai.r from.outer, aiff]ow ,Ls..carried centrifuga farces to
The Tnmer sur dheoBRRTbatbs dsBidlsa WrEd bh S fYurp e il iR do ot

r epl eni ShegropsriiGidiakri fivgh @aiptbs@t 42 |sdy@phtithrohgrodbltheahmnels kg ab TR remstgef ace of

outer casinhg 62, as dj sgusse er ei napove for_conbusti on chanber 46
depi ct ed i'r‘i‘gcl'—‘ioﬁ\?fl%‘oﬁf\.a e%égP?gméEFefFf‘sF‘ﬁé“é #80%ecogni zes that when using an

annul ar flame heFiar 22 «6HEE tlabad 78 3Qnb 6f £pIIARG\GE cdd: ERaRdRhrogstRdhent
gener ated per p%Egi,cul ar to the engine axis is close to ideal. In WO

2004/ 00335%SIng b bringeng plagFrOMR9OwESSBAxi nity to nmechanical structure, that

is annul ar flang cBteecodithg VREhnOUYE bf 6ABBURGorOehambilesldpidi inf At i3val Y
cool . w contrast, in the center_ of the Equmary zone the air is hot. Struts
a

86 ar el adfiedives by srargiormedrbeliees inugrgerng ol angra takpdy clsment 79; Rgpulsy clement
subst ant i at9 ¥ dRA¢s8H sloundhlol Ml SoarROWh hﬂa%asm%air 1] i@@gimgfcwfcae&ﬁmﬂb%{yer ably

have an airfoil shape to mnim ze pressure osses. Struts 86 serve four
primary pufopbaess of sthis §6a, 86b, ?ﬁciaﬁﬁ?&ﬁm‘tﬁﬁ% 86k, 38¢ angi86d ge nositianed seesdPal , to

hol d annul adfint) REENPWiBSbRE didheRl 868 “chRBuSiBE LREHRY bdiRrdssdtt dRAREACH Struts
86 is to generatée an insulating blanket of cool air to prevent mgration

of the fl affaifhesrintele®. primary zone to inner casing 60. 10 In an OCN engi ne,
the aigflow vorﬁhe&d‘gsagé FoRSiA AARkatd SRkl fnB EIRUELILE 0l 8ol NElge  the

conbustion chanber thal increases towards the outer casing. One effect of
t hi s gradi @pge ipusr casing eir glaty 8P axsaptatiiznaic bjsdicd thsrethreugh has anguley miparekiuf a9y of hot

exhaust  ai fud BRI b QisREW Ik Hhit tY%vP bortexOTRORE SRE edllidr VA AndilOdenldr AN Gfdoread! ONG

the inner casing, towards the front of thé engine. Thus, the third prinary
pur pose of thiqugh ingerggsipg i gotp B iscagiricp Quivvards bycontéfagal farerg tewarth ouisecaginef | ow

vortex 15 §3 mamiddCy i€ BelcAely HiedWiRBRaGeSOr - driving nozzl e wheel 50 al ong
inner casing 60. A preferred nethod of achieving this is that sone of

st rut s286 Qf@rﬁ?@ged in such a way so as to substantially define a
conpressor in canhis Ihp%ecﬁﬁaar%{imﬂﬂcremof%?,gmw h%&@ﬁgpe%rwmfggva@ ssor

i ncreases the pressure of the inner air w, preventi ng backf om

conpr essor comhuptionrriambsry haye yigretlig oipr casings. THe rewlins hatphe galesy caing g6 sushof
struts 86, phil Al @bide®enki&s £DishitfecPtd HBR YodHERORE that SitifnRtely limit the maximal
attainable rotational velocity, curtailing power output. In contrast an OCN engine does not have
25  outer casing hoop stress. A disadvantage of the fact that the outer casing of an OCN engine
does not rotate with the airflow vortex so there is flow friction typically leading to an about 2%
drop in pressure in the air flow vortex. Flow friction can be reduced in an OCN engine by
injecting air info the combustion chamber through openings in the outer casing to change the
flow at the air flow vortex / outer casing boundary to turbulent flow, In addition, air injected
30 through the outer casing assists in maintaining a thermally insulating air blanket. Stifl further,

air injected through the outer casing dilutes exhaust gases.



i ncrease the pressure of the inner airflow so as to inprove the dilution of
the primary zone. Although dilution fromthe inner airflowis assisted by
centrifugal forces and the greater density of the cool air nmaking up inner
airflow, dilution is even nore effective as a result of the conbustion
chanber cowpnrem®033s7 25 I n conbusti on chanber 49 of an gENnen@oRsdepi ct ed
in Figure 4, struts 86 are arranged in four rings. Struts 86a of the first
ring are vane shaped and positioned at4an angle of fromabout 30 to about
50 fromparallel with the engine axis. Struts 86b of the second ring are
vane shaped ang .Q@siskdniigdbad 4@ BepR@l i8 FafurPDOUAd 4—'ﬂdégﬁzteﬂtlﬁllﬂgm?e03 Jfakragn
parallel with the engine axis. Thus, struts 86a and 86b i nplenment the
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perpegﬁ %1 ar to the axis of combustion chanber 49 through struts 86b,

al so depitted in Figure 4. It is seen that struts 86b attach annular flane
hol der 84 to ilmpenbustiai chgmBa 47 Mgpitthdin Figure 3, & deyeen Hat the tshape of §8Hnger e
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subj ect. Firdt %l’?’"tre i4$lsl nﬁlc{%fianforf‘ pstic rrBle‘?r fﬁﬂa? he&grranﬁ’lne ra %ﬁggof an
annul ar f ¢cndbastioalchetberbbaefOCH aligmehmmpplsibd msl%gme m @nersfgelfemt Hrffefeow isFurt her,
since,an annul ar {la older is ner,a gnponent
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hoop str eeﬁasemmehetemmmgledzﬁtarerrqa&emaﬁlhan gostar fiymd lsider 8 irngnibheioannul ar
fIarrehoI fr.o " i.d mat rlassu a e | | oy netal s
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ol oy ot 1 sttoRRofRl e Bderbe gy KR Herk doRRe repPURE B RIRE, oy
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out er ca5| n In Fi exh r 0 d cte fQr
engi ne. getaﬁﬁ@ieﬂf IB‘EtirS?flrfgn St}y Ei %.‘ﬁ” 3 8E;c q%& eé% gu:'|glst ream
of conpr eﬂaﬁ)d’ halddr 84 g acd@iyadic b @€ hot50 caLEK lhabigdnce 25shoek wp&stm thﬁ abflblvet 79 is
found in %rt%%.l rm;[l ¥ea8ifng Eat?g% 89 I:ctllené?'gsz secgon 0 nu araf{amg: hgl%eraélnc%m%rlses a %p? leg

90 which ends at a step 92. From step 92 the cross-section of annular flame holder 84 continues

25 with a second leg 94. In short, the cross-section of annular flame holder 84 is roughly a
harpoon or Z-shape.

The presence of annular flame holder 84 in the airflow vortex divides airflow into two

different airflows, a first outer airflow between annular flame holder 84 and outer casing 62

and a second inner airflow between annular flame holder 84 and inner casing 60. Although the

30 ideal ratio of air flow diverted to the inner airflow and outer airflow is dependent on many



hol der 84, and preferably as close as possible to inner casing 60. Exhaust
reinjection outlet 79 and exhaust reinjection inlet 77 are in
comuni cati on t hrough exhaust reinjection pipe 81 allow ng the flow of
gases from exhaust reinjection inlet 77 to exhaust reinjection outlet 79.
The part oNOesbawss? reinj ection pipe 81 that extends i mDIRGDMESES ON
chanber 46 has an 30 aerodynam c shape so as not to cause turbulence in the
airflow vortex inside combusti on WO 2084/ 003357 PCTI | L2003/ 000434 -18
chanber 46. Exhaust reinjection pipe 81 passes through valve 83, valve 83
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FFJ) Eﬁ; %8%/ 13%% i@epmw D@l h¥GhEI i ANRBE: ouldPar PR 10023 by centrifugal

forces to the inner surface of outer casing 62. In such a way, a continuously replenished
insulating cold air layer is formed along the inner surface of outer casing 62, as discussed
hereinabove for combustion chamber 46 depicted in Figure 2A.

One skilled in the art recognizes that when using an annular flame holder as described

30 hereinabove the thermal gradient generated perpendicular to the engine axis is close to ideal. In



-19 Since in an OCN engi ne, such as OCN engi ne 40, produces torque w thout
a turbine, the exit angle of nozzles 104 can be virtually any angle

bet ween close to O(parallel to the engine axis) or close to 90
(perpendicular to the engine axis). As is clear to one skilled in the art,
when it i swOesi4esst o produce nore thrust, the exit anpCENabo3MowE24 es 104 is
generally smaller 5 (closer to parallel to the engine axis) so that the

vel ocity of gas jets energing fromneigl-es 104 have a significant axial
conponent. In contrast, when it is desired to produce nore torque, the

exit angl groRimityegmbaanidd) 4richurg ik Braailly fgme aslder 8¢ ahdeger chaing® thenidiscul ar to
the engine axis) and, in principle, can be as,clos S possible to

per pendi c&flaively Bo‘iﬁ’é UL t}éBPF’étEr qefﬁhesptﬁ]g’ﬁ‘ryazo{}\%?? 3 lﬁ"i’?gxi mal anmount of

torque i s prodieeds akadillyFir@bga i futs, Bk Zttamrd el a Hhaofsb@tialtyepamdisl t i oned

so that the exit angle of gas jets exjting nozzles 102 is.82 from parallel
Wi th the SRgH AEILENG otneol ety mrelRkikgar h ol Sipe & RATFS PR ng aon
engi ne 50P§dsads | Bidis 86 BEvIolf frit¥iry Pir&¥s. Ot at es toget her with conpressor-
driving nozzl e wheel

50 and nozzl e wheel bl ades 98 anc% eﬁ(%?ﬁn]daifitg pugh
nozzl es 102. The figgrimery prast b druissSo; g stayrtugal; to hold aaplen, Y {)E’nds on
corrpresso&aragg_i ving nozzl e wheel 50 back pressure. Due to the
conver gi ng-di vergi ng shape of nozzle 102 the velocity may be supersonic in
the relative fThewesthd Pamen@uEpBIEstres 8% jstio $EICHS 4y ¢ Hanker phesphar | 1

such a wa =y Efanf Fonling binS Gotth ifiefosRangd. on ef fi cenci es are
maxi m zed?{o%%‘gﬁﬁﬁlgﬁg?d%ﬁﬁnpressor-Drspvi nlg Rlozzl eeV\hee 20 One of the weak

poi nt sl0of a pringn QN enginep heSirdayivAGE CCBEIRS %_é"‘diﬁ‘b?taﬁcsprﬁsﬁ‘éfﬁ EEpdient 13818 o
extrene t tﬁ%r&gmll)?s?g:gcﬁg%%&%wa%&sr Bwa8She biePLB8: DRI RN gogieRks at the

base. One prete ution to reduce turbine blade stress involves
passi ng cdok uader cerpiroemitionoitiisgs eriaph 8py of hahehaest ok o theHaoiniyes and

erer g1 9. LBRAHAN. AONEReRR 4B, AEheSHES Gy WAL BORLAYrULAIRETH) ades

i ncrease t ty and cost rbine engine, as well_ as reduce net
t ur bi ne 25hegthird prineamy purplese of SrutsHs ia ko prevenichacle Bow.gewkive Hromdbaifloy Youe ot used
for expang t LR ritifle Hote Gnal 208AdneiniBt Baghe . ool i ng
t ur bi nl?bﬁ%g“gsé@g%#%H%h{;&nm{gﬁ%g&gd?%ﬁgat ?zr?ge @BI aded diggk attacﬁed to a

rotating tprfibiedencthed tof ahiryéigl this putbkicsoma of stiutsol ae arphidria sudra VH GFg

nul tiple L N9 upbi R9EmapBRY 8 OPLiD FoRBERod Rie T h
cool air. %%%ﬁ/%@%%“&@%ﬁnggﬁﬁ 434 =20- I'n an OCN enai r‘l;e, due to
the fact tchmpresrovinéreaspsibe prefueechdsheainesr pisflary preyendngchaplellow frm Commessqrnner
casing as x rnén%ﬁzﬁ%@elgﬁ.t ating assenbly, efficient cooling of nozzle wheel

bl ades can chi'eved, as described hereinbelow. In the OCN engine
depi ct2d in Fi Gur foudh primeryt pipasolof wouty Bé mglated | to Sheathisd poigianspBPStightoto 5

Pl ade CO0lNGNE bhesind Ol MBENEOR 18 (ERAN0 GG (M ObR0AbeS

g an annul ar ane holder, such as depicted in Figure 4, air to cool

nozzl e whewhothaiiletond®nt te imetajtilowtipassisedbieceswiftgahigrasnang thasgraatr dpppity

directing &t tﬁ)ea£c¥ol er nrxa{ﬂ(ﬁ]gj Wﬁﬁéraiﬂﬂow, QAbtrefoR iPloadenGR AU Aie NRZZ 18 di0fe
combustion chamber compressor.

235 In combustion chamber 49 of an OCN engine depicted in Figure 4, struts 86 are
arranged in four rings. Struts 86a of the first ring are vane shaped and positioned at an angle of
from about 30° to about 50° from parallel with the engine axis. Struts 86b of the second ring are
vane shaped and positioned at an angle of about 10° to about 20° from parallel with the engine
axis. Thus, struts 86a and 86b implement the concept of the combustion chamber compressor.

30  Struts 86¢ of the third ring and strats 86d of the fourth ring, having primarily a structural

function, are vane shaped and substantially parallel to the engine axis.



In Figure 3 and Figure 4, cool air energes from each bl ade cooling nozzle
104 directly at the base of a correspondi ng nozzl e wheel blade 98, as
depicted in Figure 6A and Figure 6B. 10 Figure 6B shows further details of
the cooling of the base of a blade 98 of a conpressor-driving nozzle wheel
50 accor di wo 208003367 met hod of the present invention inpCr/a603me®EB4 ON in a
cylindrical plane that is coaxial with the axis of an OCN engi ne. Beyond
just cooling the base of a correspondirdd-nozzl e wheel blade 98, the dense
cool air emerging fromblade cooling nozzles 104 is carried by centrifugal
forces as a fil|lImFiduengja trifsvérez @bk-sedtiee perpdnddalarXB thegixid sTfgombieiiad ¢hagbaf f ect

al ong a si i.ficant | t f .nozzl.e wheel, bl ade 98. us, .wher.e in prior
ot S oar ot bR s B elhe B el i peof it Rt S p oS 1o | a
f1 ow t hr ougbldértsd tc amkt caginp §6.SFAGAS it i9CteR thad Sadtd 86b @6 JoHRMDBEItIaY andt 86

cool ing as descrihed hereinabove creates gn insylatin | anke f air
starting at'et¥ Oﬁgt*’—teé%lpe-ﬁmc%&fwaa’ B fasing estfwt%@dmd agra’gffé. 2, el on,
when bl dde defaghicoi@bistioeiambéBpasenr di ng to the teachings of the 20
present invention, tpg,cool [ ng air is not. heated as it_passes through the
turbi ne di sk arfPefdled i fie; ageongaizesfaat engjue Bewfkef\m?@rp‘g?’ieb%meéﬂayc%%l ed
turbine bl 36es fALE akial Backfsw.dit SSUSHE Bledd 8 VarR WkilMd iRNBe Skl bpRdrehdind BR art
recogni zes that under certain QCN engi ne_ operating conditions_ the airflow

vortex gendfsSERION ghe combystion,cRuRREr GOmressnr BEFEIRRONE:i e dp Pver e S Ticwigsk | ow

fromthe praxidrhy ¥xiflf bdcRish @1 Sl Hpst ABedlneng pentiifa68ihahe bfpdsiiiagasi ng
60. In 25 conhustion chanbers such as 47 deglgct ed in I§|§gure 3 or 49

depi ct i FRogitigations. dhe 1AGRIAEYPSENF | ow reduces the efficacy of cooling by

preventing coolA @kdigd QM RABRG BE adddésQd e ARbleMBntIRZAl ffiularl@he Hdidet,S t hus
necessary to_increase the pressure of air emerging through cooling nozzles

104. To tA¥Y 8, ingn QEAbeRsineoR thethapmeEresis s gnnylar fhamisholdes spbect.
conbust i on rehaRRempGRnd BPlembRBkritiht HeSHAR rdlind F B 8nRBR 136 LR nR0S that
positioned in a 30 manner, as discussed above, so that together wth

annul ar | AFRP FeTERie sherniolet Epitsh singhamiieplat Bipe eidesrs esepslis 2 smet-at i on

of innes Capd feccCRnpondRsdppited Htadid NGue 3S &RhY cadn@! P6b1AR 2Q0MA03357
PCT/ 1 L2003/ 000434 causes tﬁe rotation of struts 86a and 86h as well as
annul ar | &P SHBFERN Baavoidsg plrsaspraglerch by Hkigring e apnufa Sampkedder gibpsty] ow and
the pressupgi &fm Akl nRRRL kRS b RpeUdby RLader 62Rhit REANZZ! es  104.

Anal ogously, in conbustion chanber 4)9 depicted in Figure 3 struts 86a and
86b are 5%’#%@0’1 n the manner di scussed above, so that struts 86a and

86b toget her Wiphhhd WU eifltQRBNF effhudsdsNABIthé PRIBG B ALIUNR Fygen
conmbusti on chanber conpressor. Rotation of inner casing 60 as part of

rotati Mg as¥Esibing conseqrestly NQysmissiopsds el lnowanngn QG epemegpbausigeipicaling

tubul ar el QR tot3hicld Wk &AM RGt hShdIBASHEE pRisuteBadiinf inGHBMLOLRbutough
bl ade cooling nozzles 104. It is clear that Fhe cooling of a nozzle wheel

bl ade as dE¥EIPPHBHCAP (BHAE e oBpePEta ng 10 tenperature of an OCN engine to
be significant |y FipugeéxnhRRidMHN isAEdict&NBF REOENTRERE FRAALNEnjcSRA LRS-
Hi gher operating tenperatures allows greater engine efficiency. One skilled
in the aft 7f dhrPFREasiig2 ShgurdoBIsHF/y SRPIBRIETHT Vg o8z Gides 9 Balaystas

taught J3er @difjectiam ofiet 70T ERALE ProxiMit braRP pioRAry 3be BREiatel G tah@ar flaghePr i OF
art turbine engines or other devices where a bladed rotating wheel is
att ached t golder8ds apd; gxlgerg_lgly @as clps@rﬂs ®pssihlede firwar casing 60. Exhaust reinjection outlet 79

and exhaust reinjection inlet 77 are in communication through exhaust reinjection pipe 81
allowing the flow of gases from exhaust reinjection inlet 77 to exhaust reinjection outlet 79.
The part of exhaust reinjection pipe 81 that extends into combustion chamber 46 has an

30 aerodynamic shape so as not to cause turbulence in the airflow vortex inside combustion



15 substantially involves forcing a cooling fluid through channels
substantially parallel to and rotating with the axle, to energe through
openings in proximty of the base of each individual blade of the bl aded
rotating wheel. Free Nozzle Weel If the cycle pressure ratio of a given
OCN engi newpD04®03387T gh to be efficiently utilized 20 BSTAIQIB/080484| €
conpressor-driving nozzle wheel (calculated to be in the order of 6:1) a
second. contra-rotating free nozzl e-Wheel is used. No stationary guide
vanes are required between the two nozzle wheels. Functionally, a

free-noz Z&}ﬁmbé“reﬁi Fadisuse Feilj@gion pipy 3l Opassef Mieeugh Uialvie 183, vilvgd 83 @onfigarel tb ur bi ne
engi nes. i S | to. nQ however that an OCN engi ne free nozzle
wheel is m@#ﬁﬁ? n@ﬁﬁ?@?“ﬁﬁpgbﬁ?glcient than a prior art turbine engine free
turbine. The gvieatiels déifddad gwmlesma& réltection, e sisa@bpdnbcatnué%tmefmons

anal ogous to}%hose di scussed_for t lgnpressor dr|V|n nozzl e ghﬁ of an
OCN engi ntat $ansh Z9BIFion fRlFe 7 & fag e FBYBT EXIfTEENE SIS RIGSYRF A9 Bight | y

greates tRadleas lehIRS6 Bihjebii® RAl7OGOUSe s aR ehpihdbnewhtrad@ss ple@ukiigWng 7 1S
deplcted a turboshaft epbodi ment of an OCN_engine 106, similar to _turbojet

OCN engi n&VASRSpickras flopsibgel eéha“%rﬁﬁﬁljﬁfﬂ‘moﬁlﬁ"ersl ditor B SHERT, 29PR of or que

section 4&mpalicafchiiN: ggi ne 106 there is a free-nozzle wheel 108 in

addi tion to conpreSSDr dr|V|ng nozzle WO 2004/ 003357 PCTI 1 L2003/ 000434 -22
wheel 50. Toig arigng Nozgle Wieek he art, not only is such a design
conpact and efﬁmﬁe@r&f mbasﬁ u&ﬁn@&gﬁeé Quanada%emalpﬁy&b& Rk Mhs Blch 0 of up
to about 24:1 with onF two expansi on stages. An advantage of the

cont r 30r ottaei @ﬁlpmesmeonrwénmzwlé whselehayingsoplgielity 15 gadiallyt ﬁaqosedgwgcom c
forces ar gdcRAHRN and BEBRSSIA! 40 ho¥ineladluB IR BELRIGARI L. fOLEGHERKES 2
two- 5 nozzl e wheel OCN englne excep I ona c%m;sefu for the propul sion of

li ght ai reanes30 diretrai Bawirgsmesginpionopenghystion| chphsenierat purcutsfangletamieally ur bi ne
engi ne i il GAWAeeqs z%‘euw?fmﬂblﬂ%aﬁa%wﬁleaengh%us pfmﬁysﬁaersaﬁ' fayizhn a | ow
mass flom1haV|ng narrow fl ow passageways where boundary layer interactions
cause a simphlsé.i rgeptipn |00§sptdﬁ%-re@f1¢nc41@°@ib9r05815@0tm Althoughn #repey @rogersesiiany #7et he art
is tojked Qgﬁg ﬁ%ﬁ% g sone
of thestuﬂﬁgﬁ%pﬁgi e&ﬁgﬁEEyF ?gé% alt uce ?F%&ggp l’%ggp$§§§2? out put
is reduceusraief foncinerfese dafghe pigil dntbmﬁau@agmffa%ps drregtherdiaee afghe welodlr ag
caused byregﬁeaqgg%\lgcow I706s b@:l,v@&% b8 2GRN Rk, M@l%tsigﬂiﬁcé}w 8 R 1 S
applied to an engihe to red uce power wt fecting efficiency.

I n Figur eS@St!OHa?fl’ﬁhﬁttatbllm@ﬂadsQmitgtcghat(ﬂ?e @ﬁow@lﬂnéﬁglvﬁ@s |b88l@é‘ml€t:tp@ﬂ=vw’ﬁer e the
gap surf o, r g nozzle
wheel 50a§§ ng §%ﬂ$ﬁ£&mg§§ g%ﬂ%?%g§ﬁ¥ gﬁﬁgﬁéﬁéggﬁggﬁ%%hﬁlock t he
space 2Bet %@mmsﬂme lignits dushipe preswre lmlca@mismq.r%es memzlpﬁmml@élmtml%es 98 (in
Figure 8, c.imf‘es DRLEHRE d%&&aﬁfgy&) Agplba gt}r m&ﬂmnglhm}vﬂ{ngdzs%%ﬁ%eﬁ% oupt ut

is reduced at each’stage, continues to ction at a maxi ma
effici encyl the combustion chamber, each stage of the turbine must have a pressure ratio limit of about

2.5 — 3.0 in order to avoid supersonic flow. Such a typical engine must therefore have 3 stators
and 3 turbines with the inherent high complexity and concomitant expense.

25 In contrast, an OCN engine such as OCN engine 40 depicted in Figure 2 has neither a
turbine wheel nor a non-rotating nozzle wheel, but rather a compressor-driving nozzle wheel 50
that is part of rotating assembly 54. Compressor-driving nozzle wheel 50 is substantially a
plurality of nozzle wheel blades 98 radiating outwards from a hub attached to rotating shaft 52.
Figure 6A is an axial cross section of a compressor-driving nozzle wheel 50 depicting three

30 blades 98 and two nozzles 102. As is seen in Figure 6A, the space between two adjacent nozzle
wheel blades 98 defines a nozzle 102. Nozzle 102 preferably has a converging-diverging shape.



Practical Enbodi ments Fromthe description herei nabove, one skilled in the
art sees that the teachings of the present invention can be utilized in
maki ng engi nes for many different purposes. A turbojet 25 enbodi nent of an
OCN engine 40 is depicted in Figure 2 and in Figure 7 a turboshaft

enbodi nentwhQ64eh3zan OCN engi ne i s depicted. |n Fi gur ep@ra.zbusrnbasan

enbodi ment 112 of an OCN engine is depicted. In Figure 10 a turboprop
embodi nent 114 of an OCN engine is ddficted. Like conmponents of the four
enbodi nents are | abeled with |like reference nunerals. Salient differences
bet ween t he vaiticours ae PEdUenginnt sictods QCNOGHire rig)] pnedmetoeqleamtﬂom a:)tmehi@l,(i Il ed

30 in thegart. fr t ud iate fiqure
PCTI | L2005F G4 0bad™ %%2643%% her“%@taﬁ?’ Figle bitveg ?lﬂ%qf' 2 q‘gﬁ Ro#® t hat
OCN t ur boprginetﬁﬁlsﬂﬁml@zb &xloge (peﬁ1egdiamar2to theSen@litl apip)e ds M dléhr do Gekilled @inhe t ype

exhaust dugt ,11 e thru st .ot e l's, | ortant
Caeore ¢ o Gl oo e b Rl sn A st ahege phSozsics 104k Benctaly Satler”

free- nﬁ)ZZ(cR)saMi@ﬁiraIk-ﬂ)&) the eriis a0 tﬂaartﬁw\%ld@ﬁpdp@@ e erhdiging 6bminef4dq04haft 5
116. Anongst oth&rg detajls, it éﬁc nportant, to note that OCN turbofan 112

depi ct ed T9Y° Bl ant gxip.compoRent, S Pt ERa Y Brit 8GR 1@ PERUE IR PEIEE 110 to

naxi m ze &y agk of ANRIRG 304 @b&%ramegraaﬂeﬁ(cldsér th PerpEHARidaA R the enghl Kish KAt OCN
t urboprop, 114 depicted i gure 10 is eqwgrbd with free glr‘:%tzzlse wheel 108

to maxi m 2ERGPEuEmREGE & WrPOF iRy RePeRgIcHigY B iBe gpgie; axist fn sucB 4Y4a 8 ar e

used to cmmnaﬁxﬂoaﬁwa)r&ﬁqu’@rbwcwe shaft 116 and rotating shaft 52 to drive
propel ]l er shaft 120. stated above, contra-rotation of the tw nozzle

wheel $0 50 artt ey %d\%?éf‘sww Bladss % ate ppeitinedak frgths ekikgosle 2083 Stheel OON
engi ne s SiodAds m@sgwt fr%%%wanel Yief st chhe &ngﬁ aaawl@ IQQX@EHA&@%&}
aircraft. Ef i ci ency of engi ne 15 e nmechani cal "advant ages of an
OCN engi n‘éar%)er a conventl onal turbine engine are mnmanifest to one skilled

in the art reasiing dd?@eﬂﬁ&céﬂeﬂtxbl@%@%ﬁﬁb@%ﬁ&@rotﬁ@s%ﬁ&ﬁer With 8clelirtd@n to
t he reduced_nunber of conponents, sinplici nponents and efficient

cool i ng offvingdwgle Wb??bé?\@ﬁit@ﬂl? Wise} h@éﬁ*@@laé%?xnaﬂ@rthfﬁwlés Wi Theigency of
an OO t uicbdini@ee ROk Bxit $eI6ialiRdh dePaRds 5&13&1119555@ cﬁi@ﬁ‘lﬁ%&il@ Ribkel Kol kK 2T t
turbine engine (due to the elimnation of stators in the 20 conpressor and
the turbi m%%yrcplﬁ'ierﬁaﬁhq spnggrgngydiveiging shave of per<ls A thet velasiy nng be Bpersonic

t her mody n@miCrelaGYE 6w whild fleabldafe &iif GHSSyIBnths LbGnliN Gl gmgliqa?a[}'p?cswgl e of
an OCN engine is found in the endi x attached hereto. Wil CCN
engi ne halgsss%%ﬁnwé@er#w&'épwwmw%ﬁ@@qie%a@rammmd ed nunber of errbodl nent s,
it will b@oaa,gggjag,,?;, gjo,t]b}a;;ngrmﬂ%e waLL@ations, nodifications and other
applications i ne may be made WO 2004/ 00337

PCT/ 122003/ o0& £t @4\*’@@\90111“@% PR gAITHRI 0 engines.Nwoly pe 16rig theb due to the

extreme thermal and mechanical stresses, turbine blades often break at the base. One preferred

solution to reduce turbine blade stress involves passing cool air through cooling channels

running inside the blades and emerging through pores on the blade surface. Such cooled turbine

blades increase the complexity and cost of a turbine engine, as well as reduce net turbine

25  efficiency due to the air which cools the blades but is not used for expansion through the
turbine.

In US. 6,272,844 a method of cooling turbine blades is taught whereby a rotating

bladed disk attached to a rotating turbine centrifugally pushes air from a compressor through

multiple passages facing each turbine blade, enveloping each blade with cool air.
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rotating conbu epitssn FeHt 3 ?‘ﬁ?ocﬁ?@]HloF%% ‘éi]t’fieh@a‘#é% Isdsougfdper at i ng

a cont isnuase cb&ﬁ@%zﬁéﬁl(ﬁ%@hgmgooqlﬁgeﬁdﬂﬂéls 88, RN Bhdines W@ b aﬁrﬁllar
supplied to the conbustion chanmber froma conpressor rotatin

conmbust i orfeERdRller sushas ericted dip Fienreofyjalrto eol gierals whesl blatlesciSi in 3@@5 to
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vanes. A conpact_engine is thus attal ned, havi n% | ow pol I ution and
continuous conBJEEeA aadbige dgees! air emgrzesdfiom eachi héewoilhgﬁ@weﬂ%élmﬂhents

and nore GPfk bakiof 8&birdBondRignbbAERheePblide 98, as depicted in Figurc 6A and Figure 6B.
10 Figure 6B shows further details of the cooling of the base of a blade 98 of a compressor-driving

nozzle wheel 50 according to the method of the present invention in cross section in a
cylindrical plane that is coaxial with the axis of an OCN engine.

Beyond just cooling the base of a corresponding nozzle wheel blade 98, the dense cool
air emerging from blade cooling nozzles 104 is carried by centrifugal forces as a film along

15  nozzle wheel blade 98, giving a cooling effect along a significant length of nozzle wheel blade
98. Thus, whereas in prior art cooled turbine blades cooling efficacy is limited by factors such
as flow through the cooling passages, pore location and geometry, blade cooling as described
hereinabove creates an insulating blanket of air starting at the hottest part of a blade, the
leading edge. In addition, when blade cooling is performed according to the teachings of the

20 present invention, the cooling air is not heated as it passes through the turbine disi{ and the
cooling passages, as occurs when prior art cooled turbine blades are used.

As discussed previously, one skilled in the art recognizes that under certain OCN engine
operating conditions the airflow vortex generates an axial pressure gradient sufficient to cause
backflow from the proximity of torque-section 48 along the surface of inner casing 60. In

25  combustion chambers such as 47 depicted in Figure 3 or 49 depicted in Figure 4, such backflow
reduces the efficacy of cooling by preventing cool air from emerging through cooling nozzles
104. It is thus necessary to increase the pressure of air emerging through cooling nozzles 104.
To this end, a combustion chamber compressor is provided.

In combustion chamber 49 depicted in Figure 4 struts 86a and 86b are positioned in a

30 manner, as discussed above, so that together with annular flame holder 84 a combustion

chamber compressor exists. Rotation of inner casing 60 as part of rotating assembly 54 also



R s tht Athernodynam c analysis results in specific power and thernmal
efficiencies higher than those of conventional gas turbines while using
conmbustion STATIC tenperature | ower by 140K than contenporary gas

turbi nes. The significance of this on emssion and reliability is

sel f - evi demb2004l083357 t he part | oad performance of this poginesiog4ssuperi or
to a conventional cycle gas turbine which is a great advantage in nmany
applications. It. Nonenclature Cp - sp&kific beat at constant pressure Cp -
average value for the progress range C - absolute velocity Cv specific
heat at cosuateanlie Mo@kiodres suEtsG]'Gﬁl’ag&’ Siililasuﬁvelll:l’as annhhﬁﬁﬁrh@holﬂ@raﬂﬁinkreasir@lﬁ@/ m -

mass flow M- Ma nunmber ressure rat ni ver sa
gas const afffssury @ %qteéﬁ’t?é F‘étﬂﬂ}‘vé‘nﬂu le RRgSrg gf aif, ETP‘HE’B% @3 '{%L %Iafl‘é? %807\7% ocity u
G eek -anbjgant conpressor exit diffuser isentropic nozzle relative

static condition ) ) . -
Analogously, in combustion chamber 47 depicted in Figure 3 struts 86a and 86b are

5 positioned in the manner discussed above, so that struts 86a and 86b together with tubular
element 79 and inner casing 60 define a combustion chamber compressor. Rotation of inner
casing 60 as part of rotating assembly 54 also causes the rotation of struts 86a, 86b and tubular
element 79, increasing the pressure of the air emerging through blade cooling nozzles 104.

It is clear that the cooling of a nozzle wheel blade as described allows the operating

10 temperature of an OCN engine to be significantly higher then prior art engine turbine engine
designs. Higher operating temperatures allows greater engine efficiency.

One skilled in the art realizes that the cooling OCN engine nozzle wheel blades as
taught herein can be implemented, with appropriate modification, to prior art turbine engines or
other devices where a bladed rotating wheel is attached to a rotating axle. Implementation.

15  substantially involves forcing a cooling fluid through channels substantially parallel to and
rotating with the axle, to emerge through openings in proximity of the base of each individual
blade of the bladed rotating wheel.

Free Nozzle Wheel

If the cycle pressure ratio of a given OCN engine is too high to be efficiently utilized
20 using a single compressor-driving nozzle wheel (calculated to be in the order of 6:1) a second.
contra-rotating free nozzie wheel is used. No stationary guide vanes are required between the
two nozzle wheels. Functionally, a free-nozzle wheel acts analogously to a free turbine in prior
art turbine engines. It is important to note, however that an OCN engine {ree nozzle wheel is
significantly more efficient than a prior art turbine engine free turbine. The greater efficiency is
25  due to the fact that for reasons analogous to those discussed for the compressor driving nozzle
wheel of an OCN engine, the nozzle angles of a free nozzle wheel are significantly greater than
those of the analogous free turbine blades.
In Figure 7 is depicted a turboshaft embodiment of an OCN engine 186, similar to
turbojet OCN engine 40 depicted in Figure 2. Amongst other differences, in torque section 48

30 of OCN engine 106 there is a free-nozzle wheel 108 in addition to compressor-driving nozzle



thermal total stagnation condition tangential conponent of velocity

actual conditions at nozzle outlet conpressor outlet conditions nozzle
inlet conditions nozzle outlet conditions rl - efficiency P Ap gas density
conbusti on chanber pressure loss 1. Introduction In a conventional gas
turbi ne cywbeo04@d3351 s conpressed by a conpressor rot orCEIId0G3t060484 NaM C
energy at the conpressor exit is diffused by a stationary diffuser. This
diffusion creates a pressure |oss of-3abeut 10% of the rotor total

pressure, thus decreasing the conpressor efficiency and the net work of
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aer odyfanheziéeoitdl OEN enigite biveptinae RetMeeRe opasopaigh adeg. Thus, turbine
efficiency |5 .,;paired - reaching only 85%in small gas turbines. The
conbi ned ﬁ%ggégggﬁ—¥he turbine and conpressor efficiencies result in a

reduced perf Oromﬂ@%vﬁboﬁéifbug&ﬁcieﬁt wirBih éngine UPrek@red S¥fich @fkkikds rQiré b @fzh hi gh
pressure ratio cycl é i n net poge conpared to the OCN performance, WO
2004/ 00338 7SSBETMOLBHih 3 A0 G454010% 82Xt Raroy flowt ppssagemays |“(’:i‘ﬁ’€ hﬂé&qﬂgn 2%F i i nat es

t he aboveintdr@8&R Sause a significant loss of efficiency.

10 An alternative known in the art is to reduce the power output of a large turbine engine
by blocking some of the turbine nozzile vanes in order to reduce flow. Although power output is
reduced, efficiency is also dramatically worsened, due to the drag caused by non-used turbine
blades.

In contrast, partial admission is applied to an OCN engine to reduce power without

15  affecting efficiency.

In Figure 8, a rotating assembly 54 of an OCN engine is depicted where the gap surface
area of both compressor wheel 56 and compressor-driving nozzle wheel 50 are blocked by, for
example, attaching a cover so as to block the space between some of compressor blades 108
and nozzle wheel blades 98 (in Figure 8, the hatched markings). Although through-flow and

20  power ouptut js reduced at each stage, the OCN engine continues to function at a maximal
efficiency.

Practical Embodiments

From the description hereinabove, one skilled in the art sees that the teachings of the
present invention can be utilized in making engines for many different purposes. A turbojet

25 embodiment of an OCN engine 40 is depicted in Figure 2 and in Figure 7 a turboshaft
embodiment 106 of an OCN engine is depicted. In Figure 9 a turbofan embodiment 112 of an
OCN engine is depicted. In Figure 10 a turboprop embodiment 114 of an OCN engine is
depicted. Like components of the four embodiments are labeled with like reference numerals.
Salient differences between the various embodiments of an OCN engine are clear to one skilled

30 in the art from study of the appropriate figures.



Furthernore, to avoid | osses due to shock waves, the conventional turbine
is not designed to operate in supersonic inlet blade conditions, thus the
pressure ratio per turbine stage is limted (about 2.5). Consequently, in
conventional high pressure ratio turbines, there are several stages -

st ati onar yweand4eizat i ng, while the OCN, having no inle¢Tguidmomanes and
not limted to expand higher pressure ratios with a high efficiency up to
4:1 with one stage, has fewer expansidh-stages (turbines). 2. Description
-Fig. I Arbient air is sucked into a conpressor [1]. The air is conpressed
to the desiredAysgsather defadls, it atpodad o napteOCN takbjal 40sdepigies inaigheé Pen in a

centrifug : r fr.om ressor,rotor [2] is not

di ffused ?%8 @ﬁ@g‘?%@?ﬁm%ﬂﬁét Sﬁ)éha]fft% ?é@ nﬁ}aﬁ # thigk o | ng vanes into a
rotary conbust dwndndst Oﬂ'lhluiatalls EEi fs fifnatuiting ngs ﬂ&sOCBI St 80 depicd GOF¥@st i onal
di ffuser, S ssor. effjciency, of about 5% f or
a pressur ef (r%a#m%peraq”’ r@”%?‘é’@??ﬂ?%& aginjgecoraye Bgogﬁ?t@gg}ﬁ?‘igé R shefe sane
nunber »f Hénpressor stages conpared to a conventional conpressor - due to
the low rel ative gtg |J}/lof the cong)ress r exit flow Usually in
convent i onal cORSPEE 8BFrLetajly, dt i puRodat o noig § th)gNt‘frP?ff“EélcheBmﬁ@&%lgum

super soni wi&bmpemthimcodvérgem@pe éxRhuet duct ADRo R¥kikliARGhi@t O the rotary
d.the mixture is burnt in |ower static

mbust d
orassure 1 hon PR G, BHE IRk EQERE ST Ll PO Grempropr i pied i

vapori zi ngFigihe 16 ue quﬁ;ias Wil Bdelnb@z]e/ Ghel 108 th Sndshilibe b¥heDModuehiRORdREh
car ef ui y the chggpug tI et conditions. Conbustion efficiencies are
e

desi gn t'Frapes 9@6 g7 dp gorphins; tqus e frrqyeeshstt dkg Andsmgaging t he
inlet r e| shift moﬁﬁﬁ§§rﬂﬁﬁer s-ﬁﬁ'@ 100 1s SREE AL QOM%SQOP&WMHO%Q%&Q ary
nozzles [5 |ch rovide the energy to drive the ressor - a nuch le
ent hal py ¢S 1XPSIORig rforees Bking %Wmmlﬁmﬁl @ bingiae sigh a5 314 he

hi gher eXFb&&%h@ﬁHy@sfeﬁﬂfdr(ﬁﬁq))lophﬁlohhﬁigrh%ﬁ%dﬂ”'g nozzles. No stationary vanes
are neededEfﬁgen%xoggldoéIQe hot gas from stagnation
Efficiency of an OCN engine

15 The mechanical advantages of an OCN engine over a conventional turbine engine are
manifest to one skilled in the art reading the description hereinabove. However, in addition to
the reduced number of components, simplicity of components and efficient cooling of these
components, the theoretical thermodynamic efficiency of an OCN turbine engine is greater than
that of a conventional prior art turbine engine (due to the elimination of stators in the

20 compressor and the turbines) primarily along the inlet and exhaust legs of the thermodynamic
cycle. A detailed discussion of the thermodynamic cycle of an OCN engine is found in the
appendix attached hereto.

While the OCN engine has been described with respect to a limited number of

embodiments, it will be appreciated that many variations, modifications and other applications

25  of the OCN engine may be made.
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Fig 6. : OCN and conventional gas turbine efficiencies - comparison
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hi gher power output for the OCN cycle. This is obvious fromthe |arger net
area in the T-S diagram which results fromthe higher conpressor and
turbine efficiencies. Since the heat input for the two cycles is about
identical, the net result is higher efficiency [34% against 29% and

hi gher spewofzommoopener [ 210kW agai nst 181 kW for the &ENnQyssloeos34
A-B2-0-F-D2- Heating the gas in the G3N cycle to a total relative
tenperature identical to the stagnation inlet turbine tenperature in the
conventional cycle, a higher turbine enthalpy drop is obvious in the

di agram for the OLMbstsaefl e, This is d¥ixeso its higher efficiency. Even

t hough t he heat input I's higher t hes nefnoierk is higher for the GCN cycle

whi ch ma er%w. nce orbti C!:o% ug on[ncl)Ez]:ccl];I CI ENCY orpressor OV 35% and specific power
i s 2560 HNE o AEEA ] SHiATAl Yakss | UFther SHows it clearly, as may be

cal culpawaab ranKﬁthé gamm;lmoilceﬁanﬁ; e@aﬁg ecific edse. WD 2004/ 003357 4.

Per f ortiragc eotAing | ngsies fehapiiies ondhuabow t he ddfesi gn poi nt performance of the
OCN cyetie afdotetpsgessthir s haneniwillieheirain a r fl qu . of 1 kg/sec and a relative
nozzl e"’"HPll‘fFé‘tﬂ’ {pelionthapker im 49POTE" and 1300K. Compressor efficiency is 5%
hi gher, ol H“h tl‘ﬁ}‘ f’?alﬁ‘eéﬁ m tb%fi‘?‘%ss’br -eff#¢i ency for the same pressure

e]0c1 A COnV

ratiosﬁh Lﬁm @ﬁﬁhqﬁjﬁ igghgp Me|5RaIsqﬂ£M$ hi gher than in conventi onal

t ur bi ness. fAOfompaaiee ngahgﬁmem@aaﬁhgﬂgmatip Thai.vaukabl e paraneters are P.R -
totallmcmmwmesggmmpmes&ﬂmamma&mqwcand u - nozzle orbital wvelocity. It is
evi derft 22f pibive tifle Sewverf fogaments haretchrer €7 5 AR opti mum value of u for a fixed
P. R wifEferesults in the maxi mum ef fi ci- e iy stagmtbnagiditidner  val ue for maxi num
speci f i ¢ Apwendynafizk inalysisa rehéis | ig Nspqoitic ntu of- hhngentﬁﬂ@mmesmve!oé:@n accept abl e

rn_.!:"

val ue ¥ a%du @wﬁler’ﬁs yrsie 5 higher 460 thpss o, n%uzaL | ati ve tenperature
d
of 13 & pUiy nggrﬂz using peambystion ¢ her mal ?n gllms atng %5% and the power
Eg %PomeJ Pl o 'fjg] “br e7ssur é°"TP§f5Prc9“‘l§‘pf°‘td6‘°‘86 [ by adding
emission and reliability is se]f—ewdent - nozzle inlet conditions
Also, the part load performance of this engine js 4 - nozzle outlet conditions

superior 1o a conventional cycle gas turbine which is 8 @reek
great advantage in many applications.

n - efficiency
- densi
H. Nomenclature P gas density
Ap - combustion chamber pressure loss

Cp - specific heat at constant pressure
1. Introduction

C— - .
P average value for the progress range In a conventional gas turbine cycle, air is

compressed by a compressor rotor and its dynamic

C - absolute velocity energy at the compressor exit is diffused by a stationary
C, - specific heat at constant volume diffuser. This diffusion creates a pressure loss of about
10% of the rotor total pressure, thus decreasing the
E - energy input compressor efficiency and the net work of the pas
. turbine.

F. - reaction force
_ Further, exiting the diffuser the air is introduced into
k - Cp/ Cy the combustor in which combustion gas is expanded
through the turbine to generate power. Since the
m - massflow combustor is stationary, the gas is accelerated again
M - Mach number t_hmugh st_ah‘onary vanes to match the rotating blade
inlet conditions. In doing so, there is an extra Joss of
P - pressure total pressure and a decrease of turbine efficiency

mainly due to friction losses and aerodynamic vortices

PR - pressure ratio - .
in the zone between vanes and blades. Thus, turbine

- universal gas constant efficiency is impaired - reaching only 85% in small gas
T - temperature turbines.
u - orbital velocity The combined losses of the turbine and compressor

efficiencies result in a reduced performance of the gas
w - relative velocity turbine - up to 35% reduction (for high pressure ratio
cycle) in net power, compared to the OCN performance,



while the rotating velocity is 600 n sec
results in an efficiency of 38.3% Figs 5,6 depict the OCN versus the
conventional cycle performance in various turbine [nozzle] inlet ]
tenperatures. For exanple [see C, D] a conventional cycle with the samral
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* Reaching a higher pressure ratio with the same
number of compressor stages compared {0 a
conventional compressor - due to the low relative
velocity of the compressor exit flow. Usually in
conventional compressors, the pressure ratio is
limited to avoid supersonic flow in the diffuser inlet.

Alr exiting into the rotary combustor is mixed with
fuel and the mixture is bumt in lower static pressure
then in a conventional cycle. The swn’lmg air helps in
vaporizing the fuel. Its relative velocity is kept low by
choosing careﬁ.ll]y the compressor ouflet conditions.
Combustion efficiencies are designed to be between Sg-
99.8% and pressure drops less than 6% of the inlet
relative pressure.

The hot gases are expanded now through rotary
nozzles [5] which provide the energy to drive the
compressor - a much less enthalpy drop is required than
from a conventional turbine due to the higher expansion
efficiency in the rofating nozzles. No stationary vanes
arc needed to expand the hot gas from stagnation
conditions into rotating biades. This results in:

* A high adiabatic efficiency of the rotating nozzle -
over 90%.

* Due to the high pressure ratio capability of the
rotating nozzle - one stage is required for a pressure
ratio of 4:1.

* The combustion chamber static temperature is lower

than in a conventional cycle (about 125°C fower) for
the same power output [ fig, 1].
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the compressor is kept the same for both cycles [this
resulis in higher total temperature for the conventional
cycle due to its lower compressor efficiency ]

Obviously, axial compressor stages are added in front
of the centrifugal, the latter is limited to a pressure ratio
of 8:1 due to mechanical strength limitations.

Two different OCN cycles are analyzed and compared
to the conventional cycle-[ A-B-C-D ]

* A-BI-Ci-E-D1- Heating the gas in the 2 cycles
[having the same compressor pressure ratio of 20] to
the same total temperature [1300°K] results in
higher power output for the OCN cycle. This is
obvious from the larger net arca in the T-§ diagram
which results from the higher compressor and
turbine efficiencies. Since the heat input for the two
cycles is about identical, the net result is higher
efficiency [34% against 29%] and higher specific
power [210kW against 181 kW] for the OCN cycle.

* A-B2-C2-F-D2- Heating the gas in the OCN cycle
o a total relative temperature identical to the
stagnation inlet turbine
conventional cycle, a higher turbine enthalpy drop is
obvious in the dragram for the OCN cycle. This is
due to its higher efficiency. Even though the heat
input is higher, the net work is higher for the OCN
c¢ycle which makes it more efficient. [Efficiency is
now 35% and specific power is 256 kW]. The
detailed analysis further shows it clearly, as may be
calculated from Fig. 1 for this specific case.

temperature  in  the ¢



conpared to a conventional cycle. The static turbine [nozzle] inlet
tenperatures are |ower by 140K for the sanme power requirenent. (See fig.
51line DD ). 5. Part |oad performance Figures 9,10 describe the part |oad
performance of an industrial OCN gas turbine with a free turbine when its

desi gn poiwb 20@w0BeNpr essor P. R = 24 Turbine rel ative potmahodndbrss
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asing the pressure ratio up to 36 [ by adding  penerator main shaft speed decreases too, while its free

more compressor stages in front ] while the rotating
velocity is 600 m/sec results in an efficiency of 38.3%.
Figs 3,6 depict the OCN versus the conventional
cycle performance in various turbine [nozzle] inlet
temperatures. For example [see C , D] a conventional
cycle with the same PR and the same turbine inlet
stagnation temperature of 1300°K, but with 5% reduced
efficiencies for both compressor and turbine the
performance is: Power - 181 kW/kg/sec; Efficiency -
29%.,compared to 35% and 256kw of the OCN engine.

Figs. 5,6 also show the OCN and conventional cycle
performance when the speed [and pressure ratio] are
constant and the inlet temperature changes. In the QCN
cycle the efficiency drops mildly [from 35 to 29%] with
the specific power when the temperature drops from
1300°K to 1000°K, while the efficiency of the
conventional cycle for the same temperature reduction
drops to 8% [see E, F]. This is a significant advantage
of the OCN cyele in reduced temperatures in contrast to
the poor efficiency of conventional gas turbines.

Analyzing the cycle for high pressure ratio turbojet
or turbofan engine [Fig. 7,8] we arrive at the same
relative improvement compared to a conventional cycle
for specific thrust and S.F.C. values. This superior
performance coupled with reduced weight and cost
make this engine far more cost effective than a
conventional gas turbine.

The advantage of the OCN engine compared to the
conventional cycle is thus significant in nozzle inlet
temperatures between 1000°K - 1400°K. {Actually,
even at inlet temperature of 1600°K the efficiency gain
is still 2.5%].

* The thermal efficiency is higher by 4%-21%
[absolute value]

turbine speed is kept constant.

Due to the high adiabatic efficlencies of
compression and expansion there is only slight decrease
of thermal efficiency [from 35% to 27%] when the load
decreases to 30% of its load at 1300°%K. In the
conventional cycle the thermal efficiency drops o 17%
for 30% load.

The above advaniages decrease with higher total
temperature or in lower pressuve ratio. This makes the
OCN engine attractive for industrial turbines for
elecirical energy generation where the long life
requirements diciate Tow turbine inlet temperature, for
heavy vehicular use where the part load efficiency is
most important and for small efficient aircraft engines
where the size and weight are important, a market
dominated for over a 100 years by heavy piston
engines.

Conclusions

1. The OCN engine cycle is superior to the
conventiona! cycle up to a turbine [nozzle] inlet
temperature of 1600k both in specific power and
efficiency. This advantage decrease in higher
temperature or lower pressure ratio.

2. The OCN engine offers a solution to a new power
propulsion  concept, presenting a  compact
configuration , having a specific power and thermal
efficiency better than conventicnal gas turbines.

3. Due to its higher compression and expansion
efficiencies the OCN engine thermal efficiency is
high even at a 30% load, which is a considerable
advantage compared to conventional gas turbines.



efficiency better than conventional gas turbines. 3. Due to its higher
conpression and expansion efficiencies the OCN engine thermal efficiency
is high even at a 30% 1| oad, which is a considerable advantage conpared to
conventional gas turbines. WO 2004/003357 PCTI |1 L2003/ 000434 28 4. The OCN
engi ne del Woen®/03367 sane power as a conventional gas por/mizomonash a | oner
turbine [nozzle] inlet tenperature &8 about 140K 5. Having fewer

conpr egsire and ehgifebdelMers Shca@es pdwer o e sanme total pressure ratio the OCN
engi ne hepgvehtispbr zas vimbigghtvith laebgervolbivere, and | ower cost. 6. The OCN engine is
thus a bEPFEHe aperarflepitiA8K. engi ne suitable to various applications In
parti col Having foheeooifireskdr snafulriade sGdf ¥eihe t he OCN engine is a better power plant
f or snual famajofebpresfure ratipais Airchdimess, lovand  vehi cul ar use such as can and
trucks. ViB"LES2lgT3BSPvPET | L2003/ 000434 29 OCN PERFORMANCE CALCULATI ON
Pover Thehepomerendis ifl@iné ¥ aetebYosCampyg i ng first the reaction force Fr which
i s: F, = ¢naing ipflable 1d/\Briqu} apprdtienseln pamicuiart he nozzl e exhaust flow rate u - the
rotatinngéhg%ﬂﬂﬁawﬂﬁﬁiXW@myeﬂb@ﬂt@w w4u- the exhaust gas tangenti al
velocitymﬁgh-mﬁﬂgdpﬂl@ﬁﬁ Hrhingt pbzzl e inlet velocity WBu u3-C3u -

. ve ar use Such gs cars an . . . .
rel ative tangenfla nozz inlet velocity. The turbine power is the
product of Fr x u P" = n7 (wz, - Wz) u and for w3,, =0, P71=nw ult

Note: (1)



In the case of an axial inlet into the nozzle - in the relative space -
Weo, and we carry further the calculation with this assunption, but it can
be shown that the calculation result for the value of VBu is identical
for any val ue of w3u. The net power is derived by subtracting the Ptr -
conpr essorw0nRbmepoBst al pressure P2, - conpressor outl eecrmiedsopisgssure The
nozzl e power P, is also derived from2hernodynam cs as follows: i, =Cp(T3f
-T41) in o mikroR@ANeE DOZEhaTI®N al i nl ef, t%&H%F‘eEs@JJM&%tal ‘Hure nozzl e total
outlet tenperature. may al so be expr eszﬁ,edc&r)pressér&ﬂeu 1 p3diel 3R+(4) 2C =T

T, TH 2 +(YY4 - ) t 4s (5) 2Cp Were tenperature at

nozzl &°¥ttl et T3R - relative total te f‘ztfpéw‘}f %ﬁﬂgff“éedlﬁﬁ?et Thus: T3R

+ U2 T4 T8 powdr Wherived by 2on{pld)ng fi Q@uﬁ@:o@
i n: [ f dercefFkghfosésc] (x' 4u)u =

Pm =
F= = m (wafu“wﬁ‘rd

where:
m - the nozzle exhaust flow rate
u - the rotating tangential nozzle velocity
way-  the exhaust gas tangential velocity
¢y -  absolute tangential nozzle inlet velocity

wi= u3-Csz, - relative tangential nozzle inlet
velocity.

The turbine power is the product of
F.xu
Pp=m (wg-ws) u
and for ws, = 0,
Py=mwyyu (n
Note:

In the case of an axial inlet into the nozzle - in the

relative space - Ws=0, and we carry further the
calculation with this assumption, but it can be shown

that the calculation result for the value of wa, is
tdentical for any value of w3y,

The net power is derived by subiracting the
compressor power £, from the nozzle power Pr

B =F,-F,

.The compressor power P, for m = 1 kg/sec is

derived by calculating the enthalpy change across the
COMPressor:

_ Cp(Ty - Ty) _
T

c
K-l
1 Pl K
=t (AJ -1 @
ncnm })]:I
in Which:

7. - adiabatic compressor efficiency
Ty - mechanical compressor efficiency

T}, - compressor inlet total temperature
Ty - compressor outlet total temperature

The
%ﬂm’F U1) and (4) results
I &)

in Which;

t"4r

T3 - nozzle total inlet temperature
Ty - nozzle total outlet temperature,

may also be expressed by:

!
T3 =1T3p *“—C_ )
: 2
Wa—u
Ty =Ty, + =1 U ) 6)
P
Where:

Ty - static temperature at nozzle outlet

Iip - relative fotal temperature at nozzle inlet.

Thus:
2 , a2
B={| B+ | Tig+ 4= ||
2Cy 205

Combining Egs. (1) and (4} results in:[for 1kg/sec]
Wy =Fy =

2 2 2 ‘
~Cpo| g 2y 2 Dt | ()
2C5 265 G 2C
~Cp (Tap - T)_W:: Dl
2Cg Cp

1;?42
=Cp(Br—Tas) —T-l- (g

If the exhaust velocity is tangential then

Way =Wr |
and
2
W,
—=CpTsp~Ta,) ®

Including the nozzle efficiency results in:
2
wy" =T ~T4is)-2Cq -1y ®

Where T = isentropic static temperature at nozzle
exit.

Calculating Tj;, is done by evaluating the diffuser
performance. Total pressure at the diffuser outlet is the



-CT[T3R+ L T4s ;L4 (w4ulu u2 2Cp 2Cp Cp 2Cp (7) )- 1Nz + (w4u)u
com[:)ressor power P,(fromthe nozzl e power PnC(T -T Pnef = Pn - Pc The
conpressor power Pe, for m=1 kg/sec is 3R derived by calculatin p- s
the enthal C3 (2Cp Cp J chan 2 e T3R-T43)-7t2 +(w4,)1t th g py g If

t he exhauswovaldoeissy i s tangential then across e conprBEIMB00R3LP(T21-T1)
N4dzz = W 30

ambient pressure. Assuming the exit velocity is null and  the combustion pressure drop AP from the value of

the diffuser efficiency is 100%: Pap Which is the relative tolal pressure at the

k compressor exit and is calculated as follows:
k-1 -
Pa =p4s[1+——M§J" ! (10) =)
2 P
15}
Where M, is the local static Mach number at the Pay _ [ T2 ) ko_ Ty (15)
diffuser inlet and is derived from its definition: Par \Tr Ty ~ (Zogy —u)2e
2C3
i, = a1 i

(11) ]
.JkRT s Where:

Equation (9) may be expressed as a function of the

pressure ratio across the nozzle P2t - ftotal pressure at the compressor exit and is
2 determined by the choice of the pressure X
4 _ - Tasy_ .
=Bpr-Tas=Tr-(1-=5)= Ty - total temperature at COMpressor exit.
2Cp B3R
k1 (>, - tangential component of cornpressor exit
k ; :
- T3R 1_[ 1 J (] 2) VB]OG]W.
Par/pas

Combining Eqs. (10), (11} and (i2) results in a
single expression for the nozzle exit velocity:

Wy’ =2C 71, Ty 1~ (13)

2 2
Wy
R Tap
[ 3R ZC_J ]

Which may be solved mathematically once the

values of Ty, u are chosen and introduced.

The diffuser efficiency value decrease the calculated
nozzle exit velocity w according to the definition of

efficiency:
2
W, —u
Mg =|—*
Wa—u

to its actual value w, .

Hence:

Wy = z:+(\/7§ Xw ~u) (14)

Now the value of wy is used to calculate the net power
using Eq. (1).

The value of p,, Which is the total relative
pressure at the nozzle inlet is caiculated by subtracting



C - TimA=land 742 Tf( =CT,(T3R -T4s) (8) j R2 (2) Tl cTl)nptlncluding the
nozzle efficiency results in: 2 in Wich:W =(T3R-T4is)-2CpT1n(9) 77C

adi abati c conpressor efficiencyWere T4l5 = isentropic static tenperature
at nozzle 77,,,- mechanical conpressor efficiencyexit. TF,- conpressor

inl et totavobeapewsst ure T2, - conpressor outlet total teoparRetwo@sal cul ating
T4is is done by evaluating the diffuser performance. Total pressure at the
di f f us etheri ti@dney Ficdidtien WO 2004/ 003357 anbi ent pressyre. Assum ng the exit
velocity is null and the diffuser efficiencys ¥ Pa =P4391+k21A94
) K-1 (10ym W die local static Mach nu di f fuser inlet
and i s deri VEF*PPERTYs definition: (tvd - u) nTRdR4s Equation (9) may
be expr eSseiterad pawef (hpatis dmesed it e fuepr essure rati o across the nozzle 2 W
=T3R- - Megiet="TrPR(E - compugtion JeiamberT BARing - the = TﬁR 1 g12 Conbi ning Eqs. (10), (11)
and ( 12yPrasuomsTirro iz $higTe ExipivessiBIFPEP "8 hozzl e exit vel ocity:

from Bq. (15):
Top=Tor + w? _wey, Input—C.L.R; T3R5 113 7m3 Cous®
2C§ C_E AP combustor-5 Wy P
Hence the thermal power input is:
Cy I Find P,
Ep=—E(Br—Thp) e e Eg. @)
com I} Find Pz and Pap Eq.(15))
Where 77,,,, 1s the combustion efficiency. I Find w Eq.(13)
4 . .
Introducing the net power owtput from Eq. (1) the Y% Find w Eq. (14)
thermal efficiency is: x '
v Find Net power Eq. (1.

VI Find 5y, Eq. (16).



wi2 = 2C pijuT3R 1 1 + kk-1 2 PSR (W - u)2 kR T3R |y 2C P (13) Wich
may be sol ved mathematically once the values of T3R as are chosen and

i ntroduced. The diffuser efficiency value decrease the cal culated nozzle
exit velocity w according to the definition of efficiency: 2 NWM U 17d =
w4d - U t owDeev4deseaml val ue wx . Hence: w., =u+( r 7dkw4POyIaesjoo4dow t he
value of wx is used to cal cul ate the 3et power using Eq. (1). The val ue of
P3R Wi Bigure 1 beOtN Furbd! sHaANEndgin@SSekantpld he nozzle inlet is calcul ated
by subtracting 2 PCT/1:L2003/ 000434 30 the conbustion pressure drop AP
from t hiet vatenas3ofow; f2sn,000 Hadd nj=95,6d0€pch €1 at i ve total pressure at the

conpr es&Vr” kaxder: Cameressar ’ak i T-ab.e1269°K Dlehroansfficibne}=35% k T2,  (2c2t, -u)u
T2t 2Cp k-1 (15)

OCH- Combustion Chamber

[t

acﬂa&i

i
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total pressure at the conpressor exit and is determ ned by the choice of
the pressure X total tenperature at conpressor exit. C2u - tangenti al
conponent of conpressor exit velocity. WO 2004/003357 PCTI 1L, 2003/ 000434
31 Thermal efficiency calculation rldr - thermal power input The thernal
power i npuwoizgn4onssested in the fuel injected into thepcpomosioomass chanber
raising the tenperature fromT2R to 383R Wiere T2R is derived from Eq.

(15) ' + 2C j5 CP Hence the thermal power input is: Ca
Pz, -0 TSRt

MLre riconr is the combustion efficiency.

I ntrOWwH%MWency I S:
net powe SBGL UEScu- Pc ~71 com C( T3Rp- T2R5Yickenayc uf#en on nSequience |i nput

- - C. P{ R...... T3Rcorlbriondt k RLE-c-62U; U; ~conrbust@;4, U 1g1fdd | d{_)lynd d?,/ Eq. (2).

Il Finpd P2R andP3R 5 Find w4 ( ., Eq.
(14) |V F o I%F o\ﬁg? ‘é %(E‘if”'“%/l Fi nd 77%41/ Eq? 20(ki"é) 85p 16)92\/!@
2004/ )O—3-35—7—32)cNFTRg1we°KLAEm2B2rdzo shaft £30i negsg axamshe et FPower =630

KW ni=54, 000 rpm nC%mpﬁ%ssgerR ?0 u = 500 m/sec: Cu = 400 m/sec.
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WHAT IS CLAIMED IS:

1. An engine, comprising:
a. a rotating assembly including a primary compressor, an inner casing and a
compressor-driving nozzle wheel;
b. an outer casing, enclosing said rotating assembly
so that at least one combustion chamber is defined in the space between said primary
compressor, said inner casing, said compressor-driving nozzle wheel and said outer casing,

characterized in that said outer casing does not rotate with said rotating assembly.

2. The engine of claim 1, wherein said at least one combustion chamber is substantially a single

annular combustion chamber.

3. The engine of claim I, further comprising

¢. a combustion chamber compressor in said combustion chamber.

4. The engine of claim 3, wherein said combustion chamber compressor comprises a plurality

of combustion chamber compressor blades attached to said inner casing.

5. The engine of claim 1, wherein said rotating assembly further includes a substantially

annular flame holder disposed within said combustion chamber.

6. The engine of claim I, further comprising:
c. a substantially tubular element surrounding said inner casing, wherein a leading edge
of said tubular element is positioned aft of said primary compressor so as to divide
airflow from said primary compressor into an outer airflow and an inner airflow,
wherein said outer airflow is between said tubular element and said outer casing and

wherein said inner airflow is between said tubular element and said inner casing

7. The engine of claim 6 wherein through said substantially tubular element are perforations

allowing communication beiween said inner airflow and said outer airflow.



WHAT IS CLAIMED IS: 1. An engine, conprising: a. a rotating assenbly
including a primary conpressor, an inner casing and a conpressor-driving
nozzl e wheel; b. an outer casing, enclosing said rotating assenbly so that
at | east one conbustion chanber is defined in the space between said
primary owOpesasess7 said i nner casing, said conpressOoPCTIRMBAGIROZZ] e
wheel and said outer casing, charact4rized in that said outer casing does
not rotate with said rotating assenbly. 2. The engine of claim1, wherein
said at | east one conbustion chanber is substantially a single annular
conbust i oh Tohengirerof cBim Thehangnpesingf cl aim 1, further conprising c. a

co nb ustion ch %@%Eatiﬁ%&&ﬁs%ﬁ@e%eeh aid ﬁllllg rg %}Jﬁ) urgstsclaroannd gari]cii gc}?n%'ﬁétioﬂ 'chz;lr_nq)%r. engi ne of
claim 3, whereéein sald conmbustion ¢ anper c%npressor conmprises a plurality
of conbustion chanber conpressor bl ades attached to said inner casing. 5.

cubst ant 11 R o 8 e b A B o BRE Rt ebbal i

chanber. & saidlpgmenygbmpressér. cl aim 1, further conprising: c. a substantially
tubul ar el ement surrounding said inner casing, wherein a | eading edge of
said tubular elenent is positioned aft of said primary conpressor so as to
di vi de ailr Thewndifeoof Saindl phérsmrsyid QomiMeeRsRibly fiktRerdnclGdek &F leadtlohé @wl and an
inner airflow, wherein said outer airflow is between said tubular el enent
and sai d B§t8" casing and wherein said inner airflowis between said
tubul ar el ement and said inner casing 7. The engine of claim6 wherein

t hrough said substanti.al |y tubular el enment are perforations allow ng
comuni cat'i OA “WRHEER" Y% d i nner airflow and said outer airflow WO
20041003357 P& dokab0&idh ofdeberhavihg aBaxis] Bl engi ne of claim 1 further
conprising: c, a rotat.ing diffuser between said primary. conpressor_ and said
conbusti on cthﬁé?@&§¢°W%@mﬁﬁ@FﬂEm ote rogxipl avitlyar apdialiningrasds diom sid di f f user
i ncl udes ext esshRsor Ghah@eMthidiguiel a6l @Suni@hot SBiAl HELITH ¥h HAMRLASSEn 10. The
engine of claiml wherein said rotating assenbly further includes at |east
one fuel injef#e-11. An engine conmprising: a. a combustion chamber having
an axis; and b. a conbustion chanber conpressor, coaxial wth and radially
i nwards from said nbust i on. chgnber configured to counteract axial

backf | ow ]iznllnbseafinémﬁéfgﬂ@tﬁ Sherein g 8‘?’5“53% chexer SHBPTRECGRCIMdesi m 11 wherei n

said combusti erataésiiie cofBIFRGE Sitaibed RBIPHERS blades adthydd@dslt shinlxie @ Eaist i on
chanber conpressor bl ades arrﬁyed ahout said axis of said

combustion chamber in at [east one circle; and

d. a substantially tubular combustion chamber compressor body encasing said

combustion chamber compressor blades.

13. The engine of claim 11 further comprising:
¢. a rotating combustion chamber inner casing coaxial with said combustion chamber;
d. at least two combustion chamber compressor blades rigidly attached to said rotating
combustion chamber inner casing and arrayed about said axis of said combustion
chamber in at least one circle; and
e. a substantially tubular combustion chamber compressor body encasing said

combustion chamber compressor blades,

14. In an engine having a combustion chamber wherein a mixture of fuel and air is burned, a

method of reducing NOx emissions comprising:



conmbustion chanber in at |east one circle; and d. a substantially tubular
conbusti on chanber conpressor body encasing said conbustion chanber
conpressor bl ades. 13. The engine of claim1l1l further conprising: c. a
rotating conbusti on chanber inner casing coaxial with said conbustion
chanber; dwoabodloedst two conbusti on chanber conpressorpbltades/oodsgi dl y
attached to said rotating conbustioniichanber inner casing and arrayed
about said axis of said conmbustion chanber in at |east one circle; and e.
a substantially tubul ar conbustion chanber conpressor body encasing said
conbust i on chanrbeking o ngmivsisle mbiae biscontbining exhaust, Gt amderihia e ifing region@fbust i on
chanber \/\/nereitﬂmgn %)%Fnh”e of fuel and air is burned, a nethod of reducing
NOx em ssi ons com%rl’m ng: WD 2004/ 003357 PCT/1L2003/ 000434 41 a. naking a
conbusti bl e nmibxbwnisg kajd corbostibiengixerea tetcpmbustdn chaglbaaj r in a first region of

the enging; _ and_h. burni sai d conbustible m xture i.n the copbust.i on
chanber ; \%eerfgnéi Sﬁllaseé{? sk ﬁglffg?ﬂqn% atsﬁ%’@% r?glwfgtlhg SE%?thhF'éb?so%g‘@Fg t558° engi ne

t hat has pressuglhien saitl fitst @giopr essure than said first region. 15. A nethod of
cooling a blade of a bladed rotating wheel attached to the term nal end of
a rotating axis through a bl ade base, conprising: a. providing at |east
one subst &ntA mkthyd afkdoalingchbladvedf ar iidat kagingivihbel tahgchedicatht REmBXI &d oSl d  at

| east one_ g;{%lannel hav,i n@ %ﬁﬂﬁ' nlet and an outlet; b. feeding a cooling fluid
into sai dOSHF #9ETORRLA PAd R MY ISHgh said inlet: c. directing cooling
fluid emergi ng. pioeitting ai ldast birsnBdtantifityoaxgh cliaindl r@Ating &fithathe fobGindhag eid base.

16. The net hod f)f tcI aihm furthe[ conpr i §i.ng: d. increasing the pressure
of said cool i 5P T EHE YR 2 1Eh SU'% outlet using a

pressure-i ncr dafkkdigy deslinelpomhtd saldheBadt B8 demsBh@ug salasast one channel . 17.
The nmethod of claim 15 Yyneﬁe,i n said bl adecij rotating wheel is a nozzle wheel
and wherei n  SaftFeBrhgeling yd spsteing figmsaid gheapsl thraugh said outlet ahthg bBe ¢l ai m 15
wherein said lph@ded rotating wheel is a turbine wheel and wherein said

bl ade is a turbine blade. 19. A nethod of producing torque conprising the
steps of a) providing a vortex of a fluid rotating at a first angul ar

vel ocity Bhahé methodofickim 3 fidhér@oinpigngt | ui d from said vortex through at

| east one nozzle, said, nozzle r ;aglii ng%é)ﬁ a shaft_at a second angul ar
vel ocity abou '§§f385“¥><§h§;preé?‘ﬂ638‘§) toaRg {ing epRBingofpueEl FHbmtishpieshaft . WO

2004/ 003357 PEiesstre2id6r34s@id@édée positioned inside said at least one channel.

17. The method of claim 15 wherein said bladed rotating wheel is a nozzle wheel and wherein

said blade is a nozzle wheel blade.

18. The method of claim 15 wherein said bladed rotating wheel is a turbine wheel and wherein

said blade is a turbine blade.

19. A method of producing torque comprising the steps of:
a) providing a vortex of a fluid rotating at a first angular velocity about an axis;
b) directing fluid from said vortex through at least one nozzle, said nozzle rotating on a
shaft at a second angular velocity about said axis; and

¢) extracting the torque from said shaft.



42 20. The nethod of claim 19 wherein said first angular velocity and said
second angul ar velocity are substantially equal. 21. The nethod of claim
19 further conprising : d. enclosing said vortex within a non-rotating
outer casing. 22. A nethod of producing torque conprising: a. generating a
vortex of wompueessd air rotating at a first angul ar vedDoizbogoedagut an

hxi gi xi ng a conbustible fuel wth saidd conpressed air; c. burning said
conmbustible fuel within said vortex; d. directing fluid heated by said
burning fromsaid vortex through at |east one nozzle, said nozzle rotating
on a shaf 20atheanethed ofwlaimn§thareinsalddistagguias yelpcityind sak esondangnler velesitr act i ng
the torqu cfsﬁlﬁ)&%ﬁﬁfxgql?a@?ft' 23. The method of claim22 wherein said first
angul ar velocity and'said second angul ar velocity are substantially equal.
24. The nmethod of claim 22 further conprising: f. enclosing said vortex

within a %)n];h%%}e éh Qgcléifﬁt@rfurﬁ%?&o?rg)risi%g' The nethod of claim 22 wherein said
generating of salrd vortex is perforned by a conpressor rotating about said
axi s at said séemhsingrgidvartexwathoca sop-rotating outer casing.

22. A method of producing torque comprising:
a. generating a vortex of compressed air rotating at a first angular velocity about an
brisixing a combustible fuel with said compressed air;
¢. burning said combustible fuel within said vortex;
d. directing fluid heated by said burning from said vortex through at least one nozzle,
said nozzle rotating on a shaft at a second angular velocity about said axis; and

e. extracting the torque from said shafi.

23. The method of claim 22 wherein said first angular velocity and said second angular velocity

are substantially equal.

24, The method of claim 22 further comprising:

f. enclosing said vortex within a noo-rotating outer casing.

25. The method of claim 22 wherein said generating of said vortex is performed by a

compressor rotating about said axis at said second angular velocity.



