19 Novenber 2004 RETAI NER SEGVENT FOR SW RLER ASSEMBLY BAKGRANRrSbod HE

| NVENTI ON This invention relates generally to gas turbine engines and nore
particularly to swirler assenblies for supplying conpressed air to the
conmbustor of such engines. A gas turbine engine includes a conpressor that
provi des pressurized air to a conbustor wherein the air is mxed with fuel
and ignited for generating hot conbustion gases. These gases fl ow
downstreamto one or nore turbines that extract energy therefromto power

the conpressor and prRETAENHRSBOMBNIKFOR SIWAE HOWSKEMBL @ aircraft in
flight. Fuel is typically supplied to the conbustor through a plurality of

fuel nozzles positioned at one end of the conbustion zone. The air is

suppl i ed rroundi ng _assenbli es, known as sw rler assenblies,
whi ch i npar A‘gﬁ%ﬁﬂp@ﬂ%@y@ﬁnw air so as to cause the air and fuel
to be thoroughly m xed. The swrler assenblies are nounted in a donme plate

that is joined to therHipsifeaash er@ﬁ?esoécnefaﬁ'g dﬁ)?%@%%x%'iﬁcs chARE! 339, QUL er

liners, and each fuel nozzle tip is recelv correspondi ng one of the
swirler asderisulasky. toTvdrlenisserabliessfoe shprlwiag ampressecaid to ehey chnbiisdoryof
stresses dug.yd g, iﬁés“Ct uating flows and pressures of the air streamthat
exits the conpréessor. The vibrations cause alternating stresses in
conmbust or conponents and can lead to high cycle fatigue failures in parts
that are not otherwi geghi whbiye shgias Sedudes arocnijresast that pravids prétudinadi ng.
One conventiqgnal swirler assenply conprises a primary swirler and. a-
separate s 3539 &a?%;anq@s_relrrﬁge %‘F ifrEiyedstith fes! amd denited) for genargting hot

ci rcunf er egbinBhdtion FBRAC elhes\dsks YiBRERwWASrn tPESGY8Sre. it %ﬁﬁsex%ct
passages are angled with respect to the axia center'ilne 0 e swrler
assenbl y s&1¢gY therefigiate pewernihe compressoriand ptavidenesefidiwdrk sueh Fhsovesinpndar y

swirler algp aﬂ@rﬁﬂQn%éﬁt?thElyis ?;pigajlfycslﬁrﬁfﬂ?erde tgttf.'léi L{l)n\{blfs?o%(:tﬁr%ugﬁmarpllurality of
fuel nozzles positioned at one end of the combustion zone. The air is supplied'
through surrounding assemblies, known as swirler assemblies, which impart a
swirling motion to the air so as to cause the air and fuel to be thoroughly mixed. The
swirler assemblies are mounted in a dome plate that is joined to the upstream ends of
the combustor's inner and outer liners, and each fuel nozzle tip is received in a

corresponding one of the swirler assemblies,

The swirler assemblies have to endure vibratory stresses due to
fluctuating flows and pressures of ‘the air stream that exits the compressor. The
vibrations cause alternating stresses in combustor components and can lead to :high
cycle fatigue failures in parts that are not otherwise highly stressed from thermal or
pressure loading. One conventional swirler assembly comprises a primary swirler and.
a separate secondary swirler. The primary swirler has a plurality of circumferentially
spaced swirl vanes or air passages. The vanes or passages are angled with respect to
the axial centerline of the swirler assembly so as to impart a swirling motion to the
airflow. The secondary swirler als’cl) has a plurality of circumferentially spaced swirl
vanes or air passages. The vanes or passages of the secondary swirler are angled so

as to produce a swirl of air swirling in the same or opposite direction as the primary
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vanes or air passages. The vanes or passages of the seconfipkyyvsivbdriogpgar e
angled so as to produce a swirl of air swirling in the sane or opposite
direction as the primary -1 19 Novenber 2004 swirler to further pronote
fuel-air mxing. The primary swirler is disposed in sliding engagenent
with the secondary swirler, which is fixedly nounted to the done plate.
This arrangenent allows the primary swirler to receive the fuel nozzle and
accomodat e rel ative notion between the fuel nozzle and the done plate. A

retainer figh$1QMu6muk L DRIy SW dis welded to the secondar
swirler to retain thﬁgﬁtppm%dl%ﬁr{?iﬁ\rﬁdsﬂxﬁﬁgéﬁg@g% v S\‘Aﬁrlqﬁr ISr?éspﬁﬁec?[e‘ﬂegll‘gm&e type
of  retai nengigemenawpthdhosdcondarg kwederwhizh id fikediR ntduntddl @Ith@ BHME Plate.
However, the.airfl ow thrlfql%h t%he vanes or passages of the primary swirler

creates a réXctghesBFte? @ riiEnary oSVHEIGE dot Freeiyei ther yuelwiezzde and rot at e

Wi th respegtcdnimbiie BARRIRASHonIM LR heRR] hdiS1e afn‘d%he BORE Le | T al I oved to
rotate, the primary swirler would fail to Inpart the neféessary |evel of

swrling to the air, and effective mxing of the air and fuel would not be
achi eved. Furt her nor é rataineitfits avestthe nempryi sveirlpr and islvesidexbtal the seusndary

_ . © g sl seundary
o cvent 60 Tk b cstith B AR i BendihlelE Wiy B obtuorsy Shoe Bag ofone

out war dl y estsieelisrstarzdd @n of Bkeep metrifto SyfdulRTanhiiRk. SNGRIRS the afrAbkonary
structure ﬁ’rr% t he seconda&% swirler sp as to limt relative rotation of the
swirlers. O'é%?htﬂ?ﬁé’?%‘?ssﬂf FAES AL heprmay swilgreseatesa reagtion foragtthatdendsc| osel y
spaced, gy aish ObaANRRE 18 AlaB Syt Rilpllto WL ML SiAISEIPLE.  The
use of two_anti-rotation tabs provides m)Pe contact area than Single tab
ar r angemenfus! gwazlehelfeplfowed dugetstonghe prifirpovortendatll $il b dmpagserbl i es

Fepl aced wtisesath EveChr Slug fodfe ot Alectinatialos i alrudbi ¥ollfe cach
| ess than débedmpicved. iParthenairé) roRtoR e tepraasytswitiBecould cause excessive

wear to the fuel nozzle tip. Primary swirler rotation is thus prevented in conventional

swirler assemblies by providing at least one outwardly extending tab on the primary

swirler that engages a stationary structure on the secondary swirler so as to limit

relative rotation of the swirlers.

In combustors with swirler assemblies that are relatively closely
spaced, two anti-rotation tabs can be used for each swirler assembly. The use of two
anti-rotation tabs provides more contact area than single tab arrangements and thereby
reduces wear. To accommodate swirler assemblies with two anti-rotation tabs, the
annular, single piece retainer is replaced with a pair -of retainer segments, The
retainer segments are each less than 180 degrees in length and are welded to the
secondary swirler in a cantilevered fashion. Retainer segments are subject to weld
joint cracking due to non-uniform pressure flow variations that cause vibratory
excitation of the retainer segments. Most typically, such cracking initiates in the ends
of the retainer segments. Failed rgetainer segments can cause unscheduled engine

removals to retrieve primary swirlers that become free when fuel nozzle maintenance

1s performed.



secondary swirler in a cantilevered fashion. Retainer seg{®RNbsrits 2Dok) ect
to weld joint cracking due to non-uniformpressure flow variations that
cause vibratory excitation of the retainer segnents. Mst typically, such
cracking initiates in the ends of the retainer segnments. Failed retainer
segnents can cause unschedul ed engine renovals to retrieve primry
swirlers that beco z i > | rrped. -2 19
Novenber 2004 Accopgf{log‘?ggw?ﬁlgrrig%ng&néggn;ﬁgitp%e{%a%ﬁm%?%vdes r‘E&r{frh?velggassenbl y
havi ng mooe dimbiblcainreetagnreats. segnents. BRI EF SUMVARY OF THE | NVENTI ON The
above-nenti oned need may be net by providing a swirler assenbly having

first andgragosgMiEARSOFTERIREENTION | di ng engagenent with each other. The
two nenbers nmay be nmintained in sliding engagenent by one or nore retainer

segnent joined to t I ; [_an n i.ng the.first. .menber,.. The
retainer segnent rrjgge %Dg’%ghqgeégl?ﬁa I(laeeraﬁe ;@@gﬁ rﬁﬁﬁfnﬁnae?WI?;%ﬁraaS%eﬁ?bg curved
edges andhdvidpSfirseall se3GEPMIMBE I Espob@CH SidtheEhadtdNeht A ifOOLARh&GUTRYt formed
thereinto reduce weld joint and bending stresses that occur fromthe

f or ced vilwroatienrpersf mahicbea etasritmped sSeghiding. expganeitngy oe an mepeetimf t he
present invention, there is provided a retainer segnent for a swirler
assenbl y §eEmEntyieined, fopihp se i’i’i‘@‘,ng?rh%“q' 12888 the dYpremembelo ke | 18taHKT an
arcuate i N ' . r-cur LI st _and, second
nds.  aher Brent 8L b b 8Ol Sk B E R e b PR SETS

i nvent i onseaduitl érids. BsbhasntagBshae @l conbdeutddt férhiedWhdrbinReRai® waRpshent upon
reading the fol | owi ng detailed description and the appended clains wth

r ef er enceanddenfiag strewaptalecryr Gpavihe fucedBrbEHoDBSORIrERineNse@meTHE DRAW NGS

According to an aspect of the present invention, there is provided a
retainer segment for a swirler assembly in a gas turbine engine, the retainer segment
comprising an arcuate meinber defining inner and outer curved edges and first and second

ends, wherein each end has a concave cutout formed therein.

The present invention and its advantages over the prior art will become
apparent upon reading the following detailed description and the appended claims

with reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter which is regarded as the invention is particularly
pointed out and distinctly claimed in the concluding part of the specification. The
invention, however, may be best understood by reference to the following description

taken in conjunction with the accompanying drawing figures in which:

FIG. 1 is an axial sectional view of the forward portion of combustor

illustrating one embodiment of a swirler assembly.

f
FIG. 2 is a perspectivé view of the swirler assembly of FIG. 1 with the

primary swirler removed.

FIG. 3 1s a plan view of a retainer segment of FI1G. 2.



The subject matter which is regarded as the invention is @NBV&%@%M
pointed out and distinctly clained in the concluding part of the

speci fication. The invention, however, nmay be best understood by reference
to the follow ng description taken in conjunction with the acconpanying
drawing figures in which: FIG | is an axial sectional view of the forward
portion of combustor illustrating one enbodiment of a swirler assembly. |
FIG 2 is a perspective view of the swirler assenbly of FIG I W|th t he

rimary swirler reno F [ p ew ai_ner of
IF;I G 2y 3 19 Novenber 00411|C:;iS %Pe%ﬁﬁl sgegﬂonﬁil ar Qsel@ ?\5? ?ﬁe "’ftlﬁtratl ng

an al t er naempedimempofia sm:mtcr@sfsembbw rler assenbly. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Referring to the drawi ngs wherein identical reference

?ﬁ@f‘ t the various views, Figure 1
gﬁg\e/vrsalt ?led or@%ﬁﬁgggﬁ%ﬂmu@%w%ﬁg e type suitable for use, in a
gas turbine engine and including a hollow body 12 defining a conbust I on

chamber 14 therein. TRetrfing tthefdmivinés?whérelrgﬂBﬁicﬁl kéfe:eﬂ&%ﬁﬁerhle defb@ and i's
defined by _,an out l'in @ an i1nner liner 18. The upstream end of.
the hol | ow55dye TF%I“%@B%H AkG e voriusgders, §igurey showsille fpovardtendofied t o

the outer torBisidOOXeand bpdlsulthit 0Phsc in A% tiinldCeloMIClnd tMflad2 s Y @

second .fastener 24. At | east one opening orme
the i ntrobelaw bﬁdbf12fd§§hlnarmcombq3tlessbsdnbarrldf fhleirc o The GeHew tRidy 1i2sis

o T B ST B b o
passes pri The mbytretahf et bf HiehoIRRNIbd8y A6 ik Qubstantially closed off by a cowl 20
attached to the outer liner 16 by a first fastener 22 and to the inner liner 18 by a
second fastener 24, At least one opening 26 is formed in the cowl 20 for the
introduction of fuel and compressed air. The compressed air is introduced into the
combustor 10 from a compressor (not shown) in a direction generally indicated by
' arrow A of Figure 1. The compressed air passes primarily through the opening 26 to
support combustion and partially into the region surrounding the hollow body 12

where it is used to cool both the liners 16, 18 and turbomachinery further
downstream.

Disposed between and interconnecting the outer and inner liners 16, 18
near their upstream ends is an annular dome plate 28. A plurality of circumferentially
spaced swirler assemblies 30 (only one shown in Figure 1) ié mounted in the dome
plate 28. Each swirler aésembly 30 includes a primary swirler 32 that comprises a
plurality of angularly directed passages 34. The passages 34 are angled with respect
to the axial centerline 31 of the swirler assembly 30 so as to impart a swirling motion
to the airflow. The primary swirler 32 also has an integral ferrule 36 that coaxially

receives a fuel nozzle 38.
H

The swirler assembly 30 further includes a secondary swirler 40 that

adjoins the primary swirler 32, downstream thereof, and is fixedly received in the



ion and partially into the region surroundjgiodditbdnobbpw
Eggsoig Caﬂgfzt:? IS usgd to cogl both the liners 16, 18 and turbonachhnery
further downstream Disposed between and interconnecting the outelr ?2 -
inner liners 16, 18 near their upstreamends is an annul ar d8rre pI a e 2 .
A plurality of circunferentially spaced swirler assenblies 3 I (Onagsenbl
shown in Figure 1) is nmounted in the dome plate 28. Each svmrfer ssen y
30 includes a primary swirler 32 that conprises a plurality of ang y

. Y
i abmaypate3ds. The pasegeswit: abeinsRdbed Whilh 1L5REG LAt e axi a
g;]tegﬁ Ieidng 31 ofp t he SwW rlseer asggn‘gl r3.0 90 as to |_rrpar4f a svﬁ}r‘rﬁ"ﬁgoﬁmtlon
to the ai rfﬁ"&%‘."f@l‘ﬁ%twdfyi SRATSH il veaes %@dlap«@gd heecially amuﬁgzieadeg%ﬁ;ﬂu![ rﬁleef,a t hat
i all ' a8 WM. Lher assenbl. furth
e ey o "ohael Atk k898 Et e Himal) Sl ok AR SR HLoRianed v

downst r eamtBhaxigbeentertide B¢ ofithestviyler asseinbdyd 30N Aih@ronﬂthle%ﬂ}!ﬁ%@a%ﬁa&%%?ﬁt Sog]?

- | | d venturi 42" an _
G cunt or entCAET JRoataks® 24 1Fe SHHUBE &4 G Gipcibe daisases M byeratsoutthife 2
venturi 42.inj¥tted froemthe fueh Boaei38 BE ok € _rnﬁl\(edsqppﬁ)sfs?st ﬁlgo %’ %W%éﬁmswh%[ e?
are both coaxi&a?[lrly%lsfal igned with the axial centerll

assenbly 36 VY YaRes 4 ehemaert 16 pessies swirthio6 ugmatii‘llmgpi@stga@?g%%.r O'Ir;]h t(:ahe
. . ) . . . . . eC
Pl 1P OO S Rl LSRG o g

fuel nozzle 38 so as to mx as It pass ) : THE _
Secondary 80 PIOpoRitforenttsioreieithé copbaonichAmbHl 4. REh@d pebleliifif ' the

[ ' [ i.nt ts.with the fuel/air m_xtur_ga_so as
o her Cat SASIEh R Ve Bl B8 il absermlily pfhecrgetsnt ivomamint gl
T ustr atoa the aury o 1 pRb BRRRICS Bl Aridifdn vt Bern e
[ sse _
:alnlnﬂIS; af:ggﬂfh eSB?Sr\,SA’A {Iﬁglﬁﬁ%wﬁi-m{mwmdmbusm.equalhduld appl b ablee tha @k her

types of present invention is applicable to co-rotating swirler assemblies in addition to the

counter-rotating swirler assembly described above.

The primary swirler 32 comprises a base section 46 having the ferrule
36 formed on the forward side thereof The aft side base section 46 defines a
downstream-facing planar surface. The secondary swirler 40 comprises a base
section 48 that defines an upstream-facing planar surface that slidingly engages the
planar surface of the primary swirler 32 when the swirler assembly 30 is assembled.
The venturi 42 extends axially (with respect to the axial centerline 31 of the swirler
assembly 30) downstream from the secondary base section 48 and, as mentioned

above, the swirl vanes 44 are disposed coaxially about the venturi 42.

The primary and secondary swirlers 32 and 40 are maintained in
sliding engagement by two retainer segments 50 that are joined to the secondary
swirler 40 on opposite sides of the venturi 42 from one another. Specifically, the
retainer segments 50 are joined (preferably by welding) to the upstream-facing planar
surface of the secondary base section 48 and engage the base section 46 of the
primary swirler 32. The retainer segments 50 are located so as to prevent relative

axial movement of the two swirlers 32 and 40 but permit limited lateral movement of
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conbustors, including multi-annular conmbustors. It shoul digNsRrPobed
that the present invention is applicable to co-rotating swrler assenblies
in addition to the counter-rotating swirler assenbly described above. The
primary swirler 32 conprises a base section 46 having the ferrule 36
formed on the forward side thereof The aft side base section 46 defines a
downstreamfaci ng planar surface. The secondary swirler 40 conprises a base
section 48 that defines an upstreamfacing planar surface that slidingly
engages t hehe ptianay swistet 3¢ewill rdspect N6 itk oSNy ls@irled 40MERist PBns LA T
assenbly 30.is senbl ed. . The venturi 42 extends axially: (witﬁ1 respect to
the axial cURFEMRG pamery wrirlend? tafleatar mayedatatally saohatdbevfirtule 3tcan dm t he

secondary Rags 4 ' ve .the swirl vanes 44 are
di sposed coaxi S?fﬁsﬁ%@gd‘ﬁ ﬁl_t’ ﬁﬁeuj{/eg%t% Er?ﬂ.? Q%?H%%g’ %EE i%}’rg‘?tg}eré”ﬁ%e @8&% g’reyfwgvm rlers
32 and 40 awdrieraBitend Aedrambecohiing digerpagapehitnthchwifl st QLR Os 5@191%‘”“5 50
that are J?ﬂfsntaq%dtioéﬂhe siecolfgaré .Swirler 54(% on3 opposite si des of the
venturi 42 $F6RAIA AARARer IheHonting prypaty swifler 37 weaperommedaiesnelatne ar e

j oi ned (pr eicioalbeyvday tHehR Ackzlel 38 4nldgh ' rface of

t he secondary bas?e section 48 ::nd élnga%ﬁ%g@ﬁéggﬁsr@gteﬁg%@%éergﬁg?'he

primary swirler 32. The retainer segnents 50 are |ocated so as to prevent
relative axial nover®sHTIBE nPWLO Egire di whishshaws thedswitlethassemblyrdQt withni t ed

lateral mowRMEhasf swi r; Rrinmary swirl 32 with
respect to the sedonc grel>113§\7\4 r%g?’bﬁds g%glﬁtgatrﬁ?éﬁ%m%?gm%tﬁ S@v?ret PEUHEi mary
swirl er 32memberobaving relativelyl mirevakwlidths OEbdtatetdihe seement §0 a6rsamnbac

coaxially aligned it nd recejve, the fuel nozzle 38, but otherw se
prevents t éﬁ &Qﬁss tém"i’lﬂ ﬁoe&? & (ﬁhasgedlp bﬁ?%‘é@éﬂ?%@ e seirbpgenterinie H)t he

swi rler askmebhod Slei Gigeinddefi adlllcrelrl ek, UTife GRLL B cyrl Bied bodL LT Tary
swrler 32 al so accormodates relative notion between the Ut "RZ5Te 38
and the dofigepiciaselymaighes thg redius abcwpemee defined by the base section 48 of the

secondary swirler 40. Each retainer segment 50 is joined in a cantilevered fashion to

a corresponding one of two curved, axially extending ridges 52 that are formed on the
upstream-facing planar surface of the secondary base section 48. The ridges 52 are
situated along the perimeter of the upstream-facing planar surface and are located on
opposite sides of the venturi 42 from one another. The retainer segments 50 are
positioned so that their outer edges are substantially flush with the outer edge of the

secondary base section 48.

The retainer segments 50 are provided with scalloped ends. That s,
each end has a concave cutout 54 formed therein such that the inner edge of the
retainer segment 50 defines an arc A, that is less than the arc A, defined by the outer
edge, as seen in Figure 3. In one preferred geometry, each cutout 54 has a curved
portion and a straight portion adjacent to the inner edge and defines a tip 56 at the
outer corner of the retainer segments 50. The width w of the tips 56 is preferably
equal to the width of the ridges 52 on the secondary swirler 40. The scalloped ends
reduce the weld joint and bending stresses that occur from the forced vibration of the
cantilevered retainer segments S0. The curved cutouts 54 also reduce the stress

concentration factor at the corners of the retainer segments 50, which is where most
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Referring now to Figure 2, which shows the swirler assenbgndRmMdrPood he
primary swirler 32 renoved, it is seen that the retai ner segnents 50 are
arcuate nenbers having relatively narrow wi dths. Each retai ner segnent 50
defines an arc that is |less than 180 degrees and has radially (with
respect to the swirler centerline 31) inner and outer edges that define
paral l el curves. The radius of curvature of the outer edges closely

mat ches the radius of curvature defined by the base section 48 of the

secondary swiacksdristdficallzaaitiatesih @bieihtis R VR Mhe D& chSnicOi | tilevered
I ng one of two curlvgd, gaxinasf I@%gﬁ%lgﬁgﬁi%g&r%l?ges 52

fashion to lﬂaécgrres%gln )

that are foflfEdRDFFSPRARL TEAUTICE Ahtharitrnerpeamants SOr dizby ok hich enselardar y
base secti HSse i tdndge . ' t along the perimeter of the
upst reamfglg? ng pI;Ha%ﬁ%r nsur?’géﬁléogl?l%]da[?éentd?%csgrgés on opposite sides of the
venturi 42 fromone another. The retainer segnents 50 are positioned so
that their outer edgegh%ﬁ@esgbsheambhwvbycdtbmsh54MshbuitihBe%ﬂg@?elﬁﬂ@ﬁ_R)f the

secondary thap..48, The tetai ner segments 50 are provided with

scal | oped 2‘?1%@.1&$&adtlﬁl tgtethg wsld Jqinf ?ﬂ'?lsbc&a@%n%%@sc&f%ﬁﬁfabm the eweutstHer ei n

such that tdresizades aetbgizfit ahRad rég@binb Ble. SBOPERIon 3 tRE L 105 (2Nl f?(f‘ that
edge ng'E?rﬁ re 3

islessthanthglb%eAZdetined by the out'er , as seen i . In
one pref er rBFHY {uput a4 énfoaned) ihatslefinessarnarca Avigurp 8) wihtoh igheks ahait r ai ght

portion adjtR§Qrda BO [ d fines.a tip 56.at the outer

corner of the rgt ai ?\i?@ge%nng{ﬁtgg%g.@hégsﬁnatWeWS? f{}‘?@df%% E‘L@ feainer

pref er abl y seggertl 5& &5 sted suickitthat offie diner edgides HAIRR SHArRGRNM ST | er

40. The sc%#?rplg rseﬁgls r.educe tgjs wel d. j oi nt and bendi ng stresses that

occur fromthe Forcal Bedias glge dis aradius afiqurvaieecaf sboub2desensisytant s 50.

The cur ved Baoch ¢igt 36 bk als@hvedp c ion, f r at the
oip Sk 081 Slrftors CHAER WbAALE Wik B Sk Fos 3t

corners of .th&@{%g ai ner segnents 50, whi 'S where nos
2004 cr ack JeRihdt ofrabent .35 eeitimetareandhe cavedpartion dkfining airadins S60MHRE 6.5 The

scal | oped @flimabso

The smaller retainer end regions 58 improves the weld prep for
welding the retainer segments 50 to the ridges 52. Because less material is present at
the end regions 58, the material is "consumed" better during welding. The weld joint
is thus generally stronger at the ends and lacks discontinuities or crack starters. This
strengthens the joint at the end regions, which, as mentioned above, is where cracks
usually occur in conventional retainer segments. Preferably, the weld joint is a 100%
Penetration weld along the entire length of the retainer segments 50, as opposed to the

approximately 70% penetration weld commonly used with conventional retainer
segments,

The retainer segments 50 are preferably made of a high temperature
alloy suited for use in the turbine section of a gas turbine engine, such as nickel-base
or cobalt-base alloys. One commercially available material that is particularly
preferred because of its resistancé to high cycle fatigue is the nickel-base alloy
Hastalloy X. The thickness of the retainer segments 50 will be determined by the

application and should be such that the resonant frequency of the retainer segments 50



alter the resonant frequency of the retainer segnents 50 & NeWrhder 2004 Ch
may have a positive inpact on the weld joint and bendi ng stresses. The

si ze of the concave cutouts 54 should be | arge enough to adequately
alleviate the weld joint and bending stresses. Preferably, the cutouts 54
are sized so as to define an end region 58 (i.e., the,portion of the
retainer segnent 50 in which the cutout 54, is forned) that defines an
area A (Figure 3) which is less than the area B defined by the cutout 54.

I n one prefesuted terdpeeitng fequéd® rifled g h reik; ¢h that

t he outer edge has a raﬁ?u$qo#h2ufggﬁgggg%l abgﬁﬁkéﬁgthggﬁ%ﬁﬁg?éﬁggﬁnd t he
i nner edge “Ha¥llbersamiendaihicker than gervenfiond oethingr sgaentsi toratidsaffnesEagh tip 56
has a w dt  wef about 0.1 centineters. Each concave cutout 54 has a depth
d of about O. centinmeters and a curved portion defining a radius r of
about 0.5 centinmeters. The snmaller retainer end regions 58 inproves the

weld prep for wel di Aiguhd illestaitaenn sdgmativs s@ﬁldrchsﬁéiﬂ)l?i B@efh RAichBgcause
ions 58, the material is "consunmed"

| ess mat er | LS_Dres at the end re

bet t er durF ﬁ%‘a%f‘gﬁrﬁéﬁg# ﬁBa\REﬁcﬁor}dgfynFW‘rﬁaé 1¢4h gk yisesally formedragragenitaay t he
ends and | sgitkr B8 060 ithidiid FiREdIPN t i s .enagf hens t he
joint at the e;d rggi ans, 1V\:hli ch?r%('(sé{‘%gﬁ{lisclo(ﬁ{ar%@g %evigy'igh%é';lg c?%‘é%g

usual |y octin melidesvErst phwality raftciicnmfersutiptiyripacedPswei e vadek y134t digposed d j oi nt
is a 100% t | d he enti.r,e th., of the retainer
segment s %%I:Qﬁgg C%;ﬁ)%%lg@gw?g’ %rﬁie&lgg’ﬁ%)oﬂgﬁﬁyn%vf@ﬂ/E%&%"B’@ﬁ%?r"&f@&nl‘*@e@@ ommonl y

used wi t h ssoondpluraitpbf cietmfbentialbespiest swirlaged RIPHiBSIsed eoLEALS bt & €
pr ef er abl ythmade of szbhi gh tenaeraélgre_ alloy suited for use in t%e tur bi ne
section of ‘2% YGAT: {{Fhi AS 12 iy Hest embedimest, incaming sirsassiog throbgl thebfise

al | oys. Onaviglovames taakd sviav@iniah i3l g5 particul arl. eferred
because of [ts resi stancel to hi ghé:‘é%rg 1?%1 i'[gil}zéyfl{élﬁ’[gh FHierpe . é’s%‘% I 1 oy
Hast al | oy BUectridTamiadikpleroszisf(notwhowatiniRigure 4@ gorentesmi0asitgasdes idleties ni ned

by the

venturi 142, The secondary swirl vanes 144 then act to present a swirl of air swirling

in the same or opposite direction that interacts with the fuel/air mixture S0 as to

further atomize the mixture.

The swirler assembly 130 includes a separate ferrule 136 that is
mounted to the forward end of the swirler body 160 to receive the fuel nozzle. The
ferrule 136 includes a downstream-facing planar surface that slidingly engages an
upstream-facing planar surface the swirler body 160. The ferrule 136 is maintained in
sliding engagement with the swirler body 160 by two retainer segments 150 that are
Joined to the swirler body 160 on opposite sides thereof. Specifically, the retainer
segments 150 are joined (preferably by welding) in a cantilevered fashion fo two
ridges 152 formed on the upstream-facing planar surface of the swirler body 160.
The retainer segments 150 engage the’ ferrule 136 so as to prevent relative axial
movement of the ferrule 136 and the swirler body 160 bﬁt permit limited lateral
movement of the ferrule 136 with respect to the swirler body 160. This arrangement
allows the ferrule 136 to float or move laterally so that it can receive the fuel nozzle,
but otherwise prevents the ferrule 136 and the swirler body 160 from becoming

disengaged while the swirler assembly 130 is being installed in the engine. The
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application and should be such that the resonant frequencyy Rbvdrkerrebai ner
segnents 50 -7 19 Novenber 2004 is out of the operating frequency range of

the engine. Typically, the retainer segnents 50 will be sonewhat thicker
t han conventional retainer segnents to add stiffness and strength. Figure
4 illustrates an alternative swirler assenbly 130 in which a primry

swrler 132 and a secondary swirler 140 are integrally formed as a unitary
swirler body 160 that is fixedly received in a done plate 128. The prinmary

swirler 13Zloafied Ba8e 23§ ialsst i rcunferenti spaced SW rl
vanes 134 disp oséed about a;%cagﬁédjglﬁh%t&)éﬁe?%w% %tboqug‘gbg’ﬁoeé?w(@ﬁerﬁ“ér 140

i ncl udes a Mmﬁplﬁml?émnagesgmnﬂemﬂlm aI ity of circunferentially spaced
swirl vanes 144 di sposed coaxially about the venturi 142. As in the first
enbodi ment, incom ng & n thr ou the first swirl vanes 134 is
swirled i ntg t he vent ur| l%%%% rﬁ% CBR; Eﬁ AY ther samg @ﬁa@?sfewlteh fegrdents

inj ected frdescabédiebonoznl eshonat it Fahe I3 ik @M’ Gied) ars O as. it
passes into tﬂ %4/ Qurg jhrz The secondarly SWI ef}v%rﬁeﬁfi cﬁ%%hﬁﬁlpgto
present a sWir PP 3l $ndnbas 4 gorcawe catont rrmep pbereinesudh rat the nddpat
interacts wedde dfftBe feeghérde gﬁtxt r fturth rLgtomze the m xture.
The swirler assembly 130 |%I(r:1 l'u esgcgﬁgge)s %f%fg%lq‘tésrllrﬂ g’@%"ﬁg?ﬁlieg bynidant ed
to the. forvRiper edgs- é?hetsq@llmrenésreuo@mh&@&m foiiteeaiBeadip bl fﬂa%éé . The

ferrul e 136g}nclHdd stre f aci | anar, surface that slidingly
engages an upsthlrée]g’?r% amm%'oﬁl% 'Fegfe di reéaings segmentsoi0 ir6ahe Thme

ferrul e 136masnearas deanbediabdirelﬁbbrﬂieeﬁolﬁﬂﬁﬁqf‘eﬂ%@ e swirler body 160
by two retainer segnents 150 that are joine %eﬂg\%\nﬁrl er body 160 on

opposite sides there ?{g‘gm i cal the retainer segnents 1 50 are
joined (preferably by &yreihe eé@'rhedlmanmvé¢$mm iRerBly havifges 152

formed on thereuhRedbleARihGSepAeRs aWﬂeSsBchlﬁg I)d&nre%ts%?d tﬁela grresebn? ?nve%t?gn

have been described, it will be apparent to those skilled in the art that various

modifications thereto can be made without departing from the spirit and scope of the
invention as defined in the appended claims.



The retai ner segnents 150 engage the' ferrule 136 so as tm Re@WeHHr 204 ati ve
axial novenent of the ferrule 136 and the swirler body 160 but permt
limted |ateral novenment of the ferrule 136 with respect to the swirler
body 160. This arrangenent allows the ferrule 136 to float or nove

| aterally so that it can receive the fuel nozzle, but otherw se prevents
the ferrule 136 and the swirler body 160 from becom ng disengaged while

t he smﬁrlégéﬁagenbly 130 is being installed in the engine. The -8 19
Novenber loating ferrule 136 al so accommbdates rel ative notion

bet ween the fuel nozzle and the donme plate 128 during engi ne operation.

The retainer segmenis 15Qr&&ﬁmggﬁn§§t 5§%&ﬂy%£éﬁ@5 Cg@gEEVIﬁuggscribed

above and shown in Figure 3 1n ey are curved

scal | opedsagDtSaindraehmemnctohisisigGRANG et fldindut démﬁﬁ@dmkh@{demﬂ_eﬁaﬁhed hat the
inner edge of the retainer segnent 150 defines an are that is | ess than

the arc defgenedd Hyrst el senonhdrendsigehertine embatidoped a erasaveecioe foheediel d
joint and bending stresses that occur fromthe forced vibration of the
canti | eveP&§i¥ et aj ner segnents 150 in the same manner as descri bed above
in connection with the first enbodi nent. The foregoing has descri bed an

Speciiic onbodi monts of TRERMPRREHI RO Ch  "HEVS et GUECRPOEE it wi |
be appar ef; 40 5 h@?eﬁ& fek Ieh?ed difed DScRhd afch@lia ik .0 é‘ﬁem%%%;ﬁérctﬁdﬂ Qe thereto

can be made w thout epar romthe sprrit an Sco the 1 nvention
as defi negcénd &rbre appended clalns 1 9 Novenber 2004 CLAIMS: 1. A retainer
segnent for a swirler assenbly in a gas turbine engine,

3. The retainer segment of claim 1 or 2 wherein each end of said
retainer segment has an end region that defines a first area and each cutout defines a

second area, said first area being less than said second area.

4, A swirler assembly comprising:

a first member;

a second member disposed in sliding engagement with said first
member; and

at least one retainer segment joined to said second member and
engaging said first member, wherein said retainer segment is an arcuate member
defining inner and outer curved edges and first and second ends, and each end has a

concave cutout formed therein.

5. The swirler assembly of claim 4 wherein said inner edge
defines a first arc and said outer edge defines a second arc, said first arc being smaller

than said second arc. )

6. The swirler assembly of claim 4 or 5 wherein each end of said
retainer segment has an end region that defines a first area and each cutout defines a

second area, said first area being less than said second area.

10



sai d retai ner segnent conprising an arcuate nmenber defi nijoydJaR8er 2664 out er
curved edges and first and second ends, wherein each end has a concave
cutout forned therein. 2. The retainer segnent of claim1 wherein said

i nner edge defines a first are and said outer edge defines a second are,
said first are being smaller than said second arc. 3. The retai ner segnent
of claim1 or 2 wherein each end of said retainer segnent has an end
region that defines a first area and each cutout defines a second area,

said first areh bei R 3va8¢ assrapbly af daiseb oy tavbeicingaid seeppidimembes dae bl y
conprising:, .a first ne , econd .nmenber di.sposed.in sliding epgagenent
Wih sai o PridehERba st PEEED U Tt aPRRel bRt eteRb oar o
second nﬁﬁgﬁg“@W@dnﬁgﬂﬁgﬁ%gn%Qhﬁﬁkb&égﬁﬁﬁﬁﬁ?r, wherein said retainer
segnent is an arcuate nmenber defining inner and outer curved edges and
first and second ends, and each end has a concave cutout forned therein.
5. The swirl er8.assehis swidér asbeanbly 4f olaier @iwhersani shid reteiner @efgpeent tefveldas a first
arc and sai defines a second are, said first are being smaller

d o,ter,ed%§o
than sai doSEdaidEe ¥iea 0% pereiratigh Meld assenbly of claim 4 or 5 wherein each
end of said retainer segnent has an end region that defines a first area

and each cut 0w deffiesyifler 8866 59 008 3 alihe $lo 3 GANDSLMrkARS, L han
said second area. 10 191Ngbe er9206§??9 %EeaSwfrI%r asseﬁ%@@’gﬁéc aim4, 5
or 6 wherstend attdinsecegflertejphied thasaid second member and engaging said first

member, wherein said second retainer segment is an arcuate member defining inner and

outer curved edges and first and second ends, and each end has a concave cutout formed

therein.

10. The swirler assembly of any one of claims 4 to 9 wherein said second
retainer segment is located on an opposite side of said second member from said first-

mentioned retainer segment.

11. The swirler assembly of any one of claims 4 to 10 wherein said first

member is a primary swirler and said second member is a secondary swirler.

12. The swirler assembly of any one of claims 4 to 11 wherein said first

member is a ferrule and said second member is a swirler body.

13. A combustor comprising a retainer segment in accordance with any one of

claims I to 3.

14. A gas turbine engine comprising a retainer segment in accordance with

any one of claims 1 to 3.

] . . .
I5. A combustor comprising a retainer segment in accordance with any one of

claims 4 to 12.
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a perinmeter and a ridge forned thereon, along said peri meigEgvehdcd 2084 ai ner
segnent being welded to said ridge in a cantilevered fashion. 8. The

swirler assenbly of claim7 wherein said retainer segnent is welded to
said ridge via a 100% penetration weld. 9. The swirler assenbly of any one
of claims 4 to 8 further conprising a second retainer segnent joined to
sai d second nenber and engaging said first nenber, wherein said second
retai ner segnent is an arcuate nenber defining inner and outer curved
edges and fi r st0-andAsts SHYIne fagine SARDESRS 2 SHirlerasseabbn Hrgspardangeowith f or ned
therein. 10. Th? %mnr 12assenbly of any one of clainms 4 to 9 wherein said
second r&PAHEFC ®t'% s located on an opposite side of said second
menber fromsaid first- nentioned retainer segnent. 11. The swrler
assenbly of any one of clains 4 to 10 wherein said first nmenber is a
primary swirler and said second nenber is a secondary swirler. 12. The
swrler assenbly of any one of clains 4 to 11 wherein said first nenber is
a ferrule and said second nenber is a swirler body. 13. A conbustor
conprising a retainer segnent in accordance with any one of clainms 1 to 3.
14. A gas turbine engine conprising a retainer segnment in accordance with
any one of clains 1 to 3. t 15. A conbustor conprising a retainer segnent
in accordance with any one of clainms 4 to 12. 11 19 Novenber 2004 16. A gas
turbine engine conprising a swirler assenbly in accordance with
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any one of clainms 4 to 12. 12 RETAI NER SEGVENT FOR SW RLEERNAN=RRMBLE04
ABSTRACT OF THE DI SCLOSURE A retainer segnent (50) is provided for a
swirler assenbly (30) having first and second nenbers, such as a prinmary
and secondary swirler (32,40) or a swirler body (160) and floating ferrule
(3 6), disposed in sliding engagenent with each other. The two nenbers are
mai ntai ned in sliding engagenent by two of the retainer segnents (50)
which are joined to the second nenber (40,160) and engage the first nenber
(32,36). Each retai néESEGHENSEGHBNT FORSWIRLERASERMBIL Ydef i ni ng i nner and
outer curved edges and first and second ends. Each end has a concave cut out
(54) formed therein to reduce weld joint and bending stresses that occur

fromthe fﬁB%m@f@Faﬁ{E'bIQELb@%ﬁt ai ner segnments (50). Fig. 2

A retainer segment (50) is provided for a swirler assembly (30) having
first and second members, such as a primary and secondary swirler (32,40) or a
swirler body (160) and floating ferrule (36), disposed in sliding engagement with each
other. The two members are maintained in sliding engagement by two of the retainer
segments (50) which aré joined to the second member (40,160) and engage the first
mmmmn%}&mmmmm@mmﬁmmmmwmmmmm®&mmmamd
outer curved edges and first and second ends. Each end has a concave cutout (54)
formed therein to reduce weld joint and bending stresses that occur from the forced

vibration of the retainer segments (50).

Fig. 2
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