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ENG NE FIELD AND BACKGROUND OF THE | NVENTI ON The present invention relates
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conprising a co-rotating conpressor and conpressor-driving nozzl e wheel
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the use of a turbine, see U S. patents 2,465, 856, 2,499, 863, 2,594, 629,
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limited by the material properties of turbine blades 32. Thus even though high velocity gas jets

can be easily obtained, these cannot be efficiently utilized due to the shortened lifetime of the

turbine blades. Long-life can be obtained by diluting exhaust to produce gas jets having only

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 shafl, having nozzles directed substantially perpendicularly to the power

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



chanbers about the power shaft and creates torque in a manner anal O@WfZiZDOB
Hero's Aeolipile. These turbineless engines have failed to gain

popul ari t YWO2EEB7 ot her reasons, due to an excessive REHEHROOH043herti a
and extreme hoop stress resulting fromjthe positioning of the conbustion
chanbers. 5 U S. 3,557,551 teaches a tut¥bine engine where the velocity at
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the non-rejaking stator vanes 24 before entering conbustion chanber 12 and
due to the expansion of gases when the 25 gases expand through nqozzl e guide
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6, 460, 343 cohRtibeiRh®erstHavid 6ffakl @€action BodzRb Bitdte togethérnSindlag taths turbindldsout

inlet turbine stators to reduce the inlet pressure dr_olp.)d%lg t hese engines a
/

vort eR0i scegirssrlesribad abprvechwindigduabembysipssrhapbers (rIRES/)IHOEAER 5EV8% HORP par t

of the coppiessor outlet flow by adding a swirler stator at the conpressor

outlet. This |
Another weakness of prior art turbine engines, such as 10 is in the thermodynamics of

the engine. Due to the braking of gases exiting compressor 14 through the non-rotating stator
vanes 24 before entering combustion chamber 12 and due to the expansion of gases when the
25 gases expand through nozzle guide vanes 30 in order to drive turbine wheel 20, there are
significant pressure drops and the actual thermodynamic cycle is far from being an ideal Brayton
cycle (see Appendix). Thus, prior art turbine engines, such as 10, are inherently inefficient.
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



solution is inefficient as the air fromthe conpressor is first di qu;fg{géos
the rotor exit and is again expanded in the swrler, reducing the pres e
even furt WO 200PESVer, the conbustion chanber s stati BEEZ003A084H] ng
further pressure drops and various stationary envel opes. Mrever, in both 5
U S 6,272,844 and U.S. 6,460,343, the Tact that the conbustor is
stationary creates pressure drops due to friction between the vortex and
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present jnvention. According to the teaching of the prese i hvent, t here
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wheel ; b. an outer casing, enclosing the rotating assenbly so that at |east

one conb@reps &1 te fiicipe betecnybe vortey and,the yarious sHONSEY FH¥ERPShe pri nary
conpressor, Tﬂaﬁe i AHebd £ Sth Rgind Gt GRABMES B ab&Hel listdA%khBRdAlifys WL #nd 1 he
outer casing, the engine characterized in that the outer casing does not
rot at e wrgines, lvepeciatlnpiierguidubinebdnginef\ccording to a feature of the present
invention the at |east one conbustion chanber is 20 substantially a single
annul ar conbustion chanber. According to a feature of the present invention
t he Hhgi SIEMMURYVEF THRMNVENTIGN conbusti on chanber conpressor in the

conmbustion chanber. | ne .enbodi nent., ch conmpusti on r .

conpr essor i 2@1‘3& 5 aﬁgﬁﬁ{?’f AMsEp %&gvgr?é’zﬁea rP%‘Bﬁ@%ﬁFW%‘%"?%R@W% 1.
Accor di ng thOprdsehEateniion.0f the present invention, the rotating assenbly
further includes a 25 substantially annular f] anﬁ ho| der ig;:,;prSEd'Wi thin
the conbusti d¥rcerdinghy theatcaghing 9§ the PEestRatoyerRiops thEIGe SHPRRYEER A nRABHYS on,
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the inner casi wherein a | eading edge of the tubular elenent is
posi 15 onmthpedstoraliivigeopsie whes); tc anpriersssng, soclesing the itatingessambly| ow from t he

primary ssor_into an outer .ai - i i ein the
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01/ 12/ 20@@%%@%@@&%‘339@? Lisis g‘%’f@ﬁ%‘f}%‘o‘ﬁ‘%h&? K’ﬁa%?e&ﬁ?}f'al ly tubul ar

el ement are Qaeo%@ﬁ.gttb QMSatitel ool e ATHVERGR tieQ 1dat syReRmibligioh Rhdfber & 1 f | ow
and the outer airfllow According to a feature of the present invention, the

engi¥e faubstangiellydpipelp selay cowbugtipmghamber.
According to a feature of the present invention the engine further comprises a

combustion chamber compressor in the combustion chamber. In one embodiment, such a

combustion chamber compressor includes a plurality of vanes attached to the inner casing.
According to a feature of the present invention, the rotating assembly further includes a

25  substantially annular flame holder disposed within the combustion chamber.

According to a feature of the present invention, 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



di ffuser between the primary conpressor and the conbustion chanber. 1/12/2006
According to a further 5 feature of the present invention the rota |Aa

di ffuser iWORKIOIBXt ensions to the ternmnal blades of PEBFIR0IGP484
conpressor. According to a feature of the present invention, the rotating
assenbly of an engine of the present “invention includes at |east one fuel
injector. In US 6,272,844 and the related U S. 6,460,343 are taught

engi nes havhsigtislly fbpler elepgnt grepperéorafions eHewimghpanmpuniensiqe hohvesndde pper

reduce the; the turbine entrance. A vortex is created in

t he conbugir?%‘ﬁﬁ%ﬁgl%gg{epﬁry {Whe use of a swirler stator at the conpressor
outlet. This sAberdiogtd s faatuef 6fithé presenhmventionathe tehgine Embeeemarisena fogatingas
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anal ogfus fgnes sfihe prasd asvehtyonstid Sitatinl| daffitsyr ieliutdésoéxtinbignstd thd Er@inal blades
vort ex progﬁged by a conpressor through a rotating conbustion chanber and
t hr ough a®! Wb PHME\RBEI®SS%not her di sadvant age of the teachings of U. S.

6,272, 844 and Neardifg tholfeathd of ﬁle;p?@&m ifvaRid thelrbBtiNOLbMbL) S SERmabetheby a
swirler for only for a portion of the conpressor airflow. This results in

a rel at i vereyeof bientiontieoludepgeasiong drebinieciorat the turbine inlet, reducing
ef ficiency. 20 ﬂ.S?%%ﬁ,%ﬁ% %ﬁﬁ%%ﬂ{eﬁﬁ.‘SPG,ﬁ@@ﬁ?%hﬂa%% eRfind BB RE et

invention, the entire air rom e conpressor kes up the~airfl ow
vort el sarbiastatone Thisgisl done wrebler toyredicetthe pressure drdpsat thebabiae ehtaduey A
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t he combusgitl. Thixongios iLihéMciait s al bERE CinRELRGSAitRt Iths @Rsadshbeer diffued tethe /
stationary envelope 25 friction., In an_engine of fthe preﬁent i nvention
under cer FAGTEXE IR agrinfyPedingiths B theswitlerethe PW&%’R?@%W’@&W Betdur . Axi al

backflow i s alBQ KBQWNinl&ief a¥ids MaREHOR pre&Bgk MSes ByNubS¥RERY Sraiaifiag an
turbi ne engines where swrls are generated to increase air / fuel mxing
ef f i clencyirflophearteapreduceddaycskdonprpsens dirpugh Hwstating compustipn pleargifer angdethtougiha of

t he conbul%zgfe“f, ows forwards. To counter axial 30 backflow, there is also
provi ded according to the teachings of the present invention an engine
conpri sing: a.Amtleondisadtdntage ofi drbeachivgy iofid).8n6,252,844 amtlUiS. G46d5HBus tthadn

chanmber c ressor, Q1/12/ 6 2004/ 003357 PCT/,11.2003/ 000434, -5~ .
el RIIRE Vorte s e erafer W ¥ Tlef BT AT T SNE ATy sl This
conbust i s Rlative§ IR @sERanBdd VeBitesl thufbmmbihRt, aatuciay eflicichac kf | ow i n

t he conbustion chanber. According tqQ a feature of the present invention the
combudl i on chdhtsentrask gproptingio the Frachipgsof the pesgent myetiognihe CBIG RHEPE T Phanber

conpr essofe b AR @k MR up R birkih\G vaKkS Bf thhiNfhe angular velocity of the vortex is
substantially similar fo the angular velocity of the nozzle wheel.
~ As still further disadvantage of the teachings of U.S. 6,272,844 and U.S. 6,460,343 is
that the combustor, being stationary, creates pressure drops due to vortex / stationary envelope
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 arc generated to increase air / fuel mixing efficiency. When axial
backflow oceurs, 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,



5 conbustion chanber in at |east one circle; and d. a substanti all yOW?ﬂdeG
conbustion chanber conpressor body encasing the conbusti on chanber

conpr essorWORH@E335According to a feature of the present PECHUSAHIIWM3Ehe
conmbusti on chanber conpressor includes; c. a rotating conbustion chanber

i nner casing coaxial with the conbust i"oh" chanber; d. at least two

conbusti on chanber conpressor blades rigidly attached to the rotating 10
conbust i ospariabtitr asidhreslially dswards dieth ther eopebwstigsoshambre the Pambistipm ghamber
combust Ol AR on Bl 1o dofitihe: Q08I GLLANEin AP forfmsoriiiabant | al |y tubular
conbusti on anber c%%pressor ody encasi ng e conbustion chanber

conpr essor bl atkesrdidy con dkatge tof tlse presentiirvemiont the cpmbustind chamwleen tdompresive

conmbusti on chamber conpressor .bladeg are arrayed.in on r re.ciggles
about t heElRfiSs: epfteleas QBf §°r§§/"r§ﬂ%‘l S]i‘atriﬁe'f 90'9?@5*??%&8%%%”3’&@&%“} %e%xmv\%fretr%% each
ci rcl & i Nn&InbleSontdha®Rs In dtWehst MiefiRlea Bhd/d. "D stailly trivsuldd lcagBsstiofohdmiat i on
engi nes, especially those gperating at high tenperatures, often produce

undesi r attOPIrEsYOdH SPRAFIPE 81§ COMbISHPR ehiabg” HmPreRtdidehs. One nethod of
reducing such ARBlds ANS seaurt Or HRLHEEn! R cAINORD. CABIEEA Rlmbd SofpfEHseL i ON
m xture by m xing exhaust Into the conbustion mxture, a process known in
the art ascladdsacst ratasingjcombistinn ciimebep natrgasiag comxiatpithdhe eqmipstionehamber;
reinjection_for an engi ' I Qp; hahot here
i ot o o Sath Gpoto P SipBish (HARp! ESTRabl (AL Hpdty Sheord G7GC opfhe

st at i k) preatustoncdhasder inaer dakigg and arrdyld abdutithehexis dfromrdnkimiseogéhamberxinsat

Thus, there is al so provided accordi to the teachings of th r esent

i nvent i orf®#h °%‘?1°‘é‘ﬁ@;i hHaF Halgyo%{‘}gﬁ WHE%W%%@ FH-4 boﬁ?’ E’f%’rﬁg of
fuel and @i Eorhushisd HfthbePcdiiirdi@st bRided. educi ng NOx emi ssions by: a. nmaking a
25 conbusti bl e m xture by conbining exhaust, fuel apd air_in a first region

: Y ¢ ,
of the engi ne:Awpiding to pfeatira gl theePretsibinyentiondheicompystion ghamger CORBIFEOS on
chamber ; mﬁ% | bl tmd Lo SRRl Wifie QBRI ne
~that has a the&r& ?%ﬁ(c pr e%%ﬁﬁ%aﬁ%gh{ﬁg]tang@?he gﬁr@@régi %n.l Tur bi nes
bl adel$ ofcircle) bhere cestyéirndsinelndss ellpas breb, prefdriihmorathan tigdladest r ess and as a

result often break.at the base .due.t a I <) t

preferred pri ﬁ@gﬁtl%g%rgsbgspegglﬂi H}Ogcc? ﬁeﬁgtp“ ‘Iciztolgkl? r?%ﬁ pfef%ﬁ ’tql#egjg%d-ﬁft} ﬁr bi ne
bl ades famdesiabl Wirgd qapitiealof qithiingg Nthaemésions. SO peatiwidv ef réning i suclyal
stress is also a problemto which the zz|l e, wheel .of an engi ne,of .t he

01/ 12/ 20GE SIS b Faskiacthe ONEERR) Q0DiSBE o0 dabusgon gregwe Y PRI g o

subj ect apd chibhsdich Mixagaes ?l'oc&isgmo@m BNGOUN & ehabidd reinftfion] EMtiecgefeliayi ng a
rotati ng wheel with blades (herein referred to as a bl aded rotatjng wheel).
Thus 20t henashedsofaexdgustyeimiscienifos eg srging g the prREnt BYEIoR Jseohe dpld it

i nventio ' {aki0 Prodhie& blos t@ched
to'the ¢ QrREEiaRs pRenhf Baih B Bhfind wire IR I AL SR BrosBctlonk o

provi di ngheatxikahat fanther Stdps tlenengiid gxiaxThis, Sisenisedlse proaxided peppreiag ithdhe

rotating tga)éhi%lgs tort]ethéle tprésgx?tsfnvgn%%n in an engine having a combustion chamber wherein a

mixture of fuel and air is burned, a method of reducing NOx emissions by: a. making a
25  combustible 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



channel having an inlet and an outlet; b. feeding a cooling fluid |th 8%06
the channel through the inlet; and c. directing the cooling fluid ?
fromthe OMARME 00837 ough the outlet at the blade base tRBCHE. 208008484 | n

order to increase cooling efficiency es%ecially in cases where the pressure
at the inlet 10 is too low to ensure aYsufficient flow of cooling fluid
fromthe outlet, the pressure of the cooling liquid er_rer?li ng through the
outl et is Rrepspidavantonys subjestgndingeeiasgeneral problem shovynigeed inethenrisyiced pimg a

i nsi de the, Or | StJ.0 [ r 0 :
doscr i bed PRARE Mgt sl vifdtd TR SrpRBDPLL P a3 TR SR TRB0 I e
t he bl adedroddat dcogrdidpee khel tsaching of the @reshmiahventiorpa tgthoil € coding attkelelifade i s

a nozzl e wheel Dblade or a turbipe blade, respectiyely. ording to a
Featur e of ol pieauiect Rt Fofhe il end Earoramices tioulh.e BRST b Hhtor
cooling f |pﬂbﬂdiﬁiﬁfﬁl 184sh End JuBsRitiARy Qkihl bnil RAGIng Wit Akl BGtigg a6s,ale dtheashimrde

being cooled. U'S. 6,272,844 teaches a_ nethod of turbine blade cooljng in

whi ch a r chatehiavinesadaiet A0 $e opteteh. darcingc qopling Hid WEq g thehmmRbibigYgR I The
effect is ghBatymd PAkdRp thf c&olﬂﬁ% GO efbrkink "RIM RS harg] BRGIXHGRS Bhitlet Bt the

transported through a passages to energe in front of a respective turbine
bl ade. Thelalgdrsedpbe epnlesd opes and cool s the respective turbine bl ade.

Despite a superf]ci .S1 i+ . Lh . i i Lt Eahly
doubt 1 ul that - Thatbflk e Bl pibiogt YByRUR WAL W bredleeuPp0Ue
The pri0mary tqor bl eensufeha suffibiest SoW Wi coolingy filtitl dioni thet dalet, dhe prestuer ofthet he

1 ow ¢ hr oGP eI CORE08 TARUECHE AL T ARBTa, DHEEo P sl P Rt s | ©
(desi gnat e@sifldnedNinkidStheOohdriel, 8 kxanlple S édintAsticdSthabnbef cdnfiResh@Cds ddvadbedsi nce
the air at the inlet is not centrifuged, the static pressure in the

vicinity &preimgbovenepeding to pgiretafthe Prsen imtentiony theskleded riting @hetliis &t s.
0 Tact, WOER! wHER of ANBhO g e Blhllo W ol ndzh@WndoPHIAL] o b tABidchBlade,

peri phery the turbine towards the axis heating, rather than cooling, the
30 tudbi neespéaditely. 01/ 12/ 2006 WO 2004/ 003357 PCT/ 1 L2003/ 000434 -7- There

is also provided. accord] to t eachi f r i i
met hod of pro ﬁ%cfr%ag ¢ 3%8‘ r%ﬁ#:n Elg)pr%r%%tvllng]&ﬁagé’el&/ﬁéfg{g@xﬁgcgggrefL[%‘l?g)t {rr%t%g‘tqi ng
at a firstodnguiued envebiag oy tAbaeutlet along alehding bjge @ the blada geih voaded. r om t he

vortex through_a t one nozzle, the poz rotati.ng.on a__shaf a
second angul ar Uviléef?s?f)“ SRR & Wét?‘%( iog ;t“rglﬁ‘a %@e 89(‘11?1_5(:'? %@‘Q‘[ %?Wt&gdﬁ%d%% rom
the shaft dgisd ifiGekd (09 rbetifk MUk TTht REeRNSHEINY pdrivtest thoBool aftGroki thet
angul ar velocity and the second angular velocity are substanti al lE;] equal .

Accor &9 ngcemprasspuistirapporied thipughcy pastrgep focasaige inripBhed dFpsPecHE® PrpineRlades
encl osed wh{ Bidl af eﬂ%ﬂegaﬁ doBR t%?ﬂecﬁ%%e 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.



There is al so provided according to the teachings of the present ingzz{%&bos
a nethod of producing torque by: a. generating a vortex of conpres I
rotati ng OIVGHPES7 angul ar vel ocity 10 about an axis; BCT/H2R03/§0434
conbustible fuel with the conpressed air; c. burning the fuel within the
vortex; d. directing air heated by t he bur ni ng fromthe vortex through at

| east one nozzle, the nozzle rotating on a shaft at a second angul ar

vel ocity aboufherdis aismmovu&:dchcmrdmgttw aictteau@ngm the pxeqéwe irfventin: hmetna pf |

According to.a feat re of t locity
et e ot g i Pl B RS O BT bl PRAL B OF
further #gaty)rdrecngtied Woﬁﬁ&ﬁtvoﬁwﬁﬂbu@mt léablﬁormorotzﬂ)& i!hé nazzie Fctatingodnaes ed

within a _ngn-rotating out Accor ngtoastlll gge ftfeature
of the ptefianht SR BYleoi xjisg ang) sxteacting the travg, Bty ot at i ng
abouts the voi{@Xiddbe fédurk Ia?th%%sgaﬁ HRREEd A the (R4t QBN veﬁialtﬁﬁﬁ(ﬁﬁe RRGERI PTI ON

OF THE DRAW NGS The invention is herein described, by of exanpl.e only,
with refasulae @elp@tnan@subafe@tmﬂmﬁwn@c@r@w ﬁeglsﬁmbﬂﬁé?aéwrﬁ of ﬂ}ecnresznt(lﬂvqna?n art)

is al arlglgk, 55193:?0153@(?%’:99%50?' onﬁr}é (gl@%% siffk. conventi onal turbine engine;

FIG 2is a ar e Cr 0ss-sec ictiron of a turbojet enbodi nent of
an OCN engi nél"he%w(afsotphmMase:mdmg m/é]nttwwhngmf they presng iriviegtidn emethag éf:t ors

t hat f hol d

op ot oraieneterald i s BEEs A Techotien i KRG s B I RIS
engi e ofbolihén nﬁ({isﬁfbeﬂcﬁtxmgrﬁ/@jﬁbueﬂ’bie Fle@:cwltﬁ fhe cﬁ)rx@relsmdgmt, dcbuprihg ﬁed’uelomthof a
rotating asse of an e of .an

| ar gel yg@? yedexg élgf“?%‘ﬁ%ﬁ a’ﬂé‘ﬁartﬁ‘i geﬂ‘ed’f““&“%g% Y ’*éﬁrgﬁéb?t 18€I‘Gt N Efﬁ]a’engl ne

havi ng shathhgd lla%ltm%eh QGhat & d é&@&{cﬁ:ﬁngﬁ%r {Witgliabud SIS axdis; @B USIrhBImgaanber
interface; 01/12/2006 WO 2004/003357 PCT/1L2003/000434 -8- FIG 4 is a

| ar gel y torqus &rometbe heftal depiction of a conbustion chanmber of an OCN engine
U oo oany Aol BTF BAE b A0 d KR BhGCIDIERE hhfikir Koy Sud e econd

transverse cross-s ne depictin ustion chanber
conpldes sangulaﬁvd?dxﬁy afofsubstasatinllgoe . Mcosknwe catﬁndircr ddatuae oﬁﬁpm@s@nnﬂmﬁ@n ng

nozzl e eel ctin ozzle e

i npl erremj‘%tv P%fﬁ‘ ay ﬁegfﬁ’ioéﬁ‘ﬁwét%’i ¥ RSP H‘gd) uef Caﬁ% [{crc (e)rdé él n\gtélg'?'lﬂt g%n FI G
6B depi Cegurel 6t m%gN/ﬁeserﬁ 8Bchfith, ithe forgekl i @ndraied b?|a8¢mﬁi'ék@£br fotatiog akowtlthewi t h
the axis of an engi ne, detalls of the cooling of the base of a bl ade
of a cor9Fiexs 8y aidhs W?fﬁi anglar velocity.

20  BRIEF DESCRIPTION OF THE DRAWINGS
The invention is herein described, by way of example only, with reference to the
accompanying drawings, wherein:
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;



10 nozzl e wheel according to the nethod of the present invention; quﬁi/é@o&i
a largely cross-sectional depiction of an enbodi nent of a turboshaf
enbodi mrentWORIEAMESN engi ne having a free-nozzl e wheel tBCHILNG/MMS4] oad;
FIG 8 is a perspective view of a schematic depiction of a rotating
assenbly of an OCN engine configured-Bor partial adnmission; 15 FIG 9 is a
| argely cross-sectional depiction of an enbodi nent of a turbofan
enbodi ment of G, ON 8@l Revss-Bdetlodal Gepictidnio§ a aothbustieh yhaniles of 560N engihe
depiction of an_enbodi nent of t ur bopr op, .enbodi nent of an OCN engi ne. 20
DETAI LED DESCRYIWW‘@W}M@ERHJ@%E“FH%“B e of the present invention
i's characterizgg. § i N@HsPBscorbBsaition Df @S DML incCRBREnS b REmBusHOn tiRinfbei NY
conpressor and nozzl e wheel enclosed within a non-rotating outer casing,
t hus defi ni ng cempggset;i ng conbusti on chanber. Since, in contrast to prior
art tugbines, J e, .engl : @g@%'_ i USoi i ne
wheel uﬂz;nd tor qug' ?‘Ié rll“g&ennége!%!’%';& goc? QE%"?’H‘S Og£ g ostsgt ?ﬁﬁ‘g}l% ggzzzlié;ﬁfvlﬁé gﬁ:’l&%% téﬁf)ééc ause
conbust i on ocawrae wheeh bladest Byo mizzles andraptimplemgntatioreofibe blade pooling methed 8f i ng
assenbly, the %ll?qu ne, .of %he. present invention is called an orbiting
combustion ndZATECERXGHHgi ne. The principles and operation of an OCN
engi ne accor diflg. 6Bddpids, i &8&kectionVe Aty lindrioalylanbehdn & doakialmille the tigis df avi t h
reference to the_draw ngs an he acco nyi ng descrjption. In the. .30
drawi ngs, |i ké)ql‘éfeég‘%‘?rc‘%éaﬂéé&it 5¢ ‘“@cﬁ[ﬁ) tsﬁ?{’éﬁ’t °€§rﬁ°§%deo‘1£/"iffn§%%5°r'€wmg
2004/ 43357 PGLIAL 2RQBLQE 0 1R mAnd YT ikPreseRPMvétiwh} | Ng, enbodi ment of an
OCN engine 40 is schematically depicted in  Figure 2. This depicti og, and
ot her depi cti dlS. Belsow, laegely piopswgetionpl idapigticns o saac embpdiment |f |3 BERPshaff oy
in the foll ow ' ' [ £ ' le air slots
82) are not 3%%?@@%%&%?&0&5@ g@éc@?@h?%%ﬁ%ﬁﬁ%é%&%tgék(lglg%)’gous to a
prior art turtRes isangispective vhewast aSschematic depictieyi ofz mheating psssmbly afgn PGlre 1.
As with prior art turbine_.en in{es .OCN. engi ne 40 has a conpressor 42 and a
combusti on ch&REET CpEE] &‘E\Pg’fn,a HIBPEE: ¢ ur bi ne engi ne 10 where non-
rotatjng ternp@l 9sisAholargehn @sosededlibfigt Cllepition' 65 sadembadihentnot anpriedaor 14
to conbustion chanbers 12, in an OCN engi ne such as 40 air is directed
fr om conpr essémbadimert A GRIANN Fugine; @¥hnber 46 by rotating diffuser bl ades
44. Further, i k@ icamusdy 41 depictlon Off hiyrddibdRinddht TH MEb
conmbustion chm'elrwig of %@%ﬁ?ﬁ%ﬁﬁo l?aé% a rotating conbustion ch?ﬁn%?er.
Conbust i on chambedimés odfan OCRY enggfiene 40 is depicted in detail in Figure 2A
Further, instead of a turbine 16, torque to drive conpressor 42 is
produced in torque-section 48 using a

20 DETAILED DESCRIPTION OF THE INVENTION

The engine of the present invention is characterized in having a rotating assembly

comprising a co-rotating compressor and nozzle wheel enclosed within a non-rotating outer

casing, thus defining a rotating combustion chamber. Since, in conirast to prior art turbines, in

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



conpressor-driving nozzle wheel 50. Defining the axis of engine 40 Qﬁ 06
rotating shaft 52. OCN engine 40 has a rotating 15 assenbly 54 (se ﬁ%@%
2B) includvfgimBesEsT ng shaft 52 to which are connected aBCHIL28034ge34
conpressor rotors 64, conpressor inpeller 68, flane holders 58, inner

casing 60 and conpressor-driving nozzt2-wheel 50. In some enbodi ments of

an OCN engi ne, sone elenents of rotating assenbly 54 are not di rectly
attached t o rotatypicgl, abmafimith, etbidimait hfan OGN angiike |4y is schbmetivatly dépisted i 1n

Gnai he. 20 % 31 THEARTEES ol deploAB bRy ety R rePi” By 2

angul ar veleaf i the IR ink HBscAssion which 8pititdtieeldentd (ob exdnReraR dlotEsH) @ hotan
OCN engi ne ot her engi ne conpgnents are also part of a correspondin

rotating &6Rigl I cromy pestiph el cagie W gy atalogett sk aripharh tusbrict gine SHl But er
casi ngs562 PRAT,

out er (S:as f‘“ri'gﬁ“é fﬁ%lhwﬁ) H%ﬁ&E%%ngjziEng qagggﬁl }:ngfr d(glcr)‘tﬂ l]jvéet'S %ég ﬁ%%trb gl?éu?l%‘ 25 o
Conpr essocodpsssond2 anqb @i oombamon teharhben &6 chgvever, smbike tbing® engire OM@n ghme
made in ace ord . present |nv

conpr essof ke BnrEL dger PR FERNL Binfetd S it el S L el BBy

prior art chaipieklan anamﬂN Ieﬁgm)ef sueb \is 4§ pie Is:mmﬂlﬂ;omls@dpmﬁot 42 ki enbustivgi nes,

such as a centri r i.al -fl ow coppressor.o . dual
i a1 30" B H0RrotA EORpRELS df: Forfe BV PIpRR oA RRe JAPf S bine
CONPr @§SO0kn&AN 0 ISHAsRHS cﬁﬁrﬁberwﬁl of dS)CNV\Eh e N 8 kblalife cohibdshén Alidmirnd
needs not be di scussed herei nfurther. 01/12/2006 WO 2004/003357

PCT/ 1L200&pmbestien champber 44 qfrﬁfaﬂ ergite H) s depietad & daigluaiEgure Ba: Wdhsr, instead
conpr essogs S 1 e of
an OCN engl netﬁllrﬂs%ét 28 ?Orr %I&% en |%\%&t?\2e?% f&gﬁ%g {sﬁt% g%ggﬁgt‘gsrs%f%ml
| ack is dcmmsseﬂdﬂmngnasﬂz&lmelﬁothe section relating to the diffuser. OCN

engi ne 40 in FLgur.es centri al c ressor
70 havi ng DR e B Yo sitahe ot & G0) bt R B

cent r {5 ugadseblpesd @ee Furd QB] ﬁlcluﬂﬁx@rrbﬁﬁﬁg §Rfnsy ® which atmc&me@ecemsbaohmgent S
of the present invention, an engine is qui pped w th_nore than one

conpr essoPOMARBPE RS, 6t cQmpKESIOR Jwgelisr cﬁﬁnﬁ}a&% dpldens 38, gerypasgg 6
engi ne 40, nﬁg Es%gxe&ﬁﬁ% h&afSwReeP5d. 'ﬁg@fﬁ@aﬂ%ﬁﬁﬁéﬂg o eﬁ%@ﬁ'eﬂ@mp SBlfl‘IH %I%fncﬁt@
I ne engrnes such as 1

Prior art t ave an axl al alr hr oug
conbust i oof cliatmgeassemtsp. 54Tah'e rotidiredtiyratie¢hed dn-rotating ishegt 523rlmt rrathersmdn‘mﬂWanes

24, T, 00y B Bl RS e Db 0 bEODNCRRE s,

a pr izxr aam auqudausrw r%ﬁh@@@e@ﬂl@/fﬁmtaid)wﬁh thet saﬁieCaﬁighlﬁr e¢lbeitysatiobethd iakfs i on

stage with a
g engine 40. In some embodiments of an OCN engine other engine components are also part of a

corresponding rotating assembly. Rotating assembly 54 is encased in a non-rotating outer
casing 62. It is important to note that the inner surface of stationary outer casing 62 is
considered as a part of combustion chamber 46.
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.



velocity of 400 misec and is slowed down by diffusion and the effecpﬂzi 12006
non-rotating termnal 15 stator vanes 24 to a velocity of about 70 %
Thi s brakig 2088033570 a 5% - 10% 1 oss in conpressor effPCT/B2803/000434
contrast, in an OCN engine air enteri ng t he conbustion chanber travel in a .
vortex about the engine axis. Accordt @I-y, an OCN engi ne does not have a
stationary diffuser stage but a rotating diffuser stage. In an OCN engi ne
t he rotating dinf immwemnidiiffechs:, thheewar, rbefwaw @xiprésegs 20 ptilveart anpine ssgines
towards th cow)us&ion cha r.an onverts rel ati vel pcity to sta%tic

e?r,l é tatic

pressure.® PHEPTEP Fo0f %aFﬁfﬂB%le by CNogtne §h¥%fsﬂg’rs

pr ef er abl ynta@2aamiGe thek igdistuises her8inbid v irelb O6ttioR Rlating hethd idiffusger st age of an
OCN engi ne substanti al i ncludes rotati n%‘ di ffuser bl ades as extensions

I
of the bl ades U5 erging é@l i Rigures gnis cawprsd with adugl axiglepairifugal corpeesstidde of
the C@%@in?’ﬂ% 8lid) doPBredick t4158'64 UAAG Ands Y6 AhE a contiHEH i géﬁer gptation of 25
the vortex of air exiting a correspondi ng conpressor "1 npeller is directed,
as a vortex, ltosdmpartant ieenctoibbuistsona emheditpents of thetpresent idveations an lsagineiuct i on
in airfl . i curs fr h i.mpel |l er through. th i f r,
the- st at et Bolein BEHInbeboP Tobitfore ST BB o A 1 e g 8°
nmonment umQEN tdginagtlsis veftireitoias a primagcumgresgor.even enhanced. As the velocity
of the aigy _i.n apn. OCN engine is neasured relative to rotating parts, the
vel oci ty%ﬂ@#@#ﬁ:s | ow, for exanple 30 from about 200 nisec (relative
vel oqioty) to BA& i ©ffinctin@ine®s @B 681 Bkavt b RxikIHHONEN thrdigh dbhbusS S chamb8@di NY
to a nere_2%1 oss_of conpressor efficiency. 01/12/2006 WO 2004/003357
PCT/ | L2032/ Boknetion of nopgotefing; tenmienl statoF vees 84 making upre statipnarg diffiser $agst i ng

di ffuser ; 4 i - Q. S : i ' f the
bl ades of sb%(:)gr%‘t?er?ﬁ Eélg-]g'lroml rrpeq? ezrﬂggéq??oiﬂgﬁzﬁéﬁgé#moﬁgg@ g@:ﬁ%g&gﬁ? tg%g?\ce t he
r ot at i ongtesswosrdmt pnipoért tunlEing essgines stobyas d A artypicpllyenters thg dfbwibo stagowitc hanber
46 of engine. 4 t ati.ng .Co stion . .Chanber , There exi st ny .conbystion
Chanber dORTIGh40B B PR SEPAT it B SFBRRE She SRR Bl Rl St

t he d6nbu@ior @Bnes MR vEISciGUBS it 7@ I/3ecATHIO Hréking leadd ANNBYAT 1098 [16ss in
conbustion chanber where the gases travel in a vortex about the central

axis of CHBPENREF HECIIYR] f. However, since the gas vortex rotates with

substanti al | yinl QgurS@R ANGCENAn 1R ChieYing thel QBN Gaf8Er travBiSin WovdHek T user
and the conpressor-driving nozzle wheel, in the rotating assenbly frame of

r ef er encébout e ansinp sisi dacardiagien PENanghRidges notdwve ¢ statioenrh ddfupastaghanmber
in which L L i LYe lL.atl v - . i.cally
about 50" agfhE WAEHAREL n OGS BRAEL ol GRIREGHES dPrP RebéRIfE,
exanple tendmgtréssor tovaaisbtie dfinbubtic@Chaatbgr pad 40ndepi wlatite ivalobigur atalld, s
substant ;I)r%lsslu e. ?Io%vl&a\rr]e(%,l fhe éa.irr]t[fcgjvlv %ﬁeg;r}sa 1?3% %g.mped, 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
impeller 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.



15 defined by rotating assenbly 54 and the inner surface of non-rot t1il‘i1§l2006
outer casing 62. During operation of OCN engi ne 40, air propelled b@
rotating vVORUBHO3BY ades 44 is mxed with fuel from roteEiT/AQI3MMSEOrs 74
maki ng up part of rotating flame holders 58. A primary zone for conbustion
is created by rotating flanme hol ders 5"81,1 Yenerating a honogenous annul ar
flame. 20 Placenent of Fuel Injectors A first preferred |ocation to place
fuel inject or sAsmlepintebiNFignigi2rand insFigeg@bhrstating tiffuser bilades 4hef QENeingine Y0 of

| ect or & o1 B WL SEERERE e P U Hr Sa g Bl b SHETHE BN U

second pr dftenhade lec@tation] tonehameoffthe bad Wriex eftetng ftating Cohberigh Bkaniseri N
t he area %5 vvhere40the air flowvortex exits the rotating diffuser into the
conbust i oﬁ1 ﬁg ,-as depicted in Figure 3 for conbustion chanber 47. The
vort ex5at RobgingiChinie®ion/Cheé@pdusti on chanber interface is an effective
pre-m x zone allow ng the creation of a honogenous fuel / air mxture. Such
honpgenous di sBB§TS FEF many spmbysien ¢hambernepfiguptinns & priewat wrbne anginesilp An
relativel IS S LR L0 I i [ .

2004/ 0033)507d e AT haifly R} %‘b%%%‘@ﬁéﬁ e 5%&%@%@5&% canh ﬁggﬁ?%\g 2,
2A and 2Bchapetier whenditheegasesdraveirinagbrtdxabbut thhemiral axista theamgine gjselh Fowgier,

rotating s i Lnj 74, energing into. combusti
Chanber aBigy e B betek Sk Rt WA Tpe o SR Wihoteb€ine SRS
r ot ﬁt itg diffueatand shea:rmpg@;dlﬁmikdng noElewheliache dobaing %E@giaﬂﬁsoéf&a&i-@p@d
wth statj,c injectors. 5 Also,, when rotating injectors are used, .
hi gh- pr os U6 PampHOn ﬁ@?ﬂb@r 120 Asiie @@gép’#ﬂé@im Ghambeg in gfﬁ%c JhecsviE grlopihe
i nj ector Sisbm_a@@mrokvf(@gﬁhte&w&etypie%mgtabmEus%i/sebﬁj ectors Al though OCN engine
40 depicted in_Fi %gues 2, 2A and 2B is depicted as having rotating

C

injectors 74, Hm YeAgtobugtion shambera@f e OGN spaive, wiot Iexamplei eonthystion
i njectors ' AN . i CILLE . i

conbus | o ier Por GENSHECElplolbah B 21, i (buAIG s dulole BEPACAMer | o
depi cted dafinfd Guratatdg assomblysidgnd ihe amter slirfateofamoeohtiggitérvating 6 at i ng  f uel

~injectors are teplaced wt tic fuel .inje rs 74h. tic jniectors 74b
energe into c%uﬁﬁﬁs%eg"ﬁlm&ﬁ cgﬁnea#&tad’ép%??ﬁ%sl@’r ro/ta%eg WB‘?H%}n%fTﬁger

i nt er f acemixt® whttefugl Fomgroeking iijectdrt 114 fiking W) ot ©F rédthin@UEBinShalliés sgnjaect or s

74b is nore efficient than the mxing of air with fuel injected through

rotating Hrﬂljl%tz?ﬂesfo"iﬁfmﬂﬂ'é“qnds ergateds by Foftating flgpme diglders 58, generating a homogenous

annular flame,

20  Placement of Fuel Injectors
A first preferred location to place fuel injectors in an OCN engine is together with or in
the proximity of the flame holders, as depicted in Figures 2, 2A and 2B where rotating injectors
74 of OCN engine 40 are part of rotating flame holders 58.
A second preferred location to place fuel injectors 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 firel / air mixture. Such
- homogenous dispersion allows for the combustion of lean mixtures with relatively low NOx
emission.

30  Rotating Fuel Injectors



i nsi de conbustion chanber relative to the static injectors 74b. Thu 711%}; §o6
injectors such as 74b are preferred for use in static OCN engi nes aV| gé

| ar ge contWOt20e0835anbers. Rotati ng Fl ane Hol ders 20 | n BCNIG(3/6984340
depicted in Figures 2, 2A and 2B as vveII as in conbustion chanber 47
depicted in Figure 3, primary zones are %enerat ed using rotating fl ane

hol ders 58. Rotating flanme holders 58 are considered part of rotating
assenbly 54. | An ¥ cegnn@dﬂrﬁsnm@don Ei@Mes enginasl @)Blfndrly direrted thapwgh fuel

gener at ed t4,29 I nat d tached to

out er casﬁﬁ%ﬁ%% 9?’ émgééldérr? 5&&%3 t o$ fS‘fag{‘é)ﬁ %%w@%of"&%\g@gs’é‘t

non- r ot at icombhistmechambiro#6l elirsughs rdtatingn fiae Hotdesk 58 @d}N Bndiie® &fulipped twiths

not ewor t hy tﬂat t he use of flane holders i nusual i.n co ustj Qn chamnbers
of tur bi nd°@HY FHEstoni e gencrallymorg ?%}m?aehﬁ]an @rﬂlﬁeﬁﬂ’f’eﬁ siiped valGtHie dBHOTSn t he
af t er bgr netls®fwirn Rbtaiig ﬁl?écto}s%rb'uﬂfﬁi P ﬁl‘@ssufenﬁl@l RAfn§iseiré GahRBROH) IR Rlel & an
OCN engi ne, an annul ar_f hol der is used. The annular flane holder is
descri bed SPHRYERM therpjeeipts be cesifugd forceut i on and Thermal | nsul ation

01/ 12/ ZOO@MM@ugpﬁ%IQQ,SBS? PCT/ 1L2003/ 000434 -13- In an OCN engi ne, a
preferred nethod of exhaust gas dilution is by air injected into the
conmbust i on chaddtbeughPCN ingink et0i dﬁmtecbasil?@r&srz t vk @udy2Bbist depictel 4shbavimener

Froure 2 R tar Ay af BN bR insldde BR Ao e BB ORE iF by oo T o

conpr é@soﬂepi&edlﬁlﬂig@elght t hrough cool i ng channel s such as 78 to energe
i nto conbusti 0{1 ghanbgr, 46 t hrough inner casing alr slots 80.. I n Figure 2A
&% o

cool i ng channet® epried Hicgmbpstion grmbsord nyf @h%l%‘gmﬁr%% Pnner
casi ng 60 chfibuRebd Bhdnitel 4@'d@p1&t&@rﬂ ‘Fgﬁpé' 8A58he él%nﬁéa'ﬂt &%feﬁ@es Bem%%‘: kdistin
channel 78 of conbustion chanber 47 depicted rn Figure 3 1s 0 def |n§d by
a space f@ﬁhﬁ'ﬁeﬁ@ﬁ\mmnmﬁi@mfbaﬁﬂtmm izipefors T4bb Ptadic injectornT4by 9merEg Hufoar

el enent nner casing 60, and
is rigidl 5‘%%#6‘%%%% ‘ﬂ“ef%t”g‘ﬁ#ﬂ%? )g°°%q‘r°’tg°q’ggﬁo i""sr}/ﬂrﬂtfi s‘!e86a 86b, 86c and
86d. Bbruts 86Ehe xﬂﬁdmg @oudr mﬂdﬁﬁﬁnhjmﬁ thﬂmgh |staﬂedh;exmoras4li & motefeffivdent tiaget her

w th tubular _ele 79 ".conmbustion chanpber, sor i scussed in

Gt i | hoPEi TBEGYh in 8t Al iGGHRT a@@u@% FA RSO 74 ?ﬁ? &bff@oa"ffﬁ%w%i nner
casing al Insib @b:fibiton Shalntef laflve foi thé btatic MijddERs T4V ThuLAaticfedtofs saéi0isy4B0 are
rotating, air injected_ therethrough has angul ar nonentum and thus does not
di sturb t#&PH ‘?ffqdlfﬁ'i/\‘/‘?’?éﬂ%t@}@ O34 gragines haping dgpelermbustien ehambedenser air,
injected pbAralBR,L MEL,CcaSiNg air slots 80 is carried outwards by

centrifugal torces towards outer casing
2 In OCN engine 40 depicted in Figures 2, 2A and 2B as well as in combustion chamber

47 depicted in Figure 3, primary zones are generated using rotating flame holders 58. Rotating
flame holders 58 are considered part of rotating assembly 54. In some embodiments of OCN
engines primary zones are generated using non-rotating flame holders (not depicted) aftached to
outer casing 62. The design and placement of rotéting flameholders 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
annuiar flame holder is described in detail hereinbelow.

30 Dilution and Thermal Insulation



62. Dilution air is effectively mxed with exhaust. 20 Quter Casing ﬁ?12/2006
noted in the introduction herei nabove, prior art turbine engines V\AP
rotating WeRHMHEI3SH chanbers have rotating outer casi ngeRCT/MI2@0309843t | S
that the outer casing of such prior art turbine engines are subject to

hi gh hoop stresses that ultimately |ini#3the maxi mal attai nabl e rotational
vel ocity, curtailing power output. In contrast an OCN engi ne does not have
25 out er casi ndnlp@C) enghes a prkiatied ambilait cfgahanbt gab dildtmatis b air ijévteddotbeie
casing of an engi pe ., does.not rotate with, th i r.fl.ow vort ex t here
w1 R S S R s e st B8, B s A olel | e
air flow vihe beter cakingw friction can be reduced in an OCN engi ne by
injecting air into the conbustiagn chanber through openings in the outer
casing to changd® cpRiustipn SRETs 4R deBiied 1 KigHrg Gy 4 47 deRists - Bighr §» HeRtdEar y
to turlsul gabpddiVer dine@A dbrhprefor 4 & _bkdﬁlgﬁ%%qgl%boﬁitﬂ%flﬁﬂﬁblé BRhAYTSTo ST

assists in maintaining a thermally insulating air anket. Still further,
ai r i nj ectiB® combpigh chaebes 4é droughdinggcasingirebite®haust gases. 01/12/2006 WO

2004/ 003357 P - e} r i i n
Figure 2A and%hﬁ%%’gg%%%lb?éﬁ Z}é &oﬁﬁ?fk’?@ﬂ-a?@ﬁf&@?@% ‘fﬁﬁﬁ%&%ﬁ%gg@ @:ﬂeﬂ

casi ng ai rcasihp6® bidfingcooldiefrore @empgsw®P42.As di scussed above, such injection,
reduces flow friction between th ir.flow vortex and_.t he, out er_.casi.ng,
hosists in thel® RERFEL R Bnid, Rephepmoisiis RRER Y eI
prot edd oulefhedinsd Sic@Rimed bétives iardrausig 6PardieSRbulal derf @ YSTIMRR: chalher 47
depicted in Figure 3, it _is seen that the shape of the inner surface of

outer casigs @Bposerbairionpding #nd copdal wiBoliprrgrsing 80, erhis uisidin porargpdiierelodyi s,
in cross 5eGid0Bf sthfV X 86t SR Ak sdihgnggt@ﬁﬁsﬂ%%ﬁ@s@d ﬁéi:oﬁﬁ&{eh%‘rét%

effective In t|gapp| ng cobi3 air injecte rough 1 nner casing air slots 80
that i s bdefigghttogeher avithr ubulgatlemhentc®s at ‘sombustion chantey coMpasor? dissusedd i way,
a sel f-rerglle ihﬁl{%}n%glot hermal |y insulating air blanket is fornmed in order to
prevent overheating Ot outer casi ng 62. Inner Casing with Annul ar Fl anme

Hol ded51 n Fi gulThe ddvasitagieql difufich sir pethadshiongh mhadasing 4iPslofs 80ris tkioldNBisge
simlar to, combust,on, c@a er 46 of QOCN engine 40 depicted in Figure 2A.
One si gni FIEQRCIapiNg AIE SOl §0gre rpiating, AT 1pjsptsd thepthrpughdas aeytar momen ng
channel s #fisafdds nBN@ikstufA e N ALRLDrSL Séfc?KtQQﬁEJ&lElHé}Paﬂchﬁﬁp%néﬁ afieRidetead in

Figure 2A are replaced with an annular flanme holder 84 in conbustion
chamber 4Yroyghrinhes casingFresipis 88 éy cgried pivedety coifyd dercehiowhuda otileoensingf a

L2 bl Ty ol SRS ST 10 0 one stTuctually s
al | owa0 f oQueflasigve cool ing of conpressor driving nozzle
As noted in the introduction hereinabove, prior art turbine engines with rotating
combustion chambers have rotating outer casings. The result is that the outer casing of such
prior art turbine engines are subject to high hoop stresses that ultimately 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 into 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. Still further, -

air injected through the outer casing dilutes exhaust gases.



20 wheel 50, as discussed in detail hereinbelow. Annular flane hol dB“II%ﬁ/é@OS
substantially a tubular structure attached to inner casing 60 by a
plurality WP 28440033%5786. The | eadi ng edge 88 of annul ar PCHELMHMA 84 is
aerodynam c so as not to cause turbul ence or shock waves in the airflow
vortex. From | eading edge 88 the crossl4ection of annular flane hol der 84
conprises a first leg 90 which ends at a step 92. Fromstep 92 the

Cross- sect'i onIptombuztibichahibarseiehddpitesd 8 Figaa LA g st725pistedHin Figechndr iseg 94.
In short, the cross-section of annular flapme ho|lder 84 ,is roughl

har poon d’ﬂle@%ﬁ’é%@. oRkcasing S iloks %flnawﬁmaéwgﬁ?a%se&ﬁﬁyﬁ%ﬁg%? E¥EtgR 11 ow
vortex diNdfes b Hidkith | BHiRvednVie 8 iR ebkedland ltRVDuteR dabihs! astidisCin el f | oW
bet ween annul ar fl ame hol der 84 and outer casing 62 and a second i nner

ai rfl ow leivieraice ahathermaliyainsulpiingday bigakes il profnse puternedsing 490 dilaies BYWYH t he
30 idgal c?ragaetsi oof air flowdiverted to the inner airflow and outer airfl ow
i s dependent’ on nmany 01/12/2006 WD 2004/003357 PCT/|L2003/000434 - 15
factors, it idn combustied ghaobei ¢V debittdhin Bigtnaede it i2 56onathat S $hapt of iths inndral

airflowis preferably. directed to the, outer airf]low The presence of step
32" 1 n° anUiEe 42 ouRE ot Gehiife, b obREpRRHER, of hrabBion MR SRR Bror0, |
that is rsediidhl veivix Eﬁwdm n%mgn{tea duh@r%mb j%‘itib%@st ém&amhh mﬁ@qh mm}ry acts
as a primgry zone 5 in conbystion _chanber : spased throu annul ar
flame holREFeBHroneh inneprayng i §}0%f80ﬁg@§a§@§s%rbyrf€mr§?€af fossfs t@gut%%ﬁwﬁgur ed
SO agot 0 g3l 1OWCRIA whi? a%ﬁﬁ‘e%l&ﬂ%iﬁ@ hetnMIS  in@idifnl QY SIMIRH ShfoRRiUInadrdér! Bme

hol der 84 and to nerge with the outer airflow, especially in the primry

zone and praventpertiedtine pbouteroasing 6he  si ze, shape and distribution of

passagesI%{efﬁﬁ%g%%%gg@@Q ain?H% sen so as to allow efficient 10 cooling

of annul ar as well as to allow efficient m xing and
di l ution of theFigord Aeisydepivtds e condastipnzdneberd d® i afgarc OENI shgiom sinkitar go

preferred epbodi nent, not of. t i.nner airflow.is .al.l.o 0 _Ierge

o £ht he companon et s Gieenn A deoiRind s 68, Ol SrimcHF Sek@pCEl

si gni§i Cank rfiiidgl Mdind Boldéd SBIRMoliny BRRSIPSY afd idnbe catlile gad sofofanmblaiont | ane

hol der 84 for effective cooling of conpressor dr|V|n%@nozzIe wheel . 50, as
[

di scusseghanbendé denictpbindiigne 2dvire teplacprbyith pe apquiar dgwsineldey34 i cpmbistions ar e
two type f i t LI type
of perf oraéﬁbc?gg,ﬁ' %ﬁﬁgﬁasg%[dg?gbg@&g%g iacrfgfbh%ﬂg‘gefn%rtl ﬁ%?%gﬁgﬁc’l{jﬁr%ggh

annul ar fliletive ¢éffictiag eBhesnims dne dtwetkradly rsitiplorpet higbly effecdtivewomperentadni al |y

par el | G Sgpe) s Ly S e BB SENR il b0 i, o
fl owptg WheQ B0 aspBchge@in dens! RehAntRRy. 26iulad Nansksder @4 tiy substantiafle afubuddri ons,
96¢ and sgtg?ctu?er: gtta%{ledatosili]ge? bassilglgagﬂebyag glulgefligyec?ft sitrgtr; 8t6h{“ I?eul%art]ding edge 88 of annular
flame holder 84 is acrodynamic so as not to cause turbulence or shock waves in the airflow
vortex. From leading edge 88 the cross-section of annular flame holder 84 comprises a first 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 ajr flow diveried to the inner airflow and outer airflow is dependent on many



annul ar flanme holder 84 so as to leak air fromthe inner airflowto qg{l)22006
dilute the outer airflow and to forma thermally insulating filmop (
air in corvacposiosis7and flowing in parallel to second |egragoodowpsat antly,
the |l ocation of perforations 96¢c and 96d is such that the dense cool 25 air
frominner airflow, that does not mx-¥ddth air fromouter airflow, is
carried by centrifugal forces to the inner surface of outer casing 62. In
such a wafactoss, dtoimtcinnemlyshelieved thatrieshentl 25vnand asvongs 16 kdlaladifflolval grefemblyor med
along the,.inper surface of outer casing 62, as discussed hereinabove for
conbust i oﬂ‘e(?%ﬁﬁ%@m%rﬂ Yted in Figure 2A. One skilled in the art

recogni zes t hathe\Waencd B BEp 82 irdRbla flathé BéTBleN S HGhe AFIFCEGERIBRS voRithe of
her ei nabove the thermal gradi ent generated perpendicular to the engine axis
i s close &ibthpldeslatively oy meying gethe waiabdinglion aBEonsamently 20635 QUUHEEy ZUB-
proxi g t YinteBmPRGhRMSR)er #¢.F Uucture, that is annular flame hol der 84 and
outer casing 62, the air 1s relatively cool. In contrast, in the center of
the primary zdheposddghmiugh amule flamStholdes8486 car Wuratityi aflpassagesron peydatations 96t s,

each set gar akin f substant.i al | arallel struts abaut_.inner

et o 6 RRERHE N S iyl B na SRS B s B Bongiannilst Hihe RO 5405 o
5 | osses.to Sierget witiBthemter @irflow) espedidlBr i thupIfEBSzond ARd fd s WilRfid Bdn¥s. tlepOS e
of struts. 86 ,is st gjgt%ral, o hold annylar flame holder 84 in place. The
second prsilzt‘?a?}?p‘bﬁ?‘{) LIbgHons o PAsEaggs Of BeIIOFRtLN Soais chasen sp a5 ta el ebfidemket of

cool 19i I coblhgPéeutifer Mafit HoldRP 89%as tid dsl BEIdW SMdidRE nftkihfBRY dBRIG: bOmknner
casing 60. 10 In an OCN engine, the airflow vortex generates a radi al

static preggy andypesandant zonesidgung eerabustierb et 4 oreforrndebodithent, notalleefsths
towards t : ing. t.hi j i th r
cortain anrAhek (ARG o MSChifils her sH s holil pdn P bue

E)r OXi 31 t%wtbérfa srftgmfﬁna?sl?[;ﬁﬂierds alloweg! t_rll_ﬁ:assl myﬁﬂ&ﬁ? ﬁjfta:l(rj@ ofartdnr iflame Iholzlaxsﬂﬁ?ﬂu't t
owar ds ront. o e_engi ne. us, e ird prinmary purpo of struts
86 is to°Ef§%vs890115'58&0?%&?,89?@%‘m&?%'cwhs% 30,8 discukrgn 98t bereimBelpy: an OON
engi N, from SEuIHceE:S Aepidfcl \th FEuROZ Zteewon9pls S0pfRfiBnt MU GASLROASEe A
preferred nmethod of achieving this is that sonme of struts 8g6 are angled in

such a vv§9ld§rcﬁ4as to substantially define a conpressor in conbustion
chanber 49. THiSHGPARLISE! ﬁﬂ;@{gﬁ q;@rgés&r LNCT, t ik efis of
the inner air ftlow, H%r evgﬁljt?? ng ’a%iaf f‘[{gw rom cé‘n%%bgsss%rﬁ?‘ﬁgrdln\g/?t% nog[g?e
wheel 50annukg fiame hpldar 84 sqasi trdeat aprufrpo swendirBow sttstadBally miralebth ecortdHeg t hi r d
pri mary r is . to increase.th ressyre of t [ r airflow sp as to
Piprove ThaRaih e Wy Spold 6t SFH 1Dl AT ik, Roerahd s T csmeprdah et Mner
ai r f 20w p$Smaygosd Bch fiyn 6t fldvhilgrodedpegsations 9daeng06Bt er density of the
cool air maki up i.nner airflaow, dilution is even nore effective as a
result of t helde second type of perforations, 96¢ and 96d are of a size, shape and direction through
' annular flame holder 84 so as to leak air from the inner airflow to both dilute the outer airflow
and to form a thermally insulating film of cool air in contact with and flowing in parallel to
second leg 94. Importantly, the location of perforations 96¢ and 96d is such that the dense cool
25 air fiom inner airflow, that does not mix with air from outer airflow, is carried by centrifugal
forces to the inner surface of oufer casing 62. In such a way, a continnously 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



conbusti on chanber conpressor. 25 In conbustion chanber 49 of an I
depicted in Figure 4, struts 86 are arranged in four rings. Stru?gﬁégigégﬁos
the first WDR804A0835ane shaped and positioned at an angl BCHIL200F@#3dbout 30
to about 50 fromparallel with the engine axis. Struts 86b of the second
ring are vane shaped and positioned atléan angl e of about 10 to about 20
fromparallel with the engine axis. Thus, struts 86a and 86b i npl enent the
concept OprokidityGe FiebiEnica stabRR) efat BonpiilesSaie hoklr 84 and sut@Gasing 62, e ditisr d

ring and struts 86d of the fourth ring, having primarily a structural
funct i on, resgtizely spl. %‘Wab*éﬁftsélh@%%%"t%fﬁ% Rypasy 5‘%’3&6‘? & ISth(ﬂ%ft he engi ne axis.
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conmbusti on chanmber conpressor. One skilled in the art recognizes that

engi ne tyblé%e'ot her than OCN engines may also suffer from axial backfl ow.

It will be clepgf st@n@peimaki purfste ioff sinite 86id to goikite bR dtkulagng bienketleSarol piti on
of a conbustion chanber conpressor herei nabove, how to gvercone the

di f fi cul t oersevertuigetion of & flame frorwthe gumpry 29eheringsy 5l engi ne by
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such as super alloy netals or ceramc materials, Exhaust Reinfection In the
art, the preferipduithon ofpohistinathis ig keé some pHsiiesh e raeld HbFeh @oVaYe s 40

oxygen - 20 a0MAN aeARd £ SIRRAUEH th YooiBistl SRbiRRE 4S HR! borfiReh chiliRe OO
engi ne, exnaus efnjection 1s sinple to achieve due to the fact that the
radi al stabipcespordssenses the aoseng of the irder aih fowoprbvapting hack8pw fisar canpesseises
towards the.outer c sir% . In Figure 4 exhaust reinjection is depi.cted for
an OCN enf f"ﬁég.no%’éﬁ&%%‘il ﬁei njection inlet 77 in outer casing 62 is found

upst rgam of COmpIrBSAP prifbhiyVhidfosd QEZdt@its 86 atlafed . to Eid @ist primary purpose, is to

increase the pressurc of the inner airflow so as to improve the dilution of the primary zone.

E

—

Although dilution from the inner airflow is assisted by centrifugal forces and the greater density
of the cool air making up inner airflow, dilution is even more effective as a result of the
combustion chamber compressor.

25 " In combustion chamber 49 of an OCN engine depicted in Figure 4, struis 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 paralle!l with the engine
axis. Thus, struts 86a and 86b implement the concept of the combustion chamber compressor.

30  Siruts 86¢ of the third ring and struts 86d of the fourth ring, having primarily a structural

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



25 reinjection outlet 79 is found in proximty of the primary zone /2006
generated by annul ar flanme hol der 84, and preferably as cl ose as pogéﬂ)‘?@
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the fl ow of gases from exhaust reinj ectildr inlet 77 to exhaust rei nj ection
outlet 79. The part of exhaust reinjection pipe 81 that extends into

conbust i on chanbdigus S hdsanswersGrassatyn perpenditabp o the aas afcbmbwsticmcismber

turbulence in th irflow. vortex ,.nside ustion 01/ 200

20041 00356 $ BesrBR BB BB AFPI e etin Bl B g B aLls Y50 APRAOO R 51
passes t hr pal@d? 84ab \gheB dasingad v Fuier GOB bée@l UhiR Girhi 86h QEAPpRItRnEK R Shgle from
reinjection if, desired, Wien it is desired to gerform exhaust reinjection,

val ve 83 i Segpispbihc engine; b uplea mayy inngr saging 0 t1ute 86bangd apnulas flamg haider/§4 ; o

far frosm t hgingRghRBusdidh ShatiRt onddredshiC Pressure is high 5 whereas exhaust
reinjection outet 79 Is close to the engine axis where static pressure is

| ow, oxygen- poddneeskiliedsin the amsccopmizasdhat srpine §pes ethni then QN chgieesguay #ls® t he
primary zo fe.  C ' C r. 46, Torque Seciton: [essSok.- Dri vi ng
ozt e vinentref ropf ARAH Bhligion? 16 T he Clir @' GEAIRES W e SRS REERETAS
one or nordesaipgige sf a EanbustidiOclmibgecoaprpsdr hiewinabsvenhovo toadviervgma dezliféicultiee |

having a plurality .of radially gés osed. nozzl e . gyi de vanes 30 and a.

Far b e whedy Fidh hiskilad i o PaS R eE 5 niblomcubl"5n Ve Biatipn ce
vanes BP dhsd@fidatiohd, tHe 10:hings B&BIRGI Ng from conbustion chanbers 12 at an
acute angle, typically in the range of 25 tg 35 frogmparallel with the

engi ne axis. Tdr Brsien iFurdidat mystrhe,wldrgssed; when) igplemeating pp gnegtlar flame holder,

| mpul se-r eqgeg ?mu,aﬂ?%ﬁ%@ EhARS 1 YBEhY Nviredd! th MG arf ﬁﬁa@; B8 BoRECK L RKSar ©
15 necessary for ‘efficient Turbine operation, a significant amount of

ener gy i s Fisttit id depontent (e temsmbenibnicthe swall mdivsrof af ageulaf Hanehdder frgans thatd
pressure ner . her f the ai i r Lt j ndary
Pl v bet vidh oase, 418 mieal A6V o8 Shet AE R B SRERY o e’ 3656
secti ar$ ofontlpiect Bompoeenbhggertace pdial atwestd hninntheasiis) Hloblema lagsogiatel evithanes

be subsoni.c to preven th eneration o uper.soni ¢ shoc v at the
| eadi ng arftio® Ftéﬁ%?"isﬁéf_‘ Eﬁ@@é@e@%ﬁ@awﬁ*ﬂ? F@ﬁ%mfas 'gping e, @@rﬁ%nmeﬁt)@%{ Fibybe
turbi ne prAgsemeidididaRriaR dudh s sB5s 8FoyaRdhls 6r SRk Sudtdrialgvhen nul ti st age
turbines are required. For exanple, in a typical prior art turbine engine

havi ng 25 fréfuspRegseiias in the conbustion chamber, each stage of the
turbine mis! Ny gedrdl i MhRcAA ool Eall AWML prifnary zont- B tbdlucl HFken! O

avoi d supersonic Tl ow. a typica gl ne nust "therefore have 3 ators
and 3 20ur sowters and tonseqpeniinNExentissitingts vedidmowni InyanAHN engion rkleasireinikptemse.

20, ConH g 3R GRS 36 R L BRSSP B APl
coNnpr essolchdhibey indfranBzavadydhe elitebEhsing.
In Figure 4 exhaust reinjection is depicted for an OCN engine. Exhaust reinjection inlet
77 in outer casing 62 is found upstream of compressor-driving nozzle wheel 50. Exhaust
25  reinjection outlet 79 is found in proximity of the primary zone generated by annular flame
~holder 84, and preferably as close as possible to inner casing 60. Exhaust reinjection outlet 79
and exhaust reinjection inlet 77 are in communication throngh 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



that is part of rotating assenbly 54. Conpressor-driving nozzle v\,h\igl1 ‘iﬂlﬁ&OS
substantially a plurality of nozzle wheel blades 98 radi ating out é
from a hubvattameed7t o rotati ng shaft 52. Figure 6A i s BPOT/EX063/000433SS
section of a conpressor-driving nozzle wheel 50 depicting three 30 bl ades
98 and two nozzles 102. As is seen in F8gure 6A, the space between two

adj acent nozzle wheel blades 98 defines a nozzle 102. Nozzle 102

pr ef er ablchahiBs £6. THMARS gblﬂﬂcﬁbnvmgls%%\al%@mou@l@% 88 06alve/ 63 2008uei3B57
PCT/ 1L2003/ 000434 -19- Since in an engi ne, such as OCN engi ne 40,
produces regtaiuexhapstneipiectipnififesicele,  the exit angle of nozzles 104 can be
virtually anyyangl; *PQ:?’EE or
close to 90 (per peﬁ (?ers i ar t%h?ﬁ’ge%}%ugr{éel %&%% %IVé 8 w&reggc?%[ug@gﬁﬁe@ %ﬁtl |l ed
in the dhat,examsh relnjects)ndmkat rigdis tfer fmmdihc eangmp @XtShWh‘S’b Statihepreswire iahighe of
nozzl 104 i s general e r ara | el th 17 axi s)
s tha: trierR eREE BiygBlBslT Brafe B pEEASE B b8 PRfR

si gni fi camigediodt eRRATROAOWE thrbﬁglpeﬂfaﬁsﬁ%mjemaﬂ pige 815 nﬂeSther efmhgy ponadefce
nore torque, the exijt angle of nozzles 104 is preferably greater (closer
to perpeﬁﬁW@ﬁﬁQPcP%nW%é -engi ne axis) and, in principle, can be as close as
PosSi bl € oy SeReR ombAksok Drivhie 10AML WhedKi S. | n such a way, a nmaxi ml
anmount of torque Ts produced. "I0 Tn Figure 6A, nozzle wheel blades 98 are
posi tioned soTuvwbinestofi@riexprt terhigp @ngjnGSgwhjaétl& campriserige b ARre sagabach g2
fromypar I

clar |1'lt6 y) Eg*a%% r ?%ﬁ%\?hg%n {b%iéﬂgﬁlg’?ig P’%%ml {ngVﬂ P@FH@ ?g?%@l&?%tggts %ad:ﬁ(%zglget her
wi t h conpgrids sares 3@rmhy b ngbine whbe 20hedhg ﬁﬂmﬂyndmpmzdhmbmhbiedlesBlzdﬂlwle%uhnd

expands thro .nozzl es .102. The as 5 accelera to an exit velqcity
b oh cepiagl giea st Rt Foaig g PP BARRErTS e Beathecpe Bitt e Y
the convef gien@ngd Vet g 35N &BMH ﬁﬁralmpmﬂhethé%gﬁm%xiéeffﬁﬁbﬂﬁeymm}! hensupar soni c

in the relative flow while the absolute exit_ veloci remai Ns supsonic. In
such a wigPyisceseagtien of gupdsc-rgaciioniaifon raw-sarfione AMRPHERSthe EISP1SediNes &€ are

maxi %Zegccegﬁﬂ} TR e € DpQhtidd! h‘éigﬂﬁic%%oﬁm\/&eﬁ'&r Qs fAREdlftolshioneak
points of a prior art turbine engines, such as 10, is that due to the

ext rene gmrami omrede fashafithe alrfoslt andgwensyret gentrited obl thel ethen face rpffhealkiodlt t he
base. err ed n I

passi ng c of lg% i SERE ngql%@%% t."}r‘?gn (a:'ﬁgnne?&é%e%uﬂ%ﬁb% ﬁflgﬁess?%r[ ﬁﬁtw’gﬁ Qa%gss'and
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i ncrease .the conpl exi t andc st of a t i ne as r uce net
t ur bi ne 9% BERIARGNY éﬂ}l’%i?é‘lct%wf aves pt th, e&‘i‘bi 6‘616 %aqi‘%édﬁsaaﬁgreﬂﬂ?“?? Ot used
for egpaffissiic fHnolahs WitBine brkdkdRitio lad thoPeaséh, ehbihe SbthpRx P tWhesl nafitistpel | ng

turbi ne bl ades is taec?ht whereby a rotating
turbines are required. For example, n a typical prior art turbine engine having 25 bar pressure

in 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.



bl aded di sk attached to a rotating turbine centrifugally pushes air
conpressor through nultiple passages facing each turbine bl ade, Qé{wﬁbos
each bl adewoizvda/oosmst air. 01/12/2006 WO 2004/ 003357 PCTP¢1:JEQ@G#/@@43434 20-
In an OCN engine, due to the fact that nozzle wheel blades are rotating
together with the inner casing as partl®f the rotating assenbly, efficient
cooling of nozzle wheel blades can be achieved, as descri bed hereinbel ow

In the OCN en@me ifl @RI dngifte, SLeUaseOEN aidind 40, cpemucmaidue wiieat a birides 98
i s brough 5 bl ade cool I ng nozzles 104 througﬁ cool i ng channel s 78. In

OCN engi rf %eﬂaws%@ oh Rozgs 04 can fop é{%rﬂwm A rangle hehvesy %@sutetoeép‘c}rﬁl%t@awe 4,
air to copbinBQZs) @r ewg%% ot @%ﬁéncﬁéﬁmrstotiﬁ@&%me xR, A i@@feap %&dé&ihlﬂ:ﬁ%ﬁ hgs 104

by directing a part of the innher-air flow to bl adle cool i ng nozzles 104. In
Fi gure 3 aa@hen gm@esmd oquoduge mosrthrisbshe w@trﬁnebcﬁ nbti&@elﬂdoagmwtllmsmzll@ 104

directly 0 [ 0z.zl icted
' Fi ur doher S i s 8 SO RSP B PEWIRKS oF UG b A P Be

cool i ng diavé heighifisant akiah cdmhmeentol dohtlastpwlmr ﬁiﬁdﬁ’srrdi’ﬂo\prmgmﬁmé a)rq\&eeﬂie 50
according to the_.net th esent vention | ross, section.in

oyl ndr i it SppERETrE 10€ aelerbh e (s perperdaf oS g iaybn g

j ust coolih pandifle, HasR Rfcide 69 poRBRORApAPeraRakr @ WMRaBkinklagie OGichtahaydanse
cool air errergl ng from bl ade coaoling nozzles 104 is carried by centrifugal

forces adimalppeBRGREPrausss podused wheel bl ade 98, giving a cooling effect
al ongpa si gni %P%meb e Whel\Hidde %@lpoﬁ!uﬁ'ﬁﬁ 5B ha éIlEﬁJé)flt égf"gasc]ﬁt prl or

art cooled tu s cool I ng e ficacy is limte actors

f1 ow t hr exitihg MhHIQSOWIZI in§2hiemamedle] pathetht eogité exis gthd dgasmngtw yxagbiratetbfor
cool i ng aﬁlgﬁscrlbed her ei nabove creates an insulating bl anket of air
starting G he hot t est part of a blade, the |I|eading edge. In addition,

when Dbl ade coDliing 0(3\1 Bagiho bpeations ans dirﬂ@wtmnb;heothﬁmdsgeﬂ@s vith tdigpredor-
present inventio i.S. not he ted as_ it s thr ugh t he

turbine Hi1gRe Q%Pe[w ?é‘g ‘14 g]ﬁg?’!i“é%ld%'% es48 ag e’snagdw%gﬁ 2&d

turbine hlRReSestoCalS8E velitythaieH ASFShdR! GVERYRENSor-BVen S ﬁbiz'l&arhbé] SohgucRr t
recogni zes that under certain OCN engine operating conditions the airflow

vortex gpigefuss: &ede thedoavergingdivaisinggrhan ehnozlef 2dhevrloaity maubesupssene | ow
f r om t he, gPﬁaQﬁ%&‘ﬂiJeyﬂ&J whilk LSRG QR w?&jof?tg‘?&ﬂal{né‘glbﬁéﬁiﬁ{ﬁﬁ%u% g%&(}?%ﬁiﬁ&ﬁé' ng

In 2 tstion Chambers such &s igure
dep| ct edlassesﬁregum&mécd whﬂ:d“exbatswnleﬂﬁmemmdameﬁamrhmedzf ficacy of cooling by

preventi ol..air fro mergi n ugh cooling nozzles 104. It is thus
necessar?g‘f g% ﬁga@gseésatr fﬁge‘g ff?% ?al r energing through cooling nozzles
104.20 To t hi sORNEf the weakipositd 8Na @H@ﬂbﬁrnﬂﬂ@é@&ﬁa@rmﬁ aproy is@es dieto the
conbustion cha tg)er 49 depicted in Figure struts 86a and 86b _are

34

posi t i onBdreme m&baqﬁiﬁﬁ?’r"é‘?nwaé§tr’é§ﬁf‘§eﬂ§§‘@8 béﬂﬁ‘ﬁi/%ﬂe“s@eﬂt]%tthet baset P prigferred
annul ar {aR BYcaide Rfbife 6RADYEEE QBvolves 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 U.S. 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.



chanber conpressor exists. Rotation of inner casing 60 as part of r@t 2@2&0
assenbly 54 also 01/12/2006 WD 2004/003357 PCT/ | L2003/ 000434 -21- q 06

t he rot at iwo 20d4/@535mt s 86a and 86b as well as annul ar f| ppEm0bHAR04334,
increasing the pressure of the inner air flow and the pressure of air
energi ng through bl ade cooling nozzl es-2004. Anal ogously, in conbustion
chanber 47 depicted in Figure 3 struts 86a and 86b are 5 positioned in the

manner di scusseflaDRNe engife, dhatto e il B A8z AN GnEE 'BIaH@Q&i{e b@tﬁuﬂg foBethdt RbthAr

el ement 79 and inner casing 60 define a conmbustion chanber conpressor.
Rot ati on &% iPAfIeGasing 45 ipawg ob theggtaping pssesnbly.crffieiemipoakingeoftyiopzls shatiddadencanes

the rotat 'b@'ﬂclﬁ@veﬁta{slﬁe&rﬁ)@@hergﬁﬁ o@d tubular element 79, increasing the
pressure of the air enmerging rough bl ade cooling nozzles 104. It is clear

that the cool i hythefOGN eghrd depivkedeh Figuedi airso ces aodziecheal blades 98 cbroypht &t | ng

engi noot uPRoRing: R e 28 SrdSen fufBs ShilBra Bnl DY urkiies redng ehangiin”

great er emgmae;oeief Iﬁbl@lﬁ@ﬂepx&hﬁ it Kigleet] airntoldds] Adzle Wilel BREes! 9%k trhigherol i ng
OCN engi ngggozzl e vvhe gdes as taught herein can be inplemented, with

appr opri aPRIAEAlng 8973 ?§r¥04 3 dBFete aapt OWFP BnsE2is gV ie Blade COO&ﬂ&mZZ&E\W‘b es
where a bl adedIanl '3%@#1{%& 4] &ofhit %Q%Qs %&n%aélﬂslgde' d4d)i ﬁ%h&]; e 104 d1rﬁctlgugh

| mpl ement at i on. substantially involvés forcing a coo UI dt
channel s 8iihe b%emf alaoyrespapding e‘bzztedﬂla‘—ﬁtibladeoﬁﬂataas depisiéd in Higure éAI apd Figureeffr ge

t hrou o] pase, of ea dj of the
bl adedt of Balerte ol it bl ind OGRER P bosk BEplallEO bk Bipon iy
gi ven OCNonenlyi whedl sS4 accordiggh td ohdoeleﬂlfoﬂlm ihatgrysentt invemdd in28ossSied@ornirBiangl e
222‘52333"%@?@%ﬁﬁa?ﬂﬁé*sﬁpé‘éﬁe" et el OGNaEBE- No stationary gui de
vanes are requsdyefd het w&ﬁiﬂ Ttﬁb%asé h?pa E&%%ﬁc%dmﬁ%hﬁe whtd1 6idde 8] th¥ dere cool
free-nozzl e wheel acts ana &@ﬁus y to a free turbine in prior art turbine

engi nes. ¥¥ epgrgingpisomdidercgoling Bozzles B4 s cartiest biapenaiiea fgicavas 2 dibm plong| e
wheel 14 s n&kﬁ%ﬁebﬁﬁ&&é %, gW:%]aeéJo:hgé 2@&5%@3? 8@ rgﬁfﬂc?ﬂ @fg‘%&t’fﬁo?&l@%h@él%’lﬂg free

turbine. The greater e reasons
anal ogous?& dhthodereads st priged dooledtttlrrbmed)laﬂemdmg elffi cauyng lmmbd be facvdnaasjchof an

OCN engi ng, -t he nozzle angles of a fr V4 vvheel n|f
greater thanw” ﬁﬁ%@% c?‘ﬂlglgé’ﬁﬁa%eﬁoﬂ%wi?"é‘ ?ﬂ’%‘?‘?ﬁ‘e °°P Sg‘fﬁs
depi ct ed kerdiniboos baktes ebiastilaeipt bladken 8 QIR Bethd Motest| i &f a Ibﬁ:detmé bOJ et

OCN engi ne 40 @?I ted in Figure 2. Anongst other differences, in torque
secti on ABdimedse. Faddiing: oo 6B d Ferlwsiis Perfarmed 2prosding tohedsachings pihe

addi t300n dreseROMPERDAOtie HobNAgSir ROZS! Rafdd ad % ZRAS through the turbine disk 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 fo increase the pressure of air emerging fhrough 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



WO 2004/ 003357 PCT/ 11,2003/ 000434 -22- wheel 50. As is clear to one iz&f&
inthe art, not only is such a design conpact and efficient, but Q 006
t o handl e woaymlesisr essure ratio of up to about 24:1 w tiicrmﬂzyos,tfoom34

expansi on stages. An advantage of the contra-rotation of the two nozzle
wheel s, 50 and 108 is that gyroscopic-2brces are reduced. The possibility
of reducing gyroscopic forces nmakes a two- 5 nozzle wheel OCN engine
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| oss of efficiency. 10 An alternative known in the art is to reduce the
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embodi Ment@ht RieifeAN RG] lb%eﬁ@d'@xﬂﬂ%kﬁiﬁ@ rhéiffda8ibh, &0 gn@rzﬁlt mﬂbnﬁleﬁgihes& a
turboshaft enbodi nent 10@ an OCN engine is depi ct ed. In Figure 9 a

t ur bof an &HIsOAPYiRs Where adfrlac&ﬁ rolaiing atiefl e aftached §o @rratating axle 5119 emandation
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t he four e od] ts are er erice nuner a Sal i ent
di f f er enc estativet witle thetahle, toemimgsthmmgbdpermgssn pfoxmmheh@emée@hendw@a«'ﬂ to

one skill t.h study of the appropriate figures.
017 15/ boosiadedf wp ket e BB 5005 00040a 0.
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 nozzle 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. If is important to note, however that an OCN engine free 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 106, 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



Anongst other details, it is inportant to note that OCN turbojet 40 1/ 006
depicted in Figure 2 is equipped with a convergent type exhaust dugt 1%{?

t o maxi m AeORbo4wes3s7 Anongst ot her details, it is inportamtT/Aicessatessshat OCN
turbojet 106 depicted in Figure 7 is equipped with free-nozzle wheel 108

to maxi m ze torque production through-28rque shaft 5 116. Anongst ot her
details, it is inportant to note that OCN turbofan 112 depicted in Figure

9 is equi pheti 50 Ashia cantesngekilled jiiBe @ty shly deigich h1d3sib® compdcthtiee fHbEMST -

Anongst of her .details, it is inportant to note that OCN turboprop 114
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conbi ne torque fromtorque shaft 116 and rotating shaft "'52 to drive
propel | ergyspsapnic forges o redused dlhghepseibilivonf reduging gyrosnepist fordee makes adwed e

wheel s; ]%qrgee s ]! ' a twy-nozzl e wheel OCN
engi ne su%%zggﬂ ﬁgﬁ: }gg ept gﬁ%ﬂoﬁéﬁﬁfég L{o?*h%??c{p%ﬁg ?)gpl)lg]iltsa:{%rnaﬂbf | i ght
ai rcr af t . PafifliAdimissiop of an OCN engi ne 15 The nechani cal advant ages of an

OCN engi ne ov a_conventipnal..turbine engine are ifest to one skilled
T the arc e ProRet SR bl FRAOS ol 05k o%Eties SOMTE ATE o

t he redugeessint gy with aClowpa#se flosy h&AiEhaniv Hovd haBerRane Whsre ddndly 1gbent
cooling af these conponents, ths heoretical thernmodynam c efficiency of
an OCN thtB’faﬁté"“éﬁ@‘fsﬁésiggl%F@é‘PséP PREIRIC% hat of a conventional prior art

turbimge engi nen(Atd@atiR kddGmSh itE 425110 FedBbe b PbRESouilt LPE 140 ROIRY &R and
the turbines) primarily along the inlet and exhaust | egs of the

t her nody ariesking geme of the gbiag neralecianesis srdsntogeduch Slowhlthadh mavwerougyit Ise of
angi ne hagBe AP Il & AP RRR LUARIAE g B oY hp S Ml
it owill ﬂﬂ@dappreci ated that many variations, nodifications and other
PCTI 1 L2003/ 008 PR35 B SBA, R EPETbOsth i NGBt o A BoR
cont @6t s affeddgleffRidney.l | Nomenclature 1. Introduction 2. Description 3.
Ther modynar Clu%/i(g:tllrg S:A\z? %ta%ﬁigsassembly 54 of an OCN engine is depicted where the gap surface
area of both compressor wheel 56 and compressor-driving nozzle wheel 30 are blocked by, for
example, attaching a cover so as to block the space between some of compressor blades 108
and nozzie wheel blades 98 (in Figure 8, the hatched markings). Although through-flow and
20 power ouptut is 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 furboprop 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.
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50 and 108 reduces gyroscopic forces making a two-nozzle wheel OCN engine such as 114

exceptionally useful for the propulsion of light aircraft.
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 hersinabove. 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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OCN performance calculation
Fig 1. : OCN - Cross sections of Turbo~shaft version
Fig 2. : T-S Diagram
Fig 3. : OCN - Thermal efficiencies vs. Compressor pressure ratio
Fig4. : OCN - Specific Power vs. Compressor pressure ratio
Fig 5. : OCN and conventjonal gas turbine Specific power - comparison
Fig 6. : OCN and conventional gas turbine efficiencies - comparison
Fig 7. : OCN Turbofan - S.F.C. vs. Turbine temperature
Fig 8. : OCN Turbofan - Thrust vs. Turbine temperature

Fig 9. : OCN - Effect of Part Load on Thermal Efficiency
Fig 10. : OCN - Effect of Part Load on Power
Fig 11. : OCN - Velocity Triangles
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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

through stationary vanes tc maich the rotating blade
inlet conditions. In doing so, there is an extra loss of
P - pressure total pressure and a decrease of turbine efficiency
mainly due to friction losses and aerodynamic vortices
in the zone between vanes and blades. Thus, turbine
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turbines.

- Mach number

PR - pressure ratio

T - tiemperature
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,

u -~ orbital velocity
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99.8% and pressure drops less than 6% of the inlet which rosults from the higher compressorand

relative pressure.
auvep turbine efficiencies. Since the heat input for the two

The hot gases are expanded now through rotary cycles is about identical, the net result is higher
nozzles [5] which provide the enersy to drive the efficiency [34% against 29%] and higher specific
compressor - a much less enthalpy drop is required than power [210kW against 181 kW] for the OCN cycle.

from a conventional turbine due to the higher expansion
efficiency in the rotating nozzles. No stationary vanes
are needed to expand the hot gas from stagnation
conditions into rotating blades. This results in:

* A-B2-C2-F-D2- Heating the gas in the QCN cycle
to a total relative temperature identical to the
stagnation inlet turbine temperature in  the !
conventional cycle, a higher turbine enthalpy drop is

* A high adiabatic efficiency of the rofating nozzle - obvious in the diagram for the OCN cycle. This is
over 90%. due to its higher efficiency. Even though the heat

input js higher, the net work is higher for the OCN

cycle 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

* The combustion chamber static temperature is lower calculated from Fig. 1 for this specific case.
than in a conventional cycle (about 125°C lower) for
the same power output [ fig. 1].

* Due to the high pressure ratio capability of the
rotating nozzle - one stage is required for a pressure
ratio of 4:1.
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drops to 8% [see E, F]. This is a significant advantage

of the OCN cycle in reduced temperatures in contrast to

the poor efficiency of conventional gas turbines.
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Conclusions

Analyzing the cycle for high pressure ratio turbojet
or turbofan engine [Fig. 7,8] we armrive 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

1. The OCN engine cycle is superior fo the
conventional 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.

~ conventional gas turbine. 2. The OCN engine offers a solution to a new power
The advantage of the OCN engine compared to the propulsicon’ conce_pt, pres_entlng a compact
conventional cycle is thus significant in nozzle inlet conﬁgurat;on , having a speczxﬁc power and thermal
temperatures between 1000°K - [400°K. [Actually, efficiency better than conventional gas turbines.
even at ir;let temperature of 1600°K the efficiency gain 3, Dye 1o its higher compression and expansion
is still 2.5%]. : efficiencies the OCN engine thermal efficiency is
+ The thermal efficiency is higher by 4%-21% high even at a 30% load, which is a considerable

[absolute value] advantage compared o conventtonal gas turbines.



relative inprovenent conpared to a conventional cycle conventional B%d e u(g)
to a turbine [nozzle] inlet for specific thrust and S. F.C val ues. il 2/2006

superi or twopedaosyse of 1600k both in specific power andpcepgrdoidmednge
coupled with reduced wei ght and cost efgficiency. This advantage decrease in

hi ghers. TRKEc Nhsine® AieRenl Ame PG o5t effective than a tenperature or
| ower pr&aGhticaal I gk | Qbing GNKENt bR Akpg8as turbine. 2. The OCN engine offers a
sol ut i onn¢zelepnlet@nipganaest abokiteo’gdvant age of the OCN engi ne conpared to the

Propul &1 8Ring RGE R BE-SRENbIL el GOgPACt  conventional cycle is thus

Si gNi 11 GaRS tolaNpBGHIafo b @@e@gﬁﬁgsqa&;eﬁti on , having a specific power and

t her mal wdiganRenatiy, &3 Ihetween 1000K - 1400K. [Actual ly, efficiency better
t han cﬁgnl\ﬁgrtg&prégl. 9as, Lur e'ﬁnes. en at inlet tenperature of 1600K the
ef i ci engynd@hdledo vahE appe g@?ﬁ:@i P conpressi on and expansion is still
2.59% . ekt ke hePLiBSTe, LiREO en etfeper mal efficiency is The t her nal
ef fi ci erpoyerl ganhifghgfan Q}{cra’-lf/egilg{gbn,ggan@ven at a 30% | oad, which is a

consi derveliituger fsabsibdsuireand eickie] advant age conpared to conventional gas
turbines. 01/12/2006 WD 2004/003357 PCT/ 1L2003/ 000434 28 4. The OCN
engi ne delivers the same power as a conventional gas turbine with a | ower
turbine [nozzle) inlet tenperature of about 140x. 5. Having fewer
conpressor and turbine stages for the sane total pressure ratio the OCN
engi ne has |ower weight, |ess volume, and |ower cost. 6. The OCN engine is
thus a better cost effective engine suitable to various applications In
particular, due to its flat curve, the OCN engine is a better power plant
for small aircraft, gas turbines, and vehicular use such as cars and
trucks. 01/12/2006 WO 2004/003357 PCT/11.2003/000434 29 OCN PERFORVANCE
CALCULATI ON P1, - conpressor inlet total pressure Pz, - conpressor outlet
total pressure Power The nozzle power P" is also derived from

t her nodynam cs as follows: The power is derived by conputing first the
reaction force Fr which is: P" = CP(T3, -T4t) (3)

Ul




F,.=1in wuw3drQ in Waich: where: T3, - nozzle total inlet tenperat upg 1-2};2006
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nozzl e _;;;)lcﬁuh_ rel ative space - WB"=Qnvanrg we carry further the Conbining
Egs. (1{’ an (“%3”)r esults in:[for 1kg/sec] calculation with this

assunp#¥on, but it can be shown (~4u)u =DPIIEAN {PEEERETRYR ation resul t
for themval tknode ik ik e | denti cal for Hny MgZledpial ptletjgmgeratwe.c. | T + ~ - T
V42 + (WX -z (7)., The net power isaydBslev@ebsdaybysubtracting the P rL 3R
2CP 4s dp]T%,meﬁt(ﬁﬁtag%%'ﬁg'?zég’é’g?m%ovver P, fromthe 2noz)§I e power P,, =CT.l (T T
42 + (@) SheexPuPgPaidentiBiRelodty) 2CP -CT netrs+=%n - ¢ 2 The conprggsor

power Pc, fgr.in = | kg/sec is =Cp(T3R T43)-112C#(3+ 4:,)11 derived by
cal cul at' ng%f%“équénﬁ?“haél’%f}eE‘ﬁh"ﬁéﬂwacross the conpressor: |f the exhaust

vel oci tws¥ sust@GRgenddial abdtanl el TRkt T,) 4 47 f.(‘W"ﬁC = _2)mand ki 3v42
Tit P2, R1 (2) 2vei€n( T3R-T4S) (8) To

The turbine power is the product of Where:

Ty - static temperature at nozzle outlet

F.xu

Py = m (wyy-way) u
and for wy, =0,

Ppr=mwgy,u

(D
Note:

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

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

that the calculation resuit for the value of ws, is
identical for any value of wsy,.

The net power is derived by subtracting the
compressor power F, from the nozzle power Pn

Fret =P~ F;

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

" derived by calculating the enthalpy change across the

COmpressor:
Co(h, 17
P= p( 2t ]t) _
T

K-1

T P K
=l [,ﬁj -1 2)
Ucﬂm PI[
in Which:

77, - adiabatic compressor efficiency

7., - mechanical compressor efficiency

T, - compressor inlet total temperature

T, - compressor outlet tota] temperature

Typ - relative total temperature at nozzle inlet.

Thus:

2 2
o | O T N Sk ) R 1 0
n H 3R+2Cﬁ) [T4s+ 2C,

Combining Egs. (1) and (4) results in:[for 1kg/sec)

(Waydu=F, =

11142 +(W4u)" u? :’
2C5

2
=05} (Tap—T.) -4 baylu
p[( 3R—T5) 2C,ﬁ+ Cy

2
W, :
= C’ﬁ (Frr—Tas) - "';_ + (W

If the exhaust velocity is tangential then
Wy =Wr  ;
and

W4_2
~3-=CpTir~Ty,)

Including the nozzle efficiency results in:

(8

wy? = (T3 ~T4i) - 2Cp 11y ©)

Where Ty, = isentropic static temperature at nozzle
exit.

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



"Jc')m( P, Including the nozzle efficiency results in: in Wich:
14' 42=(T3R-T4is2Cp' ' )n (9) 77c - adi abatic conpressor efficiency \AP(J/@ZIZOOG
T4,, = i sewWOnopio3xsrati c tenperature at nozzle r/ m- nepdanmi2oed/e004apr essor
efficiency exit. T* - conpressor inlet3total tenperature Tz, - conpressor

out | etambignit alessire Apeniag the exitGabay ksatl 59 Thd Sodiss '

di f f ugkediffpseqtcisparinié®s Total pressure t@gictgﬁ %&%ﬁﬁgﬁ%{ig%;‘g;g age of

01/ 12/ 2006 WD 2004/ 003357 PCT/ 1L2003/§t égée)%pand%caéuﬁpgas%lé’ss.ure. A¥suni ng
the exit velqgeity isygmyl| and the combustion pressure drop AP from t he

val ue offa 't’?‘lg Hli"f“ﬁ‘s}ar ef ficiency(dls 100% Which is the relatiyettotal P2R
pressure at the (( \ k conpressor exit and is c&licul ated as foFl ows:
Pa=P4s1¥oors ity i e lca| sty Mich burkberlat fe V\here.&dé;[ﬁi’ﬁﬁe= ocal Bstati ¢ Magh number
at t héifip@r inlet atfiidldelived fraPits d¢fiblipn: di f fuser il etBand i spdefdemed)f fom it's
definition: "EZB T2R J (2c2,, -u)u T21 6v4 -u) ZCP M = kl) kRT4s Where:
Equat i oy be expressed as (@)function of the pressure rati o across

t he nozzl e 4-. total pressure at thewt‘:eéefrpressor exit and is 2 determ ned

by the sdmics®)ahy b pRl&SS Y aBetin offe =TSR -T4s =T3R (1-T3R T4s) = T2t -

t ot al presurpetoatso e Rkzl€Onpr essor exit. P K C2i .- Lal co nent of
conpressog exit =T3R (T 3R k (12) vel ocity. :%%%ﬁf,% ﬁiﬂ%ﬁﬁﬁﬁﬁoﬁéﬁfm (10),

(11) and4(1 RJT%SJ‘%ES(IL&= singl e expression for the nozzle exit vel oci_ty:
XJ 2=2CF

| ( 1 k- PCT;I r/ nTaR k WA 1- ( 13) 2; - total temperature at compressor exit,
] % Coy - tangential component of commpressor exit
= T3R ]_( J (12) VC]OCity. : )
Pirlpas

_ Combining Eqs. (10), (11) and (12) resulis in a
single expression for the nozzle exit velocity:

k1

Lo |
2 pE\R
Wy =2Cp7]nT3R 1~ P (“ )2 (13)

2 W 2
kR| T3 ~—%
2C;

Which may be solved mathematically once the

values of Fyp, u are chosen and introduced.

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

efficiency:
W, —u 2
Wy —

10 its actual value w, .

Hence:

Wy = u+(‘/r;xw4 -u) (14)

Now the value of w, 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 calculated by subtracting



| +k1 (W4-u)2 2 +R 21 R 2 w42 P Wi ch may be solved mathematically g
the values of T3R u are chosen and introduced. The diffuser effi cﬂéﬂi§/2006
val ue decrweeoddossseal cul ated nozzle exit velocity w acporsixnas/de043she
definition of efficiency: 2 wx -t! tz#d= W - u to its actual value w .

Hence: Tmmgt(fc,znzpé%raggn (14) Now the value of wx ig, spd to calculate the
net power usin . The val ue of P,, V\hmhml rel afliéye
pressurenpt | nlet is calculated by suE ]1/ 12/ 2006 WO
2004/ 003357“19@?}H°E'2fe@3t/ 000434 31 Thernal effici &heyTzalza) jati on wxu- Pc
(16) rl e Hermal PWverPAWESs RELiRLn e uel ~r1 + ~' Zin(73R thermal powerinPut T
_2R)) injelta@t tidnent¥akonposier chanipet raiskgi/ested in the fuel injected into the
conbus teimpamtueshiamb @, Foatssi Wiprd g iselaper at Chlalafiprgisg®EaR t 0 TSR Wiere T2R i s
deri vedof®d. @l ati on Sequence from Eq (15) u2 zrc" Input-C. P.R; TgR T2R

=T2r -F; rlc>y4lIn:>c2u u% 2CP - y 1}7
Top =Ty oM Input P. T3R5 7cs s Cous
2Cﬁ CJ'T . AP obustor-5 In.Np
Hence the thermal power input is:
Cp I ind P,
By =—2(T3p —Top) Find £, Fa. ().
com 1 Find Pog and P3g Eq.(15))
Where 77, is the combustion efficiency. P Find Eq. (13)
4 . .
Introducing the net power output from Eq. (1) the v Find w.. Eq. (14)
thermal efficiency is: ¥ i
v Find Net power Eq. (1).

VI Find 71, Eq. (16).



~conbusl or, Hence the thermal power input is: Eth =C (T3R -T2R) | 'C:]i ?%i F
Eq. (2). tlca,+ If Find P2R and P3R Eg. (15) ) Were Atomis the 1/12/2006
conbust i onwefbésmiossscy. |11 Find w4 Eq. (13). |ntroduci ngetivamesooemaer

output fromEq. (1) the IV Find w, Eq.32(14) thermal efficiency is: V Find

Net povEguffa 1 L i : 1 2/ 2006 WD 2004/ 003357

PCT/ | L2093/ 001043?%%%%6‘“%&{3}‘%?@“4u%(grg#li%t Engi ne - Exanple Net
Power =GR0pdt W =d3d 28%n. 28006 . 274 rpm G=2.7 Kg/sec; Conpressor

P.R :1&:23%&\&5@5@&@3. e?mfiﬁ%ff?ﬁgt, SRG YT E M chey23Soe 4 2 An J, ] 4 OCN-

Conbustion Chanber 2 4 5 vqg bg 1, _ "r “1 01/12/2006 WD 2004/003357
PCT/ 1 L2003/ 006434 —33—Frg2—CEN—T5bBragramt++-nre—styre—Cyeles, Effici ency
Power ri It | ................... Conventional = A-B-C-D 29% 181 kW 80% 87%

=1300 K = A-E-B1-Cl-F-DI 34% 210 kW 85% 92% QCN, TR=1300
35% 256 kW 85% 92% rGerpr ¢sgor| P. R = 20; u § 500 m sec;
]430’() 1 '

K= A-E- BZ-CZ-Gﬁ.
Cu = 400 m dec.

erature [ K]

OCN- Combustion Chamber
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39 01/12/2006 WHAT IS CLAIMED |IS: 1. An engine, conprising: a. a rotating
~assenbly including a primary conpressorig an inner casing and a 01/12/2006
conpressor-dri'ving nozzl e wheel; b. an outer casing, enclosing sald
rotating assenbly; and c. a substantially annular flanme hol der encircling
said inner casing within said conbustion chanber; so that at |east one
conbustion chanber is defined in the space between said primary
conpressor, said inner casing, said conpressor-driving nozzle wheel and
sai d out er WEktell IgCLARdERCISeri zed 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 conbustion
chanber. 3. The lengi A .S eQmPRIISingiher ei n sai d rotating assenbly incl udes
ﬁ isijngl e sai FI fdalgrrp ahotatiap assbmbly enchitihga pla{mﬁ%abT dessor e (ﬁhi&fr%a%iﬂgf | films
ol der is .included i [ tii-NQ _as .1.5. The engine of claim1,
further conprising: cg:l.l&% su%%?%ﬁ’tdflgﬁgym?%g&%?l’el enment surroundi ng said

i nner casing, wher ei A OWiel eagingnenciesing wid wiatimgstsoibdy; astienent i s positi oned
aft of said prigary aGobeRmBaNPbnilardantedhdlior d6irdingfhiMinhsrQaiagivAHRL | Mary
conpressor into an ouﬁge{r} Eu rt.floi{v a.Qd_ an inner airflow, wherein said outer
airflowis between 2 EPUHIPRF B ent and said outer casi ng and wherein
sai d i nneso Biat | logst pae pembustinn sharabardp defireddh drpspacabriweern shid primarcasi ng
6. The engidipréésof;| saidinBeMRRR! Baill RbRIPEYseTadrTYing! RSAAN vhad! | dhdt ARHb@REr

el ement are perforatians, al |,oWw ng coniruni,catj on between said.jnner airflow
and said B§ rcg?rﬁ?tfa%ﬁd. Hbﬂﬁgsi@/ 9¥H6 casing FRes BRG TR oVIR | ST RG ¢ her
conpri si ngassemblyl. rot ati ng di ffuser between said primary conpressor and said
conmbustion chanber. 8. The engine of claim7 wherein said rotating diffuser
i ncludes extensions_to term nal, bl ades of said primary conpressor. 9. The
engi ne of claim1 wh ?nrgu?a?fc}jl% Lﬂ‘f’?ﬁj’e‘ﬁﬁgﬁﬁﬂw OR¢ FIRbysten chagber

is substantially a single annular combustion chamber. _

_ 3. The engine of claim 1, wherein said rotating assembly includes a single
said flame holder.
4. The engine of claim 1, wherein said flame holder is included in said

rotating assembly.

The engine of claim 1, further comprising:

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 66mpressor~ info
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

| 6. The engine of claim 5 wherein through said subétantially tubular
- element are perforations allowing communication between said inner airflow and said
- outer airflow. '



at least one fuel injector. 10. An engine conprising: a a combustion
chanber having an axis; and b. a conbusfg on chanber conpressor, hal
wth and radially i nwards from sai d coJL ustion chanber confi gur@??%qzooe;
counteract axial backflow in said conbustion chanber. 11. The engi ne of

cl aim 10 wherein said conbustion chanber conpressor includes: c. at |east
two conbustion chanber conpressor bl ades arrayed about said axis of said
conmbustion chanber in at |east one circle; and d. a substantially tubular

combusti an chanbkr co%rmgsmmfbhdyl@ﬂﬂb@lcompn&agd conmbusti on chanber-
conpressor bladgs. 12, n 0 urther co rlsi
ra- § &ﬁﬂger fbe&)!re%h 8 'Jm\ﬂy &H‘gu §;i1f1 On

rotating conbustion cha i nner casi ng c8ax
chanber; d. at |east P “-?Wt?@émb@‘n chanber corrpressor bI ades rigidly

attached to said rotati ng conbustion chan‘oer |nner casing and arrayed
about said axig of Ld | eas ( and e.
a substantial l y%tubuffglr c%%grgé) %ltol(r%l%h e reb“o é@&ﬁn ﬁf‘ Hg:#qgf@s sai d
conbust i oneﬁq%toé@%@%é’k’éﬁs %ﬁ%ﬁh@mmwmrﬁmrengl ne having a conbustion

chanmber wherein a m xture of fuel and air is burned, a method of reducing
NOX emi ssi ons cgnpri L.ng.a conbusti bl e m xt u copbi ni ng
exhaust , fuel agd ai ?hggﬁ e??é@ﬁ#é’&?eoﬂnéi“dtrﬂ@nﬁ%ﬁsﬁ )bgmé?f’é’ﬁmd%l ng an
ai rfl ow voff least opg fue] wjects. conbusti on chanber, t hat creates a hi gher
static pressure in a second region of the engine than in said first region
of the engine; d 4 01/ 12/2006. c. burning said conbustible mxture in
the conbustion chanb@P “HACPURPINRE y exhaust is taken from said second

regi on of the ehgi n@@}n@ahmthagﬁerhaGngammp;r@dsure in said second region.

14. A method ofp,coolj &ﬂnﬁmﬁoﬁgﬁaﬁier%oﬁﬁ%@%r ggﬁéa%asgmgggﬁgache to the

termnal end of ar t h
provi ding at | east ?EIUQPI a‘&t\%ﬂ(’aﬁg‘&ﬁﬂéﬂ coymtemes pxigbbagkflay wi t h

the rotating axis, sasa;ldaOmbmhchmﬁbﬁhannel having an inlet and an outlet;

11, The engine of claim 10 wherein said combustion chamber COMPIessor

~ includes:
c. at least two combustion chamber compressor blades arrayed about said
axis of said combustion chamber in at least one circle; and
d.. a substantially tubular combustion chamber compressor body encasing

said combustion chamber compressor blades.

12.  The engine of claim 10 further comprising

¢ a rotating combustion -chamber nmer casing coaxial with said
~ combustion chamber;
d. at least two combustion chamber compressor blades ngldly attached to

said rotating combustion chamber inner casing and arrayed about said -
o axis of said combustion chamber in at least one circle; and
e a substantially tubular combustion chamber compressor body encasmg
said combustion chamber compressor blades.

 13.  In an engine having a combusnon chamber whercm a mixture of filel
and air is burned, a method of reducing NO, emissions comprising: -
A making a combustible mixture by combmmg exhaust, fuel and air in a
. * firstregion of the engine;
b. - estabhshmg an airflow vortex, mthm the combusuon chamber, that
creates a higher static pressure in a second regmn of the engme thanin
said ﬁrst reglon of the engme and ‘



b. feeding a cooling fluid into said at |east one channel through said _
inlet; and c. directing cooling fluid gnerging fromsaid channgjjfpy 6
said outlet at an outer surface of the bl ade base. 15. The nethod of claim
14 further conprising: d. increasing the pressure of said cooling fluid
energi ng through said outlet using a pressure-increasing device positioned
inside said at | east one channel. 16. The nethod of claim 14 wherein said
bl aded rotating wheel is a nozzle wheel and wherein said blade is a nozzle-
wheel bl ade. - 17.6 The bistimshidéommbustible kdixnire i£ihd csabkidhafegdpL Ot at i ng wheel

is a turbi vherethegt cxRghsyienml i gl is.a turbine bl ade’ 18. An.

engi ne, _Coggﬁbgi_egg% a. a ot ?ﬁgﬂa%;%’g%%édirﬁ%%afﬂbe %P_%‘?q gﬁéﬁ-@ld@éﬁb&f essor,

. an ’inner casin a %Iuh%‘“r‘?ﬁ? 8¥Idri vi ng nozzl e wheel ; b. an outer casing,
enclosing said rotating assenbly, and c. a conbustion chanber conpressor in
Th the spage. et uean carao®ot lind' bLER%r FaciERHR el Washoddo toai 0
corrpresso%@ﬁ%ﬁﬁ?@%&@ﬁ@%bliadebam,eo}ommhhigﬂg, characterized in
that said outera.casiprgvidingsat feakt ¢ @Sty SRl ¢ Haid enbl.y; 19.
U RN e o ko
said i nner castng. g ceiggie flaiid irgerpaid st legst 042 cRibEPhARARE said-inRe:" Ot at i ng
assenbly including angrimary conpressor, an inner casing and a ’

conpressor-dri i ng wheel ; d b..an outer casing, enclosing said
rotating assenbly; sﬂgé‘fthlgtwgﬁng gﬁ’??e%ﬁgm&#%%lﬂd}ha@%gﬂgemgh spidledtiened in
the space between s& & PHsrsariyce afshpbledsbase. sai d i nner casing, said
conpressor-driving nozzl e wheel and said outer casing, said

conpressor-dri yt ng z| |.inc¢luding a plurality of blades that _
defi ne bet meenY%'hem?gg%lSﬁP&g@ﬁ’&? Aé%&?@ﬂ'}ﬁ@g! nozzl es, each said nozzle
having a convér geniicispsieg denpreshapeaf @i cdli NBhiA iS4

ing@ ComérBitg thrdudll said

outlet using a pressure-increasing device positioned inside said at least
one channel.

16.  The method of claim 14 wherein said bladed rotating wheel is a nozzle
. wheel and wherein said blade is a nozzle wheel blade. |

| 17.  The method of claim 14 wherein said bladed rotating wheel is a turbine
wheel and wherein said blade is a turbine blade. |

18.  Anengine, comiprising;:

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; and _

c. a combustion chamber compressor in said combustion chamber;

- 80 that at Ieast one combustion chamber is defined in the space between said primary
' _Qo;?pressor, 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; ) :
R 19_. | The engine of claim 18, whc,rein said comb'ﬁs_tion chamber compressor
. _COIPp_l‘IS?S a plurality of combustion chamber compressor blades attached to said inner
~ casing. | | - | -

o | ':20.' ~An engine, compriéing:



a. arotating assenbly. including a primary conpressor, an inner casing and
a conpressor-driving nozzle wheel; and4p an outer casing, enclqpjnga293ighe
rotating assenbly; so that at | east one combustion chanber is deflnea in

" the space between said primary conpressor, said inner casing, said
conpressor-driving nozzle wheel and said outer casing, the engine further
conprising: c. a free nozzle wheel aft of said conpressor-driving nozzle

~wheel ; and wherein the engine | acks stator guide vanes between said nozzle

wheel s. 22. The aengi raeromtinglasﬁiembm;inulmﬁnghrprhm:pl chmpeesiaz 2h énidi @ading ncl udes

a plurality of bl adgsqdsbgh stfomﬁv nglu?d corresponding plurality
that gas jets that energe from

of nozzl es, sai bl ades be gﬂcié t| one
sai d nozzl es engerge ﬁ?o‘étﬁrcaé } SIng saf degrees from parall el
with a rot & tlahat leastione obmbisstion charabérrig deﬁtieﬁlﬁﬁbh@/spa?@betﬁ@e@ﬁ@d pEimary

COMPr | 1 NGorpreSeok A Ll AR3ETOAN JoRSEACL A BLIR Y SATRLCSRO £ | M1eT

casi ng and a CcO eSSOI’-dI’IVI g nozz an ou

encl osi ng S&I rS31dafqmRyesse drving : nozale; wheel dnclndiag a Bhléallibrﬁfublﬂd@nth@hanber

i s defi nedd&ﬁnetﬂrm&}nahanbeédmepbnﬂmgdpmfahﬂjabﬂnoﬁwﬁpéa@ﬁ $81d, noz e hak B &Y _

casi ng, Sab&hvﬁgéﬁtr-cﬁ%&gém%érpve” nozzl e wheel and said outer casing, wherein
sal d

at |l east one o rimary conpressor and said nozzle wheel is partly

bl ocked.
21.  Anengine, comprising:

a. a rotating assembly including a primary compressor, an inner casing
and a compressor-driving nozzle wheel; and
b. an outer casing, enclosing said rotating assembly;
) that at Jeast one combustion chamber is defined in the space between said primary
_ commpressor, said inner casing, said compressor-driving nozzle wheel and said outer
casing, the engine further comprising:
_ c. a free nozzle wheel aft of said compressor-driving nozzle wheel;
and wherein the engine lacks stator guide vanes between said nozzle wheels.

22.  The engine of claim 21, wherein said free nozzle wheel includes a

~ . plurality of blades that define between them a éorresponding plurality of nozzles, said

blades being positioned so that gas jets that emerge from said nozzles emerge at an

-angle of at least about 82 degrees from parailel w1th a rotational axis of said rotating
assembly

. 23.  Anengine, comprising; .
a. a rotating assembly including a primary compressor, an inner casing

, and a compressor-driving nozzle wheel; and
- b. - anouter 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-dnven nozzle wheel and said outer

S _rcasmg, wherein at least one of said primary compressor and said nozzle wheel is.
- partly blocked. - :



