METHODS AND APPARATUS FOR WASHI NG GAS TURBI NE ENG NE COVBUSTORS ,
BACKGROUND OF THE | NVENTI ON [0001] This application relates generally to
gas turbine engines and, nore particularly, to nmethods and apparatus for
removing particulate matter fromgas turbine engine conbustors. [0002]
Conbustors are used to ignite fuel and air mxtures in gas turbine

engi nes. Known .conbustors. i nclude at | east one done attached to a
conmbustor liner that defines a conmbustion zone. Fuel injectors are attached

to the conbustor in fMBTEODSUMNDA PSR Wt tdie wiasEmaAd supply fuel to
t he conbustion zone. Fuel enters the conbustor through a donme assenbly

attached to a spectacl e dFASJORBIPIERENGINBEEBYBIHRTGRSe assenbl y i ncl udes
an air swirler secured to the dome plate, and radially inward froma flare
cone. The flare cone is divergent and extends radially outward fromthe

air swrlepAokEreUNbaETHRMNVENFSON I and fuel, and spreading the

m xture radially outwardly 1nto the conbustion zone. A divergent deflector
extends circunferentially around the flare cone and radially outward from
the flare cone. The (40l¢ctldis gppbvationgelaws gemamillisthigantigbisesnginadmded wi t hin

the conbustj A from L.npinging upon.the done pl.ate. At |east sone

known def ?%dtl:' Q@QQE%Y’J%glﬁtlﬁéagé\?ﬁVr#ﬁﬁ?éﬁe”&(bvé?g Pl%“ﬁﬂ%tgéﬁ’é@r dHs di r ect
ai r towar dsurbine engihacemb@si@st o facilitate inpi ngenent backside cooling of
the flare cone. [0004] During operation, particulate matter ingested into

the engine may undesirably accunulate in the inpingenent passages and
bl ock the flow of cd¥OthgCambutrrsoprgised do dariteatiel andaer mixtwies Te@as i nued

operati on wirbile RhGled KGR BomBldioR ARSRAE Sy s NS GoRICIRINLE 3! ure of

the flare cone. TO facilitate preventing overheating o ar'd tone,
known conbosmbrstorainer flati definemb lcpmibnstpmcteed. Brell injastbgdart attherave taay

particul ate tter. that may have built, up. Kno S systens spray water,
or a mixt u?%nr%f&%? O¥afi P‘é?%hl”,ld’fﬂi‘%ﬁ?@e §Bﬁ\i\g§}g}ﬁbgﬁl 40 the combustion
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, particulate matter di sl odged”upstream fromthe passages nay
becone f ordivinsyreirodgedthiercontbaspa e agrsveasccuimlatdd patiog a®ohbttdr oforh She
channel ed downstre 1t1hr ough the conbustor. BRI EE SUMVARY OF THE | NVENTI ON
[0005] In U305 YUch AR TWASHING S SIRS REstgre sopaOfithe sers. Brighaseusedhberbust or
is provi deghpide gckgygy' Al : . I LOst the
conbust or, \A%eérég}dg?%ﬁtgmnozzl eg‘e igls%eﬁrir)gw&l?lggcgeéggﬁgﬁ?ilﬁsﬁgt&@h r,l@g@%#?éhar ge
end, a hdhfovateovashehaohy ert addiuately emebet the epartieulate amattert émbodiye

positioned within the ..nozzl e body upling the n | e assenbly.to a fluid
source, and’ P&‘iIl $C eg% gr ﬂlén%r?assﬁﬁ?ful Lédcﬁﬁo ally; %ef‘e}uﬁ% (ﬁﬁé‘enfﬂ?}%@m&‘ségﬁﬁ? y into
t he conbusdeficctopThRCichhdé adseniiflPD \WaRTul 0l thbtedt! afsfd¥Bd t &fstbsRNMbRE the

conmbustor. [0006] Another aspect of the invention provides a nozzle
assenbl y fRIESages mayt besgirel foreibiynlodeed émdhe prisegrs esnthiendeandne selden finr

renovi ng f i T, assenbly includes a nozzl e body
9 %ﬁ%%eg%ﬁ @&Fﬁnsﬁ@ﬁlﬁﬁ:gu %@1}%} cggléflgtgr y

and a center € noz ends between an inlet end and a
di scharge end, and the body defines a cavity therein. The centerbody is
posi t i one BRIEFSAMMEBRNOZE TEIBYENTHDNt hat an annul ar gap is defined
bet ween the centerbody and the nozzl e body. The gap is segnented. The

centerbody is confi to couple the ngzzle assenbly to the conbustor.

The nozzle assenbl 38{)@5%01}1 Yt Sf?ﬁ?tgianﬁleﬁ’r?éa ﬁlﬂ“bsgmﬁf Xfaaﬁit‘dfgfnr‘?r?}l?g’?? t he gap
"""""" into the comdUsbAls proREY ] TR mahbd cobhpFiscdTBaSling And®ihQskniNy a¥AsHNg a gas

turbine engine conbustor including an air swirler, and a deflector-flare

cone assersBmpustiatwhsreilanty nogyle casaimeblzrinelafésyamindeinend, edisoliargeeend, 2
provi ded. hEthFo&Qﬁ%o%‘i}”&Eénﬁﬁq% tﬁgfégémgn,aand 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]  Another aspect of the invention provides 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 ceﬁterbody 1s 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 provid‘ed. The method comprises coupling a
nozzle assembly to the deflector-flare cone assembly, wherein the nozzlel 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 nozzl e 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 renmoving particulate matter fromthe

combust or. BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] Figure 1 is a schematic

i1l ustrati @id of ceatdiosdyt piskidred %ﬂﬂin’i‘%e n&z%%o%df ICgH}Slﬁl h'e%o%zl% d’ﬂ&ﬁl{ﬂtﬂ?m | onal

vi ew of an _exenpl ary conmbustor dome assenbly
engi ne showel endtogy rﬂéidl-SOl{rGO_’!.ioqi dECQangmgSHWIé in apelpspm |duectmneﬂromftha nozzl e

Froure 1 Anrt anep BB Tie P o BRI R PR Pl e e

assenbly sb@bostomn Figure 3 coupled within an exenpl ary conbustor t hat may
be used with the engine shown in Figure 1. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON is a schematic illustration of a gas turbine
engi ne 10 %ﬁéﬁhﬁ%ﬁ%@ﬂ%?@@@%@% hi gh pressure conpressor 14, and
a conbust or Engi ne 10 al so includes a high pressure turbine 18, a | ow

pressure turbl ne 20, [GO08 ) aFléQﬁ’Qﬂsed’sc%gmaﬁ: ét?aﬁmf)élg%gtdrﬁ‘i lagﬁlﬁg%an array

of fan bl ades 24 extendl ng radially outvvar roma rotor |sc Engi ne
10 has an intake side 28 and an exhaust side 30. 1In one enbodi nent, gas
turbi ne engine 10 i s[@0&Eobigug)? irc? Tosrmsciivrl Ivyewawfamlﬂabﬂnplar)fumnbmmer al

Electric CﬁSﬁl%é’s&m ﬁﬁhﬂﬁ@ﬁeu 'vﬁ’th tl“ggé%]{ﬂ%? Oévglpq% éﬂlrg air flows through

fan assenb n conpresse arr ’ pressure conpressor
14. The hi ghl y conpressed air is delivered to conbustor 16. Airflow from
conbust or 16 drives fadib] nEfutd3 dang paBpectizadidwibbi mszzz@aﬁéﬂnhgsthﬁta:ﬂaﬁssenm y
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
is 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 exenplary conbustor

done assenbly 70 that nmay 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 symmetry 82. [0015] Conmbustor 16 also includes an annular air
swirler 90 having ap@anul i ggfglt) bout
center |ongitudinal 290 sTofP@gur@%T%ar%gj@S%%%lﬁggiﬁgagg I ncIEI des ]%1 fr%adl ally
outer surf @G%S%’Myaorf@maﬂﬂl}ﬁ used weitha¢omifuator 1g. fCambustor fdace @&mbAnnul ar

air swrler lu |y Qut sur.face, 10

i nwar dl y fggaﬁgh%owg(gﬁ? ﬁ g(%egglll%f(:%gf'ﬁletggﬁea“fila&ﬁn?g?a?&a%%e%%r'ﬁﬁr&iCQP%/y out er
surface 10@ssaafbiyn®s Raviaf 4 doftotportiaarengld alidfe UsRAbIrOsn $HADBRLIEINRe
portion of air ther(ft hr ough and downst reamQ%[loom] More specifically, exit
cone 92 i nEPRRISSSHVIY dedfy anMyjar gndhgy subsienkially gonroentsisdivifl FespRchltof # ange
portion 11 t Pm?n]e cludes an upstream surface 112
t hat ext engcs)mfgﬁ%éﬁcggﬁflig ?Iﬂ%\s}v{ssd&{rg ace%ga' and a substantially parallel
downstream surface 114 that is generally perpendicular to exit cone flow
surface 96. Air swi r[@r1590(]0nﬁalustdeé6alsiorinelgdaal dryarfrotaredt smitlm?(ﬂhyvi&g(t endi ng

radi al flanpge rtion 116 4,hat udes_ an uptreamsuf 8 and.a
subst ant i aHg anlq‘gla}r SFY eqongg\%ngltsgogg SW%I&@“X oPhﬁ?ntgx Oé‘ﬁ EIﬁo‘IﬁlSaPF
swirler flewnsety®ce 3. coel 92 SMGIRN a fthABOL obiteh faeRee D38mANg rAdQIr €
substanti aIIy %aral lel to eX|t cone flange surfaces 112 and 114, and are

subst ant i aIrI‘XPT ¥rigeingiflay sprfacs . r Agwolar @i swisler S0rinelydes aoadial00utr} A r
swirler t rent I Wi rl
vanes 130. %Ea'r%g lgggaké?% q%%ﬁlg &wﬂi uf%%ﬁé ty O@‘ﬂﬁ]&? 185 E? vc\éﬁ%zle%é}%g%?e
slidably c86 pddeallst autexdutfaced @) ﬂd:f&regzm aforéntom cﬁdrﬁlemmmu&defbt clv@ntliid a channel

104. A pl I f f 134 I I l ed t
sSvi o PI ﬁ?@Bht;S ?I(F)#I?ﬁg Ouéﬁaga/\ﬁowns\{rggr%s 34 are slidably couple o air

[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 |ongitudinal axis of symetry
82, and includes an upstream side 152 coupled to a tubular ferrule 154.
[0018] A wishbone joint 160 is integrally forned within exit cone 92 at an
aft end 162 of exit cone 92. More specifically, w shbone joint 160 includes

a radial | yoinbogbr énier 1éitkitu@dinbBtisd 16782850 hBRdettl Heﬁfl tReheent sl ot

168 defined ther ebet ween. [0019] Deflector-flare cone a y 75 coupl es
to air sw crepledty a tuhplapf }¥ically, flare cone portion 78 couples to
exit cone 92 and extends downstreamfromexit cone 92. Fl are cone portion

184, "Fl are cone. i nnet FEbw st She B 188 % HRE AN iRl B G Pam it
cone 92 toahat laﬁ;idni:lri@2e:rfcbxﬂt8:&ne BRarMdoaspecifivilby, WImbﬁag:@ntlﬁsb in&hﬂbyﬁrgent
and extends r dl rom exit ne 92. Conbust or dome
plate 74 seaé{@g' Lé% g‘g’bom‘?’f a’ﬂ%§i681"i‘ﬂ’il%@t Chmé’étn%ﬁs]tf@r defigedisi ng an
out er suppqigreﬂat@éeg_ 220 and an inner support plate 222. Plates 220 and 222
secure combustor dome assembly 70 within conmbustor 16. Mre specifically,

pl ates 220 and 222 attach to annul ar deflector portion 76 which is coupled
bet ween pl ates 220 aHQjHQizzDeélﬁ@torﬂaneecmrﬁésq@mlwanmles[woanpwmwl%ct or

porti on TOMGEVERLTIR. AATOUSE! S0LBRSAS AIAGUGEd MR BocorbuStor 16 from

i npi ngi ng upon he co at e

230, an ar domhﬂrepmrfrmmrbxﬂ&%ne 30d Rarg@oie 3odioaxiseindiunag 4 highRahi@ebw Fl ange
portion 230 xte%gs xial |y upstream from defl ector body 234 to a defl ector
| eadi ng ed$& &28 [9@3 MIYaﬁ%ﬂa&Uéfas%ﬂ@%oﬁlazfszoe&f@waélorv*/amrmcpw%m war dl y

and dovmsﬁfv%%%htf %ﬁﬂ‘eﬁ?@g&s £3th E %be etStaOfraﬁﬁlg'éndnfkégedgfﬁgg%gne L9RR2l

Def | ect or body 23 as a genera anar | nner-surf
surface 184 is divergent and extends radially outwardly from exit cone 92,

[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. Mdre specifically, passageway 290 extends from an entrance 292

at defl ecton Q&e&&dlfﬁﬂﬁrdeﬁeétB@&%dl%é@de 238 a@?ﬁs% deféut b&!ﬁf 3£CL0 éeffeE{ah' Lng.

surface 250, such that passageway 2 Is In flow comunication w
flare-air ﬁ)@ B85de0d%. defined between deflector portion 76 and flare cone
portion 78. Passageway 290 channels cooling fl UI d therethrough for

i mpi ngenent cooling a ortion 78. one , the
cooling fluid is con@?géieéﬁbﬁggﬁﬁgaapr %?%%ﬂ%y éb?mfﬁ$b€§ﬂg§3hpﬁgﬁigure
1) . Passageefisct@dde2B4endors sisifvatly, qials%gé\lvﬁ)ﬁwﬁ SlteiHs iffdnh ¥n ‘éﬁﬁ‘emcé] 292

ustor center i tudinal axis o try

def | ect 34 d
82. [0024] atﬁéqﬁc@r@%‘iﬁneﬁéﬁé’fb@cmw e 0T R Holoner e e DIGOI hat

may be usedydOtat %9@@ ros Vi ew
of a pair of noz Qs&a Ss rr%ﬁﬁes 3%18 co BEPQJCI}E&IO% {())vg[}-lta% glﬁl% Eﬁ{ %SS%B% %errpl ary
combust or Q@@rlqdhmtwemﬂeﬂmtunslmmm t7h a:mxigﬂa:re chfe paamuﬁs orPasfdgewmclomles an
annul ar outﬁ | i per 306, .and a doned end 308

30
ext endi ng B %fgrr‘]fgé]ﬁﬂ ﬁmgz]&erf’tﬁ’f?é‘ﬂ{‘??r Ihg’al‘ge%ﬁt SHOUNE 06 arescane PPTUPBI. Qut er

liner 304 andné RABOIIMAES thd Mo 'ﬂ%ﬁi & c&ﬂﬁi@&b@&'aﬂnbfé@mﬁrm%?ess&roptgﬂ
Conmbusti on chanber 310 is genera é annul ar 1n shape and is “di sposed

bet ween | i FBp¥n3nFiguie 13082ssagaveay Htﬂwersubst&'téraﬂy?@ﬁwrafederﬁﬁﬂyemﬁmnd to a

t ur bi f b donmed end
205, 1n ¢ RE Sy 20PH RS SRR R RIS and 306 each

i ncl ude a cowm 320 and 322, respectl vely, that define an opening 324
t her ebet ween t hat haf0a4] digmet Bis Dherspective view of a nozzle assembly 300 that

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 rent, conbustor domed end 308 includes two
done assenblies 70 arranged in a dual annular configuration (DAC). In

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

enbodi nent,. -6 conbustor domed end 308 includes three done 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 holl ow body 334

ext endi ng thabest ¥R eﬁd‘3b§‘%&ﬁ&fe‘§%&%%on§'€”§’s@ BRAL 70 gﬁgy »ﬁiﬁﬁiaing}pf@f med

froma nulti-piece assenbly that 1ncludes a st ant| cal
portion 338nahd enigupliomdASdxti on 338. Oyl i ndr| cal portion 336 extends
bet ween di scharge end 332 and coupling portion 338, and coupling portion

338 extends between {0 nl d, 330. th xe

embodi nent, inl et enﬁﬂ}% RIO%%E g&%%b&y]ag l%cg'ﬂl%qslaﬁgml%f?ﬁl§3§’S§BE?B€%7§%OO in

flow commam c3312; Qlll’ldVth’(Dll@WDﬂJ@Sﬁ 334z eghehdibl OtheRBEGRen.| NTIONEe axbRPiafeNt
ssenbly 300 at a_ pressure of approxi at el y -

water is su to no

250psi (17° Ig‘g?élm% ‘?ﬁﬁ’dt H%‘?ﬂ O 2 awiieinee rgsaablt theh indudsappl i ed to
I r 0 7

10028] Nozal o uid pfinaded PES‘Z‘%{ P SRR TR 200 Bl AT L

p05| ti oned33f temendﬂabdlweeﬁéﬁlwhargbImlde&mhdircpupimg)ﬂomnt338¢emtlecroluplil;yg 340 has

substant i Yo I r, cross-secti I ile. re _specifically
cent er body? %‘% 353% ‘f BriwgeRPeHion g%iaﬂg %&IGHS% onnstg% eéﬁ‘&ﬂaﬁf al i gned
subst ant i abhbodiRREE fiﬁléi efd 390 WithiRad @SR CoupBnd? 853410 8ss33B! f 964 i 'h%Rv a
substantial ly annular ap 346 is defined between centerb 340 and

porti on 33eMiKBRisatigneFitl p pedssyrized yidspgrdes Ilsegngnb@limesumtetr rastuppligel ural ity

of circunfgr n.ga 346.

[0029] In ok ‘2&%&62%%%%’ %%d&tcf‘ ﬁ@gﬁrﬁg 3f FoptoQht eq%éé@‘?%l(w é%rle‘r g% g%%‘ﬁfm ed to,

and ext endembadinvesitc lay:le‘anﬁn@ soitioarib eahplidd Go nbmambfm@ry Bhadi pREsure 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 cow] opening diameter Dy,
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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 annul ar - 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 W that is wder than
cow opening dianeter D1. -7 [0030] At discharge end 332, nozzle assenbly

300 al so includes a [gmad]aldtydiQub 6?196532”?1@22%3%@@%%??(SJ@SIS%FI%QILHQ'S i nner

seal nmenber 362. Specifically, outer seal ne r ositronéd within
a channel 38lalbesuterestalinetibar 3¢0 amdinirediblly pmet saah n@3fher 462l iSpeaficaBal

mb ' it it hin. h I fi it hi bod
340, ad) aceRt R aRE ot i B Ghed SRR usbiin b Setned Visplcfindiel v Seal

menbers 36@oniod B62akt Bndflhas SHMUEBAB 6346 psstthinatnia SalnaABIRR s
radially outward from_  and adjacent to, Iéap 346, arId seal nenge(Ieﬁggdz i's

radial |y i MA&HY centgrhodynifOaafimewntt an outagaperphery pOoBtlertddyi dé.a Washi ng

process, i -@idt.i z I 0. 1ls+.couple it hi onbust or 302.
Speci fi cal F%/%CIf?\égIzlg’l %Qlaléélglﬁgﬁéij% %ﬁi35%90%?1%?Jgge#ga%gﬁgsu%%@%ﬁﬁg@n?ﬁ%%
facilitate36@novidiglypeuttviacdi fi@hg it ddicehtr @ Qe 8 MHehly mé@beMIGE is

speci fical | Vi nozzl ssenﬁl % 300 is positioned within conbustor 302 such
that nozzl Bdiallyduwed\fromm.anA afigeent 1) 2883465 adj acent a downstream si de 370
of dome assenbly 70, and such that fastener assenbly 350 is extended

upstream through dongoaspemtikg ZO0wasHiBs pflicedsaRGRalRP Ro A >4 to
extend through ferrule 154 andgtahIrNgSuéh govvl S’épeﬁlﬁﬁgo%%%%@#fﬁ%§§%n end
372 of rode®pled withip sembastor 3@m Speeifcaldy Goazid age@bly Htnislcaupléd ondpens56 i s

coupled to th rod 354 .extends, through annul ar I e 356,
and fast en%%sgg@%s%?%g#agg%ep %&ng Barg atgggatg%gif)q ﬂg?lea?ﬁ??mabew 7II'I @I‘I 356 is
posi t i onedspeificalty) nbadé esembBbR0a8 Posiavhel Willn absibdier 302003 hafsod-ast ener
352 is tightened, ~.annul ar flange 356 is secured against cows 320 and 322,

, g .
and nozz| e®5¥RRiyslischagp end 332 ixpdiaren & AownstisaB ridest/03galome assembly 70,

and such that 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.
Annular 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 ngenment passageway 290. [0033] During

washi ng, peRsHuaiig ethnhbled dpstian] 4 i 0 B3aglleSfhar ged
fromnozzl e assenbly into gone a%ggﬁ%f§ﬂg%%h%gﬁg§§§%§%¥#?@éﬁ%§?g§§&gnnuIus
of fluid i 8uidi e iy eastedrinty domepassérablp-7Qiin aplirsstigeth20i8 pppduite dhamorfhat he

fluid is c I pstr.eam and, i i_npj ngenent sageway 290, Because
the fluid @%va?{i"% 5%@?@8*%’%%&“3%%@“&2@%%@“%@ BP0 Bt s
opposi t e t heraieadigl flushedifien PakdabOiay PO tthfUlsepRsiFd belinfebdls TR Haye
accunul ated i n passageway 290 is  nore easil | ushed” from passageway 290
than i s poBavgesrayyd m@éﬁﬁrﬁedwﬁmaﬁmwor@agwg&ﬁagﬂmo in the sanme
direction as the normal engine airflow [0034] The above-described nozzle

asserbly enabl es a o3kl Pho Sho ORI ndOfIPaRSRBRDLMbIeQ aDfas trtine

washed/ flushed in a cost-effective a ng ner.

assenbly i somuspiredome aasemhbg tto davaiie/ fhistied inl awesitredizotwd dad reffabldie donme
assenbly such th t he .annul of fluid discharged fromthe nozzle is

i schar bed GHRTY QARTORES S R oLRiEL b ) PRGN B gy IUFIEEM S e ¢ or
- that  my bfite @eedasbabBdsish tthitithd RAnihabL flaid dR@ssAASHh thdSokAPiNgenent
passageways, is flushed in a cost-effective and reliable manner. [0035]

Exenpl ary éfwmedeimsyesn islonthasionte avamblys sAntiirilisglyaparticnlatezingttersthetbl i es

are descri ' [ PR A nblies are not .limted
to the spe@?gpg%ga\rég%ﬂaﬂﬁgﬁb@m&%gg ?ﬁgi—éﬁ&)@%&g&%&%ﬁ?ﬁﬁﬁﬁ%@? p@%?ﬁ%%%ﬁfss of
each assefhirhyd andcey-sffectivenyid beiabled tharmeel | ndependent |y and separately from
ot her conponents descri bed herein. Each nozzle assenbly conponent can al so
b d i nbi nat | ith oth t d [ ts.
€ used in conbina fOB?S]WI ]%xencl)plar?/ren(l:go 1rlrjlgnt(s) rof %me&sqgg c?oemg gsrggr?lgﬁgs asn
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 terns 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.
-9 CLAIMs: 1. A nethod for washing a gas turbine engi ne conbustor, said
met hod conprising: coupling a nozzle assenbly against the conbustor,
wherein the nozzle assenbly includes an inlet end, a discharge end, a

hol | ow noz@gﬁgdy extending therebetween, and a centerbody positioned
within th e body; coupling the nozzle assenbly to a fluid source; and
di scharging an annulus of fluid fromthe nozzle assenbly into the conbustor
to facilitate rgenp¥ihg Ity t t i h tor. 2..A.nmethod
in accordance with d gi g?lwa\%lé eal?rgzgi %‘g[ﬁg% gl gﬁeaﬁoglﬁﬁ%?f}ss ‘? IPF@P@ from
the nozzl COBPEERBI y further conprises discharging fluid froma downstream
side of the conbustor in an upstreamdirection fromthe nozzle assenbly
into the conb o 3 thod.in accordance with Caiml or 2, wherein
coupling a noz%ﬁﬁéﬁ{n sge‘ﬁﬁﬁzg‘“‘eta%“ﬁl? c?g?ﬁ}ffsﬁﬁr CPIPFR E’E?Fﬁll"i &5 18EAB i ng t he
nozzl e assswehibly irwhales davinkt ledm FiRBargt hBea WMBYSH e ﬁocheﬂEﬁcﬂH In
accordancg W.th any one of the preceding clainms, wherein oupling”a nozzl e
assenbl y ﬁﬁr‘ﬁ‘?@”@m shterpdypesitiensdovithia sheepsla begyt he nozzle assenbly
to the conmbustor using a threaded fastener extending radially outwardly and
concentrical |l yed ) . - ) in accordance with Caim
4, wherein coupll{pggkg{bﬁ%d;%ék%g@gd Iayé?lgéoﬁéégglgnbustor further conprises
coupling an annular flange to the threaded fastener; and coupling the

- nozzl e assenbl Jisehgrging ae ewinst of fliddrom st nddzie aseniblgrinfol the @embastor

- to facilitate removing particulate matter from the combustor.

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

congentrically 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-




secured agai nst an upstream side of the conbustor while the nozzle body is
secured against a downstream side of the conbustor. -10 6. A nethod in
accordance with any one of the preceding clains, wherein coupling a nozzle
assenbly to the conbustor further conprises threadingly coupling the
nozzl e assenbly inlet end in flow comunication to a pressurized fluid
source. 7. A nozzle assenbly for directing fluid into a gas turbine engine
combust or enn&%gg particulate matter fromthe conbustor, said nozzle

or : ( t _
assenbly c%‘rrpri‘%i’ﬁ‘ﬁ HoscsPrdancsq ity anh ang @ Hhe ivesedig rlsines wheteiand a
di schar ge @hr@lins aind-Reqy: o ' 1R, nt erbody
posi tioned vmgturlﬁfn sgi d bsgggﬁjsﬁ%gg ﬂ%?ﬁ%ﬂ fgﬁﬂr}%{]gn%grg%s ?ﬁs}gac@fé ﬁg@phggt ween
sai d cent eihpoogzlarrdersblydnlaioarlie flovthpmnsaiichtigapo & presagired fleil soaried
centerbody configured to couple said nozzle assenbly to the conbustor,

said nozzle ass for ischargi ng, an.annulus of flujd through _ said gap
into the CA}!(;nbus‘z?(rl;I;k8 %ﬁgg%imhg'z@f gu (g’é"g%]d\l@ ”1‘%?1 a&?ﬁ&irgﬁlﬁfé‘g\ﬂetcﬁ“@lﬁphfw,
wherein sakslovienpaficaliic maRAHONEES combabC Il 6 XIS RILRLLY BHbfkig, Out wardly

therefrom said fastener for coupling said nozzle assenbly ' to the
conbust or such that said nozzle body is secured against said conbustor. 9.
A nozzl e assenBIBPZ7ls bedy sxigading baivicen @n dnlat e1d wider disehasgd end; asiddody f or

coupl i ng HRfifinPAZ3Vi @S g{rgj] to a downstream side of the conmbustor such
that fluid i sgdi sclﬁlar g% i ncyan upstreamdirection fromsaid nozzl e body

t hrough said conbustor. 10. A nozzle assenbly in accordance with any one
of clains 7 toa%entatherdpipnsitenal witkintseidiady suolnphiat 28 snAulhhpgaiialtined

~extendi ng Lall.y out dy therefrgm, sajd rod aligned substantially
cgncent ri l@éltl%g?/n \S/ﬂlgﬁerg"arp%‘iyn ; a_@e%a %oﬂ,_saﬂ A3 P%Tfa‘é‘g@nﬁ@ cemerdedor dance
wi th O ai onligurddlth cheple SATRDEAL BkeBly BRUERALIANGE ﬁ&h@é[ gsggﬁq&gﬁgt dof he

threaded rod, said annular flange secured agalnst an ups
combust or igHerERG AR anmwys of fhid dnmigh skid gpdatodle cambasstatownst r eam si de of the

conbust or.
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

is 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- |




12. A nozzle assenbly in accordance with any one of clains 7 to 11, further
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 with
any one of clains 7 to 12, wherein said nozzle body inlet end configured
to couple in flow comunication to a fluid source. 14. A nmethod for

washi ng a {5829 36 membsnpesitioned mslial yoinwardly Gdimspichgapgisaid Sisbtrdndrsecorgind a
def | ector - extends, circunferential l round the
§éaﬁﬁ1%m‘591@%oﬁ‘ﬁ%§5ﬂoyseélnﬁi)6 %o&%ﬁ Sﬁ.léi %?zHl%ﬁSfeénb E)etﬁﬁ F%m&bstqrh e

swrler, said nmethod conprising:
defl ector-flare cone assenbly, wherein the nozzle assenbly includes an

inlet end,1& diéackazigessemdly ia docdriiamwe vathzdng dne @Y clagms eRsli NoviidAGh gkt ween,
and a cent osiitigned.within the ngzzl e body; coupling the nozzle
assenbl y ilﬁqrzg{%%\éﬁg“ﬁ%te 81‘;?%@%“@{;‘8@6&3%&‘&@%3#@ tq 4fleidisquega. upst r eam
direction fromthe nozzle assenbly into the conbustor to facilitate

renovi ng plakt i cAlhatiedet washifd 9 tt&%‘&f&?&?ﬂﬁtd&h - i {agcordance
with daim é4, gger ein the cognbgdsst or 1def ect or-bfu%tgf léf%ldcag{ e g"‘éfs%”n@%ff
i ncl udes &0f@rdetietterflpwroone assamblysthtl extends sheupferdntiolly amand tish seifar, gi ng

fluid in agdyRshéE ﬁ{sﬁ%ti on fromthe nozzle assenbly further conprises
di schargi ng an annul'us fluid between the deflector portion and the

flare cone portion such that } the fluid is forcibly channel ed through an
i npi ngement  coébunliggsi mizzfecssambli o tieedefbefor- gatosonR Ustdntly, vilorcift B hod i n

accordanc j Fm.1 r 15, wherein the conbustor includes a ferrule
that i ugg%%rlée}a&ﬁ%gf’}%%l?ﬂ'é‘%&eﬁ SlEt en %r%ﬁ@a@@uﬁnﬂ,n@hallﬁ‘ﬁzlzw@ltabgéywbl y to
~the defl etttting HRfDORRE, MIFLUEHe eiqiqm{,-' |iipg the nozzle
assenbly to theé fer?ul e such tha%bOPXEBﬁgég e asgzlf;ébqo%gfgﬁjggﬂarge end is

secured against the conbustor deflector-flare cone assenbly. 17. A nethod
i n accor dance YUPHngthsinerale assghbbeintet codifd 4 figidishercaomdl e assenbl y

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

N

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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to the ferrule further conprises coupling the nozzle assenbly to the
ferrule using a fastener extending radially outwardly fromthe nozzle
assenbly centerbody. -12 18. A method in accordance with Claim1l6 or 17,
wherein coupling the nozzle assenbly to the ferrule further conprises

posi tioning the nozzl e assenbly against a downstream side of the conbustor;
coupling an annular flange to a fastener rod extending fromthe centerbody
of the nozzle assenbly and coupling a fastener to the rod such that the
annul ar 1 ¥hge Pdng %ﬂbé@g@nﬁgwﬂhrﬂiaméﬁrcufa}ﬂ silteeinfcotpltnecthrinegzler and

bet ween t &ﬂg[g qm fastener 19. A nmethod in accordance with any
h&ms 1 ‘t@fh%f%rﬁﬁ er el nox

one of clal Sconbust or deflector-flare cone
assenbly includes a deflector portlon and a flare cone portion, said

coupl i ng a nozziositiasimgri ozl dstembiphgatrot @ dowharAncaneoRRs 8nhbistdrur t her
conprises: positioni ng a first seal nenber between the deflector portion

and the nozzle _asse %‘Hb‘? glagom tioning a_second seal nenber between the
flare cone portt Bﬁn]&nadl ar t@%ﬁg)d exignding foph the depteghodsodance
with any amen®kledsddnBly;hdt © 19, wherein coupling a nozzle assenbly to the
defl ector-flare cone assenbly further conprises coupling the nozzle

assenbly to the deflector-flare cone assenbly such that a seal is forned
bet ween t he nofRlingadasipney taithg redreuctidhatdles wmular flapgeissecuast agisy an - 13

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
vy 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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