- 3 APR 2006 Val ve Assenbly for Gas Turbi ne Engi ne GOVERNVENT RI GATS %OOO%&
The U. S. Governnent nmay have rights in this invention pursuant to Con r RR: 1006

Nunber  NO0019- 02- G- 3003. 5@%@3@%1 Fork 'hWﬁ»'é”_E!ngz\J\g[ 0002] This invention

relates to a val ve assenbl r-a gas'turbine engine. Specifically, this
invention relates to a valve assenbly that controls the anmount of cooling
air supplied to a nozzle of a gas turbine engine. [0003] The nmj or
conponents of a gas turbine engine include (beginning at the upstream end,
or inl &P VERIOWENESBOGHISCti on, a burner section, a turbine section, and a
nozzl e section. The engine may have an afterburner section between the

turbi ne 9661 oR: and dNerFE 8V 3RGE HoRks if 8004k e _thntd?ﬁsu%ﬁtgtio'@?onitr%cmﬁMBxprOf an,

then the conpressor section includes a fan section at the upstream end.
After p s&ig%{ih%.f 1 section, the turbofan engine separates the air into
two flow % s ~Aprimary flow (also referred to as core engine flow)
enters the renmai nder of the conpressor section, mxes with fuel, and
conbusts in the burner section. The gases exit the burner section to power
the turbine section. [0005] A secondary flow (also referred to as bypass
flow) averd¥GReUNDEMUEE INVENEIGMNpr essor section, the burner section and
the turbine section. Instead, the secondary flow 1

[0002] This invention relates to a valve assembly for a gas turbine engine. Specifically, this

invention relates to a valve assembly that controls the amount of cooling air supplied to a nozzle

of a gas turbine engine.

[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 bumer 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 bumner section and the turbine section. Instead, the secondary flow



- 3 APR 2006 travels through a duct to a |ocation downstream of the §dPRiZiie
section. The secondary flow mxes wth the primary flow downstream of the
turbine section. [0006] As necessary, the afterburner section could augment
t he t hrustelofhreHs ehEh ved pguiigniewmdreamddithy orfate fagepn dowrsstarelam ofw thecs
turbi ne section. The flow then exits the engine through the nozzle. [0007]
The engivitg thustimsupdy d60asikdigh af the hwrbinheedi@azl e in order to protect the
nozzl e conponents fromthe high tenperature exhaust. Typically, the engine
di verts secondary flow fromthe fan section to cool the nozzle section.

[ 0008] The greatest demand for cooling air to the nozzle occurs when the

afterburner. qperates. As_an exanple, the pil ot rates the engine at
- maxi mum GREL S TERRSEH Y t e CHF ST PRI GRRICAL R G (R Frrd: G0 R B i | SPARE- of
and landing (CTOL) configuration. The CTOL configuration requires the

gr eat estdanounitudidogoskdumyoaihe trbinersecttoz 2 he 1ofv00003 <1 Gaht eigmaibrowgbgment ed
operations of the engine (i.e. without the afterburner operating) also
requirepgo® ing air. However, the anopunt of cooling air need is a reduced
anount from augnented operations. As an exanple, a short take-off vertical
| andi ng (STOVL) configuration requires maxi mum non-augnmented thrust from
t he engi ne. The non-augnented exhaust, while still at an el evated

t enper at ur xhibits a | ower tenperature than during au nt ed operations.
nccor di HI) TRREnEAG Fa! BRI LEACBE 4 P Lif TSBH cat By Cor BRONFAGEr Tt o t he
nozzle when in the STOVL configuration.

components from the high temperature exhaust. Typically, the engine diverts secondary flow

from the fan section to cool the nozzle section.

[0008] The greatest demand for cooling air to the nozzle occurs when the afterbumer 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 maximurmn non-augmented thrust from the engine. The non-zaugmented 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 conhiguration.

2



- 3 APR 2006 [0010] Conventional valve assenblies have never conpens€&@% fmm
the reduced need for cooling air in the STOVW configuration. BRIEF S &¢
OF THE I NVENTION [0011] It is an object of the present invention to provide
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
nozzl e [@fi0q @asetiori navengendlief BOEIkvétconpeasaiad foher rehjced hedffof beslprzesent
invention to provide a val ve assenbly that adjusts the rate of cooling air
provi dgg it ehd §eONZZ el PBL4] It is a further object of the present
invention to provide a“val ve assenbly that adjusts the cooling air flowrate
dependi ng on engi ne configuration. [0015] It is a further object of the
present invention to provide a passive valve assenbly. [0016] It is a
further object of the gresent invention to provide a val ve assenbly that

uses aBRIESSTWRMARYAPSETHE BSYENTIPN s a further object of the present

invention to provide an actuator that does not require a discrete notor. 3 -
3 APR 2000} If BQth8]bidct of thearésant eentaljiegtovide 4 ey preBEpTbvddnMetdsiinkii Q.
provide a lightweight valve assenbly. [0019] It is a further object of the
present invention to provide a valve assenbly that increases

[0012] It is a further object of the present invention to provide a valve assembly that provides

cooling air to a nozzle of a gas turbine engine.

[0013] It is a further object of the present invention to provide a valve assembly that adjusts the

rate of cooling air provided to the nozzle.

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

cooling air flow rate depending on engine configuraticn.
{0015] 1t 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] It1s a further object of the present invention to provide an actuator that does not require a

discrete motor.



These and ot her objects of the present invention are achieved in one

by a gas turbine engine. The engine conprises: a conpressor section;

burner section; a turbine section; an afterburner section; a nozzle novable
between a first configuration and a second configuration; and a val ve
assenbl yola8l [isupplyhdr@bEoobi iy padsentiaveaiod ineazid. o Thewviahve asseedbyy .
reduces the cooling air to the nozzle as the nozzl e approaches the second
configuration. [0021] These and other objects of the present invention are
achieved in another aspect by a nozzle for discharging exhaust froma gas

t ur bi ne i ne. The nozzl e nprises: a first section; a second . section
ovabl Sl FRPdt 198 U RE T PERE BEE OR BUPRRR A i Gl VoM T g St el a
second configuration; a plurality of flaps defining an exit for the
exhaust theanvdilably #irve casiwerniginge dypmgwiedhingocbeliongnsai r to the flaps. The val ve
assenbly reduces the cooling air to the flaps as the nozzle approaches the
second configuration. [0022] These and ot her objects of the present
invention are achieved in another aspect by a valve assenbly for a nozzle
of @ 9afoda| BibS: SOGIAS obTE ALY Bro8SR SIRNY ol Bl difiRSeq 8 J uagllgecm;"p%g havi ng
openi ngs that receive coof|ng alr, a second nemnber Hface& adjacent =the first
menber and. havi ng.openings that receive the cooling air fromthe first
momber ; (ARECARSHE [ G RO TROVENG & EPrESAPRCI006 LR FEFR TP SFAS a
first position, which allows a first flowrate of cooling air to pass
t hr ough at hEedpERr Aefsiont dnezzdererebpbeiveroa lirsispehewhl owandae seewvhd flow rate
of cooling air to pass

' configuration; and a valve assembly for supplying cooling air to said nozzle. The valve assembly

‘the available thrust of the engine during certain configurations. [nggt%g@B
a

reduces the cooling air to the nozzle as the nozzle 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 invehtion are achieved in another aspect by a valve
assembly for a nozzie of a gas turbine engine. The valve assembly includes: a first member
having openings that receive cooling air; a second member piaced adjacent the first member and

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



-through the openings. The second flowrate is less than the first fl oWy Apatigs
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0023] O her uses and advantages of the
present invention will becone apparent to those skilled in the art upon

r ef er e HIoNEHAT KPR F IEhPF I TR 4l odrsai SO Wirpe Wh Fedl "G VOPASFi gure | a
is a partial cross-sectional view of an engine of the present invention in a
first toafdhgheabtongs.[[002&]cnRipgeitien] whick aHoparteainddloossiesafotdobnahirvd pyws of
the engine of Figure la in a second configuration; [0026] Figure 2 is a

Cr 0SS- §86ldHOMalopPEhgH ki segondi fRw Rite & 1BQNhADMefrsitiiAy ARgi ne 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 the
portion of the engine in Figure 3a in a second configuration; [0029] Figure

4a is pl ' rtiqQn of the engine in Figure lain the first
confi g%ﬁﬁ?bﬁé(‘;ﬂﬁféoﬁ&@ﬁ@%[ﬁ@b@éy gure 4b is the portion of the engine
in Figure 4a in the second configuration: [0031] Figure 5 is a perspective
vi ew of0023¢ (hbetusenamd advaetagegiftbe preséitguveatidb wilbecdr@08RardAit guthesdskildeda
detail ed perspective view of a portion of the engine in Figure la. DETAI LED
DESCRI B {HeMNrtGpohHlEfekddMVENT tHeNpecification and the drawings, in which:

[6024] Figure lais a partial cross-sectional view of an engine of the present invention in a first

configuration;

{00237 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

lain a first configuration;
[0028] Figure 3b 1s 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 1a in the first

configuration;



[0033] Figures la and 1b display an engine 100 of the present invent+®mPR1I006
two different configurations. Figure la shows the engine 100 in a first
configuration, such as a conventional take-off and |anding (CTQL)
configuration. Figure 1b shows the engine 100 in a second configuration,
such as a short take-off vertical |anding (STOVL) configuration. Figure |Ib
al so  $0bUE Figurepghantiondriieres’ hhengngimegt@otd in the sasid ¢orichettmeen t he CTOL
and STOVL configurations. [0034] The engine 100 has an inlet 101, a
conpressor section 103, a burner section 107, a turbine section 109, an
afterburner section 111, and a nozzle section 113. The conpressor section
103 in Ty I 100 al so
103, | MR SRt A0 K08, Bty ABHARLASAPLEA, JRE. R 08, 100 & o0

t hrough the engine 100 in the direction |nd|cated. by arrow F. [0035] The
nozzl e section 113 includes a three bearing sw vel duct secured to the
afterburner section 111 and a nozzl e downstream of the duct. The three
bear i nd083iVisgumdfcis aiesaiicHpesptive 3iAPR 2006 onédtcicogmelt Figutd 9a. 121. The
first section 117 rotatably nounts to the afterburner section 111. The
second section 119 rotatably mounts to the first section 117. Finally, the
third section 121 rotatably nounts to the second section 119. Conventi onal

not ors %£§%BWﬁQS@RﬂFf be e veestieRs 117, 119, 121 to any desired
e

exhaust pa t ween rst conflguratlon shomn in Figure la and the
second [%8% 1%{1%%'1?1@11'13 qgvt\;{?sp ay an e%ug{ne IJOB of the present invention in two different

configurations. Figure la shows the engine 100 in a first configuration, such as a conventional
take-off and landing (CTOL) configuration. Figure 1b shows the engine 100 in a second
configuration, suca as a short take-off vertical landing (STOVL) configuration. Figure 1b also
shows, in phantom line, the engine 100 in transition between the CTOIL. and STOVL

configurations.

[0034] The engine 100 has an inlet 101, a compressor section 103, a burner section 107, a
turbine section 109, an afterbumner section 111, and a nozzle section 113. The compressor section
103 includes a fan section 105 at the upstream end. The engiﬁe 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 afterbumer

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



[ 0036] The nozzle can be a conventional flap-type convergent di ver genty APR 2606
nozzl e 123 or any other suitable nozzl e. The nozzle 123 secures to the third
section 121 of the S ct. [0037] The nozzle section 113 includes a
liner 125U0MhE! 7 ilhdr! -152 heefﬁaﬁeﬂ@e It HEoigtPbr mepe Ee Ui aftgfburessegigplid The
section 113 fromthe hot exhaust uses travelling through the nozzle section.
The | i necond @suand 1P metatibtyemostts tethafiestcbctidrel INoFxaBy seethioisetdd foir m an
annul ar chanber 127. The engine 100 distributes cooling air through the

annul ar ghamhefodres Gaak sédogd sédigh 1]{@5C01Afehﬁ6n.ﬁ@fﬁjtbr@gn&@ﬁowh} A8 rokdSne t he
cooling air continues downstreamto cool the nozzle flaps. A bleed (not

shown) schigR LPE 1YPRSS.dUeti 41D SHRRL 163 dhe. 898l NP AT La bR ngERl e

section Usi ng convent téc

a val ve assenbl 200 that controls the anpunt of coollng air supplied to

t he nozkizere | %ﬂﬂ?[hﬁﬁﬁxﬁpCPH@”@B%%bﬁEWF§“6%“Nﬁé val ve assembly 200 descri bed
below are preferably nade froma suitabl e aerospace grade material. [0039]

The val ve assenbly 200 has three nodul es 201, 203, 205. The first nodul e 201
conprises a valve and associated support |inkages. The second nodul e 203

conpri sSgM38N The nod 1P %Q@on@ﬁhé@ﬂ @lap- t‘&)é@nbéo%q}!b@rogﬁﬁﬁ’qgﬁ” 28 3her
activation cam Each nodule will be described in nore“detail bel ow. [ 0040]

FLoure RulABLRTSRELIoNs) o BRLSPRt e ool oA AL LA Lhe nozzl e

section or clari ion 113 w t hout
the liner 115. The nozzle 123 secures to

[0037)] The nozzie section 113 includes a liner 125. The liner 125 separates the outer structure of
the nozzle section 113 from the hot exhaust gases travelling through the nozzle section. The liner
125 and the outer structure of the nozzle section 113 form an annular chamber 127. The engine
100 distributes cooling air through the annular chamber to cool the liner 125. After cooling the
liner 125, the cooling air continues downstream to coo! the nozzle flaps. A bleed (not shown)
from the bypass duct 115 suppiies the cocling 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 fiaps. 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 modales 201, 203, 205. The first module 201

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



‘the third section 121 of the swivel duct using conventional technique ﬁ¥§@%
as with fasteners (not shomn) [ 0041] The nozzle 123 includes a fl ange

The fl ange 1§§| xtend rdI fromthe outer Lructure of the nozzle 123.
A hi ngelcgs‘é‘e" @”Fﬁ%‘f §°”?%PS"% AR 20 PRCHT-d6n RS wilbbe frecibcaRg- e 129
using suitable fasteners 131. [0042] The nozzle 123 also includes a first
ri ng 20TciEpstyiebgoef the flange 129. The ring 207 could have an L-shape in
cross-section, with a panel 209 extending radially and a panel 211

ext endi ng Iongitudinally. Alternatively, the ring 207 could have any

sui tabl e shape The ring 207 is preferably integral with the outer

Struct YoBaff 1R ﬂﬂzﬁér%ssl?eﬁ iorfth LEFRALLE Y of BEOfiIRG B/ GON s‘écuéﬁ‘)}‘l{%t F%P the

out er ure of e nozz e sing conventional™ techniques

[ 0043] The p nel 211 hel suppor t the e The anel 209 has
openlnq3§”%l SRR PP ﬁ”om: 1EEYH K aﬁﬂmége BR7ildg: h%%%?ﬁ%bﬁsgﬁéﬁem the
openi ngs 213 coul d have any suitable shape. The benefit of the teardrop
shape ithediisterssied 1Bélodihe swived dAPRSEEOBN v§0E44] tedineques 2udhens 12idh Bibtsoers odtudes
a second nag 215 upstreamof the first ring 207. The ring 215 is preferably
flat angigwegi des adjacent the first panel 209. However, the ring 215 could
have any other suitable shape. The ring 215 has openings 217 therethrough.
Al t hough shown as rectangul ar. the openings 217 could have any suitable
shape. [0045] Differently than the ring 207, the ring 215 preferably novably

rount s [0%45]1%}1(9%%262%(3 123 includes a flange 129. The flange 129 extends inwardly from the outer
structure of the nozzle 123. A hinge assembly (not shown) for the nozzle flaps mounts to the

flange 129 using suitable fasteners 131.

(0042] The nozzle 123 also includes a first ring 207 upstream of the flange 129. The ring 207
could have an L-shape in cross-section, with a panel 209 extending radially and a panei 211
extending longitudinally. Altemnatively, 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.



~structure of the nozzle 123 The ring 215 nmounts to the outer struct¢ngp§m5
the nozzle 123 using a pIurallty of cranks. Modst of the cranks are id
cranks

ranks is preferably a drive crank. 2 046 The
i o UPARKITST6%s bt 4D PiGisne o diges Bosh CTHE riiy o4 44406 ¢ he
outer structure of the nozzle 113 using conventional techniques such as
wi t h baishisrysieribds Aeradaasides wsaceneths firflpoad)20thdoneivethe raak 1 22eulginase al | y
nounts to the flange 223 on the ring 215 in a fashion simlar to the idler
cr anksadl&heDifif:eleamtipy ThBam ot NS Hudloeénisgsahikisih@tthroddne Atthbye tbavikis221
rigidly secures to a drive shaft 225a using conventional techniques. [0048]

Fi gur e 38,8008k BB A0 318,00 13088 2001 @ i Tst configuration. In

this first~ con ratTon, the openings the ring 215 generally align
with the openlngs 213 in the first flange 207. This allows a first flow
rate of cooling air fromthe annular chanber 127 to reach the nozzle flaps.
Al'so note in Figure 3a that the openings 213 align with the fasteners 131 of
the 9 [0@SABRIf2008Y UneAzE @ng2Ap. the nige 248 peatdiahl vipombhvindentascds suttar i ng
assenbly. Also in this first configuration, an axial gap exists between the

ring 24suand drhee ivangE2208e rin@Q49]ndotatoithhiowtr dtheuds bivec sbaflé 122bdngauses
the drive crank 221 to nove the ring 215 relative to the flange 207

Speci f Eﬁﬁkghﬁg 2k S I ve to
T P A R i e e e S L S S N

parall%kvgz%eﬂyﬁﬁ!on to the

[0046] The idler cranks 219 pivotally mount to flanges 223 on the ring 215 and to the outer
structure of the nozzle 113 using conventional techniques such as with bushings, washers and

fasteners.

[06047] The dnve 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



flange during novenment. In the second configuration, the axial gap hetwpgngs
the ring 215 and the flange 209 narrows. To avoid vibration of the ring 215
agai nst the flange 209, the gap preferably renmmins (albeit snaller) when in
t he secuydiccibiif higee AtEERY PAOSOHe Myeehdtngofssehle vr A sg 12 E5s firsbernt lgarfionsin
configuration to the second configuration alters the alignnment of the

openi ngs« il R1sTs bdtivgenr ere3thgshidwsidttherlinde@0215 and flange 209 in a second
configuration. The openings 217 in the ring 215 in this second configuration
are msaligned with the openings 213 in the first flange 207. Since the
openi ngs 213, 217 stiII overl ap, sone cooling air can reach the nozzle

flaps. , | ve. 5 a w,rate of coo

(1 obs ¢ B0} Rt iRl T ety erdeuont SRl ARERRC nsoDiat 1 Bpde v br e s,
the ring 215 could nlsall t he openings 213, 217 so that no overl ap
occur s. e flange 3t &@mﬁqﬁia th@mé@dﬁwwb@w rapseeroidy el abell yetnive[Q081]
Since the travel distance of the ring 215 is relatively short, the teardrop
shape oflatdee20%feaidigr 2idksHalopsistdaehuahaenadserenliys :ap;ﬁmlmmdaﬁtenéd wakhelat i ons
in the positioning of the ring 215 relative to flange 207 w t hout

si gni fi ﬁgﬁué SrBot BE et | BWLE &cBngd Lo PR IonMRIedR o) tvﬂ?bét@@érﬂtrhgl?]nlg 15 aﬁ%
2006 ape of the openi ng 213 reduces the sensitivit | ow rat e changes

due to oIer i Qs ni ng. of . t rin Q

207. ' [obef* g S BRSl B0 AR st %atf‘%%&a%ﬁea’td%o%e@fﬂpphe ghfve
assenbly 200 GEneraII speaki ng, the actuator nodule 203 is a

par al | eF%‘QWHHQHP%W%@%]ET%WF?%W@?QCFO“QC%@FQW@OWZQ and two

[0050] Movement of the ring 215 from the first configuration to the second configuration alters
the alignment of the openings 213, 217. Figure 3b shows the ring 215 and flange 209 in a second
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 overiap, some cooling
air can reach the nozzle flaps. The valve assembly 200 aillows a second flow rate of cooling air
{less than the first flow rate) to reach the nozzle flaps. Altematively, 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 trave! distance of the nng 215 1s relatively shor, 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



cranks 231, 233 formthe parallelogram [0053] The franme 227 nmounts to
brackets on the third section 121 of the swi vel duct using conventi-ohaPR 2006
t echni ques. The upstream end of the franme 227 includes a flange 235. The
crank _231 pivotally sounts to the flange-235 using conventional techniques.
The doerrBal ud % P et S Sy el Da8e iR r Y FRRDS 55 1P RRG

| ower flange 237b. [0054] The shaft_ 225a, described earlier as being |ocated
in t he PAHRBYAE O¢ Hanbet - 1277 01 < {héedbs2F éV%ect i on, ext ends outwardly from

i nside the nozzle section 113 and towards the | ower flange 237b. The upper
end of the shaft 225a has a plate 259a. The plate 259a corresponds to a

pl ate 259b on an upper shaft 225b. Fasteners (not shown) secure the plates

259a, 25Phr)tegether ibt@dor@atan@aCoRbt Meaus Bhafithe22ba 1522RH [ V058 nThe,
shaft 225b exiends through both flanges 237a, 237b. In order 'to actuat€ the

Chart 288 e Bt R 2§ B RSl A R 55 00 P Gts "R RRF G 261

surrounds the spgft 225b aqg%abuts the | ower flanae 237b. During

i nst al ICBANREA- bf 2 1 HETRABZ PEALERE™Bn 113 (whi ch includes the | ower shaft
225a), the spring 261 urges the upper shaft 225b and the crank 231 away
fromthe |lower flange 237b. In other words, the spring 261 automatically
retracts the upper shaft 225b fromthe | ower shaft 225b upon di sconnection
i n ordgpoi3] Hiedrithe 22 Nadoahisas booksresnviad thall sthnnioa z) eheseatelatucl dSng Af t er

installation
conventional techmques. The upstream end of the frame 227 includes 2 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 lower flange 237b.

[0054] The shaft 225a, described earlier 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 2254 has a plate 25%9a. The plate 25%9a corresponds to a
plate 259b on an upper shaft 225b. Fasteners (not shown) secure the plates 259a, 259b together

to create a coatinuous shaft 225a, 225b.

[0053] The shaft 225b extends through both flanges 237a, 237b. In order to actuate the 1ing 215 -
within the annular chamber 127, the crank 231 rigidly mounts to the shaft 225b between the

flanges 237a, 237D.



of the nozzle section 113, sufficiently elongated fasteners can extend
through the holes in the plates 259a, 259b and tightened to draw t i @ﬁRaEﬂQﬁs
259a. 259b together. [0057] The cranks 231, 233 also pivotally nount to the

carri er{r)riibﬁ(ﬁ A‘F‘h'ﬁ% ‘E@Pé’&%d?ggﬂn'e snh £GP ?A{Fimb' {.letx#‘»'tba- r%ﬁ%?b’aﬂ)'.%ﬁ’%m

arrangé e carrier can nove fore and aft re ive'to the frane
227. The fore and aft novenent of the carrier rotate e ¢ranks 231, 233.
Rot at i oFF PO KA Ut BpAZ! oSt b be sV i ik M RiFE %é%\wfosheﬁ@é?@ QiPrBe 36t U ¢ he
ring 215. [0058] Figure 4a shows the actuator nodule 203 in the first

conf i guhatpmen shFi gureanbthsbows Bhewaadtaratieriompdiires 203b.iln otlve voetoHd
configuration. The actuator nodule 203 limts the fore novenent of the

carrierspAad2by aadohiic gy tMRcGaRd iifier 229 1T Labuth 1R 156t ilan VibtRen f rame 227.
The actuator nodule 203 does not |limt the aft novenent of the carrier 229.

Anot her . al ve. i i, m. af t
movenet r e g FRE o YRR A B Lo R R o555 21 Ay Sl
spring loading to urgg I\hegactuat r m)d(ljje 203 to either the first
conf i guHas B4t SS°HEN s dcon 19&%%%&%@ ASeRRR At RS Fronglith e dBanitife| udes
a spring 239 surrounding a rod 241. Retainers 243 at each end of the rod
241 helpacorp?essob hed tghenrgoanay tupittes BESwg88MolestherThe ret ai ner 243 at
one end of the rod 241 rotatably nmounts to 12 - 3 APR 2006 the carrier 229

usi ng conventional techniques. The other retainer 243 at the opposite end of
the rod 241 rotatably nmounts to a pair of angle brackets 245 secured to the

frame 2@6s¥srRfcrafROYENLRINAAL § &EANY QHES to the carrier 229 using conventional
technigues. In this parallelogram arrangement, the carrier 229 can move fore and aft relative to
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 nng 2135.

{0058] Figure 4a shows the actuator module 203 in the first configuration. Figure 4b shows the
actuator module 203 in the second configuration. The actuater module 203 limits the fore
movement of the carmer 229 by allowing the carmier 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, descnibed below, limits the aft movement of the carner.

{00359] 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



[ 0060] The val ve assenbly 200 urges the actuator nodule 203 to eithery pPreI006
first configuration or the second configuration by arranging the pivot

poi nts so_as_ t.p,produce an.over center nditio pnewher e bet ween .t he

Prr ot s BeomP bR R o R D PURle- R0l £ Rt P e PR IR GhrB Bl v
spring 239 can urge the carrier 229 to the first configuration (Figure 4a)
or to tAe SbEIMALIYIRPITYuI%? PERC(FILFUPECHY 24 HCHIGE 1§ fesTareoRt 1 KRSt i on, t he
angl e between the spring 239 and the «carrier 229 is steep. The spring 239
wi | | onbyvémansinethraqeyal | anount of force to the carrier. [0061] As the
actuator nodule 203 travels to the second configuration, the spring 239 w ||
passes the over center position. The direction of the spring force reverses
when passing the over center position. In the second configuration, the
angl e t sSpr.i .carrier i s_..shal | ower tQ@n t he
frrs Qo Rl D808 b B B nEl 3 P e B e OBl o
force to the carrier 229. This _ additional force ensures that the carrier 229
r emai nsDE FECORE CRREBHYOTRN TS ST RV 00BH] SOTHAC BFSHF e AP eHECHET EHE Y ri er
229 extends over the second section 119 of the swivel duct. The upstream
end of tohewdara bawesmitkudesind seamdfcohfiguwenoms Slemgltye oFirgemter Grslromsnatizot t om
view of the cam foll ower assenbly (the side shown faces the engine 100). The

cam f ol d;eWen39ass ardel e EQWRF 2BES tBe Pat Codt gur@ldneFfu?dda)ando gheaibsiRl 249
mounted to the carrier 229 using conventional techniques. The purpose of

h ] . il L : X | - 63
The oxt Srreeoor (e EoR T e b P e e e taiiny oG TR

251. The ca : : : : . :
cangxerraﬁ 1s steep. The spring 239 will only transmil a small 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 spnng 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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+ 251 mounts to the second section 119 of the sw vel duct using conventngwzwﬁ
techni ques such as wth brackets and fasteners. The Lam 251 i ncl udes "a
first straight section 253 with a tapered tip. a second straight section
255 and a curved section 257 between the straight sections 253, 255. The
cam fol |l ower assenbly can receive the cam 251. [0064] Since the cam 251
nmount s [8@A3 hhesexderid of et Seepndisegtion |t hel Gaisvele! dueitindlupgscrragas’ I dhatem
relative to the third section 121 of the swi vel duct), the cam foll ower
assenblas 1 anbynis ecek ventRectcmamo2b thadienel duct iend tsslendonfl k@uridlésosmch As t he
engi ne 100 transitions to the second configuration, the cam 251 departs the

camfolxlfiﬂ%{ac%%gﬂ@h\éte%@x@. Thaw. §§ ﬂqc‘i&fés‘é?f?iﬁ’ shhgnsldfofhss Lhg AR -r%[i%.ggl

(since the second section 119 o e SWve uct “rotate approxi nate

relative to the third sectigon 121 of the i vel duct). [0065 il e 1qcated
Wt i 1 B T F OB SRS e i s i Ho i hovera® Tases: The
First, the cam 251 prevents novenent of the carrier 229 in the first

conf i guraat fodlewer ASSEA®LY §anseceivoWricguir Atii on, the second strai ght section 255
of the cam 251 resides between the rollers 247. In other words, the cam 25
1 defines the aft novenent limt of the carrier 229. [0066] Second, the cam
251 actuates the carrier 229. Specifically, the cam 251 noves the carrier

229 to [ﬁ)h@al]%ﬁ@é‘?he%ﬂﬁ%%@&ﬁt b @ sbhgdepdide 1509 (4 anski &R maﬂgérp%ém

transition to the secon configuration, the second section 119 o
swi vel d Iﬁge ins. rotating,relative .t he third. section. 121 of the sw ve
duct . THS a0 Bironed ot st EUEY el Festod P or San RuNDs TS B hpR
2006
' 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).

[0063] 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 carmier 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



between the rollers 247. To accept the curved section 257, the rollers 247
cause the carrier to nove forward into the second configuration. FurtBeyR 2006
rotation of the second section 119 of the sw vel duct places the first
straig tho 2.0 . 2 t 5 Ll.ers-247.. .. Ev. Iy,
he cam ot dopar (2 The ‘Camt Tl ontr GeeErbry e Fesves THATCATEbE 257 in
the second. confi.guration. [0067] As the engine 1 returns to the fjirst
configd?%ﬁﬂ@ﬁ?J%Hgm%ﬁﬁé?%ﬁdkpﬁ]%¥dwﬂb%?VP§VgEWP%PERFSe‘%@ﬁFﬁH”?%l‘3ﬁ %t he cam
251 enters the camfol | ower assenbly. The guide 249 hel ps place the first

st r ai ghitvisdclkicopl 953 fire RenigainmeoBan bt sldehcinadt otvees zaplles@088] Furt her
rotation of the second section 119 of the sw vel duct towards the first

confi gutahtailyplhaces: 1Halepunyed caechiloner2bizmf viTigs tam2bd chekne®hirtihe
rollers 247. To accept the curved section 257, the rollers 247 cause the
carrierg.t &g At diohnto the first configuration. Further rotation of the
second section I19 of the swivel duct places the second straight section

255 of the cam 251 between the rollers 247. Eventually, the first straight
section 253 of the cam 251 returns to the position between the rollers 247.
The engi ne_has just conpleted a cycle from the first configuration, to the
second 198nT] {iFlegngme ehsrsottee Brsecgnizstaiesnthe ¢inesd tanof tﬁ@ﬁﬁ@]strmgbt cam
251 coul'd have any suitable shape to ensure a snooth transition of the

carri erse228n £5dof thheafn Idtenconthegumafollonert @ sdrhie y SBieondde D4t hedpy glhcothe firs
addition, the cam 251 could extend the entire distance (one half the

ci r cunt grengelcildits 1dIensesond| 88GkEAhe 1% obat he swivel duct travel's from
the first Tonfiguration to the second configuration. However, the shorter
cam 251 described above is preferred for weight savings.

[0068] Further rotation of the second section 119 of the swivel duct towards the first
configuration places the curved section 257 of the cam 251 between the rollers 247. To accept
the curved section 257, the rollers 247 cause the carrier to move aft into the first configuration.
Further rotation of the second section 119 of the swivel duct places the second straight section
255 of the cam 251 between the rollers 247. Eventually, the first straight section‘ 253 of the cam
251 returns to the position between the rollers 247. The engine has just completedl acycle from

the first configuration, to the second configuration, and back to the first configuration.

[0069) The cam 251 could have any suitabie 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 traveis from the first configuration to the second configuration. However, the shorter cam

251 described above is preferred for weight savings.



15 - 3 APR 2006 [0070] In the CTOL configuration, the engine 100 reqgui AR 7006
the nost anmount of cooling air to the nozzle [l aps. Accordingly, the present
invention orients the valve assenbly 200 (e.g. Figure 3a) to allow the
greatest ampunt of cooling air to pass therethrough. [0071] In the STOVL
configuration, however, the engine 100 does not require as nuch cooling air
to the #BZY) o the SFOk someuirating. HreteaebarlfBreqines tomosperaney! corbogndiagiey,
the present invention orients the valve assenbly 200 (e.g. Figure 3b) to
reduce ddigleatopyndcafrde@dl, itgpradent trivatt rassess tht hahetdbseattgh20q Q07 Z outheayval ve
assenbly 200 preferably only allows the necessary anount of cooling air to

reach the, B%%é%ra‘a £P§mbﬁ'?ttd?%o?l%ﬂ:ooﬂgtoc]9an§ AL, I n other words, the

val ve assenb y 200 pref erably does ‘nhot oversupply coollng air to the
nozzle flaps in the STOVL conflguratlon The "surplus" air that the valve
assenbly 200 does not divert to the nozzle flaps remains in the bypass duct
115. Renmining in the bypass duct 115, this surplus air can produce

addi t i of¥4l 1} hrtisSTQ YL chelighgiae hwgvewﬁy eagnant0 épesaridirtduonab mushweo!ing
beneficial to the aircraft when in the STOVL configuration. [0073] Another
benefi tajpfo theeoprlesaps (ditveand hfonbiget dresabi bpdrytepfAdchaiival vee pesenbhyendo® to
operate without a discrete notor. As discussed earlier, the rotation of the
cam 25 L ifRufHe8d1RMssembly 200 (e.g. Figure 3b) to reduce the amount of cooling air that passes

therethrough.

[6072] 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
"surpius” 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 amcunt 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

16



"the second section 119 of the sw vel duct actuates the valve assenbly3 APRQO0S
The notor (not shown) that rotates the swivel duct is separate fromthe

val ve ass 00., ..l-0.0th o b 6. - . ent i ntj.on
R b A S S R A b S L TR
val ve assenbly 200. [0074] The present invention has been described in
connec?$%ﬁ“4ﬁ¥¢pthe preferred enbodi nents of the various figures. It is to
be understood that other simlar enbodinents may be used or nodifications
and additions nay be nade to the described enbodi nent for performng the
same function of the present invention w thout deviating therefrom

Ther ef asEr4) tine RERACRLeh SN IOEh SR CinRebnde oh iwTiH 86 plde PdtYerSbdtdments
enbodi ment, but rather construed in breadth and scope in accordance with

the rect gw%t\!a%%ugﬁgﬁlt%?, %plg)?(}ngee gna%lrs%orrasthatlozhér s‘?’rpﬁ‘?r% n%@o%gm%t?im% b]é'us@d glas
t ur bi I’l8 ngir ne, conpri sing. a conpressor section; a burner section, a

turbi ne section; an afterburner section; _ _ )
modifications and additions may be made to the described embodiment for performing the same

function of the present invention without deviating therefrom. Therefore, the present invention
should not be limited to any single embodiment, but rather construed in breadth and scope in

accordance with the recitation of the appended claims.



a nozzl e novabl e between a conventional take-off and | anding (CTQOL)
configuration and a short take-off and vertical |anding (STOVL) - 3 APR 2006
configuration; and a val ve assenbly for supplying cooling air to said
nozzl e; wherein said valve assenbly reduces said cooling air to said nozzle
as said nozzle approaches said (STOVL) configuration. 2. The engi ne as
recited in claiml, wherein said nozzle is a three bearing sw vel duct. 3.
The engine as recited in claim?2, wherein said (STOVW), configuration and
said second configuration is a full short take-off vertical |anding (STOWL)
configuration. 4. The engine as recited in claim3, wherein said afterburner
does not Chyimsate in said STOVL configuration. 5. The engine as recited in
claim1l1, wherein said valve assenbly receives said cooling air fromsaid
conpressor section. 6. The engine as recited in claim5, wherein said
conpressar sedtgasmrbineletgias campasingsect i on and sai d val ve assenbly receives
said cooling air fromsaid fan section. 7. The engine as recited in claima1,
further conprfSPHEFCSINT SEHA% or to nove said nozzle between said first

confi gurati onggpgesaifosecond configuration, wherein said actuator also
drives said valve assenbly. 18 - 3 APR 2006 8. A nozzle to discharge
exhaust from atyghigesestishne engi ne, conpri si ng:

an afterburner section;

a nozzle movable between a conventional take-off and landing (CTOL) configuration and
a short take-off and vertical landing (STOVL) configuration; and

a valve assembly for supplying cooling air to said nozzle;

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

approaches said (STOVL) 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 (STOVL), 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.

6. The engine as recited in claim 5, wherein said compressor section includes a fan

section and said valve assembly receives said cooling air from said fan section.

7. The engine as recited in claim 1, further comprising an actuator to move said nozzle
between said first configuration and said second configuration, wherein said actuator also drives

said valve assembly.

18



a first section; a second section novable relative to said conventi onIAPR 2006
take-of f and | anding (CTOL) section between a first configuration and a
short take-off and vertical landing (STOVL) configuration; a plurality of
flaps defining an exit for said exhaust; and a valve assenbly providing
cooling air to said flaps; wherein said val ve assenbly reduces said cooling
air to said flaps as said nozzle approaches said STOVL configuration. 9.
The nozzle as recited in claim8, wherein said nozzle is a three bearing

swi vel duct. 10. The nozzle as recited in claim9, wherein said first
section conprises an internediate duct of said three bearing sw vel duct
and sai d 8secoddneelettd disclzogpeibsas fimny £gas tubate cofineadonprisinge  beari ng swi vel
duct. 11. The nq;zle as recited in claim9, wherein said STOVL configuration

is afull short F3& Ut vertical .l andi g (STQVL onfi.guration. 12. The
nozzl e as reci 2¢3°I EFH" %YaE!ﬂfgiﬂBf%t0§&{a§°§'H%@F%]é% ?@g’%‘{m vel duct _

i ncl udes 1aing&CIOAL) QkctioRbefiéh RFirs@bAfi fiti @ RAAIhOA takMlofeindiesdcaPBhNIBEN sai d
first configuration and said second configuration, and said actuator al so

drives s&PBOVH) enfigsméionl y. 19 - 3 APR 2006 13. A valve assenbly for a
nozzle of a 9%1&&'1&9 LE ﬁa]?s%lﬁﬂﬁl’g 21 SIR t5r4al¥%xhaust; 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 STOVL 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 interrnediate duct
of said three bearing swivel duct and said second section comprises a rear duct of said three

bearing swivel duct.

11. The nozzle as recited in claim 9, wherein said STOVL configuration is a full short take

off 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.



a first nenber having openings that receive cooling air; a second nEU?FﬂPRZMB
pl aced adjacent said first nmenber and havi ng openi ngs that receive sai'd
cooling air fromsaid first nmenber; and an actuator for noving said first
menber froma first position, in which said openings are generally aligned
to allowa first flowrate of said cooling air to pass through said

openings, to a second position, in which said openings are generally

m sali el o 01l iy S0 bR ef i 3l oriRlan0 @i 1 Lo pass Thr ough

sai d openi'ngs, e uat or berng act uat ed by a notor of

t he gas t ur balfiest aigibeehaviiesinihgs et rSEi0E cdotingafppr ate from the val ve :
assenbly; wherein said second flowrate is |less than said first flow rate.
14. The val v second mambes placed adiacent spidt figst member spdbhaving epgnigesthatsgeeiypidsecond

menber s cogﬁ@rﬁpﬁg abid first Igg&gey%cye assenbly as recited in claim 13, wherein
[

sai d actuat rotates sal rst  nmenber. 16. The val ve assenbly as recited
i n clai m 13, ambeuomfos aalidg s:8d fipsd mdmben fieac bIfistwoesitiod Aindwhieh Ghid ©pdnings Area
conventional take-off and | anding (CTCL). configuration and sai.d second *
posi t i orgenesBIbpligngs o, aﬁ%w finshlpw rate qf $aid qogling aide tpaf%f%gmgh paid; gpanings to 2

| andi ng e ' ' : : | ' lym
13 uher Sp TERNOE T LS SuldUbonihls rf Wenclly R ARSETR iira LESA B0 K Sal, T
val ve asseliy air epaseihrdugh said opbrngy, flie, actbaer being tdrdigogped o begstuatad bhe nfotariif
menber %lrlee gas turbine engine,

wherein the motor is separate from the valve assembly;

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.

16.  The valve assembly as recited in claim 13, wherein said first position occurs when said
engine is in a conventional take-off and landing (CTOL) configuration and said second position

occurs when said engine is in a full short take-off vertical landing (STOVL) configuration.

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

bearing swivel duct.

18.  The valve assembly as recited in claim 13, wherein the openings in the first member are

a teardrop shape.

19.  The valve assembly as recited in claim 13, wherein the openings in the first member are

a different shape than the openings in the second member.
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a teardrop shape. 19. The valve assenbly as recited in claim 13, mhqf?mER?@E
openings in the first nmenber are a different shape than the openings

second nmenber. 20 - 3 APR 2006 20. A valve assenbly for a nozzle of a gas
turbi ne engine, conprising: a first nmenber having openings that receive
cooling air; a second nenber placed adjacent said first nenber and havi ng
openings that receive said cooling air fromsaid first nenber; and a

spri ng- lypade r ' j | 1S her 591'1@ a first positi on,
in whi ct@gai 3“Q’%‘é’gﬁ%%é”sﬁlg?%{%ﬁ%%?eaﬁfi%g%ﬁf"i“éﬁ‘}e‘ﬁgﬁ g’l ?ci)rﬁ a lﬁg'rdst flow rate of
sai d cool i ng fiastmedntbegp hawng bpenigds thatireceivepmolingair; t o a second position, in

ST S O NIRRT A A
rate is dogfifig hitdtbrt 3hid fisst Blerfbefniat e 21
a spring-loaded actuator for moving said first member from a first position, in which said
openings are generally aligned to allow a first flow rate of said codﬁng air to pass through said
openings, to a second position, in which said openings are generally misaligned to allow 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.
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