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Gas Tur bi ne Engi ne Cooling System and Met hod BRI EF

DESCRI PTI ON OF THE DRAW NGS | n t he acconpanyi ng
woeawsiingys4 FIG 1 illustrates a cross-secti onaPCTUsWonH13950

gas turbine engine incorporating a systemfor cooling

the turbine_rotor and the_ associ ated bl ades t hereof;

FI G 2 GasufurbinesEaginefeoplingvSystam anddviethadof a

bl aded rotor and associ ated fragnmentary secti onal

views thereof; FIG 3 illustrates a diagram of the

rel at i onshi pBBEERBESGRIBTIQNEHSTHE RRAWIRRGSI | ocat i on

within the bladed rotor of the gas turbine engine

| 11h s dcadr@Parlyiin dé: @wings: FIG 4 illustrates a diagram of
the density and state of fuel as a function of

t @T@?ﬁﬂlﬁé’tﬁa’c&@cr@ﬁ@&%ﬁ&&l vidvSof Basl tutbisd érdfi®Sin@orporating a system
cross-sectional view of a portion of a bladed rotor

for catidg dhre tuhirsiotaraad thesgssesidtph bladey thersst t herein; and
FIG 6 illustrates a cross-sectional view of gas )
t PG, ik ilbsyatee ai isomeprar mievngl armertien of mbbldilere netonfind associated

t I t ur bi t dth
fragmipH B Tl OtP BTG cof | DESCRIPTI ON OF

Erl\@g?éwﬁgg Strpy éﬁleagarégﬁ% %gl tﬁe Igflgté?réshl?oHﬂgvg%égtuﬁtelﬁ{)rgssure and radial

1ocan%9 wﬁ:& {Heb14dea rBBF ofiffie 385 Rfbihe magteatécpirmgvra,l y
, relatively high pressure exhaust gases 138.1 which

afﬂcﬁ' | qaaa&téshaodi af bERR Rndl GAIRES 9101 Ak af@ghction of

rotor 22, e.qg. rot or 24|ncorporat|ngapura|tyo
temphhiald@mdaﬁessmel;he peri phery thereof. The turbine 20 is
operatively coupled to a shaft assenbly 28, e.g. with

a H@.t5 ?.Dusmlatasughr@as saakmal atexd off | mpgeiod2pf anbladéwe rotor and an
%f ass 28 is su rted fromthe housing 34 of
assocﬁ’i %8’%“‘15 ﬁéocgﬁig AT 3%y one or nore bearings 35

that provide for rotatjon of the shatt asserrb.l 28 nd
¢ U Tt & ereps spiiona Bew s dpbis SR enataRpmgs another

emboﬁﬁﬁ@rﬁ ot 8 syst@H FbRolihE theRlANRS o &R ah@ HRLRBSoci A& bldA th&eof.
O and the shaft assenbly 28, which, for exanple, is

oper atively coupled to a conpressor (not illustrated)
t hat provi des DESGRIPAIOY OHEMBODIMENT(S) t he
conbusti on chanmber 16. The exhaust gases 18.2

di eghaing 86 Fig. AMd L gast N‘i‘@in%%ngﬂneaﬂ)efliﬂ 12 ah@®hitt 148 ¥ombusted in a
| ower pressure than the exhaust g’ses 18. st ream
(0]

1u
comhmgpeo‘hambea 16eso1ast toogenetate vebativeliohet, mpjatively gbghams&wre exhaust

gase$2$f wh1 051 V\§1 Ped Ih%l%a d?l%nypg gﬁ? goangia}lkti’ tor 22, e. g.a

examnp en o Ine to
rotmm‘oﬁﬁbrpardﬁﬂng_h-piﬁﬁhdy of blades 26 ah tlliu gé’n;iﬂht}hthmrrﬁeﬂ‘he turbéne 20 is

orerPtay el S S SR Pl ssoiad tange
32, ah& MREHAFUSSeblyl 2 isSBRsELd 855 8Re hBusing BAYS the gas turbine engine
10 by one or more bearings 35 that provide for rotation of the shaft assembly 28 and
turbine 20 relative thereto. The action of the exhaust gases 18.1 against the blades 26
rotates the turbine 20 and the shaft assembly 28, which, for example, is operatively coupled
to a compressor (not illustrated) that provides for pumping the air 14 into the combustion
chamber 16. The exhaust gases 18.2 discharged from the turbine 20 are at a relatively
lower pressure than the exhaust gases 18.1 upstream thereof as a result of the work done by

the exhaust gases 18.1 on the turbine 20.
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which is not sufficiently cool to otherw se provide
for adequately cooling the turbine 20, so that the
wo espparagur e of the associated bl ades 26 can bPCDIB2005/013950
excessive. Under these conditions, the fuel 12 is
general ly sufficiently cool to prOV|de sufficient
c ddndengome gerditigns; dorcampleh avbgn operatediasa turhgrigbengine to propel a
. I t I
high- QA4 Bl h By Macrt SRR, e 1 sBinlRa S el St bine engine 1015
relativeld mdwhxahldohmbuvdsetbelhyrehm tgmperaturd iofi ¢he egh st Zg@sessls 1, and

cooled py.direct] ueI 12 froma sourge of .fu
whicly g HEIFBUY Go6H RIS iseEiTaHES R BHuRFIE coelitg 1S tatbine 20, so

that fh@ fe ramg SfOHfRr a%ﬂmﬁﬁg Blﬁﬁesbhﬂd&ﬁ lgésoﬁice Eﬁ%s&% bi Dfder these
and then conbustin % this fuel 12 -heated by the
1

condmgm,uthtgfqﬂ a2 esssenerailyt dentbuesol tnmpioidetsefficigit cpeling capacity to
cool ﬁ?{j {lg’ﬁ)w; u%%;né g] é)alg{cu Ce ocfogf e tuleang QMer%)lfn&hf%h might

s suppli

otherivive WéGhsc@pliblexd tl@@ﬁlﬁﬂ? linduatd &11&% twhefdbyahé gac turbing éifidine 10 is
is rel atlveI)‘ fixed wth re_srﬁect to the housi

34 of
coolelihy dxsting fus ¢ ey ehoutes, oFfiel 16, Broues the raos Hngdlades 26 of
the tl{l‘b di(h% cbi tfhb ¢6ton24i il Qh@ﬂallm ﬁ of'fle Rfrbind 20,3hd rt}@h%}hbustmg

trap 42 operatively coupled to the rotdr 24 so
this fad 120- hcﬁteai ey thaepeling procekh e- indhd exmbustioh chihmbler A6t
rotary fluid trap 42 is in fluid communication with a
f iRostexampld, dnel @2 Ifrarh @ sburcet of fivdlt36 46mptising ias fuel tank and an

boupded by a porti on of first 4 t he rot
associeth el Bying T RER et Dt opEraurale 37 f0 dp paiIks P8 that i
relatl%ly‘mdeg mlﬁnh*@s;febﬂ' t%tthé ﬁbﬁ'&l’li{%@h @F thelgadRuiné enginP a0t - TH el 12 is
first rotary fluid tra nprises a passage 52 that

dischpnged ifthas tifeoerifice, 38 into mmulniets A0 ana Biestykodaryt fleid trpp424gperatively

counflf 0460 o AR TREBIEERE O by o

42 is amfluidf covhnTunidytiohiveidt a fnstiportidW ABADAATIst emdty 46 thahis bounded by
2 portigpf SArE g dads Hh1ER rPiRE T AVt PP e POt i Sover 50

owalél{ﬁﬁE?ﬂsn%t&@rﬁJlﬂft mcac&lneratlon at any poi nt

hin the passage is greater than a centrifugal
aCﬁ%I ﬁFflt i'd}ﬂ?atﬂu%ytr I‘Qt c@rﬂ ek NEhaldage | 98 at 4RoGles for fluid
t he out Accor di ngly en the rotating passage

comrﬁﬁlitﬁioﬁlbdtwabmmmhnktr‘ﬁl and vhe! gubhétohd, deheseiny imeciodance with the

P LR N, ol B S, 40 3, 5 Ripgon o
10/2499555 bdch ofi WHieH m%t:@boiatﬁﬂrlﬁl?ﬁh W5 aBferchioe] the |p|asdage 52 is adapted so
ot herwi se unequal an anmount dependent upon_ the

the whegrihe dirat Brtarh élupﬂ £y 42 I5iratated o oo igal a%q%cr%tweﬂ any point
w1th1ﬁ}‘t}aer ﬁ%@é%? ig f%fteq theftl Alen }’ ﬁ% 69%%#85@&?&% azﬁdg{% lo¥ efther the inlet

to an iIn a passa
40 orftheclathes 44. rAe:lcaltdnngi}', treinghe m’tﬁﬁfgmassm@ﬂdnﬁ ed with a relatively high

TR T TN T O e pe———

be eqhdl WhelY tlﬁiﬁ}slsfﬂbr pressteadiffReentiRthpfeB&ee R dnd willebd bthétwise unequal
cavity 46 ~ which can be relatively high -fromthe

by arpp@eynir depandenk @pom ther mogutudernf the psesgere shffergpiialtandsthe speed of

otatlgg ?’B} % Eélgnve e?ﬁ?e %é)pﬁ{ ér?f\s/ rlgtq'lalélofz ng %ﬁl&%ﬂ}gﬂ passage

52 feadin@ss redativelyahighj ptlsstlreOfbgﬁﬂa ftetheaautlet hé the passage 52 can prevent
backflow therethrough. Accordingly, the first rotary fluid trap 42 provides for isolating the

pressure in the first cavity 46 -- which can be relatively high -- from the pressure at the inlet
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rotating inlet 40 and the relatively fixed orifice 38,
whereby liquid fuel 12.1 sprayed fromthe relatively
wo poosdi1sas4 f i ce 38 becones captured by an i nt er pel/US2005/013950
trough 56 associated with the inlet 40 of the first
rotary fluid trap 42 as a result of centrlfu al
40 of she-passaga Y2on Wueh isgelapely faver - tgrely pryiding <1r ypplying fuel 12 to
r 5 d, 1, [
the W dTept sl POGHP il g Nz RrBRCe rBleRY Miction 54 between the
rotatmg inleB4Gand the mlatlaclyrﬁxedamfidea‘is avhgeahy ligagddueli 1221 sprayed from

el 5 for S RSP Rnkd 67 Pt B okl Selifftgapvin o
inlet 40 SFIRCARA rotdryGiuid (84p a3 ab @ B&BVEMNdentrfafaAgR célérativi® bcting upon
12 fromthe joint therebetween. The interpedjate rim

the ligugdifneldk2ebypancsiriking theinterpakirpughs s andiotatingthesewithdes
for fluid conmmuni cati on betmegn fjrst 46.1 and §econd
48he q@b«r«meo A8 compribgs a m@rm@dm yiny 88 arghan guteswim 60 that engage

respegtbvn_ngﬁp ggﬁ %18 sect%:hh(f“ 655 édté{ A}% ﬁr% @gfs lssgdf‘élsle é%tor 24. The

outeﬁ i‘lﬂi 6$X§ sgatkdt torthel g&ohhelp’ 62 Qrso% to I‘}?eé\ehf leraga@I @K)fu‘eb 12 from the
each_ first passa e 66 has a first_ opening

joint élwr%h@éwwnr sthgjiptermsdizte rim ﬁsotrwprpzaate%tdleasts@teoaassage 64 that
o G G BESGP005 ] b Sl o of v o
cavitpA6: Ade sedinad pontion %Qﬁ@ﬂﬁmﬁca}ﬂg 46nisfih flugd communication with a

ti T4. f .
plra AT s Yo Py TR IR P 7 e 3BE e 2. e
first pasiage’ 86 Ghs hiTirst 6péing 68 DACHE first si@e 48 bflieiRstioR 24, and a second
surface of a forward cover 50, wherein the forward

opening, Ut 08 wesopA siskes’Zapf thet koiter Afathe finsht® and sgcand GAsides being

£engage respective first 82.1 and second
(mpog%qggﬁlps %ornﬁd on the second side 72 of the rotor

241’heTﬁr%t ?)ldgs%r esr g”a?eo ﬁulﬁ%?k‘frgulflgai@i]ewl%ﬁg%ﬁgod poﬁﬁrn274.2 of a
as to eakage o fro nt
secortd’kewﬁbéﬂwhﬁns ba'lllr&led lbyarpmmbradifethe senonid sidecT mhak‘e@rdﬂ and by a

ast .one ass 84 t hat vides for_fl ui
secordRAIHING VTR S BTREH . SueE sl oMTBts B aud sovsr SDiggmprises an
mterﬁl%ﬂﬁ'ﬁéj rinf 78 bid 44 od R rAmlg0rthht ddghdd RBpetfivd f'trhqﬁpﬁnd ddebnd 82.2
first portion 74.1 of the second cavity 74 is in fluid

lips formdLon haseeomdasidnT olthe motori2dr The oyterariny3f is sggedto the second
lip 8%2 So Eig ﬁ(t bﬁ@&iﬁ@%{a}ég é? fl\{érl] 32 t oerl'n ?%f _L grﬁgﬁerggeﬁa'?&f h?ge hntfermedlate

rim 7BincSrporatds| at IlehsC omapassagd 84 thavipidvidesffor ﬂtudcbo&nhmn@mn between
orifice 92 h at | east e ot her passa
the secapg) @gﬁ"?'h% 3 wond ity Ponds BEivah gaoR, Tidtithesoos The firs

portlbﬁ' 747 bt ’(-Hedse&ﬁmﬂlﬁaﬂ AinM1hi mn&ﬁ@ii}bﬁt WHR tE #TB%6r 86 of a
6, and thereby provides for a dlscharge of fue

12
shaftcﬂsrcefdm yhaft amenthdy 28 tvig atrlgast hné pagage 80 threuglvthssbaftdi$, and the
interig)rl]a%r)é the stbaz;;?t%S];:s rlgtt}}gé 3:%31%51%}613 ?ironf ﬁl:ia égf lr'slg1 ;dlg(‘é]%?%e torlﬁce 92
throushi @Mleskt oné 6ther padsagé M thrbrgzhrthe aﬁafv 68y Tht @istdisdRugeorifice 92 is

t he conbustion chanber 16 fromthe relatlvely | ower

in flyid ecogupnieationnwith pihie rsogbustion pehagmhert 1¢ggandn iepehy provides for
dlschﬁ)x%Eto'f?lﬂlles o Qﬁy EBRSKE oRg a'i'y887145 thg"@?ﬁtﬁﬁytl&lh&amdber 16. The

structure an operatlon 0] e secon
first ﬂisblul;ge orifice 92 is, for example, a part of a second rotary fluid trap 96 that

provides for isolating the relatively high pressure of the combustion chamber 16 from the

relatively lower pressure of the interior of the shaft 88 and the first portion 74.1 of the
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fluid trap 96 are the sane as those of the first
rotary fluid trap 42 descri bed herei nabove. Referring
WO 000bi1g®is4 2 and 5, the first passages 66 and aBSDUSED&3950
first 68 and second 70 openi ngs are substantially
uniformin size and shape, and uniformy distributed
seconglocayityt T, prhsvetyeths nrinciplesi efstruptuse jand operapion @f thejsecgpd rotary

m..d%' eas? a{%% a?fth(}sggf;]'lo m&aaﬁ.g@ tfgp h?d@%@%&ﬁer&ﬁabove.

'y con

ﬁ{' S 1??& oegblsa esg?seséhe f BSt %Pg‘sn‘g{ese g% Iéng% tagsgc%gtaqdli'spggtand second

70 o[ﬁhmgrscame subisantialia pRif&h in Sige asd Slapay addet’ﬁﬁformw tisalbused so as to
conformto the canber of the blades 26. A first set

provigga meshanicaliy balanced getorehd- ckbearal hansg?B ohthe fipshpassages 66 is
adapt@a PRIast ngrﬁgll)gwrﬁ‘b‘l% o fglto‘f 1% of AE %géogﬁ&dtlnéﬁeseﬁbe For example, in

stant | et ween t assocl ated circunferenti al
the emmmﬁuﬂfatdzdnm Eigs2adhafist phssagdes6®@Baveahdveonsaxialshape 98.1 so

2 to 3 Iep8C ALy SDRRIP AR LR B P  BAGRS Bhre 1 ARt 3 T of first

passaZéd 56 Akl thyouddhi GBekbtdr DA ot hesoRE3@r tiddBhiferential locations that are
circunferential |ocations of the associ ated bl ades 26,

substagtiiaflp thptwara the astoceed ciapnfematipldloggions afithe @ssopjaed; blades 26,
and & 3& %Qeéet ro? fiﬁh?&{)?ﬂ%& 6;\%%911&' i, g‘l‘f the® rGdF 24 at associated

ano Of t I ncor po ates a
circumfeneraial ﬂgcaﬁbnss&moracb petstaatady dhgnadhweith ehe @psbciated circumferential

substagnti al |. ' II t Wt hi h of whi t
tocatipy ot Sierasssesed Rladioh: ihereCucheinis ECand secid b Lperd of firse
passa%ﬁ@eéﬁ% 1@1@rl@€fveﬁ RAthSR§RE oS afibthér. LEh oif SheBla §EXET6 1nc0rporates a

rewith. For exanpl'e, the second passages 100 are

pluralitylpf seqomdzpassages A0 thapexens substantally tadialy thesewithia, each of which
o el A3 st R P B 00 8RR st 2

is allgiréd pliceevitin  Borosxathpie; ehe\hlet(hld pessagess AOD ateeghbbtaatikely linear along the

t hi cknes oxi mat. e S0 as t ovi de I
lengty dhersts ot NHGREER AL RiS o THoHiABBIFT 101 SPBRIcRAsFages 199 pithin a
partictfar t Y8d®! 80 8ar? Beaiihpidae irs dEdor@acd ORitlR fthé NRsRIAQE ibkdde@dthickness

second passage 100 while providing for adequate bl ade

proximatectheeto, sThe taprovisle syBiciany heatdeansfsg befweem ehesaartem gurface 104 of

the bﬁ%%%ga%? é[ﬂ'«%) Qurq;(te 16¢ 6F£ﬂ9%§s%ﬁfa&g%e§H(£@aﬁa%é 1d0 Jvilﬁ% 8rov1d1ng for

ereln
adeqliabe! bthde astiehgthl 1Q‘h§) rdistaldeecofidrenids U108 oD i sécoadi passages 100 are

anongst the seco assages 100 e associ at ed
termiGpisQiin 3 hirgSAVIEY Qﬁ% PEXIPRE TP P 11 1?]§F g 38" RyFapine thir

cav.tpxi 18 pp\dé&saRr Flda E&ﬂhuhﬁ;aﬁ&%’ﬁ%éﬁ{s@' the Mbﬁ&' ‘i)a§sﬁ1%@§‘ §00 within the
ds 108 of the second passages 100 which'is

assocm@blede 36. iFosg ep@nplph@p yhtrd cakidy dd@és meéfbytar@docam 14 that is

separ%tG%rg)gl}e hglr?%g’ Vil al:[)g &e See:%?/}é\(’it sttraggsp ftﬁ)té F&§ ﬁvth%% 15 S secured at its
periphdi$ t6ltias eﬁge?§16 Sﬁ tHehBlada|216 ofhd bladesi2b aie cRJIQédE Métht ﬂéﬁpect to the
conbusti on chamber 12 at a | ocati.on that i Z tmtbqlﬁ%fthe fucl

combustign ghamber, 16 gelatipestoshe fugl dg withig|the blades 36,
12 en'taerﬂgfh@% an)ug thafiber?1? Alabaiion R4S ﬂagﬁg% 18w 4R tHeblades 26.

rot at ap respect to a housing 3 he gas

t %&r rdl e@y,tglﬁgegta f'%g gh?l b{be Cffngﬁ l%éagtgme Oﬁ;{)}'tﬂﬂlslw that is

rotatdb[bewftbtréﬁpec?léko altbushez 34 of the gas turbme engme 10, wherein the rotatable
portion 118 comprises the turbine 20 / bladed rotor 22, comprising the rotor 24 and the
blades 26, the aft cover 50 and associated first rotary fluid trap 42; the forward cover 50;
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bl ades 26; the aft cover 50 and associated first

rotary fluid trap 42; the forward cover 50;and the
webabtiismssenbly 28 / shaft 88 and associ ated fPEBHUS2005/013950

di scharge orifice 92 / second rotary fluid trap 96,

all of which rotate in unison with a rotating frane

and the shafkassemblyt28 / ghafe $% ﬁswt%é“lrﬁfe#&fhwemﬁ%e?ﬂ / second

roun§ 8 S K e DR IEPIM) B e e

discharge fnmm’ﬂu:stelatwel)hﬁnt}b orifice 88,ahe fine 112i is sontdined Ivatlgma the rotatable
92 pof th t at ab| ti 118 h

porcig L g pSEtF RS SRS Bl bAE s g e s

disch@fgd BeifRk IR R Sth@frothﬁbfeof)@hﬂm 219 Ciﬁt theNrolatfhe! fhAE Sf Feference
uni son with the rotatin rame of reference, these

Accordirglpnbesaesgralbef the &mejﬁtss%fath@ atotagakp Portien hi§ refate in unison with
s e t r

v GE6GE P 0 rSROHL RS 2L Ly S0 SR s

necesS4lyaa doﬁt@ﬁﬂﬂhd fié Reothortin Josenairgde st the junttivnssfaba duter rims 60,

i ps. 62.2, 82.2 of the rotor whi.ch coul d oth
80 ot Birsto? L pecop tb%@ﬂé"aq&ri%@wtmg |§F‘Eﬂﬂ%d'épsf 644! 852 of e
rotorSEANH16h %ﬁl@ﬁﬁhé‘w(s@llﬁt préBledhall®Vf R Gvdré! ReddsSity 9 prov1de for sealing
el éments to be sealed to one another. Wth ¥
across ardjatinel emgiving justion of plemenisde be s¢alad t@ qng@nothzr 1

provi ded by the source of fuel 36 and regul ated by the
f iWith tieogatsrtarbineleuging10iis odémtibnarlgmﬂ fuedAR{dhwovided by the source

veI fixed ori e 3 nt int ernal ro .
of fugigieGmeeyes BY Tiofisy <bRso1Ls S7 by ospSeebl o irfidivety e
orifick!B3 idichbBan@eshll tr6iphis6 bEihe inled 40 Sf GRMirdt e6kaby MulBtrap 42. The
internal trough 56 as a result of the centrifuga

discharged| liguid i fuel A&tk kg capsiedt by the geﬁa&t@‘empghuﬁﬁj ap L?erresult of the
t h |

contfed U0 TERAE poh b SR, A b i, commences

rotatibinevith thei chtatable mﬁom b8 apmeainp#n@watmtheLlllqwndl ftmlgh 56 or the

s i 153 SRR BG83 LY 8 e roray

fluid ithép 42 IsSpunfipedanoulh medastsé(ﬂﬁe&%aﬁﬁgé 52 oﬂﬂ{d frst %tary fluid trap 42
centrifugal acceleration forces acting upon the |i

by the petion f Tentpifugal aecslanatian forgescacting ipon dhesHguid; fuel lgfla@ntamed
I |

o 3 0 8, GO0 A QSR s

isolaté§ tief retatizelfyi lost pressuﬁer yt the unhit #0 axd the fifstorotaryr Buisdt irapl49 from a

rlaiP§ Wl Foevirg i AR M Berdit 05T BhaanRER ofel KDT e rs
rota Liﬁhdl?a 432 @f&ﬁleﬁiﬁfseadcaaqtealrwalw&m, whieb Y uid fuel 12.1 --

ue 12.1 ~ which is relatively dense in
whiclg @ﬁrpeiati\@bh denseHin eomparisere ith assocjatpd fuel tvape -t tsndptq llow the

the aft cover 50. During nornal
IHMdéEPﬁk?fdﬁgg? he gas turbi ne engine 10, the hottest

tion of the t 20 / .bl,aded roto
DAt smah BrellpR Aiing ot yuRRE EnksCle e Bifisi i of the
turbin@ 20 Bladéd r@of 23 aidtht Hladen 26hwhich akbiditdctly exposedas tﬁeﬁrelatlvely
Heat fromthe blades 26 is transferred to the roto

24
hot exhausigases 48-&frem the combastions shamber d6p ot figm the blades 26 is
trans?ﬁrre Ii R roM}' ﬁ@:@gbﬁ%@g ngﬁts %Ug%%d d&g%ﬂ?% fbuﬁhd g s'upfaces which

associ at ed avities
providésefor heating any fuel 12 in the associated first 46 and second 74 cav1t1es that are

adjacent to the first 48 and second 72 sides of the rotor 24. Accordingly, the temperature of

the rotor 24 and adjacent aft cover 50 increases with decreasing distance from the blades 26,
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adjacent to the first 48 and second 72 sides of the

rotor 24. Accordingly, the tenperature of the rotor 24
wapahcadjsacent aft cover 50 increases wth decreeBUD0S5/013950

d| stance fromthe blades 26,so0o that fuel 12 within the

AT TR AR, R TN R —,

referrfrr%n{d' 'Fﬁ%ggl 1HACElGfu g&l‘ Q&eﬁ:%tioﬂgaéfﬁl%nuﬁd?le tl{eu?lhel 1 mcreases with

reases W th incréasing radial di'stance wthin
mcreafsnrgsxtadnaadnstapca@mhvmthc mmhcmeefs‘gs wlheh mspasisthe assocnated pressure
sure . Fuel rst Qr._ second 74
theref BT i 0% 0% i 5 Bpenpit iy st By e Ry bmerated
as a réRfWrtrelafive MbAén ¥EthePbioP24Qhd hlecoveF SO actthgawith fb%ﬁect to the liquid
cover 50 actlgdq with respect to the liq gor va
or vapays fih thezpssesiated Basti46r arrseemdy74 savitipy \Wre@a\fvel. lésm “the first 66 or
I [ as
secon}ﬁgﬁ(ﬁ?csg 1s %%rtcé td nﬁatg v&lﬂ‘lte thrgg'togd;r %ﬁgﬁ glaiilga e's éc%.gﬁﬁngly, as
illustn&tedondhg.g?o,yn tlasfdnlnleumgromt (Efdv1$<:|0u§r(gat1c81 thmfuehprefsmreriarcreases ata
on, of viscous .r tatioH, fue
tower, it i Bespit 6 FHGis s abdn e (e SBreps el beause of sippage

w1th11‘ii 't}§=,t 66 8tré i than'tah REcUrah R fobRECRGiIInSAIt BBt MEBEWsiRr.OReferring to
e wwthin the flow streamthan can occur in the

Fig, 406 by T0eb 37 dhastad Indhe FWSHIRSIPR460: Of o APt $avify 45, Fhegfuel 12 i
transi%%fm?(ﬁ frtopll ré%{ﬁ%ge\%llzltlci}ﬁ%g)egtsﬁqra# fib‘%&fisrlﬁ ickt8d #)g?ﬁ% g)@ug' of points

rans
labeldd '0AY awhigh Us alse dhdwit)it Bigl @. aAssthe Huelt Rdflmapfrom the first 46.1 to the

s B P g G RO S S5 D18 o
‘a mixkiek BF stAfs &s fRidaRA %ﬁ@ﬁ&in@%ﬁe‘l&ﬁ' Fadd 0C"iRFidsl { ahd 4.

caV| ty 46, the fuel 12 beconmes superheated, and may
el fiid1 rQZXle@ tﬁfou%ﬁ FhéE TirstS ogﬁﬂhgeﬁﬁgﬁ@}fhé e sPPai¥hge 66, it

Iaeled "B" and Fi gs. d 4. As the fuel 12

becorhiésofisthth heasgrhandhprefsuriged.o Pael 1y ir6thei finsd sethé;6 1 |0if dirst passages 66
cone urt he eat uri zed

nowsp RSty oy BF reepnd opesadS 7o PRt oy oL T sk portion
74.2 bf theSsebbred @aViEy 04 handOwat the fprédess, peevaaeh m&aon@sth‘éonm 120 of the

thereof, and then into the second portion 74,2 of

rotors ¢4 gdthe atpeians 7oetwert then blades (760 c diederripgotor Hiss $,o];he cenmfugal
accelglgﬁl)ﬁ ﬂgldtcjﬁﬁs 5 rE'Pa ansre of £ O thg%eéoﬁdtﬁg 66 QQJf(m'§t passages 66
tween t eferring to Fig.
to ﬂooz\emm tlfewgaimhpmhys diODontefSIeeing thengwuith, wbicatdlsmaoys eel 43 therein
of fir St R

that e B, TS B s 4 38 Bo, (R RBEp RfrmodbhbR process

that i§ REVEVLY fhe mltﬁﬂilgﬂl #eBt1aResn Rl anPby hﬁrdﬁci‘bab&ﬂi ddisRy as fuel 12
becone rel atively nore heated and | ess

becomessheates 4sca resull afthephisansfindrom g blades Rétwmgh apoly i blades 26.
The &Qﬁa Eﬂ§d h&i@a#zzaﬁﬁ%etb@%&ﬂdf ARb4be8 180 IMd “ol@ﬁve@ﬁ‘iﬂfﬂ?& 66 and

econes eated as a resul
secoriied00 tpa&s@‘ee rcaiisesnma tdoatiinboad esxcAgngehof helathalls dobler fuel 12.2 for

relatipEiE 2aTeE Mo d 2 dn GDOR e (L Py R GR Bl T g o in Fies

4 aan?ﬁsﬁaatmwgsﬁéu& fie 2.5 UditRatel CHARORrQfghltRé @édo}iﬁ opening 70 of
cool er fuel 12.2 for relatlvely hott er fguel 12.3

the sedondrset $63 gﬁﬁmtlmsms &6 angl ininothsotenerd portiom @4.2x0fdthe second

n Th
cavity THsceRin” pre SR B e HEshES 8 By tasa bt B DS e D12 it
direce €RAdhi®agh Gom’the ffirkt 65eniNn68 agthe s@ﬁnﬂhdbdnﬁligﬂﬁ BRng a first flow

second ﬁortlon 74.2 of the second
path 124 which provides for cooling the rotor 24 at the base of the associated blade 26; or
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25

30

cavity. The second set 66.2 of first passages 66
provides for the flow of fuel 12 either directly
wo b@ocaisdasough fromthe first opening 68 to thepeEUSINES/013950

opening 70 along a first flow path 124, which provides

for cooling the rotor 24 at_ the base of the associ ated
mdlrestl&ca@eszélrstoﬂ@mgraé@ta ¢ sgeqnd flopy, pathy 128,whichy IngHigles, one or more

e I n
secort5RAER B0 ;bR el 4 theRoL it PRECRT R b JFBlGes R Wling the
associaiidilage 2 dfithe taxhine2@®| i ng t he associ ated bl ade 26 of

the turbine 20. The relatively | ess dense heated fue

1ZThe reativele lésecden:d: Ipatéd furel 12.3lincthe Ehﬁ)ndqmrﬁdn J4Mi ¢fythe second

74 flows thr h the p into th r portion
cavity 34 flogys hipuieh Sk ResSeed B4 Jn A9 tpst ogtip g4 %%L%\ ghgngycavity 74
after ? %His%ﬁké’d ije?at%l}srﬁoﬂeecﬁﬁsﬂ%ﬁ rdtdaustel 1]22frf)1‘hQHé iR passages 66.

assages . the f flows radially inwards
As the rfutlﬁbvwemdmuyoawandy iy the sehemp cRvitu7d thiprasedrejthereof is reduced,
fuel 12 i | e g
wna G HEE R F28gion] Ygbfes SEHE ST Y BARTBNOEB0 Mfncins,
transfbhﬁmgafrsmp@rdﬁp&h&ded/ aapér i aasahiahied a\t@dr Yigdo & dahﬁ:di’tedi 11qu1d as
.. saturated H&% as |nd|cated by the | ocus of Q
indicated by ghe logys o pontylabeled: § ?‘ﬁ@ﬂ%saovmg (s gsgHon similarly
i m y | el
LR, A o, v .
througlh thei intezior &6 gehaxhaft8s, s’hadiﬁa f8ondpassage throwgh chedshaft 88 and into

T YU RN R T —

rotary i thap g2t of a second rotary fluid trap 96. The
above- descrlbed system and net hod of cooling the

t Ui B v Bescribd§fsRimMadd@bthdd of odifigl tH@EMllm’Z(ﬁ--fWH&éln fuel 12
fuel distribution circuit 128 fromthe source of fu

is delp@rechby adirst el distibutiomeirenit 138 feons thet wuregsof Eneb% 2hr0ugh the
first %qroﬁlv%?\?e%%g the l‘ p 1\ S{A% B!aﬁeg Y64 ﬁq)emal e& Wl*%h Ql?e turbine

ate era ure suf fi ¢l ent vapor |
20 istdiea idnqjerétﬁrest;hatas dufficieiti avapoeigaitins fuel riIZescf es ltm gnmgath against
t he mechani cal bal ce of turbln 20, In .
interfggla it B8 WOURNGAD PHRch At toing 20 ol pfkardancs gith another

aspectt i lig %@néﬁcﬁﬁ GONRilZL 8l sedbid ThOLUdiBbWRidNC biréuit 380 tth&t provides for
provides for injecting fuel directly into the

injectengrineb direstlychtantbe combussiorh chamber, b6 Wihgut inyolvirter Bangthrough the
rotor P‘F ancP E) 25& 2'?%fé§ﬂrgg%c’ gzogG s qu(L Heﬂ 92110 pgﬁeq ﬁrgfn glg source of

e source
fuel 365 1sf ﬁxgula&tdebiy hyseamﬁleemelolcvmw aB2 aal \deli¥d2d and second discharge
delivered to a second dlschargeﬁﬁﬁéfice

, | :
orificelipfer, examples @ R3Ft of 2 HIFY reery |tmpd1%1ﬁ§ gﬁy Fggple, gperatively
coupl@?f &Hmh@ shARFS2WhRY QU RsupBlitd GrosD #el sekbnd %ﬁfr%l IJalve 132

fuel 12 1s supplied fromthe second control valve
througln p seppinata pasyage 488 ipths dntgror GBthe ﬁhaih 88i e pxemnplafth@ ﬁest 37 and

secon?1 ﬁ{ g{ﬂ%{}(glv\?l es %oﬁ%g%goﬁboﬂefl gﬁ all Rg ?I(l: ? Q% gas turbine

engirfeUd is Welivéred B tigaRcind fiieN@isfiButien &i@cms wltetlumg ﬁﬁimﬁyand warm-
the second fuel distribution circuit 130 during

up capdifianspASiAE theagasuirbbieaenginnd0 hes warmedainy s ang & ragphgdiment, the
seconet‘inﬂfep ﬁls}bem AREdiP iJSdJBrovid%s ?5€a SIFRCHh R Sunt b fuel 12 to maintain

an idle operating condition, and the remaining fuel 12 is provided by the first control valve
38 via the first fuel distribution circuit 128 responsive to operationally dependent demand.

In another embodiment, all of the fuel 12 might be delivered by the first fuel distribution

-7-
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second fuel distribution circuit 130 provides for a

sufficient anount of fuel 12 to maintain an idle
wop@saiissg condition, and the remai ning fuel 1PCT/ES2005/013950

provided by the first control valve 38 via the first

fuel distribution circuit 128 responsive to

circuifp8aafiesrthe 1gps durhine enging dfelng. warmed it ht yeindnstherembodiment,
all o e r
someShbr T3, B4t i 3 AP RS 1 lona 130 e
distribagionirtith ausedir ned up. I n yet anot her enbodi nent,
sone other relative distribution of fuel 12 between
t IReférring tto 1Rig. &0 dn Seesrdshcd 30ith laﬁbthdi Shibbblhﬂeint;nthe first discharge

circuits is used. Referrin , 1 n accordance

I
orificg; R2rand fssasiatedesesons! RYATY Netrap Pétaredmgewafaé@ i9rthe feryard cover
76, s3 Zasaead ﬁﬁCfo?tlﬁg 6 8F quénommeeétiw iflo Lth@RoRfbufién chamber 16
I ncorp Brated inthe torward cover 6, so as to provide
therefram, withectinanviog theshiafti§8 a$|anes$dcyit¢d*flﬂ®~ phth. conbust i on
chanber 16 therefrom w thout involving the shaft 88
adnaddisies o€ priviting foowopligthe bl‘a(hasl @btand wotow 2draf\thalturlyine 20, the

first é{y‘ djs oQHq? %:ﬂ?wg :lggp 9l%ir6cbvg qs 19 % ?qrggﬁérlag{&%:gg‘f%g ro? hga? from the
exhaitol8. 085 af & pAVIRIRP $hptov¥E op&ERNE EMficRinchepdrtiél1 Ny fdiStationary

exhaust 18.1 so as to provide for |nproved oper at'i ng
appliegtibngi ency, particularly for stationary applications.

Wil e specific enbodi nents have been described in

déWhiw spemiﬁdqembodimgoisdgwd deeti Hesdribled or dgeil om thenfpregoing detailed

ustrated | e acconpa dra ngs.. .t hose w .
deserigsigh aid J1E0R(eR in % FESTPRRE FouiBe LSk yibrifgd sl ip the an
will appftciatCbi caaﬁ)uambdatdaﬁbﬁsaéﬁdmntaﬁvémﬁﬁoséemnlk gowWld bk developed

be devel oped in_light of the overall teachings, of the

in light etthsyeeall tAQ@éfl‘%ledh?/ dlsﬂﬁ@"ﬁaﬁqcemﬂéﬁlyaﬁh? RAGICHIBR pgangements
dlscl%héﬁl' fe ‘2’8&525 ?gqﬁﬁﬁgltaggg ogﬁloén " etﬂl’nﬁbiel tﬁls %hﬁé s%?ﬂ%B‘Pﬁxe invention,
whiclbdés gi begivenethé fhll blncadddbﬁ thef aptperdeippleinteand hay aed all da'qulvalents
th qu and all equivalents thereof. Wat is clained
9l aims 1. A nethod of providing for cooling a gas
i ne en conprising: a. providing for supplying
'fS&FwPﬁcﬁngﬁfﬁtable portion of the gas turbine engine,
wherein said rotatable portion conprises a rotor and
at | east one bl ade operatively coupled to or a part of
said rotor; b. providing for cooling at |east one of
said rotor and at |east one said blade with said fue
supplied to said rotatable portion, wherein said at
| east one said blade is closed with respect to a
conbusti on chanber of the gas turbine engine relative
to said fuel supplied to said at | east one said bl ade;
and c. providing for discharging said fuel fromsaid
rotatable portion directly into a
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conbusti on chanber of the gas turbine engine. 2. A
met hod of providing for cooling a gas turbine engine

w@sgoosaci4ged in claiml, wherein said rotatabl epEDUE2005013950

conprises a rotary fluid trap, said fuel is supplied
to an inlet of said rotary fluid trap, and an outl et
of said rotary fluid trap is in fluid conmunication
with said rotor. 3. A net {daimsy providing for cooling
a gas turbine engine as recited in claim1, wherein
ﬁnlee@eé ohPTayilieg fo5caoling m%awtasblmgm@g UBPRNING s
r
! Pl PR A T8 P R pEER e a8 3o iR Raing, wherein
a ssagbruthtasblel pomibnsamprisezstmtorzhnd AI lerstivod bde ppcmtmhly] goupled to
for cooluﬂ%?ﬁ gas, turbine engine as recited in claim
55erat|on of providing for cooling

fbu r;srbeﬂufgom EOSIRE dNENét S 6F JaR rotdrednams mbpéheegafdwala&@wnh said
fuel between said at least on first flow path and

at fugbsippbierbtosseihietptatie rosionh wheyeiy seichatdlaast ong said dlpde is closed
ggf\gﬁﬁ ?e%ggct t!) g\%&t%{lgho hﬁagﬁj)gll; W ﬁlQ 'g?sr gﬁf) e @B%lbg geiﬁt%\%r}g said fuel

atdé so as to provi or a
f r ocsuppleditoahid = dembt @reaaklbladephadie to sai d fuel ,

wher eby . sai_d nosi pho ang s re onsi ve
eerﬁrpvea@afor éléé?aéglag.saﬁ i) g‘”ﬁe Jotatoly, Partiog, sl into a

of Saihstioh a{ﬁmeeop@letgwmrblﬁadn%ﬁé.d t her mosi phon
exchange is further responsive to.a variation in

- . demsthoy dfprevidingffoetoalisgpogeasi tubineengine 4Se1r¢pe¢<bmﬁlelm 1, wherein

salgrrggliabl rtlog%glliln?)gsé%f Ef)té)r\r({ fﬂ.}l&] grnI) galc\fl\ﬁi)el 1§] 9up§119(2§0 an inlet of

ne en ine as recite

@fudSratady fluid 85 tandna dutless $didvotagt fiuid Srapdaﬁn €@didt @on@hunication
| east partially conformto a profile of said at |east
S¥ith said 919} ade, said at |east one second flow path is
%ugﬁ¥@ﬁtdf§r$\)iding%?Eodlﬁ‘lgcﬂ ERGLILHL etk SAeBit&APAainl 1, wherein
sai d ast one first flow path provides for an
ithet epesagiomi erprowngu far a@olineamnmxses provishng far dlowiag aid fuel along
Wt Lh t(sﬁanlref' t ﬂ(l)vg'(a?gfh &Qween al t 51 € n@s%éynroﬁ%reﬁggf %%gg? ggle of said
wmpﬁla|n14 wher ei n the operatlon of prOV|d|ng for
cool i further conprises: a. providing for
Pt meghogt Rsvidiae JOR Ralifg % BB TEIRG 1 Koided ineclgin 3, wherein
PRE o5 é?'hﬁjorpbfapﬁwuﬁﬁ‘g & cdyilgg'fq}tﬂ& doMiprivel ?rcmldﬂﬁglfbxt heRhosiphon
sal d second Tl ow pat onnunlcate wi th one anot her
pxd)amgatoé fued batvs:en oaad atriehsbbn fmstcﬂqyep@thcanﬂla@\kﬂqgeomsecond flow -

LS dis rst e t hat
A, wkre 5418 o e e e PRE AOF s Bulelios” Y b g ome said
plzd¢isd a8 & provide Fex 4 fighster @ hedtUFdm Eleﬁd anghdidnasaid %ﬁd&@@isald fuel,
in claim3, wherein the operation of discharging sai

rebdowfsir heemosipha Fighangeds responEvE 1O p CSAK &aé@s?f‘deraﬂon field
?e | doth@3Pbe g%@ @bk 6&1?19 éﬂdoyglé’?ﬁé?mbgpﬂon exchange is

arg ocation t Is ra y | nwar
funher responsive to a variation in density of said fuel responsive to the temperature

| thereof.

A method of providing for cooling a gas turbine engine as recited in claim 4, wherein a
shape of said at least one first flow path is adapted to at least partially conform to a
profile of said at least one said blade, said at least one second flow path is substantially
linear in direction, and said shape of said at least one first flow path provides for an

intersection of said at least one second flow path with said at least one first flow path.

9.



of said first flow path. 8 A nethod of providing for
cooling a gas turbine engine as recited in claim4,

wob@ecai13ast he operation of di scharging said fuebCT/US2005/013950

10.

11.

12.

conprises flow ng said fuel out of said second side of

said rotor fromsaid first flow path to a djscharge

A)@athoérpftm@tldang foeercding gaﬁvsa'fbdneo?n%%ﬁ 2 reered iny ?IE‘W 4, wherein
erationdf BRIVIdHe #dr BHRY, furmgré rgrfs@?.l ing a gas

tur I ne engf ne as recute In claim1l, wherein said

faueproviding foc hphygaity iofisaid sevodd flowipashts withio atilebgont saidhbéade, and

b SV RBERER PRI bf e YR RoRediBaB sPmatpi Rl Hyf one

f Or ane@Rk pRXiMatd 6 a kétold RAd BNGidSecand ABG ﬁaﬁcé that 1s:ala1amo first end
1, wherein said fuel is discharged _into said

c ontbaisis imeoremumsation Wishsaid pbleast Pne firss Slovrpaiber at i vel y

0 I e .
SOHBL AR BRI S R LFAPLOIc 0 S, i
lﬂmeapdnaamecif discharging saitl foél ¢dmeprcspe flatvirgnsad fewd alut off said second

S ohsnd i fivm St Hist DRR otor e s Toitiog hétos ftiplly inward

3k 9nd figdt floRAsdth.one f i rst flow path froma first side
of a rotor of said gas turbine engine to a second side

@ metliod afgrrovidingrfar poolipgcygasi thipinoengirreasnissitgshirelaimb s wherein
fl

it Birtion, bt Bigiah bl sl AL E0mAS; FERRAE it RARRR B pig sccond

cideTofisaid @btop fromi daitd first Hoatpattest discharde losdtion| that ipeddially inward

sgi d %tF | east one second flow path is in thernal

ebd frt fovRathi t h at | east one bl ade operatively

QOHRIHed SF ﬁ?Sv@m@%f c@linga Fhs'tQitife ertist 8Pteditd i @lﬁ%{ 1, wherein

one first w i s adapted so that said fluid can
shid\fuellie d@glnm‘gf inta srad combiestion shambers fremiarrgtany buerterappgratively

e secon oW, A met hod of

5?@1‘3&%3‘ ci]Ia POLEM & aidar(’tgagagﬁ‘{horélgfﬁe engine as recited
lmmtl@umflpl:ovmingrfer Godlﬁuigdi gds turbisd enpige sereonel fnl c:la\lm 1, whereln
pat h extends within sai Ieat ne.said blade. 1

sRdree] o ApRsesEATy Y FOIEE%‘-]“PH amBefsfrom ageREY gﬂfgtheoperanvely

%éu;;l@& td §@a\hﬂl degéem golsald\’?(_ﬁf)@aﬂd 3aiINARRY Qéce%h dai@lfuel from said
| east one first flow path is adapted to at | east

petot that hag b@gmhcntfrd asq syt of the eperhtioadfcboating.east one

sai d.bl ade | d-at S f

§’U%‘§Eh§ﬁ 5T(1Vl % rf1°é§f’ Oh% 3 gasq b?lgenen ar?dLsaP@Salg}ape of

sAl p‘koaitdldgetas flooez 4 FluRK albhgxy Ipast bne fiest ifld@spdth ffrodma first side of a

intersection of said at | east ope sefond fl ow path
VVI t1otas of gaid gas piskine gpging forassecendhtids,af $9id rofor; andrpt hod

r eC 91?51@ 139 tﬁe‘i’ﬁloﬁg%d OwdHrYaga ﬁlH& Wlfl‘@n £QhA¥ndSecond flow path,

I'n claim 11, wherein said | 'east one second
fl owdagamrsaubatpha&t ane aemndrﬂnw tp;lthoﬁ ls dluid semonuichtiowwith said at

t i t hicn
Fitepieg TBROUPU AAs GRCs A ST PR foeh i 0K, R gtherma
f | oyynpatMisation WitlaURAS dhe blde bpertven belﬂé t® bP¥ ipARIoE said rotor;

to a second end of said second ) )
and said at least one first flow path is adapted so that said fluid can flow therealong

without necessarily flowing along said at least one second flow path.
A method of providing for cooling a gas turbine engine as recited in claim 11, wherein

said at least one second flow path extends within said at least one said blade.

-10-
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13.

14.

15.

16.

flow paths that is distal to first end that is in
communi cation with said at | east one first flow path.

wa32006A15%81 hod of providing for cooling a gas teebhUus®05/013950

engine as recited in claim1l, wherein said at |east

one first flow path conprises a plurality of first )

A Bethed ohRroxKhngfor caeline HEas tadineAnging|as regited jn glping 1 gyherein a
: : . ot . o

HARY AP S ] AT RERA 8 ! bl im0 o

arcfds of seidanleast wge naid biaslepsaid anlgast one stcand Mg wapativisotubstantially

f the gas.turbine. engi ne, b. i n tyleast a .

Pinga iR HEF it G sk pg OF s HERL g Fird ioy” B ovides for an

rt6k8e@fon DesAld aPlest oRk sédoad TS pa Ritheaidngidass onelTREteiow path.

said first cavity rotates with said rotor; c. causin )

damgthod @f payiging der qoelingagas fyrbine caging ps f??ltﬁéﬂlhﬁlélmvilgh“’herem
. I . . .

S0 s S ol 8 EENpAIS L A B 8 ot it

atledstf arel saidhbladée, fufthers¢onoprisingy prostididg €owi sagl plaradity v€kaid second

into first flqow path through a first opening o .
fippcpatty {9 ommUNFHE Wb ne ABOTHEY B 45 8 SPopsf Gif ghsaid second
#RWdhdthd thht & laRaIRG st Rt Qha i$ BEQMThiON AW Th sHBQE Rhast one first
sai d second flow path extends into a bl ade operatively
flowmathl to or a part of said rotor, and the operations

f £l owi b el . ' Lrsk: fl - .

el o B Rfe ool & b SoinkicRbink aDWoRBh By Bl 11, wherein
84i@ af Rapieificst flow pathctoamphises 4 pigedlityof fise flatv uths dnd at least one
transferring heat fromsaid hlade to said fluid in
of sid olusality Of i 19+ s & BPtdh T SPrUmBRIGRIan Wikh it Teast one
$&ofd floR gemerate a relatively heated fluid therein
g. flowing said relatively heated fluid fromsaid
demethdd OF operplinga gas turbing ¢nginet cdmpsingt h by a

r i pho geéngaid relatively heated
a 2

h .
S ‘i“§af8{éf§f:‘g‘§%\%§%m§gr ively | ess heated fl uid:

b, SuppWinpoatdedsta fissdt poftioalof flledad & €rst kcanity dir ofirss siidel of said rotor of

first flow path through a,.second opening on a,second

si dibe s WHhipe ering, Whsrein sid _ée;ﬁsa cRYDI OISV LR Kl nd

! duGhe SAL%ud1 QbBliedito sdibl TétRAyisPictotadd Rith $&kYirRQal®f whereby
flurd f%on1sa|d second cavity to an orifice
opetharotation ofsaid fichgentrates i centrfigbliacceloratioh dhdi @ctsofpon said fuel

said g%%?turbine engine; and j . discharging said

heal'é rﬂ“@”?¥bnwsaid orifice into said conbustion

dhafideing sdid. fuél At Hificht bwoaeh tirouph Afigaspdnindome first side of said
engine as recited in claim16, wherein the operation
of MtPBplying fuel to said first cavity conprises:

e. flowing said fuel from said first flow path into a second flow path, wherein said
second flow path extends into a blade operatively coupled to or a part of said rotor,
and the operations of flowing said fuel into said first flow path and from said first
flow path into said second flow path are responsive to said centrifugal acceleration;

f. transferring heat from said blade to said fluid in either said first flow path or said
second flow path so as to generate a relatively heated fluid therein;

g. flowing said relatively heated fluid from said second flow path to said first flow
path by a thermosiphon process whereby said relatively heated fluid is replaced with

a relatively less heated fluid;

-11-
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17.

18.

19.

20.

21.

22,

a. discharging said fuel froma first orifice to an

inlet of a first rotary fluid trap; and b. discharging
waadod/1is4ed froman outlet of said first rotarypét/usmosni13950

trap into said first cavity, wherein said first rotary

fluid trap.is adaPted to rotate with said rotor;

§a| fipwing seid: srlatiNgly (heated ffuigh Ty ridelirst dlow gatha %hrwgehaa second
e(ﬁ%Hf;Tg ds%@?ﬁjd LiBd 6 said R3O RIRSSHH GvRY off Rhid s€&HndRide of said
operating a gas turbine engi ne as
recnkmﬁ in claim16, wherein sald flrst and second

e R R g R S

Opeersﬁidwngd a'ltﬁascombhbtﬁd?ﬁch@mbﬁ@f saﬁi g8 Ghrbef enBine] &ldm 16,
wher ein thezggeratlon of discharging said heated fluid

Borgisdharaing said heated fhwjd Sromysaid axifiep infqusaid eqmpbistjan ghamber.
e n d. I
" OF okt € bt Ao gL ds R B hhein
bperatior ofwupplyprgefasiiosaidffirstaiadity corbpsseson chanber . 20

t hod t ur bi
Ao Bihpsb s B % Bl P e Rk B 66hs
-Borélbéﬁﬁrg@ﬁ% $Ad fhel #8 dnousiei @ks@mﬁtdt RRBIREItPOKRT fifst

separate flow path. 21. A nethod of eratlng a gas
t urdavite \@hﬂgmn@alésﬁrster@taneﬂundﬁrapllawﬁ tofrofieterith said rotor; and
co 1
SOI%{SJ rsp l%t ?% P rJ14 ﬂ%vi%@ FOr 1§o #ng% Sér&psg{éta? Oaﬁlﬁ
fuqheMMﬁnusadwuﬂuublne englne is not sufficiently hot
to c e.a vaporizatiqgn of said fyel wthin sajd first
A B aipﬁwez@tmsee St THOAP 815 Fd o] imclgim 16 ¥t said first and
SO9hA §103 phith 'al;eeéjda'pfkdcéoaﬂhﬂﬂ d V) Redied AuRPBEAAS supercritical
portion oP said fuel is adapted to be sufficient to

n@mhh@nn at least an idle operating condition of the

ettﬁJ r(P gge englngg r@% gur gnlegeli line tas pgélieg? Hls gfax ?iéé wPerein the
bbﬁa@(ﬁs oﬂfﬁﬁhﬁ@n@l galﬂehe'é&d ﬂu@aSmhprliiés rtﬂscﬁa@llrr@ ,sa1d heated fluid
conpr.i si ng: a first cavity o

Srauetop seaow e %umhéfﬁ%i ands spid secpnrd reAv) ?lyaq i5ap provides for
%ﬁ@f‘n q &shiRGFis¥ia htab’t@!i ﬂtlfdof%lﬁ a3ReYseR oFkaill %ghbuﬁﬂﬂ chamber.
said st cavity is formed between said first side of
s%amtmdtqupamdna af gas gurbbsLanginecpssreeiteslcia; clgm 16, fegherdcomprising
cavi on_a second si r.ot or r

§‘épcpé¥1‘§g caaiF"?“‘F Sriog, ¢ fds&‘ogkte\?géé%a‘éau b&é@%na%‘b %Vgr a separate
$lainchatint or and a second boundi ng surface; and said

first and secaond boundi ng surfaces are adapted to
Pomgthed \gfopetating a,ggs dprbing engine) asgegitesniy Ghalms 2 duyther comprising

ng:t{gdiln‘fgmlﬁr&aﬁdn%h Y L ARt Ro SitdlidHiBiB h oAV bit $aid gkt portion of

said fuel when said turbine engine is not sufficiently hot to cause a vaporization of said

fuel within said first flow path.

- A method of operating a gas turbine engine as recited in claim 20, wherein said second
portion of said fuel is adapted to be sufficient to maintain at least an idle operating
condition of the gas turbine engine, and said first portion of said fuel is adapted to

provide a remainder of said fuel to the gas turbine engine.
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23.

24,

25.

26.

27.

second cavity, wherein said at |east one passage
extends into at | east one bl ade operatively coupled to

worooa/1pEss of said rotor so as to provide for PeBUS2005/013950

transfer fromsaid at | east one blade to said fuel in
sai d at. least one passage; and e. at |east one first
& SBAWDYE BLine; CUMPHFIFE Ui d conmuni cation with said
3 ﬁﬂncaV|ty, wherein said at |east one first
i scharge orifice is adapted to rotate with said
botafirst avity bnrasﬁrsﬂlsgiph@ﬁ@ed ootor, i wekergig %ﬁhﬁmd:avl@y is adapted to

di schar directl conbusti gn_ch

andert o] B8 oeSs pYpeLiaRa SRuSCGRIRI Rime B said it
I S SdPFH saRlkotc? aﬁalad‘lrﬁtltfo&hdndgsmfaége orifice from said
second cavity as turbine engine as recited .in,

€1 a8 second carvUte/tcm se@ewgwﬂ% Phpidiratpr, aherein gaig seqond gayipaig formed

OP&@bohtdald &?P}% §Qe bPsa@tdlod Addsi s Qﬂd b¥und \I\fkeé'u?ﬁ gef SRl daid first

first rotar trap is adapte to rece
fr omdssad:cdldslmmndmg sfirfhage brecaddptsd talrdtate swithcsaidi rotorj s

dapted to receive f fromsaj.d fi.r.s ota
A . 1655 0P rRSEEF ip it oG aHen ulh Pell T Srstichyy and sod
furdeb®iid 6N ivtieRGn &hidl Aashst e p’aﬁéa? léqk@n\ds fihtéest least one blade
orifice prOX|nate to and separated froman_inlet of

sai epefativety wk@dyOfor aup@rttqfépld rgios s@iap te proyide far heat grgnsfer from
sal diPAEeo blgawo a2 LSRRG 4P Rali ARk . y%dl east

one re |ve orifice and cap sai d
ienl aitleasf oﬁaﬂdst fdischarge otificy irf ﬂu:ddcdmmpnmhmm with daiflisesdnd cavity,

rot a Flui tra is rotated dur.i.ng.o i on o .

e hdteipis wrlERP oné st hefiie PGS oani o Talle W said rotor,

r eCdalihrst HlSGﬁ&ﬁ‘%%ﬁﬁee whes Jﬁéd"to&ﬁédﬂnafgerféél dReNgintd said combustion
surface is sea to said rotor along a first

per¢h@mé>py andafuek disehsogrdsfremeseid Gt iseharge osidica igsupplied to said
| eaﬁrtsté’l &Férosr@c%%?o%? 9&0@8‘&:&@5 st side of said

rotor; secon oun rface is sealed to
Sapab ﬂuﬁilmer e:agmmgs eecited inclaipe 23 pﬂtlethg/r ¢dmaqtnsi;ng 4 fustatstary fluid trap

ever peni sai.d at .| east one. |rst asgage on
Siratudl GpIeh s hiss o pipreosaid Arg Jetap( A e is adapted to
SQQIVRFuaSrdrR Shii QFuich of hiRl Hi‘ldzfmd nhecality isabsbted to reasive fuel from
one passage conprlses a. at least one first passage

exit dnstiraignbBuidden. sai d first caV|ty and said second

]%ag ést %rblﬁpg é’m? % rL5a8 tm %ﬂl ep B %Q?lgg)g Zé?agf Ok relatively

rém sai passag o af ast o
dixed ainif‘\telp;o)omard &)daﬁ(bse'para&dpﬁbm mf irdeti df said dirst rB&.ry Aluid trap,

gas turhi ne.as recjted in erel
Srhspin s Su61 o S s, uﬁklﬁéfscg%rgg 88"1? i prseng flatively

Fixed SfiBice RAA tc‘aﬁ{ukéﬂ sPREiaret ‘Bf @alﬁrﬁfsi tRar9f ﬂﬁ@'tgapa&hen said first
| east one said bl ade, and said | east One second

petery=fhad trap sutotatechdurag qpetaltlne af tl@rgas subige gngineast one
e%g%n gt}rgﬁgseglgme & recﬂgé in cfalm ﬂ Qlne&h ssaﬂi %rs‘%tboluﬁec?ir?ié surface is

sealed to said rotor along a first periphery that surrounds every opening of said at least
one first passage on said first side of said rotor; and said second bounding surface is
sealed to said rotor along a second periphery that surrounds every opening of said at
least one first passage on said second side of said rotor.

A gas turbine engine as recited in claim 23, wherein said at least one passage

comprises:
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28.

29.

30.

31

32.

33.

34.

29. A gas turbine engine as recited in claim?28,
wherein said at | east one second passage conprises a

w@bkaosalssgy of second passages within at | east POEBUSBNH013950

bl ade, said at | east one said blade conprises a third

cavity in fluid communication with said plurality of

8ai  leastonedinshrsampssxmndingcshvecdriald firjbravify andsaid second cavity;

whefQqin first ends of said plurality of second

passages are operatively coupled to said at | east one

1bi ratﬂeqsammgeondaﬁhssdgewrxlmgwrm seidfirstepaasage éntotag teastrone blade
wher ei n said rd c V|ty IS proximate to a

t| p"p(‘}fat’é'S‘ycfoHPlefl %8t2 B Séfl“br Tade. 31. A gas turbine

ANGAs@iriite EfGhd 8¢ rdcited imAmM27, Wh@feﬂi B shdledofodaid @8Rhst one first

one first discharge orifice is operatively coupled to
DASsagen s adaptedatOsmgeast epsialy i coafoymcioup peafile @f saidgat least one said

3

348 gng 10 5 obl'sichd SEALER, AoFCfndsD o 3ylas teast one

iseconf) passhge/ie lagaptedifl iatbrdeot said at 1gmt bna)ﬁrsspassla@e cond

boundi ng surface. 33. A gﬁs t rblne enqlne as recite

An2es it engingas Kcifed ip 2 RbETeisn e AF Aﬂ@sm%ﬂcwa?@%mssage

@binbii&R ol pludRSf ﬁts'e&?rlcb’paﬁ%é% Wi’thhpat%asﬁolﬁéaiaﬁd Plad@ said at least one

second rotary “fluid trap. . bl aded rotor of ‘a gas

said tilade comyirises a dloing cavgiynigp f&uld aommncatlbn veith pasd plurglity of said
eratlvel §9 'd L@ lurali

obOf RRGEE o B 1 Thrkoh, S SuRRih s Bl of Sty of

k€do@tl pashagedtard epsitivehecapiand ssidanieag on. fﬁtsts;ﬁmgd Si de
of said. rotor, wherein said second si de posite to
Sapds tprbing engingeas rgciteds iny clajay % yhersip é@ldﬁégé ag‘@ty is proximate to a

Wﬁgkg&aaﬁ ogbg§?bﬁg§§age is located in said rotor

prOV| es for fluird comunication between at |east
dngassirking iengine @pemlwg inredaing 23, evlsreiorseidsati Idas @merfifst discharge

ast on
3 Rore ST saBPen K PSS ARG oPARSAY GO IO foaR rorr.
lAe 854 tudbife eagide b &é’cﬁtedcifie:laﬁmdngfwmeld said hteleadt odBefirst discharge
sal d second assa%g is in fluid communi catjon wth at
|oel§§% isperatiyely coppled therapasbolsaid sependhqiedingsyriase: sai o

dseﬁ‘ﬁl;l % @ﬁ%lﬁ@'ag réé?ﬁ:g nd o@aﬁﬁlsf‘ﬂ Svheteih %ﬁlt 0¥t tJﬁb I'ﬁrst discharge

eas one sal bl ade, said at [ east one first
paﬁsag;@pﬁeatiadarwepleé o OITmparaoifd secondratary iflowl tagt ween

sai d ea i rst _opening and said at | east
3PS olE 3R b 8 BB ot RhEBRSRRCasamr 1 1y 11 owi ng in
gai flroddr; | east one said second passage, said at |east
one second passage is adapted to provide for heat

tr aatdeast onerbladesoperptively) @agkedéq]@r apartobiahioterty o 1 uid
Icn ft%a@t@& il nﬁfgeo PdaParsaPRtorand said at | east

She secon passage 1S apted to provide for

idheatrienst mcéﬂd)opaninm alsdcound dide Ioé sadirethr, 'whelein saidisgcond side

rot i rop;'x?snle o ST Fic first 51de

e. at least one first passage, wherein said first passage is located in said rotor and
provides for fluid communication between at least one said first opening and at least

one said second opening; and
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3s.

36.

37.

38.

39.

35. A bladed rotor of a gas turbine engine as recited
in claim34, wherein said at | east one first opening

weoopnises a plurality of first openings, sai dpet/Ub®as013950

one second opening conprises a plurality of second
openi ngs, said at |east one flrst passage conprises
b1 Lataeast gnegtecend RAssqpgs Wheyei saidal lesskaneoteond prssageds located in at

oF’ﬁ@é&%nE%ﬂf?ﬁﬁl‘é@é %l ehdC :&lidaQt fegstOJHeysa?J‘@econd (‘Pa dsaﬁe is in fluid
ndi Ng

correspondi ng Sard secon openi ng by a corresp
sai cnbnirhumtatmssmlg et lea# oné\sdod inistd)assage) andfheaotlyarsend of said at least

turbi ne, en as recite 34 mherel G2 h .

s o QPeceicharons pigte o dodlud Biipdd i et 076 SRR, gpid at least
firgle MRepRSSe i3 adafe®sadied ar i@ E:arpﬁoﬁ' mﬁeéd":ﬁéi’dl B€least one said
engine as recited in claim34, wherein a shape of said

at firshepeningeand said atolgass ege siid seepadtapgning vaithque gegessarily flowing
par (S} s%{ 18a%{‘&?é Ql(@ gﬁc%n@ %stsh%e sﬁti ab agt GHe Jegcﬂﬁlt pag&%e is adapted

Con passage 1 s
S u bt%tp&l@\tldafdr)hehﬂ temafer frondsaidatdeast ohesmdl blade te €lafddin said at least

passage is adapted to.intersect said at |east on
fi ree ﬁsa%rsda@aésfggsan saif 2t BStr%‘FéFc%‘% RASERgE 1t adaptedcto provide for

€N Gt B & pHoR Flowesk dafd ﬁ\hla'tl‘f@r&zlthlﬂm{eﬁ Isfid$8dof isAh Jp@lﬁﬁbn
one second passage conprises a plurality of second

pabldefemtari afld gasaturtineenginmas reeited il chalm 34 avherein spidzat deast one

gn%ﬁfﬁ?fglg? o%w%sgs? %%Eué?lgy q%ur gtlvcjs e¥nn|§? JalciJ étdleast Sne second opening

Bdﬁa@ﬂ%sa plurslitg @ d;eﬁﬁﬂsoliehﬁfgepia;d an téaﬁtl (Iirﬁ:t fiBh@assage comprises a

said plurality of second passages are operativel]y
phuplits @f fostparess and sagh h et first PPYHRE &g@erweiyewpled to only

B AR s oty o b et i
& blladed3®torvifer gis utbiriecknginei asyredited pn obaimeide wherein edch said second
pgslsglgealls assoc1attedo With r?liy%ng lsz?ig Sirst passage.

A bladed rotor of a gas turbine engine as recited in claim 34, wherein a shape of said at
least one first passage is adapted to at least partially conform to a profile of said at least
one said blade, said at least one second passage is substantially linear, and said at least
one second passage is adapted to intersect said at least one first passage.

A bladed rotor of a gas turbine engine as recited in claim 37, wherein said at least one
second passage comprises a plurality of second passages within at least one said blade,
said at least one said blade comprises a cavity in fluid communication with said
plurality of said second passages at second ends thereof, and first ends of said plurality
of second passages are operatively coupled to said at least one first passage, wherein
said second ends are distal to said first ends.

A bladed rotor of a gas turbine engine as recited in claim 38, wherein said cavity is

proximate to a tip of said at least one said blade.
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