METHODS AND APPARATUS FOR WASHI NG GAS TURBI NE ENG NE COVBUSTORS BACKGROUND
OF THE | NVENTI ON [0001] This application relates generally togas turbine
engi nes and, nore particularly, to nethods and apparatus for renoving
particulate matter fromgas turbine engine conbustors. [0002] Conbustors
‘are used to ignite fuel and air mxtures in gas turbine engines. Known
conbustors include at | east one done attached to a conbustor |iner that

defines a combustion el _injectors are attached to the conbustor in
f1 ow conmuni cati on wi mﬂfHQMPW@ FOQBRIWASHING conbustion zone.
Fuel enters the conbust osAkPFOREINEE FAS6 ached to a spectacle
or done plate. [0003] The done assenbly inclu e%rgfﬁgair swrler secured to

the donme plate, and radially inward froma flare cone. The flare cone is
di vergent and extends radially outward fromthe air swirler to facilitate

m xi ng t hBAFKGRRIUNDPE THHINEBNEKMNNng the nixture radially outwardly into

the conbustion zone. A divergent deflector extends circunferentially

around the flare co d ' i t re_cone, JThe

defl ector prevents Hg?ﬂgomgéﬁdgﬁ&éase}s%fbs%‘)%%rge to\/\éb?ﬁ'yﬁﬁ}eﬁg ng%%dustion
zone fr ommepipagicnirlypométhedscndappdratie forAbmbeiag pasionRtdaaws frofefdsect or s
I ncl ude igtu%gr[efall forged cooling passages which direct air towards the

flare con CiPIOESPpi ngenent backsi de cooling of the flare cone.
[ 0004] During operation, particulate matter ingested into the engine may

undesi rably accunul gbeod|n ¢dirbistart RECTRAL oPRERAIES AQ0iPhAskrdhE %Mds?\r']\/ of

cooling air through the passages. Over tine,” continued operation
bl ocked dBdinengngines. pdsaerge Lombyistorsu inslysiee ataleaste ohai dame atthchiedetd laar e

cone. To fachli . I I.ng.. over ting of ;the flare n nQWN
conbust or scgg{})gétggilﬁ%rd@gg?{?ﬁyeﬁ n%sf)og%lf esgggg%eqwgg?}elﬂﬁc % %@%‘@fﬁ/&pﬁ‘ﬁ i cul ate
mat t er t habmbaytohayfo® wolimunicatilin evith the sTomesatsit @ﬁFIySiﬁélaﬁé theceimbufiona
m xt ure of vvatlgr and detergent, froma spray nozzle

zone. Fuel enters the combustor through a dome assembly attached to a spectacle or

dome plate.

[0003] The dome assembly includes an air swirler secured to the
dome plate, and radially inward from a flare cone. The flare cone is divergent and
extends radially outward from the air swirler to facilitate mixing the air and fuel, and
spreading the mixture radially outwardly into the combustion zone. A divergent
deflector extends circumferentially around the flare cone and radially outward from
the flare cone. The deflector prevents hot combustion gases produced within the
combustion zone from impinging upon the dome plate. At least some known
deflectors include integrally formed cooling passages which direct air towards the

flare cone to facilitate impingement backside cooling of the flare cone.

[0004] During operation, particulate matter ingested into the engine
may undesirably accumulate in the impingement passages and block the flow of
cooling air through the passages. Over time, continued operation with blocked
cooling air passages may cause premature failure of the flare cone. To facilitate
preventing overheating of the flare cone, known combustors are periodically inspected
and washed to remove any particulate matter that may have built up, Known wash

systems spray water, or a mixture of water and detergent, from a spray nozzle
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-1 downstreaminto the conbustor to renpve accunul ated particulate matter
fromthe conbustor. Such water washing systens restore sone of the | osses,
but because the inpingenent cooling passages are not visibly accessible
for inspection, and as such, the water washes may not adequately renove
the particulate matter fromthe inpingenent cooling passages.

Addi tionally, because of the orientation of the deflector-flare cone
assenbly, particul ate tter dislodged upstreamfromthe passages nay

becone f ordoVEsieany dgadhe Gom ‘%St?fa@s%’é’é’eﬁcwga@ﬂé@ﬁiwt% gatter §am the

channel ed sihf e ENTI ON
[0005] In (%ﬁigaaspegitﬁﬁ gﬂé%g?ﬂslgﬂg ﬁ:&sﬁée ?i(ﬁlg%gt:%h?? [ né\sél%faér%eldge %:ngt/bust or
i s provi dathpinfementetdodids posspgissas nobuqsibﬂ)ngccassﬂniz foreinszstom| andagandst t he
conbustor,, wherein the nozzle aiserrb i ncl udes an. Iﬁaeet end, . a di scharge

end, a hdl¥ SR IARESH By B AfRAPAYMN ‘é‘f“é‘ff’elt datticylate matich o othy
posi t i onedmpirgin@nt H@ohﬂgoﬁdsﬁgel@OdAddﬁRiﬂHﬂy ngeéa% B8Pk %rﬁﬁt%ﬁm?'df %& a fluid
source, and di schargl ng an annul us of d fromthe nozzle assenbly into
the conbugledectonflargecona @s@mbéy;nparﬁgulaﬁyamatt@ul disledgelt mpstreanp rfrarhethe

nmbust t I senbly for
i reoti ng PEFLRe: ey beRORE J6lciRRREL 0ty s ShsTRURE e s sfeepCpTugRR™ Y

parti cul atohaumﬂetdedownsffbeenﬂﬁaaglﬂhaa@ﬁbﬁxﬁwnl ncl udes a nozzl e body and a
cent erbody. The nozzl e body extends between an inlet end and a di scharge

end, and e ho L pe | herein. The centerbody is positioned
within th '@?MQS{EE&%TMM ar gap 1is defined between the
centerbody and the nozzle body. The gap is segnented. The centerbody S

configured to coupl gobds Hﬁzddeeas‘%éc%eqb;h&hb@ fbh%@ﬂﬂ?%%&y turbin dngE#
assenmbly is for discharging an annui us of fluid through the gap |nto the

combust or combuete] isproddgdur eth@,cbgunpn@s reuphing afnozzleasseimbly agagsstheur bi ne

engi ne | def,l ec flare cone
assenbl v RaPuadt ket thedoatle dlerl i iges ot 5, £ ihates o dec.
The et hOdloﬁowmdzsleﬁ)odgLbﬁteind@g&herebetween and a centerbody positioned within the

nozzle body, coupling the nozzle assembly to a fluid source, and discharging an
annulus of fluid from the nozzle assembly into the combustor to facilitate removing

particulate matter from the combustor.

[0006] In another aspect of the invention, a nozzle assembly for
directing fluid into a gas turbine engine combustor for removing particulate matter.
The nozzle assembly includes a nozzle body and a centerbody. The nozzle body
extends between an inlet end and a discharge end, and the body defines a cavity
therein, The centerbody is positioned within the nozzle body such that an annular gap
is defined between the centerbody and the nozzle body. The gap is segmented. The
centerbody is configured to couple the nozzle assembly to the combustor. The nozzle

assembly is for discharging an annulus of fluid through the gap into the combustor.

[0007] In a further aspect, a method for washing a gas turbine engine
combustor including an air swirler, and a deflector-flare cone assembly that extends
circumferentially around the swirler is provided. The method comprises coupling a
nozzle assembly to the deflector-flare cone assembly, wherein the nozzle assembly

includes an inlet end, a discharge end, a hollow nozzle body extending therebetween,
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nozzl e assenbly to the deflector-flare cone assenbly, wherein the nozzle
assenbly includes an inlet end, a discharge end, a hollow nozzle body
extendi ng therebetween, -2 and a centerbody positioned within the nozzle
body, coupling the nozzle assenbly inlet end to a fluid source, and

di scharging fluid in an upstreamdirection fromthe nozzle assenbly into
the conbustor to facilitate renoving particulate matter fromthe

conbustor. BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] Figure 1 is a schematic
i || ustrat % fenierhedy pesitioned withinfhe nozzle bofly, moynkieg the rozglecassesblyect i onal

view of an,Rx > %BHF %‘rﬁ% Nl : IRY0 E%’!-t t he

engi ne shown ?ﬁ]@gé?ﬁ%&) ; %%S]CQ |g§?§gm:asl¥1a&ngﬁsspectaﬁrveg§@?ew of°a nozzl e
assenbl y trioatle mesemblheints de dombukearn faoditate ndmeting pattioslate st iyonsthewn i n

Fi gure 1, aﬁg%%tmll] Figure 4 is a cross-sectional view of the nozzle

assenbly Q@ %n Figure 3 coupled within an exenplary conbustor that may
be used with the engine shown in Figure 1. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON BRIEEFADESCRIFTEON OF TRSDRAWINGSi | | ustration of a gas turbine
engine 10 including a fan assenbly 12, a high pressure conpressor 14, and
a conbustor 16. Engii ne 10_al so includes a high pressure turbine 18, a | ow
pressure turbine 20108081 Figwsdds apchematipaipsiratienel 4/gas funbinel angias; an arr ay
of fan bl ades 24 extending radially outward froma rotor disc 26. Engine

10 has an intake si : i i , gas
c[@%@%Egggu@Q_ 8% RAKS LeckoAR viQy of M?%g@é : O%ﬂ%ﬁﬁ\

turbine engine 10 is engi ne commercially aval er al
El ectric Consassemidy thet magbe psethvish tHe®dgdk showwpekigeiedn, air fl ows through
fan assenbly 12 and conpressed air is supplied to high pressure conpressor

. The hi ghl d @it 4.8 del d . nh ATt ow f
combustor 16 Urives N0 ddeurd S areswtainaty o fiRiababsemigu ot ¥ sennl o

12. be used to clean the combustor dome assembly shown in Figure 1; and

[0011] Figure 4 is a cross-sectional view of the nozzle assembly
shown in Figure 3 coupled within an exemplary combustor that may be used with the

engine shown in Figure 1.
DETAILED DESCRIPTION OF THE INVENTION

[0012] Figure 1 is a schematic illustration of a gas turbine engine 10
including a fan assembly 12, a high pressure compressor 14, and a combustor 16.
Engine 10 also includes a high pressure turbine 18, a low pressure turbine 20, and a
booster 22. Fan assembly 12 includes an array of fan blades 24 extending radially
outward from a rotor disc 26. Engine 10 has an intake side 28 and an exhaust side 30.
In one embodiment, gas turbine engine 10 is a GE90 engine commercially available

from General Electric Company, Cincinnati, Ohio.

[0013] In operation, air flows through fan assembly 12 and
compressed air is supplied to high pressure compressor 14. The highly compressed air
1 delivered to combustor 16, Airflow from combustor 16 drives turbines 18 and 20,

and turbine 20 drives fan assembly 12.



-3 [0014] Figure 2 is a cross-sectional view of an exenpl ary conbustor

done assenbly 70 that nay be used with conbustor 16. Conbustor done
assenbly 70 includes a donme plate or spectacle plate 74 and an integral a
defl ector-flare cone assenbly 75 having a deflector portion 76 and a flare
cone portion 78. Deflector-flare cone assenbly 75 is annular and is
substantially concentric with respect to a conbustor center |ongitudinal
axis of symetry 82. &0015_ Conbustor 16 al so includes an annular air
swirler 90 having df0kdndiigiredds e cemsedongl @pwﬁ@nwnmplary eanbystarbout

cent er | onghicgl b 3% oy 53 DAY BRniEH 1 CRmRR EIMIRS g2 ol 1Y

outer surface a radi I nwar W surtace nnul ar

air sw rl &0 i8€luidescd doas piate arlbpdctagleoplater74 sidr fmimecgiQ duiidcr-flach @nky

i nwardly faci w.surface 102. Exit cone flow surfac radially outer
surface 106° Yﬁéﬁ%n%flfieﬁwﬁfmoﬂl%ﬁm i coueROTion 7§h£>ﬁ§s tpirgarg

portion ofcodé lasbAIft Ty %J%nﬁﬁld aﬂe"‘fgsgﬁb@f’&%al[)pgéﬁc]enw %Vlﬁﬁp?éégfedtc by, exit
cone 92 includes anintegrally formed outwardly extending radia ? | ange
portion 1XombEstot cantardorgittdigel pos of symnietty §2acl udes an upstream surface 112
that extends fromexit cone flow surface 96, and a substantially parallel

downst r eam surface r endi c | ar. to. exi cone flow
surface 96. Air ﬁéllst]Qgﬁ %Sg)gg% agéo %‘[cggf ?’rnaélds% f%gballayngxt endi ng
radi al fl aang:ﬁmptalrtdxancol&@Z ﬁﬁpoéeﬂcdyudﬁaned]lyuﬂﬁut eefifes Wrgaaindll gxia st a
substantially parallel downstream surface 120 that extends fromair

swirler fISYRMEHYTSke BXibcong P2 iagiudeep Rfishyouter sutes 9 andygdradmdlyar e
subst ant i %\lv&dgﬁfa%iﬂ ol AuPibd 96OMRmMIANEP syt AL BR1ubte air%gl_aﬁ%é%li%nd are

substantially perperdicular to air swrler ace ] Ar
swirler QGudhc@olO(}midmeleﬂalyphwawﬂy fa;cmgfﬂcmr lsmtfadedJOQntE)aﬂ tone fhyprasadacewi r |
vanes 130.

sl idably cgglfﬂ'lﬁ.e Bgi%’lé% 30801??8 d%ﬁgl ura% Qf g anwf' ﬂyge B lH*'lga;aechannel

104. A plyattadn dfhirGherb@iVahtng FolvhstYARES 134 are slidably coupled to air
swirler flange portion

[0016] More specifically, exit cone 92 includes an integrally formed
outwardly extending radial flange portion 110. Exit cone flange portion 110 includes
an upstream surface 112 that extends from exit cone flow surface 96, and a
substantially parallel downstream surface 114 that is generally perpendicular to exit
cone flow surface 96. Air swirler 90 includes a integrally formed outwardly extending
radial flange portion 116 that includes an upstream surface 118 and a substantially
parallel downstream surface 120 that extends from air swirler flow surface 102. Air
swirler flange surfaces 118 and 120 are substantially parallel to exit cone flange
surfaces 112 and 114, and are substantially perpendicular to air swirler flow surface
102.

[0017] Air swirler 90 also includes a plurality of circumferentially
spaced swirl vanes 130. More specifically, a plurality of aft swirl vanes 132 are
slidably coupled to exit cone flange portion 110 within aft venturi channel 104, A
plurality of forward swirl vanes 134 are slidably coupled to air swirler flange portion
116 within a forward venturi channel 136. Forward venturi channel 136 is defined
between air swirler flange portion 116 and a downstream side 138 of an annular
support plate 140. Support plate 140 is concentrically aligned with respect to
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116 within a forward venturi channel 136. Forward venturi channel 136 is
defined between air swirler flange portion 116 and a downstream si de 138
of an annul ar support plate 140. Support plate 140 is concentrically
aligned with respect to -4 conbustor center longitudinal axis of symmetry
82, and includes an upstream side 152 coupled to a tubular ferrule 154.
[0018] A wishbone joint 160 is integralty fornmed within exit cone 92 at an

aft end 162 of exit cqne .92, r.e ecifically,.w shbone joint 160 includes
a radi al ISPTHREF cg}t?ﬁqg%ggu%gxayg;&f; QE&F‘“B%@’% ©3 %W%W‘“é‘ﬂ%‘c%nt sl ot
168 def i neghupled ¢ & RMJulRrulk §94.9] Deflector-flare cone ' assenbly 75
couples to air swirler 90. More specifically, flare cone portion 78

couples to exit cone 92 and extends downstream fromexit cone 92. Flare
cone portion 78 incllHOEH aAmEshbene joinihlidris integrally formad avith@pexinebrg Radi al | y

outer surf i e rface. 2 i.S. .diLvergent and
ext ends frag%ﬁeaﬁéldcgér%:sgaﬁfgﬁg gtkpal O.Eéngfyxé‘%ﬁigs‘%sﬁé‘?éo%ﬂé%’&f?%@s %urface
184 is di wedighytinrendme X 6é,ndsadiAlyi @ltdryar@utosaaad ¥n fattadhnent slo€ 068 d9aed[ 0020]
Conbust or nﬁ%&fi«' ate 74 secures done assenbly 70 in position within

conmbust or fig-an outer support plate 220 and an inner support plate
222. Plates 220 and 222 secure conbustor done assenbly 70 within conbustor

16. More speci fi cal o1l abeseclRAndoR2dssBhbAchs LuABNM 3 HEHECSHOT

portion 76 which is coupled between plates 2 are cone
portion 78viofeoeperjfidady) dlereorcomompition 78 eruplesntes ekivt comen® sindoextgmdse s

pr oduced .t hin canbust.or 1 rem i npingin on.the co stor dome plate
74, and inc d’a{ef%m grop} E’HSSOIbe(??Q['i glﬁngcg‘e I%ﬁtl(g} @%H{C@dﬁﬁ)ﬁﬁl ﬁ_%?g?,er ﬂﬂﬁ a body
234 ext endurfycd 182 et bwedinlly ofiedR@EadR0OTMI, OPlar3tbiRXhARdSov shFhday 18005t r eam

fromdeflector body 234 to a deflector |eading edge 236. Deflector arcuate

portion 23@"%&?’&?&@ ends ) from suttveongl §2 ma trailinghsad d8%a filane ¢nweyowd4 to a
def | ector dyfaid lmsgﬁ%%eﬁ%d 4x@&1%§}ad%fylc%%8rdl3pt9&¥ 2 %oliPsn @ general l'y

pl anar inner surfac

[0020] Combustor dome plate 74 secures dome assembly 70 in
position within combustor 16 using an outer support plate 220 and an inner support
plate 222. Plates 220 and 222 secure combustor dome assembly 70 within combustor
16. More specifically, plates 220 and 222 attach to annular deflector portion 76 which
is coupled between plates 220 and 222, and flare cone portion 78.

[0021] Deflector portion 76 prevents hot combustion gases produced
within combustor 16 from impinging upon the combustor dome plate 74, and includes
a flange portion 230, an arcuate portion 232, and a body 234 extending therebetween,
Flange portion 230 extends axially upstream from deflector body 234 to a deflector
leading edge 236. Deflector arcuate portion 232 extends radially outwardly and
downstream from body 234 to a deflector trailing edge 242.

[0022] Deflector body 234 has a generally planar inner surface 246
that extends from a forward surface 248 of deflector body 234 to a trailing surface 250
of deflector body 234. Deflector portion 76 also includes a radially outer surface 270
and a radially inner surface 272. Radially outer surface 270 and radially inner surface



that extends froma forward surface 248 of deflector body 234 to a trailing
surface 250 of deflector body 234. Deflector portion 76 also includes a
radially outer surface 270 and a radially inner surface 272. Radially
outer surface 270 and radially inner surface -5 272 extend from defl ector

| eadi ng edge 236 across deflector body 234 to deflector trailing edge 242.
[ 0023] An inpingenent passageway 290 extends axially through deflector
body 234. More specifically, passageway 290 extends from an entrance 292

at defl ectde & fromedetlgctor éﬁ@émmﬁgﬁﬁéérﬁc&ss tdeflecforbodye?ibta deflectari | i ng
surface 2501 at passageway 290 is in flow communication with a
f|are-air§%§§¥§§§g%%% defi ned between deflector portion 76 and flare cone
portion 78. Passageway 290 channels cooling fluid therethrough for

i mpi ngenent cool i ng [602]] ake-impoEement passagiBvay 290 ertendsraadillyethtoughhe

cooling fluiLd is c ressed air_.bled fromco esso 4 shown in_ Figure
SO bags neli oot e NG SRran S meEowey aUh FRE Rl Tl o) St 702

def | ect or ap@dfledt@tbayomnel SRfBY U0 GR xR 2940 Tidiletkon Bailigi srfate SyOMEL I'Yy
82. [0024] Fi %;Jre 3is a Bers_pectlve view of a nozzle assenbly 300 that

may be uséHch hat|nassigevae 298 de i flpwr gommugisedom with a flaresis-nestegr @981 vi ew

O 2,820 o Bty 30REIN oo GBLatoly RBSLL D ML LEREreTP!ary

combust or W t'h engine ust or udes an
annul ar ouwheunels wetingfl4id therctimouyhl far impingsmdnit beslindQd, fladrdoree hetimd7&nd 308

ext endi ng .bet wee uter and inner. .|l iners 304 and 306, respectively. Quter
liner 304 /RS it §iHe fioseRp AR T i CORBFABS: %h?@hgﬁwae?or@aresm{ d625]

Conbust i onsHIRHRERg3dk0l )i %@@agﬁw b¥o eﬂ!aﬂasagubgt!aném@p&r&ﬁﬂeﬂeﬁaaigi whesed
bet ween |liners 304 and "306. ter and inner liners 304 and 306 extend to a

tur bi ne nateflpeor brsty 234 avmind ¢ombusercententangitodinnl aximotsyminetty®2. doned end

308. In the exenplary enbodi nent, outer and inner liners 304 and 306 each
tnetude a cowl 320 186532k 35R%HRkve $i0R!oreldR ALeRRGHoB%n24

may be used to clean dome assembly 70. Figure 4 is a cross-sectional view of a pair

of nozzle assemblies 300 coupled in position within an exemplary combustor 302 that

may be used with engine 10. Combustor 302 includes an annular outer liner 304, an

annular inner liner 306, and a domed end 308 extending between outer and inner

liners 304 and 306, respectively. Outer liner 304 and inner liner 306 define a

combustion chamber 310.

[0025] Combustion chamber 310 is generally annular in shape and is
disposed between liners 304 and 306, Outer and inner liners 304 and 306 extend to a
turbine nozzle (not shown) disposed downstream from combustor domed end 308, In
the exemplary embodiment, outer and inner liners 304 and 306 each include a cowl
320 and 322, respectively, that define an opening 324 therebetween that has a

diameter D;.

[0026] In the exemplary embodiment, combustor domed end 308
includes two dome assemblies 70 arranged in a dual annular configuration (DAC). In
another embodiment, combustor domed end 308 includes only one dome assembly 70

arranged in a single annular configuration (SAC). In a further embodiment,



[0026] In the exenplary enbodi ment, conbustor doned end 308 includes two
done assenblies 70 arranged in a dual annular configuration (DAC). In

anot her enbodi nent, conbustor doned end 308 includes only one done assenbly
70 arranged in a single annular configuration (SAC). In a further

enbodi nent, -6 conbustor doned end 308 includes three donme assenblies 70
arranged in a triple annular configuration (TAC). [0027] Nozzl e assenbly
300 includes an inlet end 330, a discharge end 332, and a hol |l ow body 334
ext endi ng SoRbWEISEdasA end BO8hiackadesfires Jome epwsatblisn(’0 asmaged dy ajtsipkeor ned

froma nul i 'E}S&ﬁi’gﬁﬁﬁ hat includes a substantially cylindrical
portion 336%‘hgnd a oup]l%lﬂgig;‘h%j rtion 338. Cylindrical portion 336 extends

bet ween di scharge end 332 and coupling portion 338, and coupling portion
338 ext ends between [pB27]i dNoZBHasmamibiynd ¥ includeB 30 inletnertdh3 (e aedipdharge

nbodi ment__,inlet end 330 is t d. f i | nbl.y 300 in
Flow comfath St 8 Rty phess et seeting BemAteit' | Aol eRBBant ,
vater is syitldiréht, b8dy 332l B AFHRADEYM 39 Onaki-Fietd aSIHbLE, MatdRPRAK NBt el y

250psi (17 bar), In another enbodiment, a cleaning sol'ution is supplied to
nozzl e asdsuhgesfiadyeyhindrirahpersion 386 and aneppling nertien 33&.5@ybgdn«(a1 PoBiin) .

[ 0028] Nozgle 0Q. i.pelude t er hat i s.

posi ti one?%\l?vi ?’ﬁ?ﬁﬁﬁ%‘gg’e@b%ﬁ%ﬁgﬁ ﬁgge%gn%d:?éﬁ)@%g&%%n%$g ggc%ﬁ‘f@??}@% 340 has
a subst arportidd P38 iaxcankdarbebrenspartion i330aindoinét Eml 3BOr elms BRC edntsihdyy | | .
cent er bod 4Q.1 s sitioned within cylindrical portion 336 and _is aligne
subst ant i érrfstl?%e%‘?ﬂf’eﬁ'ﬁ?t: ‘”é’lgl 3 IWWdF‘ésfé'éE?uﬁl’@gﬁ&Z%eoﬁfs%@Ysiﬂghn% Aav a °
substanti SHIEH ifPPp 1 [ Nesh, r . d
portion B%hhl\/br e Eggvcli fi c%lés??,hgdgg%tlgg ?'sﬁg(gegnentoggﬂ&gh‘gﬁg%ﬁgtﬂg%%gl urality
of ci r cunftemenzle aksombip 30@ dt ¢ lpacrseiesofRpPravimatehf 250pdi (@7t ur)) fapnotBet6.

0029] In t I .enbodj. t .f ast |Ly..350 i |l ed to,
and ext end IRt oletHBR LR bR ishD, ST Rerey hgbaimenee of
approximately 250 psi (17 bar).

[0028] Nozzle assembly 300 also includes a centerbody 340 that is
positioned within body 334. In the exemplary embodiment, centerbody 340 has a
substantially circular cross-sectional profile. More specifically, centerbody 340 is
positioned within cylindrical portion 336 and is aligned substantially concentrically
with respect to portion 336 such that a substantially annular gap 346 is defined
between centerbody 340 and portion 336. More specifically, gap 346 is segmented
such that a plurality of circumferentially-spaced channels 348 are defined within gap
346.

[0029] In the exemplary embodiment, a fastener assembly 350 is
coupled to, and extends outwardly from centerbody 340. In another embodiment,
fastener assembly 350 is formed integrally with centerbody 340. More specifically,
fastener assembly 350 includes a fastener 352, a projection rod 354, and an annular
flange 356. Rod 354 is concentrically aligned with respect to centerbody 340 and
extends a distance 359 outwardly from centerbody 340. In the exemplary
embodiment, rod 354 is threaded. In the exemplary embodiment, annular flange 356

has a width W that is wider than cowl opening diameter D;.
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fastener assenbly 350 is forned integrally with centerbody 340. Mre
specifically, fastener assenbly 350 includes a fastener 352, a projection
rod 354, and an annular flange 356. Rod 354 is concentrically aligned with
respect to centerbody 340 and extends a distance 359 outwardly from
centerbody 340. In the exenplary enbodinment, rod 354 is threaded. In the
exenpl ary enbodi nent, annular flange 356 has a wwdth WL that is w der than

cow opening diameter DI. -7 [0030] At _discharge end 332, nozzle assenbly
300 al so includes al093%; At giseharas endodi2, morplerassonbly 380 lsoatnckudes ai nner

seal nenbers; h seal: M3 I-SHPQS 1. w thin
a channel %é%il@)gg?t?ﬁg%h Vﬁ&e@ﬂ%eﬁ%gglaﬁﬁgﬁag%ﬁ? mﬁ%ﬂg%r?%]g%r %%H%Tdﬁtﬁgrﬁgggal
menber 362utes spasntmberedOvie phsitioredchginnel cliafifel doli defided withivi eylidriter body

340 adj acent.an, gputer .periphery of centerbody 340,. More specjfically, seal
ronber 5. SGYTii S 50,8 gP aire A5 Gostieed Hbingb ahnneh it defigg | &

radial |y ouimMRT&ntdiiBy 306 Agicesenh &@ ofaBchi&Baly TROPEMAE2 | S
radially inward fnr oﬁntlmyand aat?ﬁjdacent to, ergggﬁ%%gf 0[0031] Duyri ng a washi ng

process, isnedifieallyy sead menders dy3@Darei agdjacentgapeidtoviuchithat seatbuernloar 302.

Speci fi caljy,. nQgzz se 300, 1 5. coupl ed t o] assenbly .7Q to
facilitat e3 6pel r@%‘ﬁg%’ ?‘ﬁrgbﬁ%{l’e%@%@# r%’ngﬂ’ogéaa%@eﬁeﬁff‘%%wgés

speci f i calrhdfallypzateirass aitbddjacdRo] gagpﬁl%l tioned within conbustor 302 such
that nozzle assenbly discharge end 332 is adjacent a downstream side 370
of donme assenbly 70, and such that fastener assenbly 350 is extended
upst ream t hr ough dortB03d sdABInE & ovashing Prasess.ainiillygyzasassenbly 603154 ¢ o

extend thicgiglea Wmidinthatbr 300 SPiaRaMycAle ASINDS0E &lotlifed ib MBcan end

372 of rod 4 is upstreamfrom an nnu ange 356 is
coupl ed t aisscotbl B39 tg dachlitateacmovisig3Buticeidte neatet fiomudimeaassedhbly 7. IMoge 356,

and fastener .352 is then ¢ Led.to rod 354.such .t hat nul flange 356 is
oS 1 | onedPGan Pl BT S300 iHepsbtFd wab Gpuass 307 BikashetsP S, cner
352 is ti ghdepiiy disoied eid 332010 @6jad& R al B waEEHNE ide 396 P Ebme A¥dembdZf0,and 322,
and nozzl e assenbly 300 is secured wthin conbustor 302.

and such thaf fastener assembly 350 is extended upstream through dome assembly 70.

Rod distance 359 enables rod 354 to extend through ferrule 154 and through cowl

opening 324 such that an end 372 of rod 354 is upstream from cowls 320 and 322,

Anmular flange 356 is coupled to rod 354 such that rod 354 extends through annular

flange 356, and fastener 352 is then coupled to rod 354 such that annular flange 356 is

positioned between fastener 352 and cowls 320 and 322.

[0032] As fastener 352 is tightened, annular flange 356 is secured
against cowls 320 and 322, and nozzle assembly 300 is secured within combustor 302.
Specifically, nozzle assembly 300 is secured such that seal member 360 extends in
sealing contact between deflector portion inner surface 272 and nozzle assembly
cylindrical portion 336, and such that seal member 362 extends in sealing contact
between flare cone inner flow surface 182. Accordingly, when nozzle assembly 300 is
secured in position, nozzle assembly gap 346 and channels 348 are coupled in flow

communication with flare-air passage 298 and impingement passageway 290.

[0033] During washing, pressurized fluid supplied to nozzle
assembly 300 is discharged from nozzle assembly into dome assembly 70. More
specifically, an annulus of fluid is discharged only into flare-air passage 298, wherein
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Specifically, nozzle assenbly 300 is secured such that seal nenber 360
extends in sealing contact between deflector portion inner surface 272 and
nozzl e assenbly cylindrical portion 336, and such that seal nenber 362
extends in sealing contact between flare cone inner flow surface 182.
Accordi ngly, when nozzle assenbly 300 is secured in position, nozzle
assenbly gap 346 and channels 348 are coupled in flow comrunication with
flare-air passage 298 and i npi ngenent passageway 290. [0033] During

washi ng, ﬁﬁ%?&tﬁgﬁfgmﬁ%ﬂi WsHERsp apd éntp dmpingement @é@@%@»Z%oLp@w thehar ged
from nozzlg 28860 i%edtBd ftd8 70, ;M. e annul us
of fluidis 1d?ﬁschar ggc} o% y {)’Eﬁ?g%ﬁgwe?’oaﬁa %lgés:%lg%e gsgéﬂpl\?ggérig%ér?o-ﬂﬁalt he
fluid is chgmeaigtw petticakate antter thiad mayiiavg enmmiulatad sm pesvagevy2o0BaCause

the fluid flowis directed into do ssenmbly 70,.in a directjon . that is
opposi t e tlﬂ%r_en‘??fs%lﬂqmlé%g%rﬂ’é‘ BRF1E0RY r&‘f‘“& ds g?f’%s‘tﬂﬁt YelugcHae dﬂé‘} HQve
accumul at qﬁssga%e\p@gsmﬁwsa%%odﬂe%ﬁgmﬁeﬁaﬁhelnéngiheaﬂﬁslwf rom passageway 290
than is possible by injecting fluid into passageway 290 in the sane

direction as the nornal engine airflow [0034] The above-described nozzle

assembl y enabl es a d993‘ﬂur"g}%@ovéﬁﬁﬁ'ﬁié’?’éﬂmadﬁeﬂs%ﬂ%}ﬁﬁn@lﬁsoa lges turbine
washed/ f | L 054z C i.abl.e . NOZ:

assenbl y :@Hg’gﬁﬂﬁ edgn%oﬁsgﬁﬁé%gﬁ *ggﬁ\yg@g@ﬁ%}gﬁalndgwé@@@%%vgﬁg P%I%th%he dorne
assenbl y suoaimet. hdhe howzlamserhbly itoddled th o gshasmgaitiefandm ddvenstroai Isilei s

hat  ay e CREE e och R Fhe RPCioet LA o shaat og} HerRbtigingonent |

passagewayfischérged higsthdeh iflo 3hé a&ie akial).v e pshingl, phligusR hater hf035]
Exenpl ary enbodi nents of conbustor done assenblies and nozzle assenblies

are descr itasthays evamulatad within thy fleressis passageaon dheivepdngenicat passagemays isl i ni t ed
to the s . $ 1L i i herein, but rather, components of
i LR i

each asse y an Zéd i ndependently and separately from
ot her conmponents described herein. Each nozzle assenbly conponent can al so
be used in conbi nat[D@IF]W Exengldre rembodinusitnsf esmthheiigi dogCasgaablentamd

nozzle assemblies are described above in detail. The systems and assemblies are not
limited to the specific embodiments described herein, but rather, components of each
assembly and system may be utilized independently and separately from other
components described herein. Each nozzle assembly component can also be used in

combination with other combustor and engine components,

[0036] While the invention has been described in terms of various
specific embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the claims.



[ 0036] While the invention has been described in ternms of various specific
enbodi nents, those skilled in the art will recognize that the invention can
be practiced with nodification within the spirit and scope of the clains.
CLAIMS: 1. A method for washing a gas turbine engine conbustor, said nethod
conprising: coupling a nozzle assenbly agai nst the conbustor, wherein the
nozzl e assenbly includes an inlet end, a discharge end, a holl ow nozzle
body extendin t her ebet ween, and a centerbody positioned within the nozzle
body:; couéﬂ#ﬁ@iﬁhe nozzl e assenbly to a fluid source; and di scharging an
annulus of fluid fromthe nozzle assenbly into the conbustor to facilitate

renmovi ng particul e : CHHPfﬂ& t QU il od.:jjn rdance
with d ai ﬁfl, V\%hel?ﬁeelﬁﬁgg?agcﬁg%%? géa Sannu Esgﬁo%m%lc& 3@?0%’3hgﬁﬁ%§zl e
assenbl y foomphismgronpri ses di scharging fluid froma downstream side of the
conmbustor in an upstreamdirection fromthe nozzle assenbly into the
conbustor. 3. t hod in accordance w t aim1 or 2, whergein coupling a
nozzl e assenbi%yu (l)nrb[ fe™ %Zi%lféfe&abqq{ qu[aHgF tﬁ%rﬁ?fl}b&tgr’c%‘ﬁﬁe}%dﬁ? h‘g’z(ﬁ)]gzzl e
assenbly tagsembly ondlades eaninddtdardoh dibdhafRnEnds taokiollo nbeABHAAY ekfendmgor dance
with any one of the preceding clainms, wherein coupling a nozzle assenbly
to the cortberehesvesn, ahde certehody Resiiongd pithinthe Rezalobede  assenbly to the
conbustor using a threaded fastener extending radially outwardly and

concentrically Cgﬁﬂmgttgggg%iigsgg@%? a?luid%di&ﬁée?&‘i’d in accordance with daim

4, wherein couplihg™an y to the conbustor further conprises
coupling an annular flange to the threaded fastener; and coupling the
nozzl e assenbl \ischanging aroarmubiscaf fhud ifrorh thte roeleaassenttdy iritd dingeomlsustagecur ed

agai nst. an, YR RIS pRkichif SARYSL ke Wb Scbfie noz2l e body s secur ed

2. A method in accordance with Claim 1, wherein discharging an annulus of fluid
from the nozzle assembly further comprises discharging fluid from a downstream side
of the combustor in an upstream direction from the nozzle assembly into the

combustor.

3. A method in accordance with Claim 1 or 2, wherein coupling a nozzle
assembly to the combustor further comprises coupling the nozzle assembly to a

downstream side of the combustor.

4. A method in accordance with any one of the preceding claims, wherein
coupling a nozzle assembly to the combustor further comprises coupling the nozzle
assembly to the combustor using a threaded fastener extending radially outwardly and

concentrically from the nozzle body.

5. A method in accordance with Claim 4, wherein coupling a nozzle assembly to

the combustor further comprises
coupling an annular flange to the threaded fastener; and

coupling the nozzle assembly to the combustor such that the annular flange is
secured against an upstream side of the combustor while the nozzle body is secured

against a downstream side of the combustor.
-10-



agai nst a downstream si de of the conbustor. -10 6. A nethod in accordance
with any one of the preceding clainms, wherein coupling a nozzle assenbly
to the conmbustor further conprises threadingly coupling the nozzle
assenbly inlet end in flow communication to a pressurized fluid source. 7.
A nozzle assenbly for directing fluid into a gas turbine engi ne conbustor
for renoving particulate nmatter fromthe conbustor, said nozzle assenbly
conpri si n96;j a nozzlql(?1 q?o_dy ext endi ng_ between an_inlet end and a di scharge
end, said Sbody Adefined Ay accenlangey Withedtyi Ane Mhdthe rresedmehelaimy oxhereivned

W thin sai @g@/ i j I

center bodyéag s%?lgﬁn%gziéz%?@bggtg Y, Qg g@ “g@gﬁ#@e‘gg‘g‘%ﬁ% Ejﬂ} g%dg\?éy & g‘?\élgltgbody
conf i gur edh¢ nozztemskenisigiidetnorzh doasmemnnicdtiontit e pesssdriret diuid sara. nozzl e
assenbly for discharging an annulus of fluid through said gap into the

conbustor ., 8. nozzl e as | vi. 1n. accaordance wi.ith.C aim7, erei.n said
cent g rbody” ¢ o% PP%%% a?fe?lg&n%ﬁ \é}rle‘glﬂgefﬁﬂij ﬁ%o Fa%ﬁvsm zi?rltgi}leoet’i’ltgmr‘i? UStRE Iiﬁgf r olm
sai d fast ee@bvihghartel4R) hikger Fintl tHRQEAIAstOS SATRbYz1E GssbBlycdmpialfyf such that

said nozzle body is secured against said conmbustor. 9. A nozzle assenbly
in accordance with Claim8, wherein said fastener for coupling said nozzle

assenbly to a doMrelekodinexicadingrbetwrencasniples ent ard,a ischaree pnd;isgid bady

di schar geqiokpind n.dipection fromsaid nozzle body through said
corrbustorfhmlu. g%%@@@%%’%@ﬁbly in accordance with any one of clainms 7 to
9, wherein said centerbody conprises a threaded rod extending radially
outwar dl y t her ef cantgrbaslyi mhsitivded slithimeaid bodys twht thatl dnyarmoies egap ris defided wi t h

sai d nozzl,e, body...11. ozzl e .asse i n.accordance wth, d aj 0,

Fur ¢ her - cQRBTRCSA SEAemef andsoif PFBC bk S ETb 5 SEE eI BARAITRY sai d
annul ar f Io@ﬁﬁ@u@@ww@l@g@ NSzl Adserifl§ itd BRBoRtAIS0R saldNRzER MRASIHY f¢hen sai d
nozzl e assenbly is secured to a downstream side of the conbustor. 12. A

nozzl e asdbieBigingangasvlug ahBuidihronghpaid garingd thelcambsstar.t o 11, furt her

8. A nozzle assembly in accordance with Claim 7, wherein said centerbody
comprises a fastener extending radially outwardly therefrom, said fastener for
coupling said nozzle assembly to the combustor such that said nozzle body is secured

against said combustor.

9. A nozzle assembly in accordance with Claim 8, wherein said fastener for
coupling said nozzle assembly to a downstream side of the combustor such that fluid

1s discharged in an upstream direction from said nozzle body through said combustor.

10. A nozzle assembly in accordance with any one of claims 7 to 9, wherein said
centerbody comprises a threaded rod extending radially outwardly therefrom, said rod

aligned substantially concentrically with said nozzle body.

11. A nozzle assembly in accordance with Claim 10, further comprising an
annular flange coupled to said threaded rod, said annular flange secured against an
upstream side of the combustor when said nozzle assembly is secured to a

downstream side of the combustor.

12. A nozzle assembly in accordance with any one of claims 7 to 11, further
comprising a first seal member positioned radially outwardly from said gap, and a

-11-



conprising a first seal nenber positioned radially outwardly from said gap,
and a -11 second seal nenber positioned radially inwardly from said gap,
said first and second seal nmenbers configured to sealingly couple said
nozzl e assenbly to the conbustor. 13. A nozzle assenbly in accordance wth
any one of clainms 7 to 12, wherein said nozzle body inlet end configured
to couple in flow conmunication to a fluid source. 14. A nethod for washing

a gas turbine engine conmbustor including an air swirler, and a
(]

def | ect or -Serepdesealgnembarpasitioped psiallyipwadly Bpmosaid gape said dirstyand seeond t he
rhor ; YR . A
ot | eot or SRS BATRE Skl QRle 8 AR LSRRI LbRATC. o)

inlet end, a discharge end, a hollow nozzl e body extending therebetween,
and a centlér body npodé assembly iniattnrdanch evithcanylome lod diaims @ tgpl 2,ngheréia saidzz| e

assenbly inlet.end. a.fluid spurce;. and discharging fluid.in an upstream
di rection l}ofzgl&bf)ﬁ%m%%f?ﬂ 80%15%‘5‘?%9?0}]%66“ R COE’(?HB%%”PBP tq %hP’él(ﬁOP’l’cFat e
renoving particulate matter fromthe conbustor. 15. A nmethod in accordance

with O ai m4ld, Akegieidtot Weslad psd iarbistedpftd bbbl theh@MEard s SRley,
i ncludes a deflector portion and a_flare cone portion, said discharging

fluid in &Rd garrflaie cone nessmpbhohnt erdends scemisrensisly ywrqund the swissapr i ses

di schar gi ngiq 2&nad of fluid between the deflector portion and the
flare cone portlonegﬁlu%&ﬁm?%at the fluid is forcibly channel ed t hrough an

i npi ngenent cooling slot forned in the deflector portion. 16. A nethod in
accor dance wi t lro@plaigna tdzabe assBmblyhterthe defléntoreftard genoassemblyuddsreimthieer r ul e

that is ups am.fromithe .deflector erein couplin 0zzl e ,assenbly to
the defl élé’%%}g-%}s%{?@ycl @dsss%r%‘?e& ?I%Y?tahg}sa%a&%ref‘g’eg @?}E’M PREIE ﬁléoeqéfozzl e
assenbl y tentenbing thathdiwveers ueda tdiddrbbdiEpdanionke waheLINb hyzAlk Bedyar ge end is
secured agai nst the conbustor deflector-flare cone assenbly. 17. A nethod

in accordance with C aim 16, wherein coupling.the nozzle assenbly to the
ferrule furt her"ol'}gﬁ’pﬁrtﬁgégzzg%%ﬁﬁ?fp I’PlﬁbeWQilIfg“‘i%%‘FﬁéWdt o the ferrule using
a

discharging fluid in an upstream direction from the nozzle assembly into the

combustor to facilitate removing particulate matter from the combustor.

15. A method in accordance with Claim 14, wherein the combustor deflector-flare
cone assembly includes a deflector portion and a flare cone portion, said discharging
fluid in an upstream direction from the nozzle assembly further comprises discharging
an annulus of fluid between the deflector portion and the flare cone portion such that
the fluid is forcibly channeled through an impingement cooling slot formed in the

deflector portion.

16. A method in accordance with Claim 14 or 15, wherein the combustor includes
a ferrule that is upstream from the deflector wherein coupling a nozzle assembly to the
deflector-flare cone assembly further comprises coupling the nozzle assembly to the
ferrule such that the nozzle assembly discharge end is secured against the combustor

deflector-flare cone assembly.

17. A method in accordance with Claim 16, wherein coupling the nozzle assembly
to the ferrule further comprises coupling' the nozzle assembly to the ferrule using a

fastener extending radially outwardly from the nozzle assembly centerbody.
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fastener extending radially outwardly fromthe nozzle assenbly centerbody.
-12 18. A nethod in accordance with Caim16 or 17, wherein coupling the
nozzle assenbly to the ferrule further conprises positioning the nozzle
assenbl y agai nst a downstream si de of the conbustor; coupling an annul ar
flange to a fastener rod extending fromthe centerbody of the nozzle
assenbly; and coupling a fastener to the rod such that the annul ar fl ange

i s secured against an  upstream side of the conbustor and between the
combust or 1Bnd thangthed Bhageordagce witheClaia Lororabt ovkfaeia covpling theynwrls of

cl ai s 142&%@%ﬁyk¥@§%§hﬂehﬂﬂng : %or defl ector-flare cone assenbly

i ncl udes a ector portion an are cone portion, said coupling a
nozzl e assenbly to the deflector-flare cone assenbly further conprises:
posi tioni ng a frioskioniggdhe nemzizeassdmailyegaindt helodabtreant side pbiht icombasior; t he

nozzl e assenbly; and positioning a second seal nmenber between the flare

one of ol ai s Erov e SRl SRRRE R Fregorrod SERIRR Ada BT GrEGRER St 1" T

def | ect or -th¢ aselcasanblysa@bl y further conprises coupling the nozzle

assenbly to the deflector-flare cone assenbly such that a seal is forned

bet ween the nozzl e assenbly and the deflector-flare cone assenbly.
coupling a Tasteneér to the rod such that the annular flange is secured against an

upstream side of the combustor and between the combustor and the fastener.

19. A method in accordance with any one of claims 14 to 18, wherein the
combustor deflector-flare cone assembly includes a deflector portion and a flare cone
portion, said coupling a nozzle assembly to the deflector-flare cone assembly further

comprises:

positioning a first seal member between the deflector portion and the nozzle

assembly; and

positioning a second seal member between the flare cone portion and the

nozzle assembly.

20. A method in accordance with any one of claims 14 to 19, wherein coupling a
nozzle assembly to the deflector-flare cone assembly further comprises coupling the
nozzle assembly to the deflector-flare cone assembly such that a seal is formed

between the nozzle assembly and the deflector-flare cone assembly.
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