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Al R TURBI NE GENERATOR AND COCLI NG SYSTEM BACKGROUND OP THE | NVENTI
Field of the Invention 5 The present invention relates generally to ramair
turbi ne devices and nore particularly to a ducted type ram air ‘t'ti* bi ne
generator. 2. Description of the Prior Art 10 One type of i ne
generator disclosed in the prior art consists of a ramturfmﬁm B‘Mﬂﬂ@ﬁ
with the blades nmounted externally to extract power from a The
bl ades are usually nounted to a rotatable housing form ng part™¢f™a center
aerobody with tu,ﬁ WePi ne center shaft drivingly coupled 15 to an electric
generator, or a yd’rauhc punp, or both if desired. TuPBiys&28%eed contr ol
and power output are maintained through speed control nechani sns which vary
the pitch of the blades under varying flight conditions, thereby tending to
mai nt ai N const ant PRWRkG lbocisberbl agefurbeminBRaTaR (ANS tobemue .skBtes 20 type of
ram air turbine generator is pegserduy drheEphegaibnate type used on
externally carried electronic pods, primarily in mlitary applications, and
for emergency powery.elecgtri.c/a06.0L, hydraulic power. The units are stored
in the wing or, fusel ageTQJ 1139 Al rlgBeqlft;%Tapgaggs ?eqlgpal \Agecg lﬁ{ Atg. the air stream
t e

when there is 25 failu e onboar K g cent patents
relate to i nproven%lnfs eVlcetsh"’lms basi®” 1cu§ 1 o§y* U°8° PRt éRt 5" 249 924
(Brun) rel ates tYUNEEHERFSTE and controls to adjust the pitch of the bl ades
for speed control. U S. Patent 4,991,796 (Peters, et al) discloses a drive
system bet ween &- r PR P I B Fee aﬁc?rp‘&'\'ﬁ/er 30 generator units aboard a host
aircraft. U 18 Patent Brel2gre086 rebirdk egripe gejerdtaciimsessedninreiteer nal | y

bl aded ram air trrid pec germéstet of awrdmhtwbirectrmarany twotiprey dhideb| ade st al |
and to al |l ow powennwgernatatnably at ckomwcs peedtstromnagl aidhi sigrean.r cTraf t | andi ng
approach and fi mabadsain@di @ally mounBed) LN 22033t M0 BOL3BY Ford nP@REEISO9/ 7, 9671
The process of GOBRMREE ia8graly wBiH ERMROVRY céRer sHRGN@RNCRIy QLAY power in
external l'y bl,aded IUERIRER, gdddrdBt MR Of nROWEN: c§kp a6t @dek gkative to the
power di ssi pat e%eéﬁfei?ug'i‘uz% ded o%lc?otl' Y& yowgifir&!u‘?”ére%lk&‘f’i’néao moder at e
subsoni ¢ speeds. thﬁoug ﬁ ver cgstri{]elec ang% spsed %’ hr%r‘?ht I ncr eases,

to val ues where I ve veloc bl 'ade becones

sonic, efficienc) ae%so‘fndfﬁ Va?'lB%ess rﬁ‘ta‘fﬁn“\?’()tflfmsdr hnﬁ’fhi 'é‘T"Idmg t hese regi mes
the shock waves, ™AL Q"5 RE'S5| ybe mcﬁ“é%t‘é"“hi"?’nd?ré Teﬁi“ pr&dsures on
the bl ades aHd f#BAVOE SBRIHE| BHP P eenaTRION G5 RERFERALY FRe BF%?&@%tW th
correspondi ng drEPRatFed PhErersr'sYi frrategeleTtiosiccarfisogEdraraty £fi ght speeds
in the range of "Whithre agridoatdepenaich §ooamarhency|rarer dessicgiv/andoshaf t
rotational speedvdyaslid pepetr. sgeedniugridzestorstciedbeyitp ohifghelsghsdni C,

t hrough transoniae,axgpchtt ring agpEPs@ri Ginkd icghely egramshehendreags to |ilt 15
rati o can furbhemilurercdagse aibohmastircs&vesambr i meentdepenth reLada bl ade
profile) reflectinf@vesiadt ihnmicases ténhdiRgdr agl sf afacédies sampapover
extracted from tBgunii fe18tdsCohedMah Ghs Ia8a RLAAUES s s Edecdl gden ldef t . These
drag increases Gap gl td: GRbaB.ARP! hCal i ARsnt @ 8L eskr @Rt&pQds nount ed
to high performance;20 sUPErSoN gygtegmeﬁeeﬁ' r.%@&;r ¢ ba,l;g LACL5ASI ng power

needs for eleggtronic systems in external alrcr ag penalty
for the exte‘r%?lal 1yumgﬁlsaaé)edmt ¢Rnol's {1 @ PR 15; ¢

i.NCreas Hdesirabl e
i npact on aircraft kﬁerqfto?lr?a‘ﬁ’fél”ﬁﬁ\fé‘resxéf%élf"f Elcafjf“"ﬁda‘gﬁé’é l?f‘ﬁﬁeuverabl lity
and range. In ad@MFROW, VER 2 PRGBS ER T Qhﬁ‘dteu?tﬁ‘?'hé‘n@éﬁeﬁlé?‘brs do not
have the capabi [PPYSF ?%‘eﬁ?”df?’i‘ G& W rEetic oIt g e PoTR EHe o3RRSt air. In

appl i cati ons whéPerpet FPddnaf 1amiens| i ght profile include high speed flight
whi ch induces significant aero-dynam c heating on the skin of a pod,
additional active cooling systens are required for the pod 30 el ectronics)
entailing additional size and weight penalti es Duct ed ram air tur bi ne
generators are a second type of ramair turbin S. Patent 267,
(Sjotun) discloses a ramair turbine generator p05| t| oned Jtﬂﬂ"ﬂl mmwwm‘ 'm
the nose of a mssile with a weath arrangenent of inlet d

ram 35 air to the inlet of a radial flow turbine. Qutlet ducts *ciwmect

?era ]
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supersonic flight of tire mssile) the shock waves off the frort o

m ssile increase the pressure in front of the exhausts, tending to
increasingly throttle the flow through the ducts and turbine as the mssle
5 accelerates, thereby tending to limt the maxi num speed of rotation of
the turbine, However, drag reduction features were not a goal and were not
present. The drag is large for the power extracted, due to the reaction
forces set up fromthe Pull reversal of the air inlet stream and the

resi stance to tweokBssexhaust flow from the oncom ng aipergdetRam No direct
cooling capability is provided. U S. Patent 4,477,039 (Houl ton, et al)

di scl oses a vented cowl variable geonetry inlet for aircraft. A variable
area vent, in the side of an air inlet bow wth a slidable door, 15 which

can be positioned to allow air_flow dumping. herepy.per,miting starti ng
with high contraction, @Ité’ts oAl 1 CXRID 8%, §ubDob M Gy, and Lo
¥ SGTRECtn q;f i

control alrflowetorfl Leg Xt emis intended for use
wi th super soni caP?% @Faefxf %t?d T c?ué‘f h o8y s 13551 Ege W TH%air driven
auxiliary pomer"?b*lé&h“"é’frﬁﬁf”"fﬁ 2% 1§’f émmc%cnfr ol s " rffow supply to air
driven power ‘eqti"prEnts %\%f?’sghhéé‘ffé% of 5be BHEEY tattF SRR %Sﬁf“gﬁ However ,
t he basic appr od€Re 6Pt erEAFVS H&ll"ﬁti‘iyn@ati"ﬂ?é’ %ﬂe 3T ntictiagnh PafPet hen venti ng)
W th the shape #hi¢ hefqléa%c#@ eldgee sFocefie fefdortfdfpBRHiERIGYt hé™ f | ow out war d
t hrough vents, tmeherenirky tdosbogkoraves dfidueed by rrbeltaibsdreaepte Prigkent

i nvent or Chet zI grhelegresfees ionventilegesemtd floedsebRanidN pveFrmBi ne Generati ng
Appar at us", 14 ScenPat e bDydb5 b7 catirepbniies daamtlut eéckreasws ainr adagr bi ne t hat
obt ai ns sone NEASYIQnfccPOMers1 Otk Pieeddnth SREEEhge ATt M2k f bosWm purel y
aerodynani ¢ andsppkdiAg -30naclib¥ated shnchanicalochfilpinapecaonhs ol el enents.
However, the dugtegt ggerghaeu&tﬁewlbk%spa‘ eb Radn LibgeRdd, o bgsul ts in speed and
power variati on.ag;4keat,ASndNlfkYsREr ¢eNt.. 2DONE: OEhJJQlég,Wc@lmm nal design
val ue througrgou;atqpqg,lﬁ %&hﬁy%mgg«‘e brlgggqhse%gpa%rmgg fae,lzéna%t ospeed range.

For many airborne.app ati, 0 electronic
systens requi resq ae | ghl(i er § ?n?]@ﬁl aiagria’“s 9) aﬁf)mg 5[95 Ig%:dl_/ 99/ 29671

t ol erance on povver SP T the ra ve peyr cent. Thus,
the use of thi sthgal?ﬁad%rl F%veTrli‘Ff‘ oﬁrar%i/“cé?ﬂsﬁf %3 &g ctmtlcﬁi “Bower condi ti oni ng
systens with i ntPEHEF RS SToz 8 AP he POtf PRI 19 B AHTS™8Y i est i nvention
can bypass f#at ﬁ‘rpé§5°5“i/\m9@ﬁeradhﬁ°ﬁ’a%nd " He And§3r48% PAYRT #8€AAUEST a portion of
the airfl ow bef &retronieeysrgns he sxtabphelircpafti prép hebPodradoprnadty al , patent,
the process of &dnihet éxtgrnalyyyasise rigadeinek chird pavekdrabstreergrai rf | ow presents
drag penal ti es ddesiravliehgorommentadneriafy ee:change:. idversiwatfectire know edge of
the state of theeptesanrtvéi@biléchand egngeandn laidittat.i onsrmefl Hlhedtd t echnol ogy
as just set foridn) cirbbte jdrerfapeseantnot meeNticOnapapsI iepne aeirdedeand now has
been reduced tospeactieng SkIMVBRYeaustHR rl. NVENBb(adiand Redeam ai r t ur bi ne
of this inventigitichedgsi@nedqhopraducendi@gnidh édies piogesmial extracting
dynam c energy fjsqeast L’%n?h%ar&t L8300 - GRAVISE tdnNthet flEnedtes g¥at 0 hydraulic
and/or electri Cad%?é’!%ﬁal YEdi0g cEE'ﬂn&% eﬁ& &rd QQQﬁrfJ famﬁéﬁg f1i ght
operations T %le OI‘llCS Ogl% :fa.tt %d 1t1c91a£ sm;.eeglaugga %l;xttp h tiélventl on is 20

noderate to sonl C rou suger soneml Ors‘n‘_=l ! acon L,tions when Bower
generation |s not req uit cf aer o (p Fbody i°s advanced
forward in the T3 &¢ E:“&ﬁb‘leét eIUyS sﬁ"’l}tegtl Atf 66f f75t ﬁé“é“l )r dll?ﬁISfesz(fW whi l e
presenting a | oW dF &g ¥4 ?G‘é‘ﬁﬁéb‘)‘?rtp(‘}s’ttﬁ%“e&l PSR EAm Pt HE BB Al S0 ni ni ni zi ng
drag induced by™t°&k°257hf Es¥iieE” ST HE teii ééledu?‘icﬁ@ PR YHSN Bper at i ng
mode. |n addPti ¥ to ket gneratidntleapaBiing t yOotther gresetiteitnvention has
the capability of providing cooling air flowto the generator and ot her
external electronic equipnent if desired, through the use of the exhaust
air fromthe turbine which has been cooled in 30 the process of performng
work on the turbine. In accordance with this invention, a ramair turbine
generator conprises a generally cylindrical external fairing having an air
inlet at the | eading end and external exhaust ports proximate the aft end.
The external fairing is nmounted to a 35 primary structure consisting of

| ongi tudi nal spars which in turn
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positioned rings in the forward part and structural bul kheads in \F;imggmga
part of the fairing. An axially novabl e centerbody/cylindrical val ube
structure is coaxial with, and positioned inside the tarring and primary 5
structure forward of the bul khead structure, and radially proxinmate the
i nner surfaces of the axial spars and rings. An aerodynam cally shaped
forward nose acts as a centerbody in the air inlet. The forward nose is of
smal | er maxi num di aneter than the aft cylindrical valve tube. The aft part
of the forward wosessds0 is attached to the aft cylindriwaluswadene tube by
aerodynam ¢ shaped vanes which span the increased radius. The )
cent erbody/val ve tube is slidable relative to the fairing and prinmary
structure on axial slide nechanisnms on the inner surface of the
| ongi t udi nal  sPkSex@budiNB oPr ot . SHEMGE WufersddicAriGgRXoaldny MOUNt ed
cylindrical cenfer:tl oy aubde Jas S:oukeirosubl age SRasedifadisal |y i nward
fromthe fairing and prin@ny. i rychur & D a-fdiQ0tPakt.slidgbly receiving
the aft surf ace gl Lt Cont! Shody, AL, Lhs. Coll S ROMy VALV e, The
cent er body/ val vé fube 10 rd nose forns. a centerbody of. an 9 annul ar
vari abl e ared alFCISAFET! ATFSF| Swe Chrough. an ar?nu"]uarsPseE)ace bet ween t he
outer surface of°CRHE™fGr Wer PRt AR The FIhET UL P a8 5 t158% f ai ri ng,
into the annul @°tchEMNEY F'IFeaPiiuPEr Tharlfiel®s®d of medebéPwedh PP1FE
aer odynani cal | y>6mesedt ¢4 thafaaeheh tPTfed Sgh Bniar eVttt abl e area nozzl e
f or med bet ween isve==25 dfnvier aiubflat etaeypl Pal e yreafstapezFe tBont rol doors and
t he outer surf apdawt tlee foenttee oht@miwngeidetrefne Bertieydboplirdl ve tube
assenbly i s novealdieihetneesvided.i rst nmaxi num aft position (position 1),
where the centerbody nase eadnt i, &xi, aid yBaubedni e st Kidehesebraont of t he
inlet, thereby RQcddr s8N¥d-081t NRoRFE) MMt BdehiRieR .t o tigamier Sstream A
nozzle control Jreghani sm att ached:tQ Liheuyal veat Whe pasiddonsudhhe nozzle
control doorg tg;the.mximum.apen. &Rt 110 ol ubing, RYSE|, 0N, Maxi Mum
airflowis per ”&tr%ﬂ :lv.rp %pa% :}./T%r ev:%ﬁ'l%gﬁlrc% xjapéigg i@i?gtsclofé]rl egca ﬁ%sﬂges’ and
thr Ough a stat OJsegq(lax vam l'lertéI aed t«:\eceoI tro ae';cglow toa Qeo%j% lﬁ intghe arr
streani s dynam ¢  ener 15 extracte dad'L ;s 59 EJ corhEr
WO 001 38985 6 @%9%{’ FEFT ot AT E”fahsee,%%ﬂ%u%‘ipeﬂsé’f’ &0 4nd t he
fairing externat"eXRAUSPHSYEL 6‘sf?féa‘§gtﬂh§|lréiﬁi'ﬂer“o?\‘iféh‘tafy'ﬁ‘?@ert urbine is
drivingly coifpl ¥ andtSoRere™ SRPtEPksc YAt Lo BB At 8raiT| 4 % s econd forward
posi tion (posi thoyer 2Yuirpren afakd reaRed fgerrersst od PORErcosEEPut i s required,
t he nose i s adviameed. ftoevimstl efrropmd pifleedd. pinghaling roh athardgtidmi num ai r
inlet area i s pmgseetedntingt herrannlsbaver gilenlaeti veedgecenttheldogty and i nner
fairing surfacealivdhenfezlteowc ottveod chizotanes® clhhbsestiyvhecsaorzl e control to
t hei r maxi mup exttent. reblcdanassgsponse to a signal froma turbine speed
sensor, an el ectronic GoieholihedncaeGhatal &8s aArfle@ClnkondTBC RANCa  OF
el ectrohydraul i GaRGHHale8: nb GePMe i dNBopaether body/ fReMaEso¢adgve tube. The
cent erbody/ T of vgifth (el UCalclle -Lid oI VED ORI RASE LGN eathNof | | ONE
conditions and geRELHRL adaheLeliss b, U%‘]@e'ﬂf abfoaiparf¥ g RGELADOVE 2

t d orward tu ed toward

certain tol efance. The cent er Qdy yard val ye e’ S nov

position 1 wHer®FHTRT "CORAI T onS . and ‘gener ator I oad cause tle turbine
speed to fall b®COW &hPEUETENT ﬁéothgb_gé‘&?f‘twnt?ﬁsﬁ“é‘ tBFPE ™ Yol er ance;

t her eby t endi ngP¥E FAF AL 2T FEEE 1D FHE SWBEES 2Rl e e PtV speed within a
20 predet er m netPnéirdetpsighyelue THESUIPPY BedrEaYe PRI CeS T PEEt i on node, under
changi ng fli ghtsuwerfdrid 6higbhisPredy B8R ngFe FadetigPespeatidl f93FHRE vel ocity,
only suffici#&ntti@i finh] epareameupst tdd subideercant skéuzet ireqeres gytaahtdr be
admtted into the variable area diffuser and through the 25 variabl e area
nozzle to the turbine to maintain close to constant fluid d}nam c power in
the airflow through the turbine. Thereby the turbine and generator speeds
are mai ntained at their design values. The variable area nozzles working in
conjunction with the variable area inlet, control the variation in the
airflow 30 velocity to the stator and turbine to cause the turbine to
efficiently- extract energy fromthe air streamthroughout the noderate
subsoni ¢ through supersonic flight speed reginme. The conbi nati on of
admtting only the airflow required, and of efficiently extracting energy
t hroughout the intended range of 35 flight operation, mnimzes drag

t hroughout the operating flight

r
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flight, when power requirenents are reduced bel ow nornmal operating |evels,
or conpletely cease) the centerbody/valve tube is advanced partially or
conpletely forward toward a third or closed position (position 5 3),
further reducing or conpletely closing off the inlet air flow, and further
closing the nozzles, thereby presenting a clean aerodynam c forebody, which
further reduces drag in the reduced or ceased power operating nodes. Wen
cooling capability is desired or required for the 10 generator and/or

addi tional el eotawmss systems, cooling,capabiliaty is qiowesed in an

al ternate enbodi nent of the present |nvent|on The shaft work, perforned by
the air flow through the turbine which is converted to el ectrical power by
the generator, results in the exhaust air having | ower internal energy or

15 tenperature thatdhe, Esueél alaCGRYEY mli,eqp%@wr@e 8t dAihe inlet. This

cool ed exhaust Adend & A ayst ed. rﬁﬁglex 1.2, LRGRXLRARLnERYI rOnmENt

PRI T B R 'dfg st Lee a&haIn%r%%&ng‘% deg In the
IL’] Le

embodi ment of f ntlon RI.oV] .cool ass_val ve i s p=ovided

;5 ea. ulv _Lu1 hd.b Pb feacu

in the exhaust VEUCE 46T 600l | n i'§ desired, the
bypass val ve® cF¥s8s*BtF 2FF SRt Y‘f‘aﬁé aBﬁt xf’?féta%ﬂorc'ill?’b(?fs Ef8"T88I ed turbine
exhaust air doRASYF E&RFTOPS tHhe BYPass Varbe e HPoUgh: & ol 3%E duct into a
heat exchanger theTgrefeas vf ZSMBeE RS pPEP3sTHS, 2PhiCBIR REBLer B8 FéFilicse reduce
turbi ne effici erespncst feagcerskings dyettoi greprpeitdednpgtchatgsw density cool i ng
25 fins which formthelttcdolweth sheldnofledms i Fhe etaakr roforheapisseps d-t oai r
exchanger. Theteihheroggite 10hitaheonhestt tlexclrange oy ecguvesetheatchdi ssi pat ed by
t he equi pment tmadbenLpfdsefk Vh@ntdbnadals @hcdivedliafd @by G dbéORedu@ep.

Advant ageous appld-gatit©ons of the present invention 30 include use with
aircraft external electronic pods while flying at noderate to hi gh subsonic
t hrough supersonic speeds. Theggidd&! & buVrilerP@Ref it by way of increased

aircraft speed and/or ,{;:Pangat;n Llrrog%glergugfeghcg ag..hath %’”Aes%] >ét racting power

fromthe air st L eam an duri Pﬁq‘ Ihe o’}OthQQ‘%rr?t |dnr(r:1dm_1 de. tur bi ne of
the 35 present ‘fWvertron resditeTn q T et “haxi huf é’)"(t na °di aneter  ~

3 JUN 20a3 WO 8bi :§’8‘€?§% ﬁSWUéﬁéfﬁg%‘*fle%"r%éﬁ *%?‘@&é’r& a’é%(f’éreﬁ%ﬁ“b‘i aded
systems for a Q?‘(f’énd"iré’?ﬂthE‘oFmt%%r TRRE A CREEPde A 19 nTREF R ELPRA bi ne of tire
present inventi Peepdesk CRREBEL PP LRt e FIYATS APF CRUEf EnV§RGPBSiSor pods for
generating a@Jxl“NeaF’-')F b hégresgeatie puaegh swebtensupplnded ceedithamsai rcraft as
needed. The 5 presentrisyenrtionii soapptuicabl @ tooothicramred and unmanned
aircraft. \Wer eerceddadpgiscapaideli foywars aduanidgeauspletelyestuictieg t he

enbodi nent of bhecps asenhidinyeRtwharne wrdshnagla ng eapabirkbday w@f fers si ze and
wei ght advant ages a0 Erdah L S@ftebs WS € ABnimud 188 dief|uhdueeS ®padnat € cool i ng
systens wheps apr&¥i&y balkndleadied duamMqaide A0 bdeebiing dode Usad for power
generation. |n.g;kidary A0 §&5atd-0ns e ey Nend 3dakaSi;ghat Wy

| mpor t ant, thehgsa@h@'cg,%atbymtrb% ,s&fovmhg cb&\iﬁytallprhgi k67 ce rg%%%@& s. gnature

conpared to pr n rna generat qrs. Wth an
appropri ate extlgéranglfer % e;lrlglﬂ et d erhfoutgk‘ue Qresent

2
i nvention is no? v Blex ?“rsg altrh °m% g ta St hfcll%‘ oéfshlé?ena thrafit ages and
benefits of *t h&" erBFﬁcﬁF? OFLﬁﬁﬁf?’fBl't?fwctrﬁl? flf‘?v‘éLPfPl"’t?n wi |l become apparent in
light of the follow ngMd@SEFIPET githt Aken*1VRRCER] @t Vi W PH“t he fol | owi ng
drawi ngs. |t igensgeise enmeeisst Gogrrerdtly tchbinfinicey ity ngedefwha 20 descri ption
and t he fol | owrajrglerazirethideseritpticotingreadesnd mptermpl aartawax ploarat ory but
are not to be pestritettheeafpf endnerhe mxesnedIfairihe iaceonpengd ag dr aw ngs,
illustrate severixhrembodiwentaisoftitdier ilnngntdion, spadshwrand wi dukdut cool i ng
capability. 25 BRI EF DESCRI PTION OF THE DRAWNGS FIGURE 1 is a perspective
external view of a ramair turbine generating device illustrating a first
enbodi nent of this invention; FIGURE 2 is a perspective view of the ramair
turbine 30 generating device shown in Fig. 1 with certain parts being
cutaway and others shown in section; FIGURE 3 is a half cutaway section o
the ramair turbine generating device showin Fig. 1, showing airflow
stream ines and relative positions of primary internal conponents 35 wth
the diffuser novabl e centerbody at nmaxi mum aft position and



_~ 3 JUN 203 WD 00/38985 9 PCT/ US99/ 29671 the nozzle control doors \Aﬂﬂ 20
open position for the design flight condition; FIGURE 4 is a perspe t 003
view of ramair turbine generating device chowin Fig. 1, with portions of

the flow 5 control section and flow control nechani sns expl oded; FlI GURE 5a

is an enl arged perspective view of the nozzle and control door and

associ ated control nechani sns positioned for design flight conditions of

the ramair turbine generating device showin Pig. 1, 10 FIGURE 5b is an

enl arged perspective view of one nozzle and control door and associ at ed
control nechani wosoe®ssiti oned for abovE design flight eomsgbdbens of the ram
air turbine generating device showit Fig. 1; FIGJRE 6 is a cress section
taken along the 1111c 6-6 of 15 Figure 3 showing the slide nechanismin the

| ongi tudi nal spars and mating nenbers fromthe centerbody/val ve tube which

allows the cent arbadyloal ¢8 Jolf {8 hil dRst BLald ¥l Al i bNakd udi na
spars; Fl GURE GEM a0 enlarded parthal sastiongl, Vipw ol the 70 axia

sl ots and sllde ure i oning o e .val ve tube

!
relative to the’8 t‘%lrlyfTovable ced'%erb %F?l %l' égj% }?' ® €08 5B RgItUdf nal hal f
section simlar cf’%mf’if grt%3) 2% 8°‘°’lﬁ"9°“§? PG St 1P BT HESPRRY T el ati ve

posi tions of Fhé’tﬁﬁthﬁr FO Rt PhAPS CUHTSRR AL S he MBVEAALEY cent er body/ val ve
25 tube being ad®vEritRd ey 178K | P FERRE dCramF iAo £ FENTMEF- ddbrs bei ng
partial ly cl osedefuyranisiiig girpeedabyverddessiegarts |asghicerieneldyi ntheFl GURE 8 i s
a |longitudi nal Rat finsect iTha, fosvari| rmse tig ¢F gnaldsr sdrxdmwimgidmhesrstigock wave,
attached to centtee hodyyhogeraal thalB) tae . ernhe aic @asho€ kheerediragroad t he i nl et
and the airfliowistdteadied n@Scr@ndft Eyabhddrive RPOSE (thBN Sy Olerddy@arei mary i nt er nal
conmponents, Wi thnife ehnbd usedh bgahedneandro@ez gasgontrol doors partially
closed for a supersoni crigbpyug AL} 01 Vel t&'atlsCQﬂG&ﬁlleofbiauElaQéRﬁqeg is a

l'ongi tudi nal halg;sg tah@'})néa!r?‘ Jc@&cth?e 35 Bl sBue he.rel ative

t f th N
positions o § L Qﬁff d Bt %Eﬂq git d:L %ach fV\Q)e %g?%&? rllcturge advanced

PCTI US991 29671 1%on;pomgl S oM d ¥/ fo
to the maxi mim At H? oSI'ti0 3 m “ca ceﬁffr C1"’(3*'5:% faf ¢ surface to
the external air"stfed \ﬁﬁe??d l\kérlr‘g%’ﬁ‘e\fré‘f"lw A %?ré'd 5 FI GURE 10
is a functional SHFSERArHGrafFor BTt el eddorp Aresidtig 1o 25y 8PATY of

control | ing the *®P8FBRYFEPAHdofg B fe FHLBTLSWAREVesH®&d: T GURE 1la is a

| ongi t udi nal halcPrtegRdy 67l Ve ity APTVRE! FPRf. L™S SheRMrAiPotheiradl ati ve

posi tions of 20 henplenaryidbid ersrsair igleconponéhtvs thgeughnareppwdiment of this
invention with cools rgpveapaisi bitey;suFfa@RE dikbfdrgad hapgidaudienadnshal f
section simlar sitxaké @pf thkacaishw iago tcthe ahellat icpenip@siibiamauiak t he i nternal
conponents for aRaREDOdbrRAIbeOfeeh Ning deRMBRALA1QN 1Pr MUpdeGhndkf And 5 coo0l i ng
capacity) when ca&l ing LS aheAb Mefianld G dREnk21d SomePeERRGdNe View of a
ramair turbipe jgeneratiid. devifLe:) Br ALALARNCE1 Wb anpther, exbodi ment  of
this invention, \dh parss heilo.o0kan. away and others shown in section;

20 FIGURE 13 is a perspggtiy | t s ting devi ce
of Fig. 12, vmth portl oﬁhs !:?n%e%bfﬁfnvff%iri?%nggct:%g{:%&g %%g&eeﬁ trol
mechani snms expl oded géed f‘ SEetl O vi ew of
the ramair tur Blfsneeeneﬁ%raécf? 1ﬂ‘evm8e“”61f g‘? ’?E2°f §’P1 wﬂh‘@1 RS ESzzI e 25
control mechafi ?ﬁ?W ot HE TREZH e  LEhtF tﬂ%ﬁ? S5 FEFH8 r MRA%FYP open

posi tion: control mechanism attached to the valve tube positions the nozzle
control doors to the maximum open condition. In this position,
maximum airflow is perm:tted in the variable area inlet and
nozzle passages, and through a stator and a turbine wheel, where
35 a portion of the air stream's dynamic energy is extracted, and



FIGURE 14b is an enlarged partial sectional view, simlar to Fi AT
showi ng the nozzle control mechanismwth the nozzle control d‘ggsr %?P@ei r
greatest flow restricting 30 position; FIGURE 15a is a cross-sectional view
taken along the line 15 - 15 in Fig. 12, with the nozzle control doors in
their fully open position; and 3 JUN 2a03 W O 00/ 38985 PCT/ US99/ 29671 a
FI GURE 15b is a cross-sectional view taken along the line 15 - 15 in Fig
12, with the nozzle control doors in their greatest flow restricting
position. FIGURE 16 is an enlarged partial sectional view of the 5 nozzle
primary and secedadsys control doors in their fully ope%ijgy';}”td']on showi ng
the flanged bushi ng which secure the pfimary and secondary control doors to
each other. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT 10 Referring
initially to Figs. 1-4, the overall construction of the ramair turbine
generating device 28 in accordance with an first enbodi ment of this

i nvention wil | et tFeser MhEY ™ Tha=desice 38 e orpF i"d e A Gerf&Parl y
cylindrical exp®fpdl Thai PEAFa3CIEPEIfdF ng™ et t8E® &h FiiledlYpassage or 15

di ffuser 32 atcdupiefi hy aehdoB4s @ndelgprraf 19eea¥dt 6, and having a plurality of
exhaust ports 40 proxilmeg eetohe faftarémdsitTere (eoeteionad) fyder imgi™80 i s nount ed
to a primarys Sgendedtdr @oennsitpty Bg refuiaed| tireahdst yisofdvaxsedl foywgpgaced

ci rcunferenti abs EhengsbOpikacated dnac tzheinfifeniizseokt erefict he devi ce 28, and
a plurality of p@setkt Vin2teSppaced lghdcheadsen emat@day Bnd Aemeaf t section of
the device 28, sdiRalg a:@a&kON@EtraeziRYconc ol iedhdnt yin 0foskONGE tidgi@al spars 9G
A cent er body/ valn¢goit th@n&a ¢ daSibnl dabldey supported in axial slots 97, best
shown in Figs. 6 and 63,..eMe%80: Qignal Nea! 2bAkbinkegkiNde b ObhEr suitable
sl i de mechani spg i eh cale.esitigned Ln the-d puge.£5; surdacg.of the

| ongi t udi nal 59@%%1?% a%&gcwé“cg%léi“ cﬁeurﬁl&%bt%ﬁ}gﬁ%%ré{“vwve”@&b%.' ng axial slide

menbers 60 moupt L0 an fgro£§u A >, out e% su,rtf,acg f the valve
tube part 56 of it F& Centerpody’ valve tubé B9 ATt ReSAxPAr Sfbts 97. The
cent er body/ val ¥&9%'uB&B7BHRET FEL R For Rard Fo e Ffgdyianf cal | y shaped nose
end 76 whi ct’ f BFEP5? CBAe? HEHR T Fot 4 i r TPﬁlcéTteE%éfg’éf’%ré, with the aft
end of the nosElERFTS Iat"CERNEW2 D PPHEI VYT VAT FEERt FardEig®ds56, which is
| arger in di angareratphanad karsaf theparpingfsrpdtetndse el 7' , by a plurality of
aer odynami cal | yredtiepeiet adeal wiakiasa 78rtain ¢yldraehel cabrabgnteadings f| ow gui de
nmenber 42 i s coaxpiataig the tdhrdineabheel tapb@edGataydspesd ofithin & 3 J| I N Q03 WO
001 38985 1 20 PEFEL&ISI8IN2® GEdedt hemgsane external dianeter as the aft part of

t he nose end~76 and slmaably areceipdes éxtridesod AGRL Jaaé:L cedrgitder | appi ng aft
part of the nosQgrNdonBtioch®Gethesrydhd Bid Bensan ata $1:6h6 v387ocand slide nenbers
60) this constgligtdu@m-assureseidanaants al:fesnt HQRING Lbryy biie

cent er body/ val ¥ ahlPeead7nch elndtJa¥ Eank skl a LRBILT o ksl QWL dg menber 42
throughout the axial JOyeREAt Qf ol £ERL & hadylvalwE. tybg, 5l th respect

to the external, fallngd. 30... N1 b4 e . ngse.end 78 pesiliongd.ln the maximum
aft position ( l i iS.l I e Wt _t he 10 | eadi ng

os..tlton 1)) its rorward end.is. .
edge 34 of theafiafurrl ng %eélﬁ]éﬁﬁ%ff)!rf%%aé:f rmafrlltgwel sat,aF ove 'E,;Hﬁlr ough the
circular truss 8PAti nicof tHe® iPAf el Pats AFEd o™ FPPISEr™ #2°% t hr ough an
annul ar vari abl®¥ S é¥Rovet é“%%'océ’f“f%éathﬁe"taﬁieaéhmt A2 *PRRST '8r f ace of the
val ve tube 56 EHA%tHe obtPeftaSeh FELEVHE T Ao ¥t B FI"BWegt de menber 42)
through a 15 pfULEcPty ®f-sttatBrav s 80P \iht Cho"a F ¥ *HDtTHE &d°
ci rcunf er ent i af49§ratA WwRSWHE eprygh fsiersgyc ot igesreehtreadmef | 89¢ r ~ui de nenber
42 i medi at el ycabimestaneafimdiitting andy ithbleérfapreaemdzed. ear®89f t hr ough a tur bi ne
wheel 62, turnetficighwar ektbycrtime eeschaustoubhaow Wefineetded r8e ahd t hen out to
t he surrounsh nepigegopdtativhoughint s afaly DOoughder tral oppxiraugteipmet s 40 and t he
aft external exhaust ports 40. A plurality of nozzle control door nenbers
55 are positioned intezznediate the valve tube 56 and the central flow
gui de nenber 42 and are operable to control the exhaust area of the nozzle
68 in response to novenent of the valve tube 56



25 between positions 1 and 2 when full power output is required and betme
positions 2 and 3 when reduced power, down to fully ceased power, } 8 JUN 003
desired. Enbodi ments of the invention using either a DC generator
(alternator) or an AC generator can provzde reduced power output when the
electrical load is reduced bel ow 30 full power requirenents by
automatically positioning the valve tube 56 between positions 2 and 3 to
mai ntai n constant turbine and generator speed while reducing the generator
field voltage and current to mai ntain constant generator output voltage at
reduced | oad. Wo®38985yN 20a~ WO 00/ 38985 PCT/ US991 2967 ICTIHIRPEL nozzl e
control nenbers 55 include circunferentially spaced control doors 70
pivotally mounted to side walls 82 of nozzle 68 for novenent between a
retracted position, substantially contiguous with the irinei surface of the

val ve tube 5 58..and. QAN exteRdsd.pasidd on i YWIer elnln they extend into the
annul ar nozzl e 68, rtegm%darghpedggé&t ggloi,lng%agug,p@atrmg‘qg{;ﬂ%z ~he control doors
70 are moved betyeen, e retfacted and sxtended posiillgns by a,plurality of
dual nozzle doOr>CoRtT 6T ¢ 115 1o ﬁ’t/ i% P de of the

val ve tube 56 %fnﬂ"“fbetﬁé\’( rf§r‘@frd Cé’ﬁ‘?’fdof‘lt&’?\edr Oﬁf °ﬁ?§cﬁﬁ’5hﬁl§ﬁs pﬁ‘B’l}ﬁ?’éd to the
side wal|'s Of Phef"CbMtTr BITBUEr & FOOBIOLIT 8 PAL 0PSBV L poi nts 120. By
reason of thes@oundradsvdicnt@dsirgcRam-srEss. caerrbyfraepentéeherdeatoors 70 is
hel d in the retaredvmenicoforgpaty. piselt iferthehapduche dved ve thalwed®&®dis in the
first positi onoransksed pbine epdrevicdgdnadesi tion 15 when the valve tube is in
the second position i whén resines cabebeintwi 1d adpererope realilrya descre bed bel ow
Figure 3 showsgehbgirai fandlo@vadil eloblais bikarninagsand, tbelingl ative positions of
the internal paphsiicqf i esRONGeNdntH tNerfat ShiofRfbdd 0N cndVpt-dsehbe inlet and
nozzles at thejfcmxi. ”UfHeOQt%QtZ»QrPOEéJfBQ{é%)bMeCQlﬂ §1c§weE1{E%Q bg design
flight condi tl&@bln-gh%hg.!:l‘f’i E%n\fre!frk:g ROAL, !i.é et rl]> rtj,zl?l% V\#‘In the flight

rnn~litinna vvhere Pro %n5| Y. and Cll X cu ich is equal
1 he éx air 1o 1 t a
to the fluid dfyngmg ol\F/\r/e&'rn éohrej un} ar 3%t Eaé_u ngh e glt; streamis at
E:(r)]ﬁdlmt P:)nwvrﬁxz)u?g‘qﬁﬁqgt E)"héLTﬁ ﬁﬁmﬁgv;@gmﬂ %Egé%yvgfeeém eg“fa:’c@ché:dcu-rrCI(aSMer e
ful |l power out§yirangenteirPred thel'\ﬂﬁ‘at‘?fprfl‘éﬁl 5B #esingnethsecsdesd geF condition
curve are Maclreedgi. Bnathe37uQ0neht of ads NaedntorQphFigingserlimved At flight
speeds above tiyeadesalygn icopdividedniratheapyhagt doaerdéer exdess chitrpd dynam c
power 30 i s2cawakh abbrinpnist hesiadd, ster Barys andet lesaystemautonasi cally
adj usts the didukssRradandgbcas e atleNazaliae exhanstaiar@and@eaf bi ciently, and
and power ot i L Begs %iﬁ”“‘*g?é’é’?:‘é?ﬁ“fﬁ“ﬁwéﬂéiﬁi Bel Qs - = SN Zoos
1 tlre du t ine — T 7
v bl 3808 Ukl 59%2%%7% A Pl g Ui 1 5
causes the al r lflfo Wecet%e Coc’tle WAt hﬁ 117081, 85 reqcoveﬁ ng part of
its kinetic entfgy ‘ﬁ‘gfhcr Es g n?‘&? r?él © §n*€r"g$%5’h°‘d‘9%r prEdstfre. This
process is comePhietrigates Py oW AHPRHEr “HBT PRSIt € Fhite OF I owi ng t hrough
an expandi ng atifiti‘afizchiataet 14® bet ween the inner wall of the fairing 30
and the outer wall of AgtRetesaqpeEPRidceldorube 42 prifretainveddign t hen enters
the plural ity wkluderisblieharigaraoxetanphctegeenifdedisryete feyineen the inner
wal I 10 of I t h;cczu;eex?(m)dyhy@ \:ﬂosbnﬁkmetlﬁZugmrgghéptehﬁmgfgb?;ﬁﬂs.f lresv gui de 42 Fl ow
I's re-accel er adieerdtd JillP HAAFZL QyPRHSH0escrefyedasirbi cTdpR¥E ah@arl S agal n
reduced. The ajihqd l:oMh CQNCEDlar&L 6LdrOMih B ChkiidicPthat e PGZ2) @5 GEr coNtrol
doors 70, and éc@@anﬂ%&lﬂ@ri@lg’%e%ﬂlé QLat'TngJes SRe i€ D8BInloe $£EN IN Fig 4,
with one dopr 0,400, 30, a0 6ent..Ca ba.shoun.Lh 0. Sxpladed i ew for

clarity. The track nozzl e door contro cam Tie“cam track
activation surface 125 facing radially inward, is attached to the inner
surface of the valve tuk~e 56) W110: 11 1~ LC1110VZd in this region for
clarity, Each dual 20 track nozzle door control cam 115 is positioned in

t he space provi ded between two adjacent nozzle side walls 82. Each pair of
nozzle side walls 82 formng a variable area nozzl e passage 68 axe parall el
to each other and are attached to the center flow guide 42. They extend
within a small distance of the inner 25 surface of the aft cylindrical

val ve tube 56 of the centerbody/valve tube 57. In Fig. 4) and in the

enl arged perspective of Fig. 5a) the relative positions of the door and
control nechanisns for position 1 of the centerbody/val ve tube 57, with the
doors tally 30 open, are shown. The actuation surface of the nozzle door
control cams 115 contacts door camfollowers 116, with the contact force
provi ded by torsion springs 124 and internal aerodynam c exerting outward
forces on the can1fo||omer shafts 118. The door camfollower shafts 11B

. I T Y I



35 nozzle side walls 82 to accommpdate their notion as they are %
2003 R O 001 38985 PCT/ US99J29671 15 activated by the noaal e door cp rﬁtdBN 03
cams. They are engaged by one end of the torsion spring 124 nounted on the
out board side of the nozzle side walls 82. The camfoll ower shafts 118 are
in turn connected to the side of nozzle control doors 70 md span 5 al ong
the doors length through bearings 122 and the doors are pivotally nounted
at their orward tide to beaxingo 120 provi ded near the top of the side

wal I's 82 of the nozzle. Figure 5b shows the relative position of the door
and control mechemissys for position 2, that is, the mnj Mgzl e 10 area
for full power generation at the maxi m§m above design fli1ght conditions.
The nozzl e door control cam 115 which is attached to the aft part of the
val ve tube 56, which is renoved for clarity) has noved forward with the
forward notion of the valve tube 56. The door is pivoted downward by acting
agai nst the cani"BIAOWEF 15215 PRI CHEF™E oo HeILieBe Bt Ph&°or 70, noving
agai nst the i ntecmateher B@yrNtic FoPEEsh AR RESAYZ X1ENE8  ditd Rehe upward
force of torsiomedpni aged2d aiT¢rale soerss guckddprfak sehewtofg #Fixglimey 7 shows t he
air flow streaned preggergnborére te &k subridep gsithe orirefatt pe erenddd. pares for 20
above desi gn o | prgbdntcoreittibons apntichige subsdmapndd aghtiymands@r e t he avai |l abl e
power in the aidirstareaniiese HoBtingrcabdran: dyhiat advaqttice@d 4:0 réReteadesi gn power
requi rements. Tiaterbsdinkhte oNQEZ lpeedRas ibeani parich adobyingl @sadias shown in
Fig. 4. The m nismh 8R3f vdife BEZZIBeLXbAUSteskE GR3bANAGKLLO accommdat e

the conplete ra{éqglngse%§raftlelﬁbiln F%@«E@e'fmb%él ah GHeLETB &al Antfe | Nt ended
ai rcraft app|4 cat 91@515 Fols &% _Lhe ~lesiym~uaitl Ul 15 Lor

Mach = 0. 80 (776 t./seg.) 111ahr mg)lapaf;, s L gn%Parlarriacrr gfgt had a sea |evel
Speed Capabl i ty u}R:at O Ehe am air \F 1r(1:£ E thlsé ve t::.o offz r:}&ucedo 69) at sea
| evel ) since t he - ai i f efore-35% Pu F1U mc power

avai |l abl e per lﬁfﬁ?atéfeeé"’i‘%r%/doﬁ? pf‘fsﬁﬁ% tleé%ﬁleﬁladﬁff'léa'? Sh‘T éi‘%’l’f‘%r Y~liie device
of triis invendBRaEdedt'ghél FB-BEE [FABT82 b f 1 aBicFRfg*TRE Nl et area and
nozzl e area Yo BFPIEa%t CnBrEerr L1YeBTIOR hé IPAXTiTicaf R e FREIE] i ght speed
is increased to Mach =S1i1§ ¢rhet giivetione agédrafispeédhetde #rui d 35 dynanic
power is proportirpingl oft phishvspeer vetibestoan drrasehrctt dfghitnef the 3 JUN ~200~
WD 00/ 38985 PCTHUB891P g6k ridBoartaleent m evreuitin ohowdedtBeowiagui red. I n
general , all coirbvinati obs ieftcatd ptdgdeoahdhaoriree Spopdnagenei num speed for

t he potenti alo aiescripfionappl ireatdlDivingd dechibal aoeoipni@dafcoexemplaglet er m ni ng

t he maxi num nozaliexpEeAts@t bud drediutet icOhe rbstFh@ it 32 |tRe GAMOtOdn . dOOr cam 115
profile, which fiklQ86ndah@nBebiig Ninakda0PetieRg ShodREhts o the has a
geonPtri ~ ennt niifededd NeAnSOat Nabouk OdooRGheapAShid,on forward of position 1
toward position 2, at which point the doors are closed to their maxi num
full power operating extentQRIEp? sr&&g,[go,\pgb,trgg Dm&l; exhaust areas 10 of the
nozzles to inlet area g& &k el 0 I ds cgnstant Ref erring
again to Figure 3, the cen iro er ’E)é)or %d at the aft
end by a bul khead 84 SWRfT a1’ilrﬁ’a§em°pl uraritty ot 3 s(fl "fb° 16"5 °86"t%r mi ng part
of stator 81 and &E&Hdin fromthe inner diameter of the stator Bl to a
stator 15 and turbine EEFAG FT APBEPERTPOSPAPEL HE BFat’Gre 81 ™nd t ur bi ne
wheel @. Th¥ CtEERGF @@ TEe BEME CnEdoi ng T FRFCBE PH S iPR*tSurn, attached to
t he | ongi t udi nafut&{Rirapdo@hpss sifen ginj $paEyP st ructure. In the embodi ment as
shown, tl:e | eadi ng edgecBE eath 'Bdf autavey parrioofotndeztae sirde wal | s 82)

whi ch encl ose tthwebipangebdftamddRQcassacinféd mechanispdsflbas a front nose
encl osed w t h asvresm otkygnendi cabtiye Thajpedhs edgtingredgerddScorpmentni m ze drag
as shown in & geitd.chd RENBEZ mevadDN b lerlapras meimmears pasedohetween t he
nozzl e side walls 82, and seals (not shown) on the edge of the control
doors mate with the nozzle side walls 82 to mnimze 25 | eakage. Referring
again to Fig 3 which shows the location o the primary internal parts under
design conditions, after exiting the plurality of annular nozzl e exhausts,
the air streamthen flows fully through a plurality of fixed stators bl ades
80 which 30 turn the flowin the direction of rotation of the turbine wheel
61 at an optimum angle fromthe turbine axis for crie particular turbine
desi gn and turbine/ generator design speed and a flight speed or fl~.ght
speed range where nmaxi mum efficiency is desired. Usually the stator bl ades
80, bl ades of turbine wheel 62 and the 35 turbine/generator rotating speed
wi || designed to provide the

erzﬁjecdlee exﬁ%rnai ne



~~ 3 JUN 2~~3 WD 001 38985 PCT/ US99/ 29671 | 7 hi ghest efficiency und
conditions where the aircraft wilt operate nost of the tinme, for eféhéU& 2083
about Mach = 0.80 and 37,00G feet for nmany jet aircraft. For above- design
flight conditions, the features which 5 reduce the nozzle area in
proportion with air inlet area will allow maintenance of the ratio of air
flow velocities to the blade inlet turbine at close to the ratio of the
flight speeds. Use of pure inpulse turbine blades rotating at a constant
turbi ne and generator shaft speed w~.1| provide high efficiency through 10
t he range of stwiwossysir outl et vel ocitjes/turbine inleactvsbieiti es of about
25 percent above or bel ow design conditions. Therefore desirable-turbine
efficiency w.11 be achievable for this exanple at flight speeds of 0.80
Mach + 25 percent or between Mach = 0.60 and Mach = 1.00 or greater at
37,000 fC 15v@d hbdzt6l@onchbl S106RF EEIPONGSent osMAGh o hbneQuedtgrsea | evel with
the sonic vel otighy B&liRG20 percent greater than the sonic velocity at
design altitude. H ghL.ybing §E£f LENGY ., EélgplaL% ped..fQ.t he transonic

t hr ough supersonl o regleon ag v lInlhge Expl. |netJL e yiewng Fig. aln

nerating

transoni c and sug&r soni, ¢ nAg 1, 2 tro mecgan 2 exolcg wave “150 will be
attached to t REhYsESTF O AR Setit eV Bty ™ RAY The ' °3% 'wi | | be defl ect ed

outward into in a comfi'€H® P oivFi ‘,“é‘llﬁlrs\ﬁﬁjtpﬁriﬂ’?é“élﬁmg‘f PEATEMEER Snuber | ess
than the free?¥t FELRPIVERH FENBEPCL2FRE CPIOH RETF 1R PoeH8Ped Mt 32 t hrough
an entrance né¥siet I3FHHEKCORGVROTESSE WG RN WY [FurhéRs densiptimgedevideet or 25
slightly in freomtiofig-he inlet, with the resulting subsonic downsCream

fl ow, enterd ng througiictR¥esdiif fanserargediveFektyive [vowa cAgpndownzland t hen

accel erati ng ami thersiozzdreapiassagesed8ontWl hednagisnozok e iexdsatst ar ea

adj ust ed by t heveawBignorligheavkailitciods affin¢ethnr ki urbinet fethchifigiser i nl et
area for everyepesishéwn: randiwi th the 30 nozzle in a fixed or converging
configuration at trarb&eﬁugce QL SUR&L ss;@wonfJakghtal§ge@1dc1111£haaeaa&haust will be
choked, thesepy, Ll m;goo& @Q@%@Lm&lpsmalm% o= s%ﬁg throughout the

transonic thrgl gh on| t re ns res at maxi num
t ur bi ne entrarhce f‘ me'fsb % Elge i te% gy/valve R eh of 1§§ no nore than

25 percent great %ern ?‘l"dytur‘be 'hubee“r?t ‘?:ere%/aetlnt')ec|t?yC ! f“%tﬁﬁﬂaboos VO

00/ 38985 PCT/‘E§§§§/29671 18 under Mar h = n an r~acign rnnrlitinns, rhi-~s
anct~ring insring hi gHTr B ne *Bf 1 IIH @~ TR GEH OB ViHe T Fhsoni ¢ and
super soni c2% | ¥Rt sted ARt stige SBRRPTE PP Fe AtTUEh SRRy Pop et "8 ifput and hi gh
5 efficiency Wsurdvbeubesraabiete krowgtrea Brogdede mmhéTrum oper ati ng range,

i a, fromilnw al ti MEVES? Fara spRasidénag| mih deptivhr fsimila=40Q ar sea | evel up
t 0 super soni cFigal Ueshaatnd37{ DO strbor igecanyl elativegesonints g for the
variation i n wel ptméyy odces@inebmpbricht d, ool mevksblt erdpeiradayiyeslvehe sea | evel
flight Mach =cdedispRaidbanpeudidy IQtRprosant1a sakadl ¥rai r speed of 463

feet/second, NRRSWS Q401 f t1ds8€e0Nd Albsdde MBENags.1an @idrRr Oyh supersonic at
37,000 ft undg;ndgilggdard day tenperature conditions for both altitudes. For

a given stator exhau C t r i.s, optinal
turbine effi C%enCBy |ZEII0%'?@§1 ﬁg&cg}gé?g%i&ﬁ: %gtltoﬁb:gl IFllgL %é | ade at a speed
with a fixed I‘é;tIOO % Vy 'f"herefore by
choosi ng the i § 98] ?ﬁSki“’ﬁk rﬁé’edd"g AN lﬁ%“?i Flf i‘”srééo for the design

poi nt, the IoWrEii'ée&e afy Rt @ﬁ”§p%°édt E%r"ét‘lhﬁg" E)‘Eﬁrﬁt‘é’t?rﬁi‘ﬁ}d be as much as 35
percent aboveSHRLFBET ot FThe S < HiF T g Fit 2PWPRAT 1S GPL G9PE i npul se tur bi ne
bl ade) the 20pFatdllnffosad fur bisHrerestir Gberrc geareulfdidhe rétiers:t han 20
percent and theref or €18¥%Ees F e lfngrtudhtad Wiilfesevriopcisiyrlpartfge. By using a

t ur bi ne bl zxdeF@esi, gshowrtdh tigomel ar B&cpdsoniogaPabink i drymary himtéadal of f i n

ef ficiency through this wide air speed zange will be limted to
substantially | ower values. The reaction bl ade turbine 25 recovers part of
the air streans kinetic energy by accelerating the flowin the channels
bet ween the bl ades which reduce in area along the flow path thereby acting
as nozzles. In pure inpulse blades all of the accel eration takes place
prior to entrance in the stator channels, which act |ike nozzles The air
stream 30 enters and | eaves the turbine flow channel at the same velocity,
while inparting force and perform ng work on the bl ades, purely by forces
generated by nonmentum change results fromthe change in flow direction
acting on the noving bl ades, thereby perform ng work and generati ng power.
To i npl enent the turbine reaction 35 capability in a variation of the
present enbodi nent of the 1 3 JUN 2003



WO 00/ 38985 PCT/ US991 29671 19 invention) fo= cases where a w der ﬁggﬁl
variation with higher eff~. czency is desired, the inlet tlow woulL N 2003
expanded to a great extent in the diffuser) thus allow ng nore of- the total
pressure recovery, by allow ng part of flow acceleration to occur 5 in the
bl ade passages. The turbine operates at a higher speed to achieve this
advant age. Design of stator and turbine conbinations to achieve the desired
performance over an available inlet pressure range is a well established

di scipline. After extracting a portion of the fluid dynam c energy 10 from
the air streamWQ®e#%%hr ough the turbing, the flow is tBewHse %0t ward, with

| ow turbul ence, by the aft flow deflectors 90, to flow through the aft
exhaust ports 40, into the external air stream The exhaust air is cooled
by the turbine expansion process. A portion of the cooled exhaust air is

directed thrQughandfs0aner ahorceaRbbdygdrustsvOde tobé Ghvdmada tectly cool the
generator Vi anQRgiehi @bvdrh H88di8d pr&dentinges tldhnUsdBgRkast cooling with

the generat or,, gnel qged, (DAt ~shoW) sd:Bad BEerAfdueeN@ndiat horf LaAb: cOOling air

exhaust ports §not shown) or is accomodated by a nose cavie~r of a pod. 20
The center bocfy l1‘orwargl vgl ve tube 57 'a'fl dl ive forvvafrd and backward t hrough
P

function o¢cK diagram
an actuat of shaft 1051 conven rona hear ol ectro-mechani cal or

el ect r o- hydr &IFi“E°HE 6‘?1 PEEF™ VAT AP 8 TF &Héﬁmﬁnaé’i de of the

cent er body f 1989¢gtR dera4? &&=Shown in Fige. 3 and 7. The actuator io fixed
on the aft end to 25FUREG1R st héorailtkdieald Y Ferthorp| gifiisan ype nounti ng.
The forward end pBs sabti@ghed Dy-aivelievisobype trourtrary trgetrae act uat or shaft
104. Mbti on ebmmeéntat trr &0 dnb@inect iofatied iyyeranoeléot rorlicg speed control | er
10S in responragribitg;t ur bi ne/ generat or speed sensor 107 which is nounted to
t he turbine/gcner at oprcdhafitio 180 1bhgui@n30 ndF sd@vsn aidiupctbonal schematic
di agram of thegehest Lkigy eANLEQIL &S pbakidiNe: RRE S8 n&MDOdI ment. Referring

to Figure 10.c Agﬁeﬁl ef:otrrgple&)o%ﬂﬁe%g o%eaﬁgrmqm%éfp&memm; ating slotted
di sk 110 cen ernal od 19 L ulQIJle and generator shaft 160. A

l'ight emt |ng dm%cfgp%tﬁzﬁ 0 sensitive transistor. 122, together
termed the speed Er\%zztfo% F@@‘Gﬁ?’é@@@gwlﬁ&ﬁ GEBGISIEE ™80 sensor 107,
are nount ed tgﬁneiab’r“ﬁc‘?@é(ﬁceli? AR T TP APERF T FERATELY 85T oned

i nt er nedi at e IPENEREN iR RIFBUESETIPIRE BTN, QTREFS ARt He slotted di sk 110
rotates) thesFghRe: beamto the photo transistor is interrupted producing a
seri es of 28l ectroni cFUREES & agetérecpivet dev rdngestaor ajrstymidireed on and of .
A frequency tgenaretirggieveonverstigr 1233 ifapsttandastl cbover kercrusi ng st andard

i ntegrated ciseelioh shechBolcogytbl GRENvRLER Edpeosar i es of pul ses into a DC

out put vol tage B whi eteuks 105 0RO&d bQR@bed fart A bdRGMRNGHOfort iR pul ses. A
digitally praogsanrahlevaldhaoe:sieherence sounee 1ovikdZneconsists of a DC

vol tage S%rcc%n@eg n@cpa!nggr& abdiy 6&0RLS0L |86t BOLRHL eRLel, i gt andard
technol ogy. Th he vga fage refer ence output A of source 132 corresponds to a

desired turbinelg gene;%&g 3pee 15 an enlséw etdCha%gla'IDde‘%tC&QEm'el er 134 is
configured to produce a Fres f a caonstant frequency,
the pul se 15 S\?\)?E)’t}f‘ﬁ %5l i ]tf‘ét esF‘WfltIféthB FHE &qpnff%r%?féémﬁ@t%bn the reference
vol tage A and"t W@zﬁltee%ﬁj‘g’ff&yd“FGsv‘&I 'f%g’é IEATTET FEFY BUEPLA“ DI t age B. The

pul se wi dt®As PeFEfE A and 8 output of the switched node controller 134 are
i nversely proporti onBIGUREHEa Asandr@&sosacpiangl ofiet lvekeswkioed weode control | er
134 era connedtedst-oian ibwigphasevil tpowerzlangnifdledoot86n edeso of st andard
t echnol ogy, whlilghopes tmecicho anficr ease the power | evel of the pulses to

| evel s required to drive a DC notor in the linear actuator. If the
reference voltage A and the frequency to voltage converter output voltage B
are equal) the puloo widtho of the 7~ output and the B output of 25

swi tched node controller 134 will cancel, thereby providing no net field
EMF and rotational torque to the actuator notor 101. If pul se w dth out put
Ais greater than pulse width B, i.e., the reference voltage A is greater
than the frequency converter output D, the rotational speed of the turbine
generator is less 30 than the design speed by the set tol erance and the
actuator nmotor will be powered to rotate, and thereby nove, via a ball
screw nmechani sm centerbody/val ve tube 57 aftward toward position 1, to
further open the air inlet and nozzles to maintain the turbine/generator
within the desired speed range. If the 35 opposite condition exists, i.e.,
the frequency converter output B 13 ~l ~J~I 20~~ WO 00l 38985 21



PCT/ US99/ 29671 is greater, the notor will be turned in the opposWaJUN 2003
direction, noving the centerbody/valve tube 57 toward position 2 0si ng
the inlet and nozzles to reduce speed. In a preferred enbodi ment, fox high
reliability, a ball ocrew or clectro 5 hydraulic nmechanismis chosen for
the actuator 101. A generator 58 is positioned as shown in Figs. 1, 2, 3,

7, 8. and 9 nmounted to an aft bul khead 88 with shaft 160 extendi ng through
a hole in aft bul khead 88. The shaft 160 is attached to a Shaft coupler 130
to accommodat e any m salignnment 10 between the turbine and generator shaft.
The shaft 60 thenowsssses through the hyb of the slottedcrississti10, through

t he turbine wheel hub where attachment is made to the turbine wheel. The
end of the shaft 60 forward of the turbine 62 then passes through a forward
bearing which is located in the axial center 15 hole of the aft bul khead 84
of central flow guide Hﬁﬁp%- 42. F S genld and, 11Q how£a first alternate

n

enbodi nent of the l| nve ion WhlS : e coo orlla Vlevlvp éoors :zgt]:n ?he i nvention
is utilized. W8h *Rool'T i§ &Ff ¢t 5 & dza ForoteXanp T he case of

el ectronic sys‘-’tré‘?ﬁ?sb&}\%‘Y éﬁlS By A %pf’%%ﬂ r turbine 20 gener at or) exhaust air
fromthe turbine may BEWErécted tAtGELTh Y Hrat ExXengE”. °With cool i ng

ef fects ar e SnorzHEcRIEHYhe" T 6HICBPTY LB 1P ©RFadstthai s fwiivI °A58 duct ed
directly to thestirsistevias tdéhoikanded Yuplipgevhidla seq¥errheoulirary akf ects are
needed a convewtirdasl cédreshdstat tq poth edrenwn) which is nmounted tc and 25
senses the tenperature of the equipnent to be cooled will trigger a
conventi onal actuator ded2rrko cebaxserivherbypassee xhsatsieneal ve 140 as shown in
Fi gure 11b,1of orci ng t hereconlediitiniby Re mybhaust, ald o\tengplugh a cooling duct
144. An array cqt,sérgwl@@r&lmé gaqoinng;rﬁmsg@%@at@@Idte\hqae;c& ih Lhe cooling
duct) witn rra@cg%m o puab efﬁgcmlm&tt& ORINE Al QW it Ui ne back
pressure and h&% u({ blﬁe éa éec%e?g%pnﬂsgg gggeerggl aLr, f+P‘é’a t hr ough t he duct

will insure hlg{ tran 330 I eI fch we¥ _or. h cSoo i Ng fin and the
cool ed si de of " tHE hdAt™ 8% changet’ "Heat" Ft § Jt - BT BIeAt to be cool ed

will be rerPBveddf’fWSS’fnz’tzr"it leéa&bl?gpﬁ%dn?‘l and aBlarff:uEinﬁt%“d ™ JGPS 2trie riot 1 3
JUN ~Qd~ WO 0CT3898% PETFFUSIDF29671° 22°STe UF tifecHeat™Exchanger using
conventional el IEREINE 361 YcPURE$DRC FERHBRY. sXusEe rmenefbbdi ment of the
nozzl e and nozZl & rtwont ol oheeirdhr spmded cdhewnferest F gsingd 2y Ip8ated4a, 14b,

15a, and 15b. ifhite Soenisechigerd theidavies2@naghautlaralioy of eex2¥2yi ncl udi ng

i nt er| eaveckopanet=s dheneannubaitenozzire opesatm by chodevaetdsng uni formy
around center dhadaw guidecd2ot @ fresdvit€los flooy chetiraeanathpough t he space

bet ween annul afenfi@Bddy@vad (2 rans s¢ant anafdipwugst-den 42.axRef erdikng, first to
Fig.12 and Fi ggsc 14anand eldn. ¢ Andlelr 3bddo¥eLhs 10naCtdNE LBl Saved nozzle
control panel 50:339s@1’&9b12»7ék1§5 %e‘c‘l%’ﬂi‘&%tﬁﬁcﬁ %r@%‘&c%rﬂa%r 18tnd Bgler forward and
aft ends_ by bushings,-2/4m) AL G, %[ anIa Langed,al,; s}agn t%p,g aropnsted ange of each

bushi ng 275 i's secur N sll y i 5‘01%[111&8 radi al ly inner
primary panel s 270 F'leg &fhiart s gpn Pro *rough sl otted
hol es 276 in tH&" §3%8H‘be§r?lr53‘h Ffs tﬁeii'al E”ﬁet &8 ¢ h°§r l?el anges of the

bushi ngs bei ngfeBIFTPIY/ YT &°PS OURET 8% déladf“t"ﬁ% 9ézecondary panel s 271. The
f1 anged bushings 275 B GeXREPPY I'REFY “Hid s EXGHHEr § PAIEEs within a

pr edet er m néd Wravariealgy Laet BrHet W FE B HeTRY Pntinyepafiels, and

t heref ore t he Wecondats: 28&spanéf s vigy eheopeEneet ahdrelngsedrbyevirtue of the
mechani snms whisschaaned [condw heidesali Bade thve afpedics| ot tedet iitnkage 215 is
attached t o eathnedbr pradraky apanetsoR 6e abongnd he, egnt exdrenieyoft t he panel
out er surface.zefé@niaeyar drapst ofaienehnasl of.t edciinkager iceneikvotal 'y 25
nount ed by i nied shleCfemD 4k O sacRANE! wiTRUAL | AGuS tiBLCESILEs 280 enhi ch ext ends
radially inward and aft of annul ar panel nmounting ring 290. Figure 14a
shows a primary panel 270 in maxi mnum open position. A cam follower nounting
plate 217 attached to the inner surface of the aft valve tube 57 pivotally
mounts a cam 30 fol l ower 216, which in turn is engaged in a slotted hole
230 in the slotted linkage 215. As the aft valve tube 57 is advanced
forward relative to the position of Figure 14a, the camfollower 216, which
is maintained at a fixed radial position for all axial positions, by 35
virtue of the incline of the slotted hole 230 in the slotted 13 JUN 20Q



WO 00/ 3898S PCT/ US99/ 29671 23 | i nkage 215 causes the slotted Iinka eaﬁmczﬂna
and attached primary panel ~ iu to rotate cl ockwi se akwut the ~; |~
hU E 220 and reacting against the internal aerodynam c forces i nduced as
the air flowis deflected downward. 5 Figure =4b shows the relative
position of the nozzle control conponents for the maximum cl osed pos' _tion
of the nozzle. During the forward notion of the valve tube 57, the valve
tube slides over the outer surface of the annular panel nounting ring 29D)
with a seal nmeans (not shown) located in a groove in the 10 annul ar
mounting ring 2900038e annul ar nounti ng ring 290 is ati@agrbRebe,0 the center
fl ow guide 42 by neans of a plurality 6f aerodynam c shaped radi al spars
291 as shown In Figs. 15a and 15b. This enbodi ment of the invention
provides for |less flow blockage to the stator and turbine than the
previ ously described 15 segnented nozzl e enbodi nent. Mvenent of the valve
tube 57 is con'f‘“reofalméo“ﬁ?méﬂ dareiat 6F LD PERRAT ARt SPRAPFDATE EGfrol ler as in
the previous| yS'désty| 156G ERDGd TRelit's” YHE FORPET BPULT T PiTikdge 215
profile, whichthgl dSaserEhts - meBRBTHIRT HOZZFR Sfénishgrsat” pesictisn 1, has a
geomet ri ¢ rnnt rerbers26P . delfisneds goctinatastures ede Ifepgst OB iPBP@eatd of position
1 toward positimenc@redodmvhlds poe it tehetivatterjheaseaterpdive| 2igd annul ar
nozzl e 272 ar emdrb@ser theough®itr chavediaunofenbic power coperiativnglext ent, the
rati o of the exdvaustwahesmspécet freci@nattlearainGazing 100 i nl et area of the
di ffuser is maintainegicorsd abde erdS7d\Bbdi€ipeeliRINe R IHRAdisENt S Of the
i nvention havepck%@%ndap%sltq&ed)l Resdeballa ehd 15haulide BRcREEr st ood by t hose
skilled in &dﬁele%zn Lt@gre Vabi QHs fgrmhe; hEaAbhORSiG@N e siBAes tO the
illustrated enp rolil bpup e;r;@rrtxlnm.gqimm Lh%hmqp@ JQQLJ,Le i nvention as
descrlbedlnthes gltk ;_Lrlq,g;]lggt L de In the 30

3 ?%t atI§C|aerEdIS

appended cl al e
PCT/ US09/ 2967 15E ﬁa‘?ﬁ“f?" e ““er s“r SaF & general Iy

cylindrical exf® Fn&f”fraéfrl n h%ie\’/‘Fer Plc’ Igeuéde énc?zan 9°u q'aft_end, with an
air inlet pbsss%ﬁg‘éajalfy L4 FeFFatt g ‘ﬁuc}hﬁﬁe "t“ﬁe"acbrlcﬁ‘f‘fa’ﬂrF”ttﬁa]d'F' ext er nal
exhaust ports §f 8XiHetesT e ¢ & {*he §ERE TA] Sopporitestrdct tte radial |y
proxi mat e t he tHaERtelyr famatispm Shitde EREEPHAPT 2ald2r Ry 68 s &P eidri ng
supported by sairdinsuppet t62strpreduruevard divdeheupyorac Stopdsfigcect ncl udi ng a
plurality of a%i.akindspamnsqutl® ghecewirpgling vagrguirdeugioalks afty | ocated within
and supportead resail dexaapposfdre sk WOt the afsakekrgali denabay pogsadv.out er surface
spaced from sai d supporprushiugtoarezza vakve tdabenceraxi = ke | ocat ed
i ntermedi at e sadsdlciSHRPAhterfiddibt tievaned sad 86 centchalcefidraw sgod de 1 n radi al
proximty to sSgiide momfdh| JPBEY SHPPREIL1StHoUEINUF R, t1zabflaval ¥Ratdbe bei ng
axial l'y novabl g,eWhd-h1d %§Q%C£es£>&1s§%dnoeéﬁe3£ Ral ekl Al guings havi ng an
aer odynani cg lyetc;%tgwg nDOS En LN ned rPhUSALE to¥e R QPARLDGS Akt said nose
end of said Va}: \{:gejn 1?&%9'2‘ glwq §£du@éc{ pEJedem{ go %El;} nl et passage
o]

t hrough an 20 ann Rpaeoa r et ween i.nner aurf.acc of the valve
tubc ar_d said St er 'Sir face &Ls 9 ng lmeF 1 mf IEége 1§venalon & turhi ne wheel

havi ng vanes, & -8f% 1530[?c ﬁ’é‘&ﬁ%mﬁ \?H‘?gnifﬁnes PO FEEt T hg*AiF  Fow t o sai d

reduced power output when the electrlcal load is reduced below

30 full power requirements by automatically positioning the valve
tube 56 between positions 2 and 3 to maintain constant turbine
and generator speed while reducing the generator field voltage
and current to maintain constant generator output voltage at
reduced load.



turbine vanes, 25 at |east one nozzle in said annul ar passage betqgefijN E(3
outer surface of said central flow guide and said inner surface Of sald
movabl e val ve tube secured to said center flow gui de and extendi ng outward
in close proximty to the inner surface of said novable val ve tube, said at
| east one nozzle axially extending 30 froma position proximate to said aft
end of said air inlet in ~ 3 uuN zoos WD 00/ 3898S PCT/ US991 29671 25 said
external fairing to a position in close proximty to said stator vanes)
sai d val ve tube being novabl e between a first position wherein said
contoured nose &fO%HP val ve tube end is in line 35 wi tbrifiesbeadi ng edge
of said fairing front end such that a Haxinumflow area is presented to the
air streamin said air inlet allow ng nmaxi mumair flow through the air
inle~, said at |east one nozzle, said stator vanes, said turbine vanes, and

through said fairin S ;.40 region
and ;gsecolnd poIS|C|g gcofﬁﬁ ?rogfiri gﬁ;?‘ﬁ\é& "BQI{iEl égifug \%%glgﬁgghq war d sog!t ha%

t he cont our ed npos  end of sai /e tu ret resgrl cts_1 said air inlet area so
that reduced al¥Fiow oCeui’s "fﬁr 841 CArT ST M°&t™*°%ai d at | east one

nozzle, said sf‘?tsbar““%ﬂésc"“%laﬁ’”ﬁ‘st UiEBI 1e Vane i’”faﬁ%l o8 A8 TAVE WY ext er nal
exhaust 45 ports &% PhEEIFEDAMIFHY Wé"‘é?’dhtheé(n%i‘té“dt AFY°d 08P 8N wher ei n
sai d val ve tub@Pzzse 48\FaMEEdEReo R PrakF HUBY P8 MRERSd $Fosi tion so that the

cont oured nose of the Tralapatroydecrorip @t SovéteréarpeY thuréaeetedf the fairing
air inlet in aawasnerdgustsitivas bgad dlakiityndfetival snazzia-logYeakrat ¢l oud 2.
The ram air tutdnisnasappatst us cof igdiae muidack WEt trervaoapubsisagna nozzl e
control internpdiratoe &ai thivaleverlb tkenanshsSaddc&end kad sidoOwagui e operabl e
to control fl oweObondidl tidHre@UBNoaEdeNMeZdRss | PivoE GRONGE1400 mHvenment of said
val ve tube betwgghh saidles: bhd SisocSREONERRuNichch BOSIKE T QRS2 3. The ramair
turbi ne appar afdiss o & Al %, tﬂmg&la&eﬁaerdo&ngols € iGONMER ! tnl %1\%0'95 , @
plurality of ajfg gsr timeh@ 25¥sOPARE L OO LOknd QQJeﬁdeoﬁoga,ngﬁ}e bet ween and

pivotally s parted. (e}nbea Eall‘ o SY%tara el nozzl e s wal |'s for
nmoverment between retr 0sT t 10 GD %ntlé’lnly ORtTGuBUS with the

i nner surface Bf* <% r\?a’T”\}é” tdﬁifél%f’ﬁld e‘lﬁ}ﬁ‘t’ended ositions projecting radially
inward into said nozzlfégure 3 Ehas tiQ ¥ 5?3‘8‘??8311285 PeY /509129671 a
cam fol | ower nElAtidd Rod:eaeh °6fth§diﬂée%htpla6qs ERFEPPORAING 990%€r i nn spared
from sai d pi vniart sapisden. vfchsHiedirdenand aneklas gk othein mapimgn 902zl e si de wal |
form ng a c#&dm roshieicedy viipheirepérmed tiaiddsiganilfiaitl oweition. s@ked sl ot noves

sai d control 5igoo=fbhehnweeniiaisrukdryresrebd-acs ete gosdnt i condanena ful |y extended
position. 4. Thers am aisdubtrdii de@sappadsatdiscial @bed, mdchwhesgbn sai d nozzle
control mai nt aiNsnaArfdiNednimll @wef pbh@niobada Sxhast iar@asa.ef the nozzles
to the area Ofsdebgn 8k fati dHeGhinDASS 2GR where THR FAMRUrpof BENG @pparat us of
claim2) wherejdesdbd ' m97%)8::600LERl hclHdes niAni Biahl ty.of alternately
interleaved prijmaly.and.aecondany.d %zﬂ S ONLLQL ﬂa&%me@oswwned bet ween

and pivotal |y %Q&Qréo%gts ogrkhg d@g{gl;% CO%Q.‘H:QE)]IX rlgr [ nx% J&acya ngv&rrent bet ween

retracted pOSI §7| 8&) ft. and Mach = 0.45 at sea level At flight speeds above

the design condition at any altitude, excess fluid dynamic power

30 is available in the air stream, and the system automatically
adjusts the diffuser inlet area and nozzle exhaust area to
efficiently, and with minimum drag, maintain design values of
turbine and generator speed and power output in a manner
described in more detail below.



eubetantialiy contiguou3 with the inner surface of said valve tube and
extended positions projecting radially inward into said nozzle, 13 dangggt
nount ed on each of said primary nozzle control 10 panels at a position
spaced from said pivotal support of said primary noaal c control panals on
said penal nounting rilig, and camfollowers nmounted on said val ve tube,
wher eby novenent of said camfollower in said camslot urges said primary
nozzl e control panels and said interl eaved secondary nozzle control 15
panel s between a fully retracted position and a fully extended ~JObl I, 1V11.
5. The ramair e apparatus of claim5, wherein s |l e control
mai ntains a fi &35@%% o of the total exhaust areas of ﬁ]geL %ggﬁgjl es to the
area of the air inlet passage. 7. Ramair turbine generating apparatus
conprising a generally cylindrical external fairing, tapered radially
inward toward the | eadersgyrrémdagdinhccanisare 3i nkeahepassagersatnd | eadi ng ~~ 3
JUN 203 WO 001 23982nRugh WB0 Wn286 dilf tAdererd, tianékphEng ¢t eF Rada fai ri ng
extending to aguadd ceNdir aneh baveagedatp| Uil iy aOf sefetaﬂrﬂa%veemaust ports
proxi mate sai d,.af torend, kihePld TRYy Sh theldikes RARS. 1M atli-g) la¥a proxi mate the

i nner surface &Jesa&gd %ﬁ eLnaks J@;-. raong.nue%xaseggéfegw f&nbength of said 5
fairi ng neans, erat s w 1'19 H-gw rﬁog@% a annﬁm atn;uIzlr;@‘ c]¥lar§r;[ U ture, said

pri mary structure I n¢ u [ Al pars extendi ng
the length of FaI'TF ext: ar te aXrJtrqﬁ ad °“t8rwalf§rmuntedto

| an
sai d support s'thl’au‘i:etnﬁ?reg‘i’(?eaﬁﬁe dGaxi EF aﬁﬁéﬁ%w“m er‘stgi"% ﬁng'éraﬁ/éé’ns havi ng an
outer surface ¥paEtEdeYer OA*sHF SPFEIUr & Awans b“&“@ﬁf‘e‘ﬁ’bdﬂ‘??’i “#M'va rnha
magna i nY: Admert] Figt cECSEORY/ BITESP Bt PRACERT erE@in$lemeridaid central flow
gui de neans coOExvdls tehererptdtedid tibn noaelicapasprasri 49 t3s tiee S&Avd primary
structure 15 neaaslk smid redureér body/ val ve tube neans incl uding an
aerodynam cal | y cont ounedincsew engkral tshcrahn ahtlubidyutias ndadys wet h t he tube
connected to tdhmcafit adoat gRr analowe dodbe @REtdarofndbascentes body/ val ve cube
assenbly wifsh aghodynan ¢ishaRedoSPad SndRARBINEnd RE 1D 888tk di aneter) 20
pl ural i ty of Oﬁegiprigé dt Q%%%rt g!.a%g:ty bafﬁé( d@&l @ra‘ikséogmedécrroégnt:m nose end of
sal d center Doty fisy Guith B5e Ach S0 g&qm iB9 ol QM Qbs @absgnt 0 and thr ough

t he openings in _sai.d nose 0 an u ar ssage forned
bet ween the ~. ¥A&T 4u nf"%lrgé of ach'E\‘/jF E)Qet er and said E)ent 218' flow gui de, 25
a turbine wheel"™ dr’ m"Wg“Itéh FaT°t d"a thl ée?’a‘f’o?lor z’I’i ydr adi*te “Blinp or bot h,
stator meand -FRff in%?;"lEI‘ﬁ?°H|°t°n‘irl°bvﬁaf“ t‘ﬁepc’tsb‘fllff‘??e lT‘ PEPE o plurality of
nozzl e neans, Wariief dieRERni tor 2dpeAnt SRE et sidp RhES dhnuFz® ?ﬁés%fge bet ween
the outer wal Incaflesaidd wais ridl fokhing 802giabpte 2eardnizabe P2t 66f sai d novabl e
val ve tube anchre. prreilet vl ercdndthat aeX trentattrehedeen the sehtaaf fipar al | el nozzl e
side wall nmeangiidsapd moxzbkeesd déwehla amansiisomse SiEi thg ofmepl at es nounted to
the center fsl oswrgateder and aexicendbrigadutnar chvai gshém ced 0se proximity co the
inner wall of gatdneBvablive Makwe.tube neans) and 35 said nozzle side wa; |
neans; and said nozzl g,nggns, e&ﬁdeﬂfj\:ﬁweﬁlﬁrgedfpergpekmewp%lwg d0/ 38985
PCT/ US99/ 2067128, &é&&% XL 8hs TE %%o%t@comgi b QkrPLRXERL € to the aft
end of sald PridlBbal ILEnl herdlbodiNSLEALpd 21 1L Blldagittading~ af terward
toap05|t|on?n 10 proximity i ator
en, are sh The actuation surface of thk nozzle door control
cams 115 contacts door cam followers 116, with the contact force
provided by torsion springs 124 and internal aerodynamic exerting
outward forces on the cam follower shafts 118. The door cam
follower shafts 118 extend through slots 117 outboard of the
35 nozzle side walls B2 to accommodate their motion as they are



sai d val ve tube neans bei ng novabl e between a firs position whereat said
contoured nose of said valve tube end is in line with the | eadi ngeicﬁﬁ\, &f
said fairing front end such that a maximum area flow area is pre t 603
the air streamin said 40 primary inlet of said external fairing allow ng
maxi mum air flow through the primary inlet, through said plurality of inlet
hol es in said contoured nose of said val ve tube, through said annul ar
nozzl es, through said stator, through said turbine, through, an exhaust
defl ector and said fairing exhaust ports to the 45 surroundi ng region; and
a second positiomomweseat said valve tube is advanced g Wuahe,s0 that the
contoured nose end of said val ve tube 1|'5estri cts the primary air i.nlet area
so that reduced airflow occurs through“said primary inlet, through said
plurality of 117 1C klU ~S 1il Lkic contoured :1VSC UL Said val ve tube,
t hrough 50 said annul ar nozzles, through said stator, through said turbine)
t hrough sai d exitatrstedief |tbe t"6F= ariPos &PEF PRI T g BRhEGS e "FgFt $¥to t he
surroundi ng regitererd aafdeie tdvsEd PrFSRT PO TWTEsat t8aicdtirard eideudfe i s
advanced f or warttetrozalemende mati§ 6k wariek posfdliownr shatdsatlét e bont our ed nose
of the val ve t ulven comteacddstd hiee sidrert serzlacent3bl gborsh®0 fugd epamg prinmary air
inlet in thesnmenpgy sl abbrEhahgibhenroidnebealr hge anpl @tiedhy basesd) speed sensor
means for det egliveigiihecspeed: ahesakdvidar bicaeowhaeligeand @ovaed uat or and
speed control mRaNSné RSPRASINEEsikd vatisdsSpeede @6z38nsor neans for novi ng
sai d val ve tube forward;fonandnbie second; @ossiiQR ek e speed of said
turbine wheel exceds.AnptaHlelsr panedn\val U, Lhenelynifeducing the primry
nlet 11 ow apea, andoplyly.f Lo | hoHgl,t IeRf hIBLY Bldve | dAbah, igR2! es) and to
the turbine,” thereny retufning the sneed of.,catd funbing Uncer 1o the 65
pr edet er m ned spee { sai d actuator and, sp&lga: gontro nFa\?ﬁZ responsive to
sai d speed sensor JedRs" 6 RoVi ng “Sai o VAT Ve 't 5B SR 1 iSF vaft Y owar d t he
first position RASK ThEYPERY: Bf “Baf Fvard IO aN B2 VD OBF 8985
PCT/ US99/ 29671 28 9°°1 |f BitHer M3 S ¥ S5 PR ¥ priédet et i el val ue,
t her eby i ncridasith@tEfE@ed 1P etef928%vCarea KAt 7 AmPPY8W FRI"Ghghet he primry air
i nl et, nozzl es,infeFnphaeradirtimhe foFeed dmnisgroehke shéead ths uBHrd fotdhi ne wheel
to the predet erafi yredicgpeedsa §&-d actuat or and speed 40 control neans
responsi ve t o ext ernal Tisontasel sef oongipviengets Biadre | shewd yhe atortiar d t owar d
the third posi tdicoremwhens podvehe aulfdtiite p&sit ®nSdfoppedhdl heredyoconpl et el y
cl osi ng t he donla@bvel bag@reessnt SondiREorfzadiaadcr dubibddi D1 ggaeraticngheappar at us as
set forth in clahiledid P&leddinNgie AQZLrBarCONLidkeMRADStAAL RENB At e said
val ve tube neans q@Rd saifd SRBE HabuibdRWOUIEe TBaRE. apehalle ko, control flow
of air 5 through.i:he NozZzLe LNnbasSPORSE L0 SRVENEAL, ffc.Sal thval ve tube
means between the, Li L8L,oSECQNdgnaNd, & om,dggstﬁe! ONZ1ecd- ralhE oF am ai r
turbine genegatdn t:gao %‘art%x&%% %%1}1§r%&e11ft$ri§1mhlenj?¥ SeM.g Werein said nozzle
udes: urality of cir t.1

‘fJ
control neans inc udes: a p e:aakl}blvlte, cun Ler“egmml_}a%lunxsspo@ced contr ol
ted sald nozzle 5

doors positioned" bet weer and pivotal Ty oun o _each 0

si de vanes for RoveneAl Bét \f&é‘e/r?e?'ét?ta%t’ggo g%‘si t5 5% a"s‘[fﬁ%’{tamdi Aly

conti guous wi t R HEVEInFREEI SAPTRALHYOIP 5aiF e FalvErEare éalts/%®Ad ext ended
posi tions proj e¥ting or & &Y 1567 iLAVRAr PRGBSt FE MFRERYarRhEEFP®ea plurality
of cam fol | ARertse fewshdgaher eaer fayhilowksr Pdieihg 62 rist Brablyesnount ed to
shafts attached:tsreandrexterdi rg-eie deviEe rémiitalinyenstaonwst defigean each of
sand side wal | sodfe sapablecohtredicimnorss iAdf acentnd goizhe agerd cofact he door and
opposi te sai d deest omURdurAg opi thetmaxpmws lagta | MeseaiedfSigole spakdl 1s0f sai d nozzl e
si de vanes wherigbieaddn th@adtiion af cwd2d tde ShabC spéeasaind mnam f ol l owers is
acr _nmmr | ared dyflarSaigdwdlOZZ lp@ofok €l@ndane ShaVBgdraSabek BRZ zb&iceQnt 1ol door
noves between a fully retracted position and an extended position, a
plurality of twin cans, each said twn camnmunted axially to the inner
surface of said valve tube and extending radially 20 inward into the
plurality of channels situated between the outboard surfaces of adjoining
sai d nozzl e vanes, and



~~3~~2003 WO 00/ 35985 PCT/ US99179671 30 a plurality of torsion springs,
each attached on one end to the outboard side of acid nozal e vanesljngUNg k|
proximty to and engaged on the other end to the camfol |l ower shaft ere Qp
25 outward forces are applied to said camfollowers maintaini ng contact

bet ween each camfollower and camfor all positions o~ the cam and cam

fol |l ower; whereby each side of said twn cam sinultaneously engages the

adj acent camfollowers fromeither side of adjacent said control doors,

wher eby each of said control 30 doo=s is held in the retracted position
when said val vewew®ess s in the first position, and wheragsesah of said
control doors zs held in the extended gosition when said val ve tube nmeans
is in the second position. 10. The ramair turbine generating apparatus as
set forth in clam8 including track neans fox radial positioning and
allowing axial sliding nption of said valve tube relative to said primry
structure, whePE*n"%8TH St 4B K ONERRS “EBHETSt sTof*"8" B ptidral ity of grooves in
the radi al i nb6FPIaSHTToate 201 "8 &9 GAGFIRAT TGl " HaPssRsPI £8F dlpri mary
structure, eachetsatid! Foerrét FERBITRDGAIHCRY Be re~upedsi ARF Pt ot rudi ng nmenber of
sai d val ve t ubgetgfighns Ehelaa<ivy §atde grepvacip tdfufe@rfriction. 11. The ram
air turbine Yenerati ngrhapparkt centasl detr faor i35 Preieleai whi8h whikawei n sai d
central flow gthedeaximansotras carmaxi~al pdsodrenthere n;geamdrivhesrerir sai d val ve
t ube neans aft aemted so shidabl padrep@iives fdrwiddieotaxddkidor ecefrdsai d central

fl ow gui de neapssicibh FThec raampdint Whbidd6rdRAE sk GofHRdr abkisums set forth
in claim?7 wheegiinpsai Gp¥alk e Litke: Megnsad:pJrugdRs: ) aghady nagiL shaped

forebody form pg gai,d; 000w, e nose LRt ol &l ihynQisdi r inlet channels
are spaced circunerentially, around and.set 5.back from the,nose end of
said contoured oS¢, a Cyl bodi cal  Body canbectedote, salid,contoured nose
end with aerodynan call §ﬁa,p<§d Spars.. and &x endrng: a t'efward to an axi al
position in cldeurality éf FeiP o185 Mo O3B 85" 91 PETNSHO,FI671 proxinmity
to the front of*§BHd9ISTEEIP] AN A PP aTG 5 612 Shitd Hef &&gtr?ém' cal Iy shaped
spars connetti #f PHEMETIEY "drhARIBFLOEEPC Bt Biitet SAGEE T96°tKe aft | arger

di anet er val vevtgbe? - 13he Phgror atrfai o ingr ticre rgetes £€iivg apprat us as set
forth in clai mUa<hedctuthngongitudipiinecanf t99 «f tha biimershefuctyrgt at abl y

nount ed at t helrdf ohevargbdémmbctas tHvenafte $eaiénordgnctfebctphdiagenrrenber of said
center flow gupde @nboae tshee abrisesed Wocla epliate thO WAL @ds Zndi0 the said
primary otrpct idsdciatdd ndflRnisid) &k of EfdRt MRsHRAILALd RE-nappar at us as set
forth in clai md3ajaeldddiNgned aeung LeanbgeOnisdksk aant L8l flow gui de
means for rotagahhY,MRyntd Nongald QNERRY @ors ¥odadeUt RO dQespaft and an
aft_bearing on.sahéd,iULbiing. atleh! dhesdls (e PLIPE Shragglwee bul khead for
rotatably mounting.saldeoller, endy oty L, LULRI N6 3NAT te wlowJhie ram air

t ur bi ne gen%a%elaggqeapparat Us as set forth 15 1n claim 12 Tncludi ng a
generator nounte 0 the aft side of an3a>r<li, al Il}/ Foii t onedv\%gnerat or
mounting plate whi ch 'S F60M 8F o™ FE primdr § Ye ot ore  °WMiérei n sai d
gener at or nountienBripRat AHERLPBEAPHT BT GPUHEAIN: AOUATt PG M%he shaft of
sai d gener at or thanwp ki tp it #usHL ST negal &l eytecat B Yafureak tkyndi ng f orward

t hrough 20 sai flsedirihgthrengh a Shadlit obifiegd fetoeh piAdag sy @éepl i ng sai d
aft shaft c#0 saird ther flioneint thesdirdctjenert atoprtiohaftt thelGirbTirewrean ai r t ur bi ne
generating apped at us asieet arfooe trlron nhe lcadbme awdrered ansSaatiagkuat or and
speed control arans bachudes carbiat achdridiClesSpeefeddVaddt £ Whidghicr cuit and an
actuator contr glde@dh-by1.58 dossROREE AR OhaxChimCabich cfeQly POSELi@AI NY sai d

val ve tube 5 afidgiMmatst toWBE b1id8 do, rsihaddost thanhesll BCLeased speed is

needed to mp ch, b LEAULLEd LR NBeSPERY, adlitheh ALY dONAr d the third

positi on when decreaSed turbine speed is needed to na ch the required
tuzbine speed .AAIr. A . AyU A L. A9. AFL. A. . AyL. Al _. A
?. Ah3% AF. A3l . Ar. Afy% AS. A . A@. Anl . A AS. A | . A A A A@QAY. AT . A@ . A nF. A5
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a] cay] ca] cal] capealfuendcaldhe ahsalcalhealdrallfiet 32 through an
a] ca] ca] j ~hj u: ?¢melhe Zdreh1 YIHBE VhiL a8 GRic8 AL CReside at the inlec or
UV] cal] ca] caif caligald, cal eakl el Galeal calcakl calatald cinabeal cal calc aUc
a] CaU] Ca] CaU] Ca«]l&-@&ﬂz@ﬁx] Q@c% Mmg through the diffuser, initially slowing

down and then accelerating in the nozzle passages 68, With the

nozzle exhaust area adjusted by the cams to be egual to a fixed

ratio of the diffuser inlet area for every position, and with the

30 nozzle in a fixed or converging configuration at transonic or

supersonic £light speeds, the exhaust will be choked, thereby

limiting the exhaust to a maximum Mach = 1.0 throughout the

transonic through supersonic flight region. This ensures that

maximum turbine entrance velocity will be limited to a maximum of

35 no more than 25 percent greater than turbine entrance velocity
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In some applications, high power output and high

5 efficiency would be desirable through a broader minimum operating
range, i e , €from low alrirudes for speeds down ro Mach = 0 40 at
sea level up to supersonic values at 37,000 ft for example. 1In
accounting for tre variation in velocity of sound with local air
temperature, the sea level flight Mach = 0.40 condition would

10 represent a relative air speed of 463 feet/second, versus 970
fr /second at the Mach = 1 0N throngh supersonic at 37,000 ft
under standard day temperature conditions for both altitudes.
For a given stator exhaust inclination angle to the turbine axis,
optimal turbine efficiency is obtained by operating the turbine

15 blade at a speed with a fixed ratio of the stator exhaust speed
velocity. Therefora by choosing the mid point in spead, i.e., at
716 ft./sec. for the design point, the low speed and high speed
operating points would be as much as 35 percent above and below
the design point. With use of pure impulse turbine blade, the

20 fall off in turbine efficiency would be greater than 20 percent
and therefore excessive for this wide velocity range. By using a
turbine blade design with some reaction capability, the falloff
in efficiency through this wide air speed range will be limited
to substantially lower values. The reaction blade turbine

25 recovers part of the air streams kinetic energy by accelerating
the flow in the channels between the blades which reduce in area
along the flow path thereby acting as nozzles. In pure impulse
blades all of the acceleration takes place prior to entrance in
the stator channels, which act like nozzles The ailr stream

30 enters and leaves the turbine flow channel at the same velocity,
while imparting force and performing work on the blades, purely
by forces generated by momentum change results from che change in
flow dairection acting on the moving blades, thereby performing
work and generating power. To implement the turbine reaction

35 capability in a variation of the present empodiment of the
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invention, for cases where a wider speed variation with higher
efticiency 1s desired, the inlet tlow would be expanded to a
great extent in the diffuser, thus allowing more of the total
pressure recovery, by allowing part of flow acceleration to occur
in the blade passages. The turbine operates at a higher speed to
achieve this advantage. Design of stator and turbine
combinations to achieve the desired performance over an available
inlet pregsure range is a well established discipline.

After extracting a portion of the fluid dynamic energy
from the air stream flow through the turbine, the flow is turned
outward, with low turbulence, by the aft flow deflectors 90, to
flow through the aft exhaust ports 40, into the external air
stream. The exhaust air is cooled by the turbine expansion
process. A portion of the cooled exhaust air is directed through
generator cooling ducts 94, which indirectly cool the generator
via conduction if desired, or directly using blast cooling with
the generator enclosed (not shown) in the aft end with final
cooling air exhaust ports (not shown) or is accommodated by a
nnse cavity of a pod.

The centerbody/forward valve tube 57 is driven forward
and backward through an actuator shaft 104 by a conventional
linear electro-mechanical or electro-hydraulic actuator 101,
which is positioned inside of the centerbody flow guide 42 as
shown in Fige. 3 and 7. The actuator io fixed on the aft end to
a hub in the bulkhead 84 in a clevis type mounting. The forward
end is attached by a clevis type mounting to the actuator shaft
104. Motion of actuator 101 is activated by an electronic speed
controller 108 in response to a turbine/generator speed sensor
107 which is mounted to the turbine/generator shaft 160. Figure
10 shows a functional schematic diagram of the electronic
controller for the present embodiment.

Referring to Figure 10, the electronic speed sensor
consists of a rotating slotted disk 110 mountced with a central
hub to turbine and generator shaft 160. A light emitting diode
120 and photo sensitive transistor 122, together termed the speed
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sensor 107, are mounted to a bracket 112 with the slotted disk
110 positioned intermediate between the diocde and the transistor,
As the slotted disk 110 rotates, the light beam to the photo
transistor is interrupted producing a series of electronic pulses
as the photo transistor is turned on and off. A frequency to
voltage converter 133 (a standard converter using standard
integrated circuit technology) converts the series of pulses into
a DC output voltage B which is proportional to the frequency of
the pulses. A digitally programmable voltage reference source
132, consists of a DC voltage scurce and a digitally controlled
potentiometer of standard technology. The voltage reference
output A of source 132 corresponds to a desired turbine/generator
speed., A switched mode controller 134 is configured to produce a
two phase series of pulses at a constant frequency, the pulse
width being determined by the difference between the reference
voltage A and the frequency to voltage converter output voltage
B. The pulse widths of the A and B output of the switched mode
controller 134 are inversely proportional. The A and B outputs
of the switch moda controller 134 are connected to a twe phasae
power amplifier 136, also of standard technology, which is used
to increase the power level of the pulses to levels required to
drive a DC motor in the linear actuator. If the reference
voltage A and the frequency to voltage converter output voltage B
are equal, the puloec widtho of the A output and the B output of
switched mode controller 134 will cancel, thereby providing no
net field EMF and rotational torque to the actuator motor 101.

If pulse width output A is greater than pulse width B, i.e., the
reference voltage A 1s greater than the frequency converter
output B, the rotational speed of the turbine generator is less
than the design speed by the set tolerance and the actuator motor
will be powered to rotate, and thereby move, via a ball screw
mechanism, centerbody/valve tube 57 aftward toward position 1, to
further open the air inlet and nozzles to maintain the
turbine/generator within the desired speed range. If the
opposite condition exists, i.e., the frequency converter output B
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is greater, the motor will be turned in the opposite direction,
moving the centerbody/valve tube 57 toward position 2, closing

the inlet and
embodiment, £

5 hydraulic mec
Ag

nozzles to reduce speed. In a preferred

or high reliability, a ball screw or clectro

hanism 1s chosen for the actuator 101.

enerator 58 is positioned as shown in Figs. 1, 2, 3,

7, 8, and 9 mounted to an aft bulkhead 88 with shaft 160
extending through a hole in aft bulkhead 88. The shaft 160 is

attached to a

shaft coupler 130 to accommodate any misalignment

10 between the turbine and generator shaft. The shaft 60 then

passes throug
turbine wheel

h the hub of the slotted disk 110, through the
hub where attachment is made to the turbine wheel.

The end of the shaft 60 forward of the turbine 62 then passes

through a forward bearing which 1s located in the axial center

15 hole of the a
Fig

ft bulkhead 84 of central flow gulde member 42.
5. 1lla and 11b show a first alternate embodiment of

the invention where the cooling capability of the invention is

utilized. Wh
cage of elect

en cooling effects are needed, for example in the
ronic systems powered by the ram air turbine

20 generator, exhaust air from the turbine may be directed through a

heat exchange
turbine exhau

r. When cooling effects are not needed the cooled
st air will be ducted directly to the outside as

shown in Figure 1la. When cooling effects are needed a

conventional

thermostat (not shown) which is mounted tc and

25 senses the temperature of the equipment to be cooled will trigger

a conventiomal actuator 142 to close the bypass exhaust valve 140
as shown in Figure 11b, forcing the cooled turbine exhaust air

through a cooling duct 144, B2An array of low density cooling fins
dare positioned in the cooling duct, with maximum allowable

30 spacing to ma
efficiency.

intain low turbine back pressure and high turbine
High speed air flow through the duct will insure

high heat transfer efficiency for each cooling f£in and the cooled
side of the heat exchanger. Heat from the eguipment to be cooled
will be removed from the equipment and circulated through the not
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side of the heat exchanger using conventional air or liquid
circulation methods.

A second embodiment of the nozzle and nozzle control
mechanism is shown is Figs. 12, 13, 14a, 14b, 15a, and 15b. This

5 embodiment utilizes an annular nozzle 272 including interleaved
panels The annular nozzle operates by contracting uniformly
around center tiow guide 4. to restrict flow between through the
space between annular nozzle 272 and center flow guide 42.
Referring first to Fig.l12 and Figs. 1l4a and 14b. A plurality of

10 active interleaved nozzle control panels 270 and 271 are
connected to each other at their forward and aft ends by bushings
275, which are tlanged at each end. One flange ot each bushing
275 is secured to the radially inner surface of the radially
inner primary panels 270. The shafts of the bushings protrude

15 through slotted holes 276 in the secondary panels 271, with the
other flanges of the bushings being on the radially outer side of
the secondary panels 271. The flanged bushings 275 hold the
primary and secondary panels within a predetermined distance of
each other while the primary panels, and therefore the secondary

20 panels, are opened and closed by virtue of the mechanisms which
will now be described.

A ramped slotted linkage 215 is attached to each of
primary panels 270 along the centerline of the panel outer
surface. The forward end of each slotted linkage 18 pivotally

25 mounted by pinned holes 220 to a panel mounting structure 280
which extends radially inward and aft of annular panel mounting
ring 290. VFigure l4a shows a primary panel 270 in maximum open
position. A cam follower mounting plate 217 attached to the
inner surface of the aft valve tube 57 pivotally mounts a cam

30 follower 216, which in turn is engaged in a slotted hole 230 in
the slotted linkage 215.

As the aft valve tube 57 is advanced forward relative
to the position of Figure 1l4a, the cam follower 216, which 1is
maintained at a fixed radial position for all axial positions, by

35 wvirtue of the incline of the slotted hole 230 in the slotted
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linkage 215 causes the slotted linkage 215 and attached primary
panel //U to rotate clockwise aboul Lhe pinned hole 220 and
reacting against the internal aerodynamic forces induced as the
air flow is deflected downward.

5 Figure 14b shows the relative position of the nozzle
control components for the maximum closed position of the nozzle.
During the torward motion of the valve tube 57, the valve tube
slides over the outer surface of the annular panel mounting ring
290, with a seal means (not shown) located in a groove in the

10 annular mounting ring 290. The annular mounting ring 290 is
attached to the center flow guide 42 by means of a plurality of
aerodynamic shaped radial spars 291 as shown in Figs. 15a and
15b. This embodiment of the invention provides for less flow
blockage to the stator and turbine than the previously described

15 segmented nozzle embodiment. Movement of the valve tube 57 is
controlled by an actuator 101 and an electronic controller as in
the previously described embodiment.

The ramped slotted linkage 215 profile, which allows
the maximum nozzle opening at pogition 1, has a geometric contour

20 defined so that for each position forward of position 1 toward
position 2, at which point the interleaved panels of annular
nozzle 272 are cloged to their maximum full power operating
extent, the ratio of the exhaust area of the annular nozzle to
inlet area of the diffuser is maintained constant.

25 While preferred embodiments of the invention have been
disclosed in detail, i1t should be understood by those skilled in
the art that various modifications can be made to the illustrated
embodiment without departing from the scope of the invention as
described in the gpeclfivaLlon aud heiedafler defined in the

30 appended claims.
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CLAIMS
What is claimed is:

1. Ram alr turbine apparatus comprising:

a generally cylindrical external fairing having a leading
end and an aft end, with an air inlet passage at said leading
end, and with a plurality of external exhaust ports proximate

5 said aft end;

a support structure radially proximate the inner surface of
said external fairing, said fairing supported by said support
structure, said support structure including a plurality of axial
spars,

10 a central flow guide coaxially located within and supported
by said support structure, said guide having an outer surface
spaced from said support structure,

a valve tube coaxially located intermediate said support
structure and said central flow guide in radial proximity to said

15 primary support structure, said valve tube being axially movable
with respect to said external flaring and having an
aerodynamically contoured nose end,

a plurality of openings aft said nose end of said valve tube
enabling flow of air from said air inlet passage through an

20 annular passgage formed between an inner surface of the valve tube
ard said outer surface of said center flow guide,

a turbine wheel having vanes,

a stator means having vanes for directing air flow to said
turbine vanes,

[y
“

at least one nozzle in said annular passage between the
outer surface of said central flow guide and said inner surface
of said movable valve tube secured to said center flow guide and
extending outward in close proximity to the inner surface of said
movable valve tube, said at least one nozzle axially extending
30 from a position proximate to saild aft end of said air inlet in
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said external fairing to a position in close proximity to said
stator vanes,

said valve tube being movable between a first position
wherein said contoured nose of said valve tube end is in line
with the leading edge of said fairing front end such that a
maximum flow area is presented to the air stream in said air
inlet allowing maximum air £low through the air inle:z, said at
least one nozzle, said stator vanes, said turbine vanes, and
through said fairing extermal exhaust ports to the surrounding
region, and a second position wherein said valve tube is advanced
forward so that the contoured nose end of said valve tube
restricts said air inlet area so that reduced airflow occurs
through said air inlet, said at least one nozzle, said stator
vanes, said turbine vanes, and said fairing external exhaust
ports to the surrounding region, and a third position wherein
said valve tube is advanced to a maximum forward position so that
the contoured nose of the valve tube contacts the inner surface
of the fairing air inlet in a manner such that said air inlet is

completely claosed

2. The ram air turbine apparatus of claim 1, further
comprising a nozzle control intermediate said valve tube and said
central flow guide operable to control flow of air through said

nozzles in rasponsa to movement of said valve tubae ketwaeen said

first, second and third positions.

3. The ram air turbine apparatus of claim 2, wherein said
nozzle control includes:

a plurality of circumferentially ogpacecd control doors
positioned between and pivotally supported between a pair of
parallel nozzle side walls for movement between retracted
positions substantially contiguous with the inner surface of said
valve tube and extended positions projecting radially inward into

said nozzle,

?85 yUN 2003
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a cam follower mounted on each of said control doors at a
pesitinn epaced from said pivoral support of said door, and
a slot in said nozzle side wall forming a cam, whereby
movement of said cam follower in said slot moves said control
% door between a fully retracted position and a fully extended

position.

4. The ram air turbine apparatus of claim 3, wherein said
nozzle control maintains a fixed ratio of the total exhaust areas
of the nozzles to the area of the air inlet passage.

5. The ram air turbine apparatus of claim 2, wherein said
nozzle control includes:
a plurality of alternately interleaved primary and secondary
nozzle control panels positioned between and pivotally supported
S on a panel mounting ring for movement between retracted positions
substantially contiguougs with thc inncr surface of said valve
tube and extended positions projecting radially inward into said
nozzle,
a cam slot mounted on each of said primary nozzle control
10 panels at a position spaced from said pivotal support of said
primary nozzle control panels on said panel mounting ring, and
cam followers mounted on said valve tube, whereby movement
of said cam follower in said cam slot urges said primary nozzle
control panels and said interleaved secondary nozzle control
15 panels between a fully retracted position and a fully extended

posLlliorn.

5. The ram air turbine apparatus of claim 5, wherein said
nozzle control maintains a fixed ratio of the total exhaust areas
of the nozzles to the area of the air inlet passage.

7. Ram air turbine generating apparatus comprising
a generally cylindrical external fairing, tapered radially inward
toward the leading end with an a:ir inlet passage at a leading
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end, and the external fairing extending to an aft end, and having
a plurality of external exhaust ports proximate said afc énd,

a primary structure means radially proximate the inner
surface of said external fairing, extending the length of said

5 fairing means, said fairing means mounted to said primary

structure, said primary structure including a plurality of
straight axial spars extending the length 6f sald external
fairing,

central flow guide means mounted to said support structure

10 and coaxial therewith, said guide means having an outer surface

spaced from said structure means,

canterbody/valve tuhe means intermediate said primary
structure means and said central flow guide means coaxial
therewith and in radial proximity to said primary structure

15 means, said centerbody/valve tube means including an
aercodynamically contoured nose end with an aft tubular body with
the tube connected to the aft larger valve tube portion of the
centerbody/valve tube assembly with aerodynamic shaped spars
spanning the increased diameter,

20 plurality of openings therewith set back at a distance from
the nose end of said centerbody/valve tube aft end enabling flow
of air into and through the openings in said nose end and through
the annular passage formed between the inner surface of the valve
tube and said center flow guide,

25 a turbine wheel driving coupled to a generator or hydraulac
pump or both,

stator means for directlny dair flow o Lthe Lurbine blades,
a plurality of nozzle means, each formed in radial extent in
the annular passage between the outer wall of said central flow

30 guide and inner wall of said movable valve tube and zn
circumferential extent between a set of parallel nozzle side wall
means, said nozzle sidewall means consisting of plates mounted to
the center flow guide and extending outward within close
proximity to the inner wall of said movable valve tube means, and

35 said nozzle side wa’l means; and said nozzle means extending in
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axial extent from an axial position proximate to the af: end of
said primary inlet 1in said external fairing and axtcnding.
afterward to a position in close proximity to said stator,
said valve tube means being movable between a firs: pesition
whereat said contoured nose of said valve tube end is in line
with the leading edge of said fairing front end such that a
maximum area flow area 1s presented to the air stream in said
40 praimary inlet of said external fairing allowing maximum air flow
through the primary inlet, through said plurality of inlet holes
in said contoured nose of said valve tube, through said annular
nozzles, through said stator, through said turbine, through, an
exhaust deflector and said fairing exhaust ports to the
45 surrounding region; and a second position whereat said valve tube
is advanced forward so that the contoured nose end of said valve
tube restricts the primary air inlet area so that reduced airflow
occurs through said primary inlect, through said plurality of
inlet holes in the contoured nose of sald valve tube, through
50 said annular nozzles, through said stator, through said turbine,
through said exhaust deflector and said fairing exhaust ports to
the surrounding region; and a third position whereat said valve
tube is advanced forward to a maximum forward position so that
the contoured nose or the valve tube contacts the inner surface
55 of the fairing primary air inlet in the manner such that the
inlet is completely closed,
speed sensor means for detecting the speed of said turbine
wheel; and
an actuator and speed control means responsive to said speed
60 sensor means for moving said valve tube forward toward the second
position when the speed of said turbine wheel exceeds a
predetermined value, thereby reducing the primary inlet flow area
and air flow through the primary air inlet, nozzles, and to the
turbine, thereby returning the speed of said turbine wheel to the
65 predetermined speed, said actuator and speed control means
responsive to said speed sensor means for moving said valve tube
afterward toward the first position when the speed of said
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turbine wheel is less than a predetermined value, thereby
increasing the inlet flow area and air flow through the pélmary
air inlet, nozzles, to the turbine, returning the speed of said
turbine wheel to the predetermined speed, said actuator and speed
40 control means responsive to external control for moving said
valve tube forward toward the third position when power output 1s
to stopped thereby cempletely closing the inlet flow area.
8. The ram air turbine generating apparatus as set forth
in claim 7 including:
nozzle control means intermediate said valve tube means and
said central flow guide means operable to control flow of air
5 through the nozzle in response to movement of said valve tube
means between the first, second, and third positions.

9. The ram air turbine generating apparatus as set forth
in claim 8 wherein said nozzle control means includes:
a pluralicty of circumferentially spaced control doors
positioned between and pivotally mounted to each of said nozzle
5 side vanes for movement between retracted positions substantially
contiguous with the inner surface of said valve tube means and
extended positions projecting radially inward into the annular
nozzle,
a plurality of cam followers, each said cam follower being
10 rotatably mounted to shafts attached tc and extending
circumferentially outward from each of said side walls of said
control doors adjacent to the end of the door and opposite said
door mounting pivot,
a slot in said side wall of said nozzle side vanes whereby
15 the motion nf gaid shaft of said cam followers is accommodared in
said nozzle side vanes when said nozzle control door moves
between a fully retracted position and an extended position,
a plurality of twin cams, each said twin cam mounted axially
to the inner surface of said valve tube and extending radially
20 inward into the plurality of channels situated between the
outboard surfaces of adjoining said noczle vanes, and
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contact between each cam follower and cam for all positions of

the cam and cam follower; whereby each side of said twin cam

simultaneously engages the adjacent cam followers from either

side of adjacent said control doors, whereby each of said control

30 doors is held in the retracted position when said valve tube is

in the first position, and whereby each of said control doors is

held in the extended position when said wvalve tube means 1is in

the second position.

10. The ram air turbine generating apparatus as set forth
in clam 8 including track means for radial positioning and
allowing axial sliding motaion of said valve tube relative to said
primary structure, wherein sald track wmeans consists of a

5 plurality of grooves in the radial inboard surface of said
longitudinal spars of said primary structure, each said groove
accommodating a matching protruding member of said wvalve tube
which slides in said groove with low friction.

11. The ram air turbine generating apparatus as set forth
in claim 8 wherein said central flow guide means has an axial
bore therein; and wherein said valve tube means aft end is
slidably received in the axial bore of said central flow guide
means.

12 The ram air rurbine generaring Apparatus as set forth
in claim 7 wherein said valve tube means includes an aerodynamic
shaped forebody forming said contoured nose end, a plurality of
air inlet channels are spaced circumferentially around and set

5 back from the nose end of said contoured nose, a cylindrical body
connected to said contoured nose end with aerodynamically shaped

spars, and extending afterward to an axial position in close
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10 contoured nose to the aft larger diameter valve tube.

13. The ram airr turbine generating apparatus as set forth
in claim 12 including a turbine with a turbine shaft rotatably
mounted at the forward end to the aft side of an aft plate member
of said center flow guide and on the af: end to a plate mounted

5 to the said primary ctructure.

14. The ram air turbine generating apparatus as set forth
in claim 13 including a forward bearing on said central flow
guide means for rotatably mounting said one end of said turbine

10 shaft and an aft bearing on said turbine aft plate of the primary
structure bulkhead for rotatably mounting said other end of said
turbine shaft.

15. The ram air turbine generating apparatus as set forth
15 in claim 14 including a generator mounted to the aft side of an
axially positioned generator mounting plate which is mounted to
the primary structure, wherein said generator mounting plate has
a bearing for rotatably mounting the shaft of said generator,
with a portion of said generator shaft extending forward through
20 said bearing; and a shaft coupler for drivingly coupling said aft
shaft of said turbine to said generator shaft.

16. The ram air turbine generating apparatus as set forth
in claim 7 wherein said actuator and speed control means includes
an electronic speed control circuit and an actuator controlled by
said speed control circuit for positioning said valve tube

5 afterward toward the first position when increased speed 1is
needed to match the required turbine speed, and forward toward
the third position when decreased turbine speed is needed to
macch cthe required cturbane speed



