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 convent i onprises g primary swirler and. a-

| | | y. 1
separate s 353& %a?@an? Ir"él?a"%égﬁge %‘Fﬁﬁrﬁ}‘?dswtk el apd Jetitad) for genergting hot
ci rcunf er egbinBhdtion EHBRAC elhesNdsks VBN WSt &%&Qﬁﬁﬁe. it E{Fﬁsex%ct

passages are angled with respect to the axial centerline o e swrler
assenbl y s&1¢gY therefigiate pewernihe compressoriand ptavidenesefidiwdrk sueh Fhsovesinpndar y

swirler al rabd ty. of .circunferentjally spaced swrl /anes or
air passagglg?{}%%gqegﬂ LA (l)#l Elég é%aé@ sgpplferq:to %Bﬁg‘fvr_stgﬂug@a péqr@ﬁiar led so
as to prodéed mzsies positibned bt sué fehd R the doRMHUSETE z6ie, OMMRSAiE §s dipRfddl on as
the primar . .
P ﬁ']rough 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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-1 19 Novenber 2004 swirler to further pronote fuel-air Mg NBGEmMINHSBLI Mary
swrler is disposed in sliding engagenent with the secondary swrler,
which is fixedly nounted to the donme plate. This arrangenent allows the
primary swirler to receive the fuel nozzle and accommopdate relative notion
bet ween the fuel nozzle and the done plate. Aretainer fits over the
primary swirler and is welded to the secondary swirler to retain the two
swirlers in engagenent with one another. One type of retainer is stanped
out of sheet,f@t:als, L rec Ul anul us.  However... the.airf]ow. through
the vanes gﬁlﬁégaﬁéﬂéﬁﬁg’{&?ﬁé fgg)ér{ia?rlrarpg& IIl’s,]%/vl ee‘?m’cj?ré’astwégeralsrdésé’@?‘?dlolﬂ Higi"€e t hat
tends to cagagentchewphithmsocondry lseirldrowhiohad fx¥dly induatddestthé QomBglagcondary
swirler and,the fuel no f allowed to rotate, the primary swrler

| e.
woul d fail 08 iaﬁﬁag‘im"frﬁegﬁ%’ggcéé%aﬁwn%v@viﬂ@lf tewFgeeivg theo futlenpdzle amdd
effective gradritgoddic HIRiIhofRAbebMah HOHfno AR ai3haGhhe Yl Furthermore,

rotation of the primary swirler could cause excessive ar 'to the fuel
nozzle tip. Primary swirler rotation is thus prevented in conventional
swirler assenblies by\ptanerdithgverthe prmerosverlovanbisdveldektostheisemntialy on t he

[ | t.nak [ t th d
Cui 11t so e o) ¥y ORISR b PBRlPsR! MHE' 05 APl CHeC MBS o <

with swirl extaiaesBredmesl dutaf sheee nietdldhtovetivouldramalis. IRAEREr, th¥irflow
an be used for each swirler assenbly. The use of two

anti -rotation L@E{s c

anti - rot at FBRUGELHE VERS\AT assapss of theprimay SHHTA ofeRes asengficn fords thatrtendgenrent s
and ther ebyo c4iR6 WepriBA) swilRr a6 SAMIRARL ?es?é@t "t She Q&%ﬁ%'s@ﬁrl&’ Ly fpao.
anti-rotation tabs, the ™ annular, single pfece retainer is repl ace&1 with a
pair of refusl moezlgeghieallewedrite rotats, dhe @rinseyresvitler sioelddh th damatthtie 180

degrees in_J € h |ded to th secondary swirler in

canti | ever%%p%g%gl}%ﬁﬂoééﬁg}{\%&g tglgaﬁemcge%ercgivg aYmgotithe @) qad ﬁl@u Yeuldr acki ng
due to nonratrbe avhisved.e Farthenidrewoltibh af LRt sviANSEould BARE Qx¥essive
excitation of thﬁ%h{e? g(l)%fg .segnments. Most typically, such cracking

initiates ALt e HRAR; sYdFleriotptiontis thus prdveterd de spirentisssy ment s
can cause isRpasih®lie£BP pRfiding 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.



renmovals to retrieve primary swirlers that becone free wWhenNbushodr@08he

mai ntenance is perfornmed. -2 19 Novenber 2004 Accordingly, there is a need
for an inproved swirler assenbly having nore durable retainer segnents.

BRI EF SUMVARY OF THE | NVENTI ON The above-nenti oned need may be net by
providing a swirler assenbly having first and second nenber disposed in
slidi ng engagenent w ; h r e taYi’OEn-Iéﬁ%U% IS, Y, hoat:al ned in
sl i di ng engagenent )g?/éog%lggg’rthﬁ%epg arIev%réaai t;?ér S gneﬁtsﬁd(?)‘?naes%??ﬂgy?lﬁ&elﬁ%econd
menber anoloentyedlawgtainee sdgntents. menber. The retai ner segnent may be an
arcuat e nenber defining inner and outer curved edges and first and second

ends. EachrafosupmARYORTARINFERTGoNout formed thereinto reduce weld joint
and bendi ng stresses that occur fromthe forced vibration of the retainer

segnent. Accordi ng < t resent, i nvention, .there i.s provided
a retainer segrrentiﬁ%%hg?g%%%rég s g En Il§/e Iig?\t ba?' fgg‘ﬁ_%“&r%?“r’%&lefeaﬁaﬁﬂh@? t he
retainer SReFEMst ar_ﬁpﬁéﬂ@in&ﬁbéi'rﬂi%i’oﬁé@ﬁlesliﬂﬁ{gt@ﬂgag&ﬁdn@ ifh ERAKIthANGnOUL er
curved edges and first and secon ends, wheréin each end has a concave

cut out f oweethentberseimy bRheaprtaigeditin jshidigt exgagamehti bs onelwantagestabeer t he
prior art will becqme _apparent upon reading the follow ng _detailed

descri pt i SAREHTFE 9y Er?G%Qi‘dc’inﬁ’inE%’ ang prgagliedthe fug mgmpere The d6IMsRYI ng

dr awi ngs. ) : i ich is
rogar ded BB R Bnvent rory mod oM ety R BB R
cl ai med i fecbibertiBNEdchcindGnHelidve Qf conbresbsit ForartitBdeintRduddWaatban,
however, may be best understood by reference to the foll ow ng description
t aken i n @¥¥ljcudiggisunsses that edser Fewahp fngsdhybritianiofi thefrefgineesegimennhi ch: FI G |
is an axial sectional view of the forward portion of comnbustor
illTustrating one enhomidirpto abh @psisiofl e m@&sAITIvention, 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.



| FIG 2 is a perspective view of the swirler assenbly ofg ghfamierWobh the
primary swirler renoved. FIG 3 is a plan view of a retainer segnent of
FIG 2. 3 19 Novenber 2004 Figure 4 is an axial sectional viewillustrating
an alternative enbodinment of a swirler assenbly. DETAILED DESCRI PTI ON OF
THE I NVENTI ON Referring to the draw ngs wherein identical reference

nuneral s denote the same el ements throughout the various views, Figure 1
shows the forward end of a conbustor 10 of the type suitable for use, in a

as turbine engine aljtqjg]j chugdi -.hol ogy 12, defining a combustion
ghanber 14 the?ei n. The rﬁolltl %w%gogislatl]defggﬁageg%‘rvallpl&ﬁrgﬁﬁ%I g? ?lﬁer?%’r"ﬁ] and is
defi ned byembogdincnt of 4 swirlet 8ssemblyan i nner |iner 18. The upstream end of.
the holl ow body 12 is substantially closed off by a cow 20 attached to

the outer Iy | en d to the inner liner 18 by a
second fas grjlgﬂrlILlr;i)_ B)Aéitgeﬁi%’g@%b? % M@B formed in the com 20 for
the introduction of fuel and conpressed air. The conpressed air is

i ntroduced into the R@ﬁaﬂﬁmgtcgthgH%ﬁihmﬁiﬁﬁ?ﬁéﬁﬁipfefgﬁﬂt%ghéﬂg%mn%rdgggtgd i
direction generally indicat arrow A of Figure 1. (
passes pri ﬁﬁrsiaf";? etl%?%ﬁwf?%g‘% BivACWE1eYss: Feipp dishows teuforward eaddf a

tially ¢ i r i d ere J.t is used
o ool ot h L b s il R el =i it 2,
Di sposed bbeligse hodnd2idefivingonemntustign chenbert ke tharedh. i m‘hemo}lmn&{o_a%;h@, ifsl8
t hei ds 4SS an.annyl ar, .done plate 28. plurality of
(r:]??(r: unf gr éﬁ%{‘%gafl{ygﬁmg‘%géé oA &5 deg-lg‘gg M qneglgﬁgﬁ?%nll@a@n@ EREWHIGINLE gur e
1) is mounTkel upstrdahe eddOE. thed hatldw BBdy HacH savétidiBllyaIsLA ¥ b3 w@{ yges a
primary swirler 32 that conprises a_ pluralit angul arly“directed

of
passages 3%1ched to) thesopfestiner Hy By anfjrst dastinen Zg@pdt;)tthe 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



to the axial centerline 31 of the swirler assenbly 30 so gsné@nmbER2bb4
swrling notion to the airflow The primary swirler 32 also has an
integral ferrule 36 that coaxially receives a fuel nozzle 38. The swrler
assenbly 30 further includes a secondary swirler 40 that adjoins the
primary swirler 32, downstreamthereof, and is fixedly received in the -4
19 Novenber 2004 done plate 28. The secondary swirler 40 includes a venturi
42 and a plural i{ay of circunferentially spaced swirl vanes 44 disposed
coaxi al | y abwus platee28.eftherdecdiiaryT B@irley @t ME] h rul.e of the
primary swirler .32 are both cqa;% al | gj@i 15%133%@%9@@ g@ 3Ipl%r§ﬁ6/e?$i ne 31
of the sw rﬁlg}lmgf‘gglé%glfpg@d SAYiFl vepes4 diepaspé noadalBeatpasthe srentubiraugine he
passages 34wentifRsBMMd th Rl bl S es, 34 interacts with fuel

i njected fromthe fuet:hbnozzf 26%“}36(5%3%4'{)3“’%?%5%2%“? both geaxdally #igged mathyent ur i

42. The sdboaval yenseling 3V arfidbe dutirlchamseattly B0, RieSRM (Ha éﬁ%fn:guze%}‘ I?%;gérs

swirling inp; Lt irection that interacts with the
m xt ur GQSOQ%IISH&H-%E;%%#&% ; 3‘?-0%%5 SVHTHBE AinGXifing tha passagespi imtdracts withdfaetbust i on
in the cortiysetcofromnatibiel Adszld 83 SHaY'd iR I Bkskalo ol LARUOY, e

en i ndie

illustrates the swirler assenbly of the pres I'nvention

annul ar cofBPLEYY SWiHcvagew 44 dheri anidatpresent & seiliaf i syiflinigCiabthe opfospfeher
types of  apehibw @aSintd ' i -annul ar conhustors. It should al so be
noted that the pr esglntr%\%ﬂgplg%%héira% hfrgéBlaé%?%“rﬁl?r AERES Hig BiEitwieer

assenbl i esandpeegaietit or combubiton inahe tenbiigioatchRgabs 4, | IR gg‘gh@g&d gﬁazc” I bed

above. The |y swirler 32 conprises a base section 46

forrule  aatyquiRieds It‘Jr’11 Stf%?%ﬁ?%?ﬂ%@%%@ﬁb@f therpseseht inventiorbinsesisglet i on 46
defines a amtmirstsrRBuBtdrachd) GradbRNRN st &C ge dary swirler 40
conprises a base section 48 that der ﬁlllegs g%ua;fjl s‘%ﬁ%ﬁ@ﬁ&?{ CHPRERCIsur f ace
that sl i di fYPSMsENGatieBdingemulfi-annularseomitastoraf It Bieould ialsBrbe suved ligd: 82 When
the swrl epr8558 - i led. = The venturi 42 extends axially (with
respect toﬁrtehe ag?éa logg%taéﬁ’ﬁ%ﬁ’ge 1 CHORRE SYiitier @psemplies ip|agddition tddhest r eam
from the sevwotadaoiatibgswirkeatsemblyl@sanbbd AsvaENt i oned

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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above, the swirl vanes 44 are disposed coaxially about thg MeWwbdr 2684 The
primary and secondary swirlers 32 and 40 are maintained in sliding
engagenent by two retainer segnents 50 that are joined to the secondary
swirler 40 on opposite sides of the venturi 42 from one anot her.
Specifically, the retainer segnments 50 are joined (preferably by wel ding)
to the upstreamfacing planar surface of the secondary base section 48 and
engage the base section 46 of the primary swirler 32. The retainer

segnent s 50hapsmaocaviztir 30 wish t@pEt ey ey sdehdr) “RirlédX0a! THR a@{ﬁgé ngt t he
t wo svmrler 32 and .40 but, permt limted | ateral novenent of rf

Novenber QWE e BHMARY %Wlﬁlﬁ % & flogt ofimayerlatersélytsottbattthe feradeddany bewi r | er

40. This ar hang r to.float

faerally cornny FRmed S U B B R n M A S S e g

receive, tHKeiferep2 mnd21{)efro’m'sbedounng)ﬂllsarg\agaiewbﬂeﬂﬁ&h&r[éﬁh@séﬂﬂg 395 bkigpS 32
O0is be| ng

and 40 fro%éﬁq engage ?l while the swirler assenbly
installed in ﬁg 38? ﬁ%gmerhi ¢ ey saAiesig plse peepmimpdatesarsiativandat es
relative mitioBrbebatonerdfieNfokIbels HA2RL SomaSp l%&dzstcﬂﬁng%ggln@' b&ugS during

engi ne operation. Referring now to Figure 2, whi swrler
assenbly 30 with the Erlmary swirler 32 rem)ved it is seen that the
retainer segnents 50 R&FGTIBE BOwite FignstrBewhich sbows theatweirlen/assgmblar 3owithi dt hs.

Cach, o1 B RTENIEORLARE, B L6 W Bk e 430, Sprses ond

has radially (wth respect to t SW T
edges t hat mafberﬁehqjamatdlaivebunm wTdtbs r Bathfetaiheriepmaatus & defindsh@ fut er

edges cl os radi u ture defined by the base section
48gof t he ﬁ@ébsgﬁ %?;tB L‘%/dq‘f‘ig‘éfiﬁsa h‘Eafé aﬁ)é htméqsp%céWﬁtswy@rucgnchm@H)u n a
canti | ever galef a:&hoﬂar ddpes ﬂm@@éﬁrﬁ%ﬁ?ﬂféi aﬂvwerlﬁfraalﬂ@ofl#&ﬁéﬁﬂre E.;Yegur £ ace

extending ridges 52 that are fornmed on the upstreamfaci ng
of the sectl&sacjosslysmatshes themadigs Oﬁhgvamwgésﬁn'éﬁ tarthe basd SBEthﬁI 48I sihfet he

perimeter gf Ly face nd are..| oca

opposi te si 58231“‘?}’ ‘g&ﬁ;&é\%@%‘?ﬁ &éﬂ%ng ﬁ&gﬁe a’ﬁé?lﬁ‘ n afﬁ%“t’rl‘é‘feé‘?%g’rsh@ﬁdﬂe nts 50

are poz ité g?mdsr;])smdmg ahe bhiwa cupvdde exiellg eemlify ﬁuﬁb%tﬁrthétadré YorkdedRa ikt h the
t t

outer edge upstream—facmg 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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ondary base section 48. The retai ner segnents 50 are pioyhHERcherbbbs
:ggllopeé ends. That is, each end has a concave cutout 54 formed therein

the inner edge of the retainer segment 50 defines an arc A that
?gcreggathan the are Ag defined by the outer edge, as seen in Figure 3. LP
one preferred geonmetry, each cutout 54 has a curved portion and atstralg
portion adjacent to the inner edge and defines a tip 56 at the outer
corner of the retainer segnments 50. The width w of the tips 56 is

preferably cregsdiistbcdllyenitiachtif cofiventiend] irdtgi@sr s'%%m‘é'ﬂ%se %e%@ﬂﬂ)?r essqes EWTCL ;ter

I d ends reduce the weld joint and ng s
ggc u-rrh:‘a r z%a?l o o FeseeRny ifisAugncy of dhe ratinercwamiente\sér dightipt whiokmaecgvent s 50.

The curved Wlﬁlpﬁ@tcﬁ'tﬁ@w@ﬁﬂH&?%&‘& n(g,hs%r%ss concentration factor at the

€.
corners of the retainer segne Where nost -6 19 Novenb_erL
2004 cracks historically initiate in conventional retainer segnents e
scal | oped ends al so 'Bha eizet b€ thesoncave tuteefs efc whedldt be [ﬁl%tgaémrhs?nent )

| d t
pendi ng. st s Se4BED VRS sfiq AR a5 SerTl setes. Srelormoin, dhoeubagid enough
to adgquatseré yizad bews wt defindan\wal degl@ﬂ 54 (1%”4h@§5‘1§10ﬂ9>f Sihd Fe e?— se%'?nrqeeﬁt%rgam Y,

d as to define an regi on
e, Sor o1 o athie e SheF 445 apebatas nprsmrea h (Fhaaro3) oo sk shor ec)

that defi nqge afea@Bedeffell FlydHcCe dﬁém"% Chy! elﬁﬁénfgt%@é]ﬁe@;gﬁ%ggg Pgd by

he cutout 54. In one preferred enbodi nen
tS| ged such Sﬁﬁa@ntti{blsmedrsuehlglmatMOmer adfelttasaf radlsVatt dirPatlfe GFRBLt 3. 22

f curvature of about 2.
cent i mot or S el G gt oot pbvive, o ahont P-Ae@@mmetﬁachd
tRauh t%&ﬂﬁsa’i idtRRY Bf dof AP eMltinttds. GBI BB gurve
Sgpf?\éﬁ ggfl nj nqg E r adi Lvé r of about 0.5 centinsters. "?ﬁé’“@‘l’ﬁgﬁﬁéﬁa SBet ai ner

end regi ondeB BYEA2Y prutimetats prdspedrued pevtibolidefining e radited GRbOSEGIENt S 50
to the ridgesimaersBecause | ess material is present at

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



the end regions 58, the material is "consunmed" better dur{ggoVshstraos The
weld joint is thus generally stronger at the ends and | acks

di scontinuities or crack starters. This strengthens the joint at the end
regi ons, which, as mentioned above, is where cracks wusually occur in
conventional retainer segnents. Preferably, the weld joint is a 100%
penetration weld along the entire length. of the retainer segnents 50, as
opposed to the approxinmately 70% penetrati on weld commonly used with

convent i ondd outelf diaeratine gy rdhR Jr et Al Ae], referably
made of a high, tenperat urgel_réqal I gy rtsgﬁi ted fr%r euyﬁﬂf,ﬁgéfeéﬁgﬁn%grgg%tﬁi on of
a gas t ur bPHVIBhSiseeevdatthicker thag ketveptisml reninenteahtentsas addlstiffysss agne
comrer ci al Eﬁfer%\{@i | able material that is particularly preferred because of
its resistance to high cycle fatigue is the nickel-base alloy Hastalloy X
The thickness of the retainer segnents 50 will be determ ned by the

appl i cation and shouFgube 4silinbtrdtésatn talternatis® Bater f fsamERCY3 0 WRRK gt ai ner
segnents 50Q.-7 19 v er 2004 is out. of the operating frequency range of
t he engi ne;8 mﬁz/igi %‘gllrl\ﬁf/ﬁg?ﬁgd Iaes[cg?rﬁjéfy Suigleedfe arsmiggrally draswehanitarni cker
than conveswirkknabdy eb@imelis SREITPMRived A9 dhd hibRers, a rength. Figure
4 illust ragaes,an al ternati veg{/lm?r I_e} aslsenbl yd %1%% F%B'V\;Eﬂ%ﬁﬁéla%’pg’r%}'y
swirler 1323%igludes actirst atwalityiof| circumdgrentiallyl spregh swirly vAms nisd dispRedini t ary

Tl b t o daSinh L ved .i | ate 128. Th '
wi 11 or 199t R ebRonin, AR shERR) Bkt Pl eREn fvantit Lok sva 11
vanes 134 stcembplatalitpbbcitcuafeentiala) s b@ﬂé\ﬂi@!,vaﬂ@ﬁltﬁﬁfﬁsﬁ&@&’@gﬂiéﬂﬁmoﬁt er 140
a

i ncl udes venturi. 142 and a _second plurality of circunferenti y spaced
SW rl vangtéle 1‘%2&'5'1 g{?oséa 1 the fizst F?‘BQ@)‘HWPL IRGpmIDE girupassing 2hropgh the filse fir st

embodi MentswiklNGAes 194 & §winds #itd thd Withi9 43N nld diihingSH e kA0S alod) TS

swirled into the venturi 142. Is swrling arr in
i nj ected flRBKicd a2 felndzele((not sholavin RigurEidlse es &) mdpanit pagseiinto de | t

passes int i 2. The sec ry swirl vanes 144 then act to
present a ‘%vl\ln : 1%%-/ eglﬁé# sreg%%cf'aw 5\ PSS QALY o5t to present a switl of air swirling
in the same or opposite direction that interacts with the fuel/air mixture so 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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in the sane or opposite direction that interacts wth theid Ngldnfbar 200Xt ure
so as to further atom ze the m xture. The swirler assenbly 130 includes a
separate ferrule 136 that is nounted to the forward end of the swirler
body 160 to receive the fuel nozzle. The ferrule 136 includes a
downstreamfaci ng planar surface that slidingly engages an upstreamfacing
pl anar surface the swirler body 160. The ferrule 136 is maintained in
sliding engagenent with the swirler body 160 by two retai ner segnents 150
that are | diocagay f@nil&e36Wsh! opposit e sides fhereof.
Specifically, tﬂge r et ai ng\rﬁqsr)sagg?rrgﬁtg gat%ég:é&QF ergﬁbqnn]éegwﬁi‘r @F@Qb‘!‘&?ziﬁy‘md

wel di nQ) i nthe mplﬂ@v@rgébll‘ihashgimopnaﬂim ri dges 152 fornmed on the
upstreamfacing planar surface of the swirler body 160. The retainer

segnents 150 engage thke' rrule 136 spo_as to prevent relative axial
nmovement of the ferruﬁzlel'%%lfﬁdselgﬂlgngmfsrq are Hsuyeme@s e tetiner tseginentsed

| ateral nodesssibed abovd ent eshiowne inl 3¢k 19 if GBRCHey { Dot .8 phody 160.
This arrangenent . allo he ferrule 136 tlo fIoatyof%arrélg'l\(;‘é&?mI {e(e:?salhﬁ‘{/m o that
it can recerGaoPHbeRG5e| 79dehas 4 genceve entais orpred tbertin duok thar thelignek36 and

the swrl erededyf tASftdi j i .While the swirler assenbl
130 i s bei nz i nsttal %ﬁﬁ%?ﬁgﬂgﬁgﬁgﬂéﬁﬁﬁ&ggﬁ&%@%g}c 3¢ dofipaddut thag Y
ferrul e 136°%FLezse ddwerrsallaped endd wdh@eethﬂmdl@jbiﬂminﬂﬂﬁﬁdﬁlﬁ%trfeéé%tlﬁ%ﬁégg and

the dome plg 8 i ngi ne_operation. The retainer segnents are
the same as %ﬁe&%egog%e?gg%ﬁﬁe?fghe Baé’giq”?‘ﬁ?édr%@ﬁfes%ﬁvﬂ‘%bﬁ%m the-isgraee 3 in

that they amanmantavéelscﬁbe@@lﬁ)vbaf{bé‘t&ecﬁ(ﬁﬁbk&&%&&éﬂ%ﬁb?oﬁggﬁ end has a concave

cutout forned therein such that the inner retai ner segnent 150
defines an are that .5 | ess than the arc defined by the outer edge. The
scal | oped ends reduce! #h&orGaeiag jhsr reserhedbam ithprgved rsedd@sadsr@blyORgtng from

mmnner a5 qoccr, b Shana R SRS KRR R (Bt bt amentighe

f or egoi ng H&#%e dese rdesesibedn if mil cheedppavdnt |tor thases Sk Ak W that various
modifications thereto can be made without departing from the spirit and scope of the
invention as defined in the appended claims.



nore durabl e retainer segnents. While specific enbodi nent® Qévdniterpoesent

i nvention have been described, it will be apparent to those skilled in the
art that various nodifications thereto can be nade w thout departing from
the spirit and scope of the invention as defined in the appended cl ai ns.

1 9 Novenber 2004 CLAIMS: 1. A retainer segnent for a swrler assenbly in a
gas turbine engine, said retainer segnent conprising an arcuate nenber

defi ni ng éggﬁgsand outer curved edges and first and second ends, wherein
each end ‘concave cutout formed therein. 2. The retainer segnent of
claiml1 wherein said inner edge defines a first are and said outer edge

cl al jSaid inner e | . (edoe
efines a second are, sakfifihbNboRtf Sl 1SRRIy HEMtabhe AEAANT arc

3. The retainer segnent of claiml or n eac sal I et ai ner

segnent hasd AfildthepR@htUdniphidingdel irese MefbesicfafiRfinmbtatbehtecsirped def i nes
a second area, said first area being | ess than said second area. 4. A

swirler asigesrhy fosnpnd seavgd ends,f whekinnearbeend hasecammndaveeabiest imgbsed in

sliding engagenent with said first nmenber; and at |east one retainer

segment jBf%¥®d to said second menber and engaging said first menber,

wherein said retainer segnent is an arcuate nenber defining inner and

outer curved edges fnd f&hst and second h end.has_.a concave
el'n. 5.

A nds ﬁnd.e
Qutout formed theréhn. 5IIGHAASESFIT SR yRGFn R LA SHRFOnT Sai d
i nner edost g4efhf8siddufet 'é? e @Jﬁ%ﬁ@ﬁ'gec%ﬁ& qrcogéiégqr&%%baﬁé LHgranaeGand are,

said first are being snall®r than said sécond are.
second arc.

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



6. The swirler assenbly of claim4 or 5 wherein each end @fySRker bEEAI NET
segnent has an end region that defines a first area and each cutout defines
a second area, said first area being | ess than said second area. 10 19
Novenber 2004 7. The swirler assenbly of claim4, 5 or 6 wherein said
second nmenber has a perineter and a ridge fornmed thereon, along said
perineter, said retainer segnent being welded to said ridge in a

cantil evered fashion. 8. The swirler assenbly of claim7 wherein said

retai ner segmeht i sTifetvdeer assenblyphiclpipgh e in%wheri@@@idp&%@@rfa‘ml@ﬁ hael d. 9.
The swirl ereasstgnbl ofd a(rﬁ; oge of clagi ns 4.t0.8 furt&ﬁr t.(:orrpri Si ng a
second r et RFRBFL AUhA f1der JPwisy thereany; Hong, said) feriRfifh S2uh I aRY 38R S ai d
first negdes weMbB@ iRl S dinSeeaiRvERE #ARh, Segment is an arcuate menber
defining inner and outer curved edges and first and second ends, and each
end has a concave cutout formed therein. 10. The swirler assenbly of any
one of clains & to Dhenvarlei assazhlyl ofdeiond whertrasankretaimmy segmenit $s Weldat ed on an
opposite si dﬁ of said éoecond menber fromsaid first- mentioned retainer
segnent . @paidfidge ¥igia |08 praciagR ek 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 sw . f l.ai . ein said
first nmenber %]'s a%%ér%flgﬁisﬁﬁlgiogag c%}é% Elr%rgl Ser t?sgr@ﬂg%t%f%p}w%%%. 13. A
conbust orsecenpir¢taingg segm@it joired & gaieNdecom] atiiet adiele emgalotheasyid ofagt of
claims 1 to 3. 14. A gas turbine engine conprising a retainer segnent in
accor danceemperhwherpip seidescendartaings sepmept 3 antarcupts, membes dofising innsoapt | si ng a

retainer osu?ecllqzemr‘]\;[ed Ieng%%%& rﬁgs?gﬁg sé/c\;llo;[lci1 et%?;,y an%ne%clggnd 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.

11



claims 4 to 12. 11 19 Novenber 2004 16. A gas turbine engfmqo\;ép,myﬂg@o@g a
swrler assenbly in accordance with any one of clains 4 to .

RETAI NER SEGVENT FOR SW RLER ASSEMBLY ABSTRACT OF THE Di SCLOSURE A retai ner
segnent (50) is provided for a swirler assenbly (30) having first and
second nmenbers, such as a primary and secondary swirler (32,40) or a
swirler body (160) and floating ferrule (3 6), disposed in sliding
engagenment with each other. The two nenbers are nmintained in sliding
engagenent by %o oft 8% JUIPEE FIAEE COBpPH RS A SWITRT)asHmbln it acsofdenseewith o t he
second nmenber (500 160% {a#d engage the first nmenber (32,36). Each retainer
segrent (50PN 0dEe nenber defining inner and outer curved edges
and first and second ends. Each end has a concave cutout (54) forned
therein to reduce weld joint and bending stresses that occur fromthe
forced vibration of the retainer segnents (50). Fig. 2
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