COOLED DUCT FOR GAS TURBI NE ENG NE [ 0001] This
i nvention was made wi th Governnent support under NOOO

wQA 20885919 3003 awarded by the United States NaR@T/GBR@®5/004617
Governnent has certain rights in this invention.
BACKGROUND COF THE | NVENTI ON [ 0002] 1 Technical Field
This invention applies to ducts havi utility in gas

t ur bi ne engCAOLEDYETeFQR GAhd URSB HNEMEct s in
particular. [0003] 2. Back ground Information
Efficiency is a primary concern in the design of any
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t echni ques for increasing efg i ency s been to
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1nvgﬁonncreased tenperatures necessitate internally
cooled conponents, high-tenperature capacity
materials, etc. A duct passage downstream (or "aft")
of the turbine is typically cool ed using conpressor

[ [ ssure, but still at a | ower
B%@ﬁé&ﬁﬁ%b&h@ﬁgﬁﬁﬁf\gﬁb he core gas fl ow passing

t hr ough the ducgt.passage. The hi gher pressure provides
1902l ene‘rgfﬁ—t‘@&éiégﬁy to push the air through the vval I's
of the duct. A significant. percentage of the wo
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C&ﬁ%dgﬁﬁfﬁgyat 1d-he cooling process. The | ost work does

e thrust of the engine and therefore
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) inthe art wll recognize,
erefore, .that ' : '
E qenty ds & ‘/mmg.w (%)c?%lra gt}n{h%idgﬁ r?gﬁ%n&%ag’%r%%%ﬁéllﬁg Historically,
oh&6MaE piibicipk tevhdiqubefoe mwaaming afﬁciemege dhag beanao fincrease the gas

conponents and tgg efflc% | ost fro bleedln air
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e duct passage [ 0004] rovi de_ an
pausamdlcahisereamﬁ@miaft 3¥ ofdbotuitrine iitypicalty qoglqdé{g@gscgrr@r qS§OT air

w%?ked to arEngher pressure, but still at a lower temperature than that of the core gas
flow passing through the duct passage. The higher pressure provides the energy
necessary to push the air through the walls of the duct. A significant percentage of
the work imparted to the air bled from the compressor, however, is lost during the
cooling process. The lost work does not add to the thrust of the engine and therefore
negatively affects the overall efficiency of the engine. A person of skill in the art will
recognize, therefore, that there is a tension between the efficiency gained from higher
core gas path temperatures and the concomitant need to cool components and the
efficiency lost from bleeding air to perform that cooling. There is, accordingly, great

value in minimizing the amount of cooling air required to cool the duct passage.

[0004] To provide an acceptable amount of cooling air, it is necessary to maintain
the cooling air at a predetermined pressure greater than that of the core gas flow
disposed within the duct passage. The pressure difference between the core gas flow

and the cooling air is typically referred to as the “backflow margin”. Core gas flow



the cooling air at a predeterm ned pressure greater

than that of the core gas flow di sposed within the
waoeak/opassage. The pressure di fference bet weenpthveBe@smo4617

gas flow and the cooling air is typically referred to

as the "backflow margin". Core gas flowa thin the duct

passage is seldomuniformin tenperature or pressure;

withyn thecdncepagaagefis ssldam upifernciartemperagire @um:@rlsme igalcore gas
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avol ded. I's needed, th er I's a duct pass é
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. THE ENTI 0005] According to the present
ﬁ\?&ﬁ?’i frient %g[ed exhaust duct for use in gas

turbine engines is provided. The cool ed exhaust duct
i ncludes an axial centerline, a circunference, an
annul us, and a Iurallt of radi al | y expandabl e bands.

%QWQ Dtween a first wall and a

second wal |, and extends al ong the axial centerline.
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[0006] In some embodiments, the cooled exhaust duct further includes a plurality
of baffles extending between adjacent bands. The baffles compartmentalize the
circumferentially extending compartment, in which they are disposed, into a plurality

of sub-compartments that inhibit circumferential travel of cooling air flow.

[0007] An advantage of the present invention is that it helps to prevent
undesirable cooling airflow within the annulus. In some applications, the cooled
exhaust duct will have regions of core gas flow within the duct that will be
substantially higher (or lower) in pressure than the average core gas pressure.
Without the present invention, the cooling air within the annulus would be driven

toward the regions where the greatest pressure difference exists. As a result, the



[0007] An advantage of the present invention is that
it helps to prevent undesirable cooling airflow wthin

wo b@weasmud us. I n some applications, the cool edPEROBABIE/004617
duct wll have regions of core gas flow wthin the

~duct that will be substantially higher (or lower) in
pressure_than the average core gas pressure. W thout
unHermpiteeidhe heat Faptipiassodisied wysthegpo, ﬁpg aigjiy pegAtiyelE affected.
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gr eat pressure di exl sts
of ileeucviofiog mirflgw.of t he heat transfer associated with the
cooling air is negatively affected. The
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invention is that 1t can be used in a duct having
heving inpi Bple segreentsthatigtate wlaiive t¢ eneanothert o one anot her .
[ 0010] Anot her advantage of the present invention is
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bility. ,[0011] T d oth obj ects, features
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DRAW NGS [ 0012] is a diagrammatic view of

theseafors IHgSttaﬁ;ﬁCbllnrﬂée @zh@nmylmgﬁrzlwen@hat i ncl udes a

cool ed exhaust duct shown in a straight configuration.
[0013] FIG 2 is a diagrammtic view of a vectoring
tur bi ne exhaust nozzl e that

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a diagrammatic view of a vectoring turbine exhaust nozzle that

includes a cooled exhaust duct shown in a straight configuration.

[0013] FIG. 2 is a diagrammatic view of a vectoring turbine exhaust nozzle that

includes a cooled exhaust duct shown in an angled configuration.

[0014] FIG. 3 is a diagrammatic perspective view of a cooled exhaust duct

segment, partially broken to show a baffle.
[0015] FIG. 4 is a diagrammatic end view of a cooled exhaust duct segment.

[0016] FIG. 5 1s a diagrammatic perspective view of a cooled exhaust duct

segment with a wall removed.

[0017] FIG. 6 is a diagrammatic partial perspective of a cooled exhaust duct



i ncl udes a cool ed exhaust duct shown in an angl ed
configuration. [0014] FIG 3 is a diagranmmtic
w@eospsatd ve view of a cool ed exhaust duct segPeENGB2005/004617
partially broken to show a baffle. [0015] FIG 4 is a
diagrannatic end vi ew of a cool ed exhaust duct
segnment. [0016] FIG 5 is dlagrannatlc per spective
sggrshtoncldngsnembodimens of @h@iﬂes@ghem with a wall
removed. [0017] FIG 6 is a diagrammatic partia
perspective of a cool ed exhaust ductsegnent, including
an enbodi nent of a baffle joint DETAI LED DESCRI PTI ON
[T AHED REENRIPNN OFSTHRENFENTION 0 FIGS 1 and 2, an
enbodi nent of a cool ed exhaust duct 10 is shown
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The nozzl e, 8.i ncl udes, atg%rmar secti n 12, an
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10 includes a centerline 18, a circu rence,

(%0Thul us 20, and a plurality of radially expandable
bands 22 In a non-circular configuration, the duct 10
[0 d nReferrsigrtd FIGH. bpéake c@ledmheua dattriountied@ncenikhiéne

nnul us 20 i s di sposed between a f t wall 24 and
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xr&m&rdfuhe&caﬁd w3all 26.01n 4 hen -piaag@genfifuration, the “annulus” would be

the interior region between the first wall 24 and the second wall 26. The first wall 24

and the second wall 26 each include a plurality of apertures 28, 30 for the passage of

cooling air into and out of the annulus 20.

[0020] Now referring to FIGS. 3 - 5, each of the plurality of radially expandable
bands 22 extends circumferentially within the annulus 20. The bands 22 are axially
spaced apart from one another. The bands 22 are configured to accommodate
movement between the first wall 24 and the second wall 26. In some instances, for
example, the first wall 24 may experience significantly higher heat transfer than the
second wall 26. In such an instance, the first wall 24 may thermally expand in a
radial direction an amount greater than that of the second wall 26. The radially
expandable bands 22 accommodate the change in relative radial position of the first

and second walls 24, 26. In a preferred configuration, each band includes a first



cooling air into and out of the annulus 20 [0020] Now
referring to FIGS 3 - 5, each of the plurality of

wo 26/8591y9 expandabl e bands 22 extends circunf erEnGBaioby04617
wi thin the annulus 20 The bands 22 are axially spaced
apart from one another The bands 22 are configured to
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ment of the IIs 24, 26. [0021] The bands 22 form
e&ﬁepg aforad & pertion) ESH BT o7 e qugk MR- sThpcitcmmferentially

ek{éh&n T%*coﬁﬁhrﬁherﬁ@ 9!5 (ﬂglea'bg the GRABYL 2MeA b dhnk IE? 1t|§§ the

e circunferentially extendi ng conp
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[0022] Referring to FIGS. 3 - 6, in some embodiments, the annulus 20 is further

compartmentalized using baffles 40 that extend between adjacent bands 22. The
baffles 40 extend heightwise between the first and second walls 24, 26, and
lengthwise between adjacent bands 22. In some embodiments, each baffle 40 is
attached to one of the first or second wall 24, 26. In the embodiment shown in

FIGS. 3 and 5, the baffles 40 extend lengthwise across a plurality of bands 22, nested
within slots 42 disposed in the bands 22. In this embodiment, the bands 22 and the
baffles 40 are substantially orthogonally arranged. Movement of the baffles 40 is
substantially prevented by the bands 22. In some instances, a baffle 40 may include a

lengthwise extending feature 44 (e.g,, rib, corrugation, etc.) that increases the



duct 10 to be custom zed on a

conpartnent - by-conpartnent basis. If a particul ar
wa@oocopdiey ent i al conpartnment 38 requires greatBCT/OB2aG05/004617

transfer than another conpartnent, then the cooling

characteristics of that conpartnent 38 can be

customzed b angi.ng, t nunber and the size of
IS@WHQSQ%%#B?Q?%@C%?%‘?&?EB&rrit cooling air to
g%ﬁr and exit that circunferential conpartnent.

l? 2] Refesiing tod 0o 6 Aipeame gmbogdiments the hafflenhduticheabse or

hhe ; j | zed usi .

pof /Fa0 e farcInheut phCAFEaARTRALRE Thhd E8Cod il ngy in
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econ l1s,.24,. 26, and t hwi.se between adj acent

SR pRionsse g ot ot She ot 46 e 40t fiiied o this

eatbodith@d t o one of the first or second wall 24, 26. In

t he enbodi mrent shown in FIGS. 3 and 5, the baffles 40

[BeiANd TROGIHWrEReRCTORRE] By HJel{')gﬂasi 3. %lgfth ﬁ’%@%szﬁg(?er}aﬁle the

nested wthin slots 42 disposed int
copling withodherduat 10thbe Hathdsc@@nand drhecdmfdringsit-89- ar e
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BRI AP ety st O e ey Frsimegsatopheat
tlafsfBOfE palEdudd? CaBumber&fal paRitftd, TN ahtBMUSE Artment, then the
| engt hwi se extendjng feature 44 (e.g., rib, .
cealite grractiistiey of thatcpmpaitmentean be coshemnigagbhwhanging the
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e40) that ciradefermgaloronmmarterepbi nt s 46 t hat connect adj acent
baffl e segnments. In the enbodi nent shown in FIG 6,

[€e2Sh balnfthe og@atimpefahé invamlandesliag Wirshapgsted eididIBbuABde of
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bands 22 and the baffles 40
fiome Tthgmressaretdiff¢sendelhetvingsn teeigtoding 2@ dnd theaore gas flow causes

- basjs. |f ticylar.
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ft han_ anot her conpartnent, then the cooling
i3l deri stics of that conpartnent can be custom zed

[&&6? hanﬂ;encgoo}igge air entering the annulus 20 enters into one of the
circumferentially extending compartments 38 formed by the bands 22. In those
embodiments that utilize a plurality of baffles 40 extending between bands 22, the
cooling air will enter into the compartments formed by the bands 22 and the baffles
40. The bands 22 and baffles 40 substantially impede compartment-to-compartment
flow of cooling air within the annulus 20. Consequently, predominantly all of the
cooling air entering a particular compartment 38, exits that compartment through the
apertures 28 disposed within the first wall 24. As stated above, the characteristics of
cooling airflow within a compartment 38 can be customized by varying the number
and size of the apertures 28, 30 within the first and second walls 24, 26 of the

compartment.



nunber and the size of cooling apertures 28, 30 that
permt cooling air to enter and exit that

waReocowrdies enti al conpartnent. [0025] In the opPCHGBIWS/004617
of the invention, cooling air is disposed radially
out si de of the second wall 26 and hot core gas flow is
di sposed radially inside of the first wall 24, The

[08251 | ndlthpugh Bisdnvention raebesnshewn guldessrbedWith £8ReRt &o the
hi.gher .t han th 3 f j e
aefu g ot AR rRRL fafR b h il 08y MAS SRS 1 BLRAERR
vakiB8s 6RAkESG faini atdd@nl tiereofimagbauiads wihottdepaging from the
apertures 30 disposed within the second wall 26, and
sperdtiand thesscapdiof the IS ough the apertures 28 di sposed
within the first wall 24. [0026] The cooling air
entering the annulus 20 enters into one of the
circunferentially extending conpartnments 38 forned by
the bands 22. In those enbodi nents that utilize a
plurality of baffles 40 extendi ng between bands 22,
the cooling air will enter into the conpartnents
formed by the bands 22 and the baffles 40. The bands
22 and baffles 40 substantially inpede
conmpartnent-to-conpartnment flow of cooling air within
t he annulus 20. Consequently, predom nantly all of the
cooling air entering a particular conpartnment 38,
exits that conmpartnent through the apertures 28
di sposed within the first wall 24. As stated above,
the characteristics of cooling airflowwthin a
conmpartnent 38 can be custonized by varying the nunber
and size of the apertures 28, 30 within the first and
second walls 24, 26 of the conpartnent.[0027] Although
this invention has been shown and described with
respect to the detail ed enbodi ments thereof, it wll
be understood by those skilled in the art that various
changes in formand detail thereof may be nmade w t hout
departing fromthe spirit and the scope of the
invention.What is claimed is: 1 A cool ed exhaust duct
havi ng an axial centerline and a circunference,
conpri sing



an annul us di sposed between a first wall and a second

wal |, the annul us extending al ong the axia
wa@embesdline, wherein the first wall is di SposSeBCT/GB2005/004617
radially inside of the second wall, and a plurality of

radi al | y expandabl e bands, each circunferentially
extending within the annulus and axially spaced apart
Whasns dmenednsit her, wherein the bands are attached to
the first wall and to the second wall and are operable
1t 0 adcarot@badhaust dbettiavangpasixial oentatiangel datoddarehbre
first. wall and second wall 2 The cool ed exhaust duct
CBTPEF AP M 1, wherein each band includes a first portion

attached g9 ahﬁlﬁui &hﬁﬁése&‘@&lwee@a%‘?ﬁ%ﬂ RALLEQIR LA aRed

to the second wall ‘and an internedi ate portion
conneotwds exsertding alpnstheaiml setahde, pdwetdinthe fBstTiadl is disposed
cool ?éjdl hau%t {;I&l%t coofnd ﬁ wherei n the

i ntermne p8 on-ext enad” pprOX| mately parallel to

t he axi aI a@ﬁﬁhﬁﬂﬂdf Iﬂz&haﬂlyﬂi@aﬁd&bleﬁtﬁm&%h&uﬁdlrodﬂﬁ‘ére@tﬁally
claiml1, further conprisin agrurallty of baffles
ext eBiEAGNE Srtim e sanyas sRagsdtapAr diog) pRe another,

expangdah; £ Randgs ﬁ@ duigled %%ﬁst%ﬁ R8T {ﬂg%eédnwalmd' are

and the second wall 5 The cool ed exhaust duct of

4, V\hpﬂ@blﬁ to h@onam@ltd elagivp podadr ehabgnokswieerctha diest wall and
sl ots ag ilhe baffl es are disposed within the slots 6
The &8Oe€d"%xhaust duct of claim5, wherein the

baf f | es extend | engthwi se substantially parallel to

the axial centerline 7 The cool ed exhaust duct of

Zc| ai rhhg coqld pehayst et itlaimels velierin pe @aﬁ@@c&m@s a first portion
%ﬁ%& ! fﬂrétXN I BGQ&%H%%% aa'itﬁé}{ég%jﬁ]e seddh v?ﬂp%glﬁdan

Ust duct of cfaim erein at least o
igbumealidte yortibn barifected to thelfustemd aewni pbeivnng f eature. 9
The cool ed exhaust duct of claim4, further
conprising one or nore joints in at | east one of the

3pl ur ghhkle¥oled elubd Rt of claim 2, wherein the intermediate portion extends

approximately parallel to the axial centerline.

4. The cooled exhaust duct of claim 1, further comprising a plurality of baffles
extending lengthwise between adjacent radially expandable bands and heightwise

between the first wall and the second wall.

5. The cooled exhaust duct of claim 4, wherein the radially expandable bands

include slots, and the baffles are disposed within the slots.

6. The cooled exhaust duct of claim 5, wherein the baffles extend lengthwise

substantially parallel to the axial centerline.

7. The cooled exhaust duct of claim 4, wherein the baffles and the bands are

substantially orthogonally arranged.



10. A cool ed exhaust duct having an axial centerline,
conprising: an interior region disposed between a
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extending along the axial centerline, wherein the
first wall is disposed radially inside of the second
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are operable to accommopdate rel ative position change
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an intermediate portion connected to the first and
second portions; and a plurality of baffles extending
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are attached to the first wall and to the second wall and are operable to
accommodate relative position change between the first wall and second wall,
wherein each band includes a first portion attached to the first wall, a second
portion attached to the second wall and an intermediate portion connected to
the first and second portions; and

a plurality of baffles extending lengthwise between adjacent radially

expandable bands and heightwise between the first wall and the second wall.

11.  The cooled exhaust duct of claim 10, wherein the radially expandable bands

include slots, and the baffles are disposed within the slots.

12, The cooled exhaust duct of claim 11, wherein the baffles extend lengthwise

substantially parallel to the axial centerline.

13. The cooled exhaust duct of claim 10, wherein the baffles and the bands are

substantially orthogonally arranged.



