.; €3eqlL; n667T8L8I: 6: TL; NZA. _.. _. Valve Assenbly for Gas Turbine Engine

y ~col co* GOVERMENT RI GHTS [0001] The U.S. Government may have rights in
this invention pursuant to Contract Nufrber NO0O019- 0?- C-3003. BACKGRQUND OF
THE | NVENTI ON [ 0002] This MahemissonbiydpabesTeing Enginge assenb

turbi ne engine. Specifically) this invention relates to a val HM"E &@m Il
that controls the anmount of cooling air supplied to a nozzle

turbi ne engine. [0003] The mmj or conponents of a gas turbine engi H&'¥hcl ude

(begi nniryy Ak NVIENEREIOE&M end, or inlet) a conpressor section, a burner
section, a turbine section, and a nozzl e section. The engine may have an

af t er bu betvvee t ur_bi ect i on and th

oooa]  TUOAIRER PTERREN At 2 B AT lne SRt S SEbl e i lces o
fan section at the upstreamend. After passing the fan section, the

t ur bof anOBRKA- ﬁ%%é%%%ates the air into two flow paths. A primary flow (also
referred to as core engine flow) enters the remai nder of the conpressor
section, mxes with fuel, and conbusts in the burner section. The oases
exit the burner section to power the turbine section. [000] A secondary

fl ow (algxrreReUND OP Tas: bywesTIdNOow) avoi ds the renmai nder of the
conpressor section, the burner section and the turbine section. Instead,

t he sec I - : .0 ream of
the tor i) 25k 1?&”%““%@%3&%%8%’?5H%Q%?Jﬁdﬁééﬁu%*@ﬁ@“e- SpEMARy LR
downstream of t ur b| e sect neces r bur ne
sect i on "BGEAHA™ & eﬂ@fﬁ%ﬁ’ta}/ & zism:raélty ‘%%‘[CPWE%H‘&FH@“BS/O Cgﬂp{?q ﬂésﬁ)@&ﬁ %%B?Zzﬁeuel
downstream of the turbine section. The flow then exits the engine through
t he noz2f @ 23§ BUbPF efgB8Cengi ne nust supply cooling air to the nozzle in
order to protect the nozzle conponents fromthe high tenperature exhaust.
Typically) the engine diverts secondary flow

[0003] The major components of a gas turbine engine include (beginning at the upstream end, or
inlet) a compressor section, a burner section, a turbine section, and a nozzle section. The engine

may have an afterburner section between the turbine section and the nozzle section.

[0004] If the engine is a turbofan, then the compressor section includes a fan section at the
upstream end. After passing the fan section, the turbofan engine separates the air into two flow
paths. A primary flow (also referred to as core engine flow) enters the remainder of the
compressor section, mixes with fuel, and combusts in the burner section. The gases exit the

bumer section to power the turbine section.

[0003] A secondary flow (also referred to as bypass flow) avoids the remainder of the

compressor section, the bumer section and the turbine section. Instead, the secondary flow

—
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.fromthe Fan section to cool the nozzle section. [0008] The greatest denmand
for cooling air to the nozzle occurs when the afterburner operates. As an
exanpl e, the pilot operates the engine at maxi mumthrust (with the

af t er buravels topegahidag)toianoaiioarisentir@nadb! thakeb @t tecnd. Tien@iargiatyaTék mixes
configuration. The CTOL configuration requires the greatest anmount of

Cool i NGyig thetrhiF§ MBQZE sk HAQPINCRITIRI fichign- augnent ed oper ations of the
engine (1.e. wthout the afterburner operating) also require cooling air.
However, the anmount of cooling air need is a reduced anmount from augnented
operations. As an exanple, a short take-off vertical |anding (STOVL)
configuration requires maxi nrum non-augnented thrust fromthe engi ne. The
non- audRBPRIedS BSFATTEY. themitgrauraes Jectign Coupd aieaeat Bg thraphrdithe engene BxiBNBINgs a

| ower tenperature than during augnented operations. Accordingly, the engine
can acceidtticmal Beldednsigpplof tiof tucwiot savgomiThetflow then axrzthe endisanthroughhise STOVL
configuration. [ 0010] Conventional val ve assenbl es have never conpensated
for theygzeduced need for cooling air in the STOVW configuration. BRI EF
SUMVARY OF THE | NVENTION [0011] It is an object of the present invention to
provi de a new and i nproved val ve assenbly. [0012] It is a further object of
the present invention to provide a valve assenbly that provides cooling air

to a no a gas_turbine engine. 013],1t is a further object of the
br esent ODRZARs SreBemisOPRE <300 G B8 B e Yoyt Tt Bat o of
cooling air provided to the nozzle. [0014] It is a further object of the
pr esent CIMRASAISIFPTR redy gl tegweratyrg|oxBauss JoRisRYY. thfagnguyj divers seendendiawg ai r
fl ow rate dependi ng on engine configuration. [001] It is a further object
of the fromsbafan seviert iomoot he pozale dectianpassi ve val ve assenbly. [0016] It is
a further object of the present invention to provide a valve assenbly that
uses a passive actuator. [0017] It is a further object of the present
invention to provide an actuator that does not require a discrete notor.

[0008] The greatest demand for cooling air to the nozzle occurs when the afterburner operates.
As an example, the pilot operates the engine at maximum thrust (with the afterburner operating)
in a conventional take-off and landing (CTOL) configuration. The CTOL configuration requires

the greatest amount of cooling air to the nozzle.

[0009] Certain non-augmented operations of the engine (i.e. without the afterburner operating)
also require cooling air. However, the amount of cooling air need is a reduced amount from
augmented operations. As an example, a short take-off vertical landing (STOVL) configuration
requires maximum non-augmented thrust from the engine. The non-augmented exhaust, while
still at an elevated temperature, exhibits a lower temperature than during augmented operations.
Accordingly, the engine can accept a reduced supply of cooling air to the nozzle when in the

STOVL configuration.



. [0013] It is a further object of the present invention to provide a

| i ght wei ght val ve assenbly. [0019] It is a further object of the present
invention to provide a val ve assenbly that increases the avail able thrust
of the engine during certain confiaurations. [0020] These and ot her objects
of the present invention are achieved in one aspect by a gas turbine
engi neoJff E8LRBorkPIRKE S8 mbRe CIRME ISR mPEShteRTor Be B, BES 038 G4/ éESBffin@
turbine section; an afterburner section; a nozzle novable between a fiTst
configuratign ?ﬁﬂﬂﬁx?n%oﬂx configuration; and a val ve assenbly for

suppl yitg"¢Bor iy ST T8 N8 nozzl e. The val ve assenbly reduces the
cooling air to the nozzle as the nozzle approaches the second
configuration. [0021] These and ot her objects of the present invention are
achi eved in another aspect by a nozzle for dischargi ng exhaust froma gas

t ur bi nB RIS SIEMMAR YWOFZIEE INMENTEON a first section; a second section
novabl e relative to the first section between a first configuration and a
second (00N W A dHett Bf Helprdeht vedtidnl iapeovitRid fivngh dAimpeviel viRE alRgbBxhaust ;
and a val ve assenbly providing cooling air to the flaps. The val ve dssenbly
reduces the cooling air to the flaps as the nozzl e approaches the second
configuration. [0022] These and other objects of the present invention are

hi ' not t | nmbl y . I f
Fur bi naoi) RE RRbeCaRed o Bl iNefiman pratiss’t e oRAguty it i peni ngs

that receive cooling air; a second nenber placed adjacent the first nenber
and haviaedingpanp agezaie af a gacwriiae ergine ool ing air fromthe first nenber: and
an actuator for noving the first nenber froma first position, which
allows a first flowrate of cooling air to pass through the openings to a
second position which allows a second flow rate of cooling air to pass

thr ough[é)bhg] RRERFUERr 50&@@ STRROPEsdnt AWehidrRoipboi @SS vl RadksdiiBly it 88jubd aw
rate. BRI EF DESCRI PTI OF THE DRAW GS [ 0023J O her uses and advant ages of

t he preﬁﬁpéﬁéqgiﬁggﬁg@?¥@édtogﬁg9§51 pparent to those skilled in the art upon

ref erence e’sp cation and the drawi ngs, in which: [0024] Figure 1
ais a partial cross-sectional view of an engine of the present invention
ina first

[0014] It is a further object of the present invention to provide a valve assembly that adjusts the

cooling air flow rate depending on engine configuration.
[0015] It is a further object of the present invention to provide a passive valve assembly.

[0016] It is a further object of the present invention to provide a valve assembly that uses a

passive actuator.

[0017] It is a further object of the present invention to provide an actuator that does not require a

discrete motor.



.configuration; [0025] Figure Ib is a partial cross-sectional view of she
engine of Figure la in a second configuration; [0026] Figure 2 is a
cross-sectional perspective view of a portion of the engine in Figure |a;
[0027] Figure 3a is an elevational view |ooking dowstream of a portion
of the engine in Figure lain a first configuration; [0028] Figure 3b is
t he por f. i i I : J. i at i 029]
Firgur o WATPL s DAEEDBLAR ot bANE Bptich B REERT ANl Qe B mb B e
first conflguratlon; 5 [003U] Figure =Ib is the portion of the engine in
Figure 4a in the second configuration; [0031] Figure 5 is a perspective
view of the portion of the engine in Figure 4b: and [003?] Figure 6 is a
det ai | el038} Epeefurther vbew afthapreettimenodn tohmoedgiivalve assEmyly bat iacre DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0033]- Figures |la and | b display an engi ne 100
of the preeseniblé Myesbf 0 endidewanek kéediebénfonmiioger ati ons. Figure la shows
the engine 100 in a first conflguratlon such as a conventional take-off
and |l anding (CTQOL) configuration. Figure 1b shows the engine 100 in a
second configuration such as a short take-off vertical |anding (STOVL)

f [ Ib I h 100 i
o B o e BB A BB 00 o
has an inlet 10l a conpressor section 103, a burner section 107, a

t urbi netgé@ﬁleﬁémioﬁ‘e AISFEHBIFT SCORPESFUeaton; } Dummgr SECHOY 2| tWrDEESEFE: 113.
The conpressor section 103 includes a fan section 105 at the upstream end.
The engineftdi®0mar swtioncd kel moimhhabsswdernca fitst sorffiguration asdesgvdady f | ow of
air. The air flows through the engine 100 in the direction indicated by

arrow Feopf@Qabionagd HoZizk @sseadly it sifplyingebsltesiarotshiderzieariengl ewisyhblguct
secured to the afterburner section 111 and a nozzl e downstream of the duct.

The thr eg, REAHEREIRW HPlo HERbzAIEs thBhE£le approaches the second configuration.

[0021] These and other objects of the present invention are achieved in another aspect by a
nozzle for discharging exhaust from a gas turbine engine. The nozzle comprises: a first section; a
second section movable relative to the first section between a first configuration and a second
configuration; a plurality of flaps defining an exit for the exhaust; and a valve assembly
providing cooling air to the flaps. The valve assembly reduces the cooling air to the flaps as the

nozzle approaches the second configuration.

[0022] These and other objects of the present invefition are achieved in another aspect by a valve
assembly for a nozz!e of a gas turbine engine. The valve assembly includes: a first member
having openings that receive cooling air; a second member placed adjacent the first member and

having openings that receive the cooling air from the first member; and an actuator for moving



.6 sections 117, I 19, I? 1. The First section | 17 rotatably nounts to
the afterburner section 1 1 1. The second section 119 rotatably nounts to
the first section | 17. Finally, the third section |? | rotatably nmounts to
t he sederfirssmcbentirdrh fi®opasenini, ehah atotvendirnfidw steositootiag arrob piss t he

sections 117, 119, 1'_' 1 to any desired exhaust path between the first
conf i gWrBhEOMe PN, o Tiseidhe pbauamdzvrr,breaﬁacpmga%ﬁwﬁwtrrt%r 080110 o! Hss
Figure |b. [003 ] The nozzle can be a conventrona | ap-type

conver gent ‘9.3 0r. a able nozzl e. The nozzle
123 se%"?e { g%ﬂE%ﬁﬁéég é%ﬁgﬁvfﬁi“g%“? émnl 51 OYURE: [0037] The nozzle
section 113 includes a liner 125. The liner 125 separates the outer
structure of the nozzle section 113 fromthe hot exhaust gases travelling
t hrough the nozzle section. The liner |25 and the outer structure of the
nozzl e BRIEFi IDRSAR B FIOMMOE B PR AW INGaber 127. The engi ne 100 di stri butes
cooling air through the annular chanmber to cool the liner 125. After

cool i ngoodng dtherersed 28d advaRtagendfi thgp@kdnt GRhiI BM S d&metarﬁaemtt@ teqelsklibe
nozzle flaps. A bleed (not shomn) ?ronrthe bypass duct 5 supplies the

00l | g Bcfard oo fIErAORE! 6 yRaEk: AR b It RNNGRLIAEL technl ques. [0036]

The present ention is a valve asse 0 tthat controls the anount of
cooling air supplied to the nozzle flaps. Al of the conponents of the

val ve assenbly 200 described bel ow are preferably made froma suitable
aerospace rade material. [0039] The val ve assenbly 200 has three nodul es
201, 20802 4% gureHa iy  paiahgras ectongl wrrm.@eeacalewér*\r@raﬁqat I§¥eHEaNdp @dirst
support |inkages. The second nodul e 203 conprises an 7 actuator. A third
nmodul e cR6Bgwengm;i ses an activation cam Each nodule will be described in
nore detail below [000] Figure ? is a cross-sectional, perspective view of
a portion of the nozzle section |13. For clarity, the figure shows the
nozzl e section 113 without the Iiner 115 The nozzle 123 secures to

[0023] Figure 1b is a partial cross-sectional view of the engine of Figure la in a second

configuration;
[0026] Figure 2 is a cross-sectional perspective view of a portion of the engine in Figure la;

[0027] Figure 3a is an elevational view, looking downstream, of a portion of the engine in Figure

la in a first configuration;
[0028] Figure 3b is the portion of the engine in Figure 3a in a second configuration;

[0029] Figure 4a is a plan view of the portion of the engine in Figure la in the first

configuration;



~the third section 1? 1 of the sw vel duct using conventional techniques
such as with fasteners (not shown). [0041] The nozzle 123 includes a fl ange
| 29. The flange 129 extends inwardly fromthe outer structure of the nozzle
123. A hinge assenbly (not shown) for the nozzle flaps nmounts to the flane
129 using suitable fasteners 131. [0042] The nozzle 123 al so includes a
first rg J, : t : I RG- -have an
L-shapéoqgr?]%?%gg?gg{:?}??ﬁﬁfov?j?ﬁh%é %énef\%%geggﬁeﬁg?%ﬁ%ggaﬁgﬂr%ﬁhd a panel
211 extending longitudinally. Alternatively, the ring 207 could have any
sui tabl e shape. The ring 207 is preferably integral with the outer
structure of the nozzle 123. Alternatively, the ring_207 could nount to the
out er $903idtHigwe afis # RETSReZE ¢iewaf 18 PAGios GhWentnighsan Fiaseht:qods (not

shown). [0043] The panel 211 hel ps support the liner |25. The panel 209 has
openi ngs 213 therethrough. Al though shown as having a teardrop shape, the
openi ngs 213 could have any suitable shape. The benefit of the teardrop
shape ifgostsabise&ds RaletWed BerspdcB04 dkwldta piraad 6f theenMSH Fibgkudes a second
ring 215 upstream of the FIFS? ring 207. The ring 15 is préferably flat and
resi des adjacent the First panel 209. However, the ring ? 215 could have
any other suitable shape. The ring ? |5 has openings ? 17 therethrough.

Al t hou h ings ? 17 could have any suitable
shape.%@ﬂﬁ‘%mmgﬁgﬁTﬁ\?@@% the ring 215 preferably novably
mounts to the outer structure of the nozzle 123. The ring 215 nmounts to the
out er JOP3tkigerepa pr@ 1pdisplay an 2rging il A ohthp Prasantiinyensen by dyekdiferpst of t he
cranks are idler cranks 219. One of the cranks is preferably a drive crank
221. [ Ofdp6ipurBhiens. @igrre ¢a shoks tBd €ngines DdCainl ayfinvoeonti gtmatidd, angiess &R vemidnlk ri ng
215 and to the outer structure of the nozzle 113 using conventi onal

t echni GRS oFUAB |aivd mmﬂg&azim%@@ 188RoW St enahs 104 A0As¢torkhe drive
crank 221 pivotally nmounts to the flange 223 on the ring 215 in a Fashion

siml arco’i{ﬁotl%gfh,?%ug.ﬁ €ﬁc émtagel-gff \B.rt{cfaﬂaﬁﬁ‘iEIgXS’i'B%ﬂ) Egﬁg'uqzlu%% ﬁirg@ﬂ:klso #d. the

drive crank

shows, in phantom line, the engine 100 in transition between the CTOL and STOVL

configurations.

[0034] The engine 100 has an inlet 101, a compressor section 103, a burner section 107, a
turbine section 109, an afterburner section 111, and a nozzle section 113. The compressor section
103 includes a fan section 105 at the upstream end. The engine 100 also includes a bypass duct
115 for the secondary flow of air. The air flows through the engine 100 in the direction indicated

by arrow F.

[0035] The nozzle section 113 includes a three bearing swivel duct secured to the afterburner

section 111 and a nozzle downstream of the duct. The three bearing swivel duct has three



_secures to a drive shaft 225a using conventional techniques. [0048] Figure
3a shows the ring 215 and flange 209 in a first configuration. In this
first configuration) the openings 217 in the ring 215 generally align with

the opepines 14331 19) 1LNETHe firs scbdi GNOET BPab| Y Rlotndlib WSiF@rHurfes kedioaW 1 afiR of
cooling air fromthe annul ar chanber 127 to reach the nozzle flaps. Al so

note in_Figure,. ) eni.ngs ! it he f ers, 131 of the
o nopsrardtiedioh OBl RGN 3% ir b Tt i s IR ERE w0
this first configuraeon, an axial gap exists between the ring ? 15 and the
fI ange roBObIY O9RI}S (RGICTEF O] §9F“thé[g°dt‘:iox')ée‘%‘lﬁ’ﬁ?ltm@@%(”%taih‘@é@) EHOlES Wi cr ank
2? 1 to nove the ring ? 215 relative to the flanme 207. Specifically, the

ri ng 2xsctmwsed 7bbdith IE1 amsvedessetq edndstapaitabdtyeqrethatfiry eonfoguriteonfshamgen 209.
The idler cranks 219 ensure that the ring 215 retains a parall el

ori ent aib@R hQnthke §dcan@eordibitiidn ¥RYSARNFigutenitt he second configuration, the
axi al gap between the ring 715 and the fl ange 209 narrows. To avoid
vibration of the ring 215 against the flange 209, the gap preferably
remains (albeit smaller) when in the second configuration. [0050] Movenent

of the ri 15 fromthe first confiquration to the second cqnfiguration

2l ters WALl b g AL B coh st een-Gip RN EHE S PREM VHE 215
and flange 209 in a second configuration. The openings 217 in the ring 215
i n thi ssuteblen@zelentheuezats B3 sapweniodhe thirdegetignt I ltaf éheopemelifyst: 213 in the
first flange 207. Since the openings 213, 217 still overlap, sone cooling
air can reach the nozzle flaps. The val ve assenbly 200 allows a second fl ow
rate of cooling air (less than the first flowrate) to reach the nozzle

flaps. poBel TAE hygllysectiBe 113 NGluddda GRH 1B5NTISAliNedN25 BabR@NhO BStePstAictudd &f SO
that no overlap occurs. In this alternative) the second flow rate would be

zero. | i t | i f i i r g
R R e e TS R T
ns in the posit the ring 215 rel e 207

fluctuat] iQning o tive to f

i thout 125 8 F ke sfchiet el aertiane! Oitarh an s chimb e e B enal 10
100 distributes cooling air through the annular chamber to cool the liner 125. After cooling the
liner 125, the cooling air continues downstream to cool the nozzle flaps. A bleed (not shown)

from the bypass duct 115 supplies the cooling air to the nozzle section 113 using conventional

techniques.

[0038] The present invention is a valve assembly 200 that controls the amount of cooling air
supplied to the nozzle flaps. All of the components of the valve assembly 200 described below

are preferably made from a suitable aerospace grade material.

[0039] The valve assembly 200 has three modules 201, 203, 205. The first module 201

comprises a valve and associated support linkages. The second module 203 comprises an



“shape of the opening ? I3 reduces the sensitivity of flow rate changes due
to tolerances in the positioning of the ring ' ' 15 relative to the flange
207. [0052] Figures 4a, 4b and 5 show the actuator nodul e ?03 of the valve
assenbhytua@e. A (enemalibly 20peakphigs ah Aetiatibhatar Eqohdhibd 12831 béddcribed in

paral | el ogram | i nkage. A frame 227,.a carrier 229 and two cranks 231, 233
form the pacadlilglsgram [0053] The frame 227 nounts to brackets on the
third section 121 of the swi vel duct using conventional techniques. The
upstream end of the frame 227 includes a flange 235. The crank 231
pivotally mounts to the flange 235 using conventional techniques. The
downstream end of the frame 227 includes an upper flange 237a and a | ower
f 1 ange (9% Figwe 545 2 TRss-seracnalppaspecieas wiewd @ RoEHIN ®ihesozs ks ssefianoklat Ber i n

t he annul ar chanber |27 of the nozzle section, extends outwardly from

i nsi de ctdngy,nbe fibereshotvs dre ribtFe aewiondWavdshotihiie liosvelr] 5t ThagezzE3[1723.seddres tapper
end of the shaft 225a has a plate 259a. The plate 259a corresponds to a

pl at e 209thi@NeaibilPPESE thOAlMve PRRPusi FRSdRBEH chal REOENiGRIWIh SEGHH Bisleh&s PRt es
259a, 7?59b together to create a continuous shaft 225a, 225b. [0055] The
shaf t ég&nfxtends t hrough both flanges 237a) 237b. In order to actuate the
ring 2 W thin the annul ar chanber 127, the crank 231 rigidly nounts to
the shaft 225b between the flanges 237a, 237b. [A1Sfi] Aspring 26 L
surrounds the shaft 225b and abuts the |ower flange 237b. During
installation of the nozzle section 1 |3 (which includes the |ower shaft
225a), [08&llsBieaingzizel23ung edesarflangp h23- T dlapgo Pihexignds imwardlyrm geloussray
fromthe |l ower flange ?37b. In other words. the sprang 26 L automatically
r et r actssruttuee ofpghe mosdiafl£3.22bingé asamblyenbshewn} fratlie i25le flapomotdhtscotheect i on
in order to aid the installation/renoval of the nozzle section 113. After

i nst al | @doen29tisinBuitaAg tRiea@stispn 113, sufficiently elongated fasteners
can extend througﬁ the holes in the plates 259a, 259b and tightened to draw
the plates 259a, 259b together. [0057] The cranks 231, 233 also pivotally
mount to the carrier 229 using conventional techniques. In this

F 2r all el!089£]a'ﬂeargc§z% cagle’_)rgE a%o’ inglngescaaf[lrrsé r?rgg %@79 up%ggamng}/&efﬂgage %d T%]; trmgg %_b’?t e

could have an L-shape in cross-section, with a panel 209 extending radially and a panel 211
extending longitudinally. Alternatively, the ring 207 could have any suitable shape. The ring 207
is preferably integral with the outer structure of the nozzle 123. Alternatively, the ring 207 could

mount to the outer structure of the nozzle 123 using conventional techniques (not shown).

[0043] The panel 211 helps support the liner 125. The panel 209 has openings 213 therethrough.
Although shown as having a teardrop shape, the openings 213 could have any suitable shape.

The benefit of the teardrop shape is discussed below.



. the frame 227. The fore and aft novenent of the earner rotates the cranks
231, 233. Rotation of the crank 231 causes the shaft 225 to rotate and to
actuate the ring 215. [008] Figure 4a shows the actuator nodule 203 in the
first moal] Jueabioal2Fhigofeivtes 5 Bessdinhe 2astugatam orabifie: AR3207 Theeingecond
configuration. The actuator nodule 203 limts the fore novenent of the

carries| 229, by, |J{gw'2d3g r%ﬁ@es%i)a{c.brl?tirtrr}lgﬁ%%h%e@bw. I—?O\%Qrt,i[l%g}rm?l%rb%ufcfm 227.

The acfuator nodu oes n e aft novenent Yhe earner 229.

Anot her feature he | ve nbl y 200, scribed below limts the aft
rovensity Sret HaBls P e G5er TR b A LERERProS8 Bl S Tses
spring loading to urge the actuator nodule 203 to either the first

conf i glACAINZY T obe PPRVIRES D ForlsTivg uRr ¥sy BhAle sTARE. act uat or nodul e 203 i ncl udes
a spring 239 surrounding a rod 241. Retainers 243 at each end of the rod
241 hel p conpress the spring and nmount the assenbly. The retainer 243 at
one end of the rod 241 rotatably nounts to t2 the carrier 229 using

Convengomqﬂmf@&hnym&he Fhe 201 M8S rif € B8 preferdbl %lo%bl%%uﬁi@n@%{et&t&nd of the
rod 241 1 rotatably nounts To a pair of angle brackets 245 secured to the

frame i j20 : i : 200
ur gos Sict e RORase 15 ghg TSR o Mo R U ARPE T o iR
second configuration by arranging the pivot ints so as .to produyce an over
center P@B ¥t°il6FF“¥6%ﬂ%é’?3‘% %églﬁe CFan §?P§ el ek At r@?ﬁ"éﬁ?&ns.

Usi ng the over center arrangenent) the spring 239 can urge the carrier 229
to t hedfivestank@dfli guration (Figure 4a) or to the second configuration
(Figure 4b). In the first configuration) the angle between the spring 239
and the carrier 229 is steep. The spring 239 will only transmt a snall
anount of force to the carrier. (0061J As the actuator nodule 203 travels

to the [emimeq_am ERAHK AL 1908 voth M mviiht 13d12438 23l dn tRAARES19 AR BYKY oeNt er
position. The direction of the spring force reverses when passing the over

h
center éBﬁgv.qué Sthe h%eg?l§E§¢gﬁn‘&8ﬁ‘c§Argﬁgﬁﬁriiﬁ%sfsﬁ&e%s%m sPﬁu‘oWz[}h&JE_ﬁiH% pring

239 an e earner I's's ower I'rst configufrdation. s, the
spring 239 will transmt a greater anount of force to the carrier 229. This
addi t i $ASE"fDrce ensures that the carrier 229 remains in the second
configuration.

[0047] The drive crank 221 pivotally mounts to the flange 223 on the ring 215 in a fashion
similar to the idler cranks 219. Differently than the idler cranks 219, the drive crank 221 rigidly

secures to a drive shaft 225a using conventional techniques.

[0048] Figure 3a shows the ring 215 and flange 209 in a first configuration. In this first
configuration, the openings 217 in the ring 215 generally align with the openings 213 in the first
flange 207. This allows a first flow rate of cooling air from the annular chamber 127 to reach the

nozzle flaps. Also note in Figure 3a that the openings 213 align with the fasteners 131 of the



, (0062] The upstreamend of the carrier 229 extends over the second section
119 of the swivel duct. The upstreamend of the carrier includes a cam
foll ower assenbly. Figure 6 shows a bottom view of the camfoll ower

assenbl I b T r, |y
compri Qe Map AR S Ty RSN AE RO S, AGaTa s Bl AP BuBRRERL Y
usi ng conyentional techni ques The os f the cam foll ower assenbly
will bééb‘k‘%f@é&s PRRYSSR, g e 2 %ﬁ@?ﬁ e erior of the second section 119
of the swi vel duct includes a cam 25 L The cam 251 nounts to the second
section 119 of the swi vel duct using conventional techniques such as with
brackets and fasteners. The cam 351 includes a first striaght section ?53
Wi th a [0e4rRstatidrpof the ddeostthfiS125aicgles geairiverrid&R2andmave thevrizd X éctlagie 257
bet ween the straight sections Z53, 255. The cam follower assenbly can

recei VQotthEEﬂzﬁmaa@Z@5|Spe&1@Q§] , HeNGRe 3 NEmE ANl ARVALSy heq Bhﬂlygl‘%?ﬂ@g (Set i on

119 of the swvel duct Wmch cah rotate relative to the third section 121

of the swyv oIIo r |vesthe m 25I
ohen | iT4gs 2p9 ¢ B 1@55%%?%%’ 30 GRu R%ﬁﬁﬁ”?*n*‘é%ﬁ R T
second confi guration, grl&am 251 departs th% ca LI ower assenbly and
travel gl %”(SeldHEn%Hk?dgF’F%t & SETONCIENRFHI PR TN |ch1?: CHVREN %‘é(‘f’@ﬁ&l%éﬁ‘ﬁ thsn
119 of the swivel duct rotate approximately 180 relative to the third

sect i orflangg 289 npewswi a/@ioidvibration[cd 0Bsina/Mhid againgcthe 8angei 309; hetghp predernbly

foll ower assenbly, the cam 251 perforns several tasks. First, the cam 251
pr eventgnmamsgawsit sohll¢Meheain thersecond configuretidn. r st conf i gurati on. In the
first configuration, the second straight section 255 of the cam 251 resides
between the rollers 247. In other words, the cam 251 defines the aft
novenent |imt of the carrier 229. [0066] Second, the cam 251 actuates the

cart | or B NARERER) S oo b REREATIZ R PRMAR-INS AL B3Rt R iEyBesond

configu e eng ansitrons. trans
second configurati.on, the sg nd section 119 of the % du gi ns
7o at | nGePLEROF T L ReaER DL o Fiebis ATous harnisais it g 200 esecond
movenent places the curved section 257 of the cam 251 to
configuration. The openings 217 in the ring 215 in this second configuration are misaligned with
the openings 213 in the first flange 207. Since the openings 213, 217 still overlap, some cooling
air can reach the nozzle flaps. The valve assembly 200 allows a second flow rate of cooling air
(less than the first flow rate) to reach the nozzle flaps. Alternatively, the ring 215 could misalign

the openings 213, 217 so that no overlap occurs. In this alternative, the second flow rate would

be zero.

[0051] Since the travel distance of the ring 215 is relatively short, the teardrop shape of the
opening 213 helps the valve assembly accommodate fluctuations in the positioning of the ring

215 relative to flange 207 without significantly altering flow rate. In other words, the teardrop



. between the rollers 2-17. 1'o accept the curved section 257, the rollers
247 cause the carrier to nove forward into the second configuration.
Further rotation of the second section 119 of the swi vel duct places the

first glahabfiMe cpRRing@N 328RicB tht REnFAM 2T I NEF L8N ERQIUE 8 {oRr8ncdT i the
Eventual 'y, the cam 251 departs the camfoll ower aSsenbly. This | eaves the

carrier 327 ] - j o] [ 0067] As the engine 100 returns
to thePty rlosntlh%rzl8&1&?Eﬁggﬁi@gﬁ?8?%1@%%@%’#%&%% p of the first straight section
253 of the cam 251 enters the camfollower assenbly. The Gui de 249 hel ps
pl ace the first straight section 253 of the cam 251 between the rollers
247. [0068] Further rotation of the second section 119 of the sw vel duct
t owar dB0SRE Ffdurest4ug dingbsbaw dre qslucagnedude S ofgble sdet assem5 206f Geteaaltyam
251 between the rollers 247. To accept the curved section 257, the rollers

247 causkingetheat fua®t nicdulels iahpatalitRgtdnelifkdes! A CRRTI 2201 a¢drAe: 2200Umdeb
rotation of the second section 119 of the swi vel duct places the second

strai gbf,,REs11 9A3 437 Me falflekRMgO1 between the rollers 247. Eventually,
the first strai glzut secti'on 253 of the cam 251 returns to the position
between the rollers 247. The engine has just conpleted a cycle fromthe
first configuration, to the second configuration, and back to the first
configuration. [006947 The cam 251 coul d have any suitable shape to ensure a
snoot h (9933 diheifiment2 T a0 ragketsoan the gird 356t ksl of dm§Wiyel Ct 6¥ing o t he
second configuration. In addition, the cam 25l could extend the entire

di st ancenyentienfd¢dhniques.cihecpatfeameenskbyf théfreme RE7 srebuwiasia flengd 235. Th@cmhkt he

swi vel duct travels fromthe first configuration to the second

conf i geBabivallyHavenme a the flangd2ast winLevivehibnaesetnidiesl Ee@oenkeedn eiesf ed

for weight savings. 15 [0070] In the CTOL configuration the engine |00

requi r ef. fhge 1% incRIRY AL uber $RAALL Mﬁaa’.nﬁ A18wkEarde 232 C aps. Accordingly,

the present invention orients the val ve assenbly 200 (e.g. Figure 3a) to
all ow the greatest anount of cooling air to pass therethrough. [0071] In
the STOVL configuration, however, the engine 100 does not require as much

cooling air to the nozzle flaps (since the afterburner does nat operate).
Accor dﬂﬂ@ﬁ@])ﬂ‘l&ﬁgafﬁ,Zggzb@psqnﬁg%ﬁqrp%as being located in the annular chamber 127 of the

nozzle section, extends outwardly from inside the nozzle section 113 and towards the lower
flange 237b. The upper end of the shaft 225a has a plate 259a. The plate 25%a corresponds to a
plate 259b on an upper shaft 225b. Fasteners (not shown) secure the plates 259a, 259b together

to create a continuous shaft 225a, 225b.
[0055] The shaft 225b extends through both flanges 237a, 237b. In order to actuate the ring 215

within the annular chamber 127, the crank 231 rigidly mounts to the shaft 225b between the

flanges 237a, 237b.
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orients the valve assenbly 200 (e.g. Figure 3b) to reduce the anount of
cooling air that passes therethrough. [0072] The val ve assenbly 200
preferably only allows the necessary anount of cooling air to reach the

nozzl e(dsgps\ 4ptinie T 1SREOAAICAO EHBUIHELIAD abhid (RUBREr MRGES378. Bunnl ve
assenbly 200 prefaerabl y does not oversupply cooling air to the nozzle flaps

in the - A [ The (B IE e vl S8 1200
does. iR el B sl sEgn 13, (Bl hosRechd o A E ARG 2B e
Remai ning in th ass, duct 115 this su us air cap, produce additional
Ehr st RRES G TE TR SHGR ARHEY Be A be6 RaFee i Bl ST BT 158 ot o
the aircraft when in the STOVL configuration. [0073] Another benefit of the
pr esenspimy/ehl dwspmpgcal byeretiity (he wppdr shike 292 remdls omst shapoll Sbaipoper at e

wi thout a discrete notor. As discussed earlier) the rotation of the cam zZ51

mount edisednidados ecomidr e tHennstdlhtioh/réhev s of welnodil€ tecloh UaR esfrérhifstM Rk ve
assenbly. 200. The notor (not shown) that rotates the sw vel duct is

separ ate e Ry kNBcYH VI3, 359RMERNY eRA%ated PhsRhESCaO iR th%&x{%ﬂ%@ hol&¥if Nt

invention utilizes the notor froma different systemo e engine 100 to
actuate,th I ass I 0,.1047],.Th [ iLnvention has been
descril?’é‘ﬁee7 8b%ﬁ%k¥vﬁﬁgﬁﬁeﬁg%ﬁ@kﬁﬁ%¥EFF§89%§§g@%ﬁEﬁF% of the various
figures. It is to be understood that other simlar enbodi mrents nay be used
or nodifications and additions may be nade to the descri bed enbodi nent for
perform ng the sanme function of the present invention w thout deviating

t her ef 100871 THerasdrdise?3 Lt B3 geepizntally mownt todhe stmen 229nvsinglsenyémyiondd t o any

si ngl e enbodi nent, but rather construed in breadth and scope in accordance

Wi th t hechn@gieb dhithid pafallelograp pestbecheal, Sierdirrick 229 c&lhbiefote Wibaft fesativkad med
is:
the frame 227. The fore and aft movement of the carrier rotates the cranks 231, 233. Rotation of

the crank 231 causes the shaft 225 to rotate and to actuate the ring 215.

[0058] Figure 4a shows the actuator module 203 in the first configuration. Figure 4b shows the
actuator module 203 in the second configuration. The actuator module 203 limits the fore
movement of the carrier 229 by allowing the carrier 229 to abut a section of the frame 227. The
actuator module 203 does not limit the aft movement of the carrier 229. Another feature of the

valve assembly 200, described below, limits the aft movement of the carrier.

[0059] The valve assembly 200 preferably uses spring loading to urge the actuator module 203
to either the first configuration or the second configuration. The actuator module 203 includes a
spring 239 surrounding a rod 241. Retainers 243 at each end of the rod 241 help compress the

spring and mount the assembly. The retainer 243 at one end of the rod 241 rotatably mounts to



. 1. A gas turbine engine) conprising: a conpressor section; a burner
section: a turbine section; an afterburner section; a nozzle novable
between a first configuration and a second configuration; and a val ve
assenbihy choter 20P pkiyigrgn eowiohaigediniquen Baiahaneaziner 2-4she el oppsaitedndalf vies
assenbly reduces said cooling air to said nozzle as said nozzle approaches
sai d sggond @&MHI?HO@HSQB-& péir of AR I8 BECNEs 235 ERG M tHer&h@b M dsingiher ei n
said nozzle is a three bearing swivel duct. 3. The engine as recited in

claim?2 %ﬁﬁi,in Sai irst configuration is a conventional take off and
Iandinaﬂv lﬁﬂg%ﬁﬁkgﬁ%ation and said second configuration is a full short

take-of f vertical |anding (STOVL) configuration. 4. The engine as recited
in claim3, wherein said afterburner does not operate in said STOVL
configuration. 5. The engine as recited in claim1l, wherein said valve
assenb(8060¢déE velye sajetntdp @00 urgesithe aknerar seiddlecidpo eislmothesist ¢antigut8on of.
The engine as recited in claimb5, wherein said conpressor section includes

a fan srokter @ndigariidn\b3lavan g s eEdiyor Rt YEs 18 rdtiucOa b caher ddn@ionai d
tan section. The engine as recited in clam 11, further conprising an

act uat 95mmhém%@n§e%mh§ﬁ?s% by febyeeshratdiohd (&l &g@éw%ﬁt& ﬁ%ﬂ@?ﬂeﬁt‘?‘ih@
) val ve

second configuration erein said actuator al'sd drrves sai

assenbl y. zzle ta disch xhaust from.a s turbine engi ne,

o Shing 2R Gat B 22g S BRI Cabb PR BTt BORE R sai
first section between s first configuration angcha second configuration; a
pl ur al COWIGIrateFasye Aphiln fredHseean{iSrBHORANGANgKh BRIV e BR8P/ AiAARddRS enbl v
providing cooling air to said flaps; wherein said val ve assenbly reduces
sai d c@@m'ien@’lﬁiisrstgqp. 3he eipriﬂga’.l,:@ vaigl ardy tramsondz4 gmall amount of force to the carrier.

[0061] As the actuator module 203 travels to the second configuration, the spring 239 will passes
the over center position. The direction of the spring force reverses when passing the over center
position. In the second configuration, the angle between the spring 239 and the carrier 229 is
shallower than the first configuration. Thus, the spring 239 will transmit a greater amount of
force to the carrier 229. This additional force ensures that the carrier 229 remains in the second

configuration.

{0062] The upstream end of the carrier 229 extends over the second section 119 of the swivel
duct. The upstream end of the carrier includes a cam follower assembly. Figure 6 shows a bottom
view of the cam follower assembly (the side shown faces the engine 100). The cam follower
assembly comprises a pair of rollers 247 and a guide 249 mounted to the carrier 229 using

conventional techniques. The purpose of the cam follower assembly will become clear below.
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approaches said second configuration. 9. The nozzle ‘as recited in claimS8,
wherein said nozzle is a three bearing swivel duct. 10. The nozzle as
recited in claim9, wherein said first section conprises an internediate
duct of said three bearing swi vel duct and said second section conprises a
rear duct of said three bearing sw vel duct. 19 11. The nozzle as recited

in clajgpg &m@%mher éahgséaoﬁagec%nflwerate's%eu aualﬁawe%rataaan%h ’hféﬂﬁn?ff and

| andi ng ( configuration and said secon conf |gurat| onis a short

take-off vert] | andi T onfi a ion. 172, nozzl e as recited
b ol aP @Ouméweenseg%red&@fﬁce PPN b e e B s B For
novi ng said three bearing swi vel duct between said first configuration and
sai d s@ediIAgsH Inglrgenesn Thasamsail dancdedes ¥ SHPEB! weligrdd bt a japered tip.
assenbly. 13. A valve assenbly for a nozzle of a gas turbine engine,

conpr i seaogd saaithr sctiore dfeandresirngl epeor 2iysbet hiedn the sedigle seaaink AF3, 8156 ; Tlee
second nenber placed adjacent said first nenber and havi ng openi ngs that

recei veasdblow&alskdiiblichn fdcOive s @nf 23St nmenber; and an actuator for noving
said first nmenber froma first position, which allows a first flowrate of

said cooling air to pass through said openings, to a second position) which
allows a second flow rate of said cooling air to pass through said

openin erein sai econd flowrate is I han S8 st flow rate.
T rhEB0sal halie B 7S RERR b Sehdter om0 b iR et iithan e
second nmenbers are annular 15. The val ve assenbly as recited in claim13,
wher ei melgtayattodbe tardoectien kleaf thaswivel dust), te fearfoll@ger assembly only receives the

cam 251 when in the first configuration. As the engine 100 transitions to the second
configuration, the cam 251 departs the cam follower assembly and travels to the opposite side of
the engine 100 (since the second section 119 of the swivel duct rotate approximately 180°

relative to the third section 121 of the swivel duct).

[0065] While located within the cam follower assembly, the cam 251 performs several tasks.
First, the cam 251 prevents movement of the carrier 229 in the first configuration. In the first
configuration, the second straight section 255 of the cam 251 resides between the rollers 247. In

other words, the cam 251 defines the aft movement limit of the carrier 229.

[0066] Second, the cam 251 actuates the carrier 229. Specifically, the cam 251 moves the carrier
229 to the second configuration as the engine 100 transitions. During transition to the second
configuration, the second section 119 of the swivel duct begins rotating relative to the third

section 121 of the swivel duct. This movement places the curved section 257 of the cam 251

14



16. The valve assenbly as recited in claim 13, wherein slid first position
occurs when said engine is in a conventional take-off and |anding (CTQL)
configuration and said second position occurs when said engine is in a full
short bakeewofite rodersi2edl Tod acudpnpe c&veNkgctionds7,ghe afllear4 7kduse Thecartibve
assenbly as recited in claim 13, wherein said actuator is part of a three
bear i ngoSWiry@ard b thesteorPe i nuAlflon 'Lf"un'ﬁ@{ rotation of the second section 119 of the

Af[s. Ay[ Y. AS3. A, 3. AfI . A F. AS37A | A, . AfnL .ASU3. A" . Afn . Ay

- 6H. | 5bxow
V| wr rmc‘XV]eca] accg E:h&]f&r%‘] Séfé%j haf%ca])cafcgﬁ tgg]cc'g]“c" bg“ "feé*]e rﬁ] %raréé] cajcalcalc
a) ca] ca] ca] cal ca] ca] g 1 caj cau%ega] calb x
i Ol _BYINUNRY- Acoar) da eelars]thead dn i iapendssanbly) Thipdenvenire s3@8] 24 @dhea] ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca! x2#~?Kl | S(Ax-}xsnid_Z]]ca]ca]c
a] ca] csdovafl capfegjra@drcal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c
aJcalcalcalcalcal -} K IwIS"""WHHGCES K96 &&&&P' ' ' 8( =(((
)} xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]lca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] cal

n 6%44; s calcalc
T eh) cAlen *aeﬁgnza AR e O Ty R BB o o
cal 2QB8V

$<<S?5f3}°¥e?§§“§%ﬁ i S EPR S I ok peaplaThtids 299 %eéq’sc%lf%eatrsgf%a] ca
]ca] cal ca] ca] ca a,% &ca ca] cal] ca] ca] ca] ca! | ==: >c>>?5?7???MagAi AABhBBCpCC) D
DDO EEERrgghiGiecioy Céﬁ]@]ﬁ?a‘]%]tﬁfaﬂoga]se%]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca! GHHHI dI | ( JJIHKWKKLNLL#M M
+MMVIVID NNNB OOOQPPP=QQRLRR| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c
a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! RSkKSSS. TTTEU[ UUW V
VWIVAB XH068Y Hpthér rotation of the second section 119 of the swivel duct towards the first
[Z[ [ K[[\n\\}xrmhc”Y] ca] ca] ca] ca] ca\/] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca

] cal Ca]c%ﬁ}xa%pee?l%@@t EQH«@lif@Jt%ﬁ]azF AEEHoB" bRl deh e ﬁgeraY cf ?@abbbc'

c*c>cycccc Xsni ca]ca ] cal ca]ca]ca C ]calc

o hohE AR PR SRR A e E R R ST ETE o ok Pt ponfipagtiony o ca

] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca]lca ca] ca] ca] cai cal ca] ca] ca] cal] ca] ca! nonno
Qooopp FERIY 0 W 3R& RACONT BECHRT 1 & Shihg Sy AU R]ase Ba pecane sl el)te8 o] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca-6H}*?10%
' 0&' () -2T5%6faige ¢am 25 I bensen (He-reilers 394 dRvefituall 108 i(s) stidighl 6edtion 283 ©f the. atlE&@
10% o0& () -#10% o0& ()-9%10% o0& ()-10% o0& ()- $10% o0& ()-3F"10% o0& ()-5bdE 11
0% 0&' (251lderddDMthEpEsitiSh bdtdan B&'réller®L4Y. The engine has just completed a cycle from

10% o0& () -9&@*10% o0& ()-9%! 10% o0& ()-xbC #10%&' ()- Lt10% ()-y $10% () -

10" 0 10@ £} BhBIAAH RS dtre s3I CoRfghrhti Whndback to the first configuration.

[0069] The cam 251 could have any suitable shape to ensure a smooth transition of the carrier
229 from the first configuration to the second configuration. In addition, the cam 251 could
extend the entire distance (one half the circumference) that the second section 119 of the swivel
duct travels from the first configuration to the second configuration. However, the shorter cam

251 described above is preferred for weight savings.

15



. dEbC3g#109& () - 109& ()-"109& ()- 109%& ()- &LO%& ()-"109%& ()-
VhAEDCY+#10%&' ()- ,) "10%&' ()-' S#10%&' ()-"10%&' ()- #10%&' ()-  #10%&' () -
| xnbCy" $10% ()- 10 10 10&
4z10%&' () - 1t 109%&' () -/ #10%&' () - - #10%&' () - | i GXdEMbCH10%&' () - y10%&' () - " 10%&' (
)- & 109 ()- y10% ()-yMLO%&' ()-1_qdEnbC 910%& () - Y+! 10%&' ()-

18%%'0( 00 71)?90{%}.(% g:T%%"O@}Q@m?r&Q (f Ebéé?g]].%‘o] m re&&l?@!&hé Hiost TR obrind QYAEHE) -

12%&(11) }%ﬁ%lO%B{ng %’%U/@%&é‘%@# 111\(%# %Slerg‘bthg 6%&55@“%@200 (e.g. Figure 3a)

10%v&' () -"" 1094V (2 MB10O%VE' ( % #~<=>?bCS $10%& %) S !110% ()- 10M 10M
10M F4 @ 2dogghg greatest amount of cooling air to pass therethroug

L2#109%v&' ()-L/!10%v& ()-KI | dEbCygl0%& ()-#10%&' ()-yS 109%& ()-y& $109& ()-f1

0%&' ()-f10%& ()-S(dEbC Z10%&' ()-,) 10%& ()-'s$109%& ()-""109%& ()- S109%& ()-3

10%& () - (AbCy 310% ()-fs@10%& ()- 10 10 10L9 109%&' () -

g(?/ép‘(%)&' [0071311199(& $TOA - ARGt bR I weher, 1A%k g(nk- 1OB BNt requir® Him{ukbh 208K g( ) - 91
air to the nozzle flaps (since the afterbumer does not operate). Accordingly, the present invention

orients the valve assembly 200 (e.g. Figure 3b) to reduce the amount of cooling air that passes

therethrough.

[0072] The valve assembly 200 preferably only allows the necessary amount of cooling air to
reach the nozzle flaps in the second configuration. In other words, the valve assembly 200
preferably does not oversupply cooling air to the nozzle flaps in the STOVL configuration. The
"surplus” air that the valve assembly 200 does not divert to the nozzle flaps remains in the
bypass duct 115. Remaining in the bypass duct 115, this surplus air can produce additional thrust

in the engine 100. Any amount of additional thrust is beneficial to the aircraft when in the

STOVL configuration.

[0073] Another benefit of the present invention is the ability of the valve assembly 200 to
operate without a discrete motor. As discussed earlier, the rotation of the cam 251 mounted on
the second section 119 of the swivel duct actuates the valve assembly. 200. The motor (not

shown) that rotates the swivel duct is separate from the valve assembly 200. In other words, the
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. 1dEbC +$109&' () - S) SH109%& () -' MPL1O%& ()- $!10%& ()- 109 ()-sS109%& ()-
PIwi T S"xnbhCyYs$109%&' () - 10 10
10" 9" 109&' ()-349!10%&' ()-2"10%& ()--GlO%&' ()->""" WH##CSJEMbCLO0%&' () - MP10%&'
() -3 Ipt&ht iy erEchOUBizeY thel QYR rOin-d & (Jys EHbo ke RH Sel IHDﬂ)G‘déﬂLﬁl%&'hé yalve
"10%& () - T#109%&' () -1 g#10%&' () - @ $109%& () MBLO%&' () - &&&P' ' ' 8( dEMDC&Y4! 10%&" (
) - & 2@J%dy Opo - 109 () - +@#10%& ()- f)"109%& ()-3%:10%& ()-8(: (; (<(=(((
)N) bCF#109&" () -y $109%& ()-f  10%&k' ()-S3"10%& ()- 10 10
1099 109&’ () - n)))6***+dEbC 109&' ()-109%&' ()-"10%& ()-#10%& ()-yfl0%& ()-y&M
$L0%& () - +u++<, P—dEbC— 109%&' () - Y+$10%& () -

'10%&{/ _ES$10%& "&PLOMR ()-  "109& ()-P------- M 109&' () -

$10J08; -% nth_rbhﬂfd)een described in connection with the preferred embodiments
10L9 109& () / 109& () .>//00nDdE_@G' 109%& ()-f: 109%& ()-S"109%& ()- SS$109%& (
) - SQ'&OB&W(F)OU@fﬂgDm (19 Lsmbﬁﬁadﬁlstmtah@e{her stmilar embodiments may be used or
109& ()-'12109& ()-$#109& ()-"!109& ()-ys1l09%& ()-yF#10%& ()-, 222Q3S3T3U3V33x

M Cf | s§d@%8ations ah ad@tions may be made to the described embodiment for performing the same
10 9" 10%&! () - 1t 109&! () -/ &S10%&! () - - S1O%& () - 33WMABWH5AENDCRS1 0% () - MBLOYE:

#10%& 3‘%‘ @1%9}%@ #e?s?nl\{gri‘(()%ixmgt 11(()‘3/ev ﬁ@?@?ﬁ*‘%‘?%ﬁ%@%@@ %tg?’%@eﬁ(]) ()-1#1

ggﬁ‘o&éheylajgxoﬁig%}@g) Qg‘igg}&fe( q%(y&?jﬁt/bgpu( j'a Og%ig}ue ?r? %adth ‘and sg(:)spe in

accordance with the recitation of the appended claims.
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wherein said valve assembly reduces said cooling air to said nozzle as said nozzle

approaches said second configuration.
2. The engine as recited in claim 1, wherein said nozzle is a three bearing swivel duct.
3. The engine as recited in claim 2, wherein said first configuration is a conventional take-

off and landing (CTOL) configuration and said second configuration is a full short take-off

vertical landing (STOVL) configuration.

4, The engine as recited in claim 3, wherein said afterburner does not operate in said
STOVL configuration.
5. The engine as recited in claim 1, wherein said valve assembly receives said cooling air

from said compressor section.
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ggbC 1D10% T éneindhdd¥eitddd i )ciaihOl, further comprising an actuator to move said nozzle
between said first configuration and said second configuration, wherein said actuator also dnves

said valve assembly.

8. A nozzle to discharge exhaust from a gas turbine engine, comprising;:

a first section;

a second section movable relative to said first section between a first configuration and a
second configuration;

a plurality of flaps defining an exit for said exhaust; and

a valve assembly providing cooling air to said flaps;

wherein said valve assembly reduces said cooling air to said flaps as said nozzle

approaches said second configuration.
9. The nozzle as recited in claim 8, wherein said nozzle is a three bearing swivel duct.
10. The nozzle as recited in claim 9, wherein said first section comprises an intermediate duct

of said three bearing swivel duct and said second section comprises a rear duct of said three

bearing swivel duct.
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vertical landing (STOVL) configuration.
12. The nozzle as recited in claim 9, wherein said three bearing swivel duct includes an

actuator for moving said three bearing swivel duct between said first configuration and said

second configuration, and said actuator also drives said valve assembly.

13. A valve assembly for a nozzle of a gas turbine engine, comprising:

a first member having openings that receive cooling air;

a second member placed adjacent said first member and having openings that receive said
cooling air from said first member; and

an actuator for moving said first member from a first position, which allows a first flow
rate of said cooling air to pass through said openings, to a second position, which allows a
second flow rate of said cooling air to pass through said openings;

wherein said second flow rate is less than said first flow rate.

14. The valve assembly as recited in claim 13, wherein said first and second members are

annular.

15. The valve assembly as recited in claim 13, wherein said actuator rotates said first

member.
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17.  The valve assembly as recited in claim 13, wherein said actuator is part of a three bearing

swivel duct.
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