METHODS AND APPARATUS FOR | NJECTI NG CLEANI NG FLUI DS | NTO COVBUSTORS
BACKGROUND OF THE | NVENTI ON This application relates generally to gas

t urbi ne engi ne conbustors and, nore particularly, to nmethods and apparatus
for injecting cleaning fluids under pressure into assenbled and on w ng
gas turbine engine conbustors to facilitate renoving build-up that
degrades performance. Gas turbine engines typically include a conpressor
for conpressing air WMETHOPS AWNRAPRARATISIRER INFECTINGNEl ed to a

conmbustor wherein the m re is_jani within a combustion chanber for
generati ng hot conbusti Gﬁhéé@ynggﬂ?éﬁgTO%WSconbustors i ncl ude a
done assenbly, a cowing, and liners to channel the conbustion gases to a

turbi ne, WA CRGROWRDISFE oP8Y oW ERN®okthe conbustion gases for powering the
conpressor, as well as producing useful work to propel an aircraft in

flight or to power a |oad, such as an electrical generator. The liners are
coupl ed t dhishapaksation aredaseh isgnaaplih te hgasc BiRbing gengined cenabesters danda smpteam f r om

the cow i fj ' . me_known, dome
assenblies | %@f%@éiogﬁ %tptr)]‘ﬁsc @?@Pmﬁ%g@e@% Lmeg é]ie%lﬁb%h gfdrsbtélaa%é) TESUe e

pl ate) wi tahsemblahdndron Wit gae tirbidengdimensinbestols tb falikatearethomguitapt o
channel fugl in'gct ed froma fuel injector towards the conbustion chanber.
During opé aéldF%‘Jﬁ,eS(%?F@BﬁmFFﬁy formalong the venturi as a result of fuel

i mpi nging on an inner surface of the venturi. Over tine, the carbon may

bui I'd up and @REMAE $Bbes Y@y RO BEHHREIRTGE co fe%_siﬁg%i Whed |,
carbon build-up may adversely effect airflow characteristics wthin the

conbust or Tired withaidael andechaenelgdaior comebuster giheredt theppixhue issigoited whinunent s

bust or reined B hiawslcioy: combustor et thepranfue ieigoitd
nown. conuepiiliol MuHR O ein YRR o SRR B b ane WERE: o™

det er i or atcembtigtons ipcledelet@nanssenblyeuebwlihfiend 0iiptsd Chanel Beicoindustadn ¥
cl eaned. However becaHs of accessihility limtations, the venturi areas

of known @8??5_(5%1"‘_6‘;1@1“%3’ IR s energy diope iy combdartian gases ©r PRECEBEBYSt or s
are coupl dmptdstirD af WR1EAIpRRucing useful work to propel an aircraft in flight or to

power a load, such as an electrical generator. The liners are coupled to the dome
assembly with the cowling, and extend downstream from the cowling to define the
combustion chamber. At least some known dome assemblies include a structural
member (herein referred to as a dome plate) with a venturi that extends downstream
from the dome plate to channel fuel injected from a fuel injector towards the

combustion chamber.

During operation, carbon may form along the venturi as a result of fuel impinging on
an inner surface of the venturi. Over time, the carbon may build up and adversely
effect engine performance. More specifically, carbon build-up may adversely effect
airflow characteristics within the combustor and/or skew the accuracy and margin of
performance instruments positioned within the engine flowpath. Accordingly, within
at least some known combustors, when the performance of the combustor and/or
engine deteriorates to a pre-determined level, the combustors are internally cleaned.
However, because of accessibility limitations, the venturi areas of known combustors
can not be effectively cleaned while the combustors are coupled within the engine

without risking damage to other engine components. As such, generally an extensive
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wi t hout risking damage to other engi ne conponents. As such, generally an
extensive -1 and tinme-consum ng renoval and di sassenbly of the engine is
required to provide access to the venturi areas of the conbustors
requiring cleaning. BRIEF SUMVARY OF THE | NVENTION I n one aspect, a mnethod
for injecting water into a gas turbine engine to facilitate cleaning an

I nner surface of a conmbustor, while the conbustor remains assenbled, is
provi ded. afilaimethesdmingpmeab and dizassembiyn oficabndinels teqpized & pfavida t he
conmbustor, wherein the fuel .injector includes nozzl e stem and inserting
a spray n&‘f‘z“fsét%g"gé’ﬁ%tfl? argag of the coOmbRStOr TEqYIBPS Gi5aMNEg created within the

conbustor when the fuel injector was renoved, wherein the spray nozzle

assenbl y ipEIEFRESMMARREOE TeZZINevE@ioN S retractable for assistance of

assenbly and is shaped substantially identically to the fuel injector

nozzl e stemrenoved fromthe conbustor. The nethod al so conprises coupling
the spraynridgaspechss apgiied for mjrsting yraiert info gugas tmrhie engingdpdaciiviezl e i s

: L ed i . . oot
water i nt SPRDECH ffr SeROLEEObeRERIOY whilb he AFTRRT HShs AW B} 1
aspect, a pspvidsd. Mbrzihethad semptises ranoving as bkiabfushingectarrfiam sheg@snbiugtod) ne

engi ne conbustqr is .provided. The spray nozz] e assenbly includes nozzl e
stem a ?111?.‘& 0Pl éf,ora}?gldas 58%%'?6 By P 0947 8 DI g ﬁ?ﬁswbﬁi ses an

inlet and ia@ a At iflctor [GRning! @LatéPwhARS the CoRBulitr GABPHR full fiQ¥Wr was
communi cation to a high-pressure water source. The nounting flange

ci r cunscr irbagvedawhargitythe spiag mozalf assemblvtihdudesazpapet merzledhat iFhedrastaplet nozzl e

is couple emout let.. The mounti.ng.fl.an i for .nmounting
Lheopr ay oSl EBel B AisBuBhEMAH o ISR PRl RE o et ST e

ext ends f mopzlaRtedp sdnicei fend tief cnfhseeNThetBEthed BB aBinpakésycaupise My i cal |y
into the conbustor to discharge water into the conbustor and i npinge on

the surfadBEY POFEle,aPsEOle fodhe combusipr sHeh thpinthgeranst arorde r waertast t he
combust of siubstbidfall LbRleRlichy inBP 1! ofiblabe dnd ﬁlge&inw&télﬁgtggtﬁ%&&mu&o@as

tur bi ne engi ne cohbustor spray nozz asse I S~prov
through the spray nozzle assembly.

In another aspect, a spray nozzle assembly for injecting water into a gas turbine engine
combustor is provided. The spray nozzle assembly includes a nozzle stem, a
mounting flange, and a popet nozzle. The nozzle stem comprises an inlet and an
outlet. The inlet is configured to couple in flow communication to a high-pressure
water source. The mounting flange circumscribes the nozzle stem adjacent the nozzle
outlet. The popet nozzle is coupled to the nozzle stem outlet. The mounting flange is
for mounting the spray nozzle assembly to the combustor such that the popet nozzle
extends from an upstream end of the combustor substantially concentrically into the
combustor to discharge water into the combustor and impinge on the surfaces
including deposits, such that damage to other areas of the combustor is facilitated to

be eliminated.

In a further aspect, a gas turbine engine combustor spray nozzle assembly is provided.
The spray nozzle includes a nozzle stem, a mounting flange, and a popet nozzle. The
nozzle stem is coupled in flow communication to a cleaning fluid source that is
configured to remove deposit build-up from an inner surface of the combustor. The

popet nozzle is coupled to the nozzle stem outlet. The mounting flange circumscribes

2.



The spray nozzle includes a nozzle stem a nounting flange, and a popet
nozzle. The nozzle stemis coupled in flow comrunication to a cl eaning
fluid source that is configured to renove deposit build-up froman inner
surface of the conbustor. The popet nozzle is coupled to the nozzle stem
outlet. The nounting flange circunscribes -2 the nozzle stemfor nounting
the spray nozzle assenbly to the conbustor such that the popet nozzle

ext ends f nthwmeurleipishy famamtingfthd herag aohis boemdlibst thetdoadbuytor eadhctat ri cal |y
into the conmbustor to discharge water into the conbustor. BRI EF DESCRI PTI ON
OF THE DRAM MeRStFnepAle cxtends st%’r%n?é't upstreamy, end Af; g egmbisiprssubstaptially engi ne;

Figure 2 ic3n@nGiQfs s d &‘Px?dusi@r?cy‘ﬂfﬁ@ha?ﬁl: %g{@k@ﬁ%ffa&gp&a}.or that may be

used with the gas turbine engine showm in ure gure 3 is a side
view of an exenplary spray nozzle assenbly that nmay be used to clean the
conbust or BHERDESFCRIBJIOS OF THEDRAWINGSan enl arged cross-sectional view
of a portion of the nozzle assenbly shown in Figure 3 and taken along area

4; and Fi | . - | gna i of e spray nozzl e assenbly
shown in %?%’ﬁ?ilé&hgrgﬁ‘i%?gglsﬁﬁ%ﬁlosi %ag\réﬁr\%mekﬁnﬁ%ntghe conmbustor shown in Figure
2. DETAI LED DESCRI PTION OF THE I NVENTION Figure 1 is a schematic

i |l ustrat iFeguref2 ia agassstsgetiomk viengohHan dtempladyudinibgsar than neydenisey witt?2, a

hi gh pressure conpressor 14, and. a conbustor 16. Engine 10 also includes a
hi gh preséﬁ‘i%"t SiESE Shgwp J&‘%gure turbi ne 20, and a booster 22. Fan
assenbly 12 includes an array of fan bl ades 24 extending radially outward

froma rotmgurdizsis a2fide vishobNgh dferRsifryddpriyhddete %s&ﬁb%%}amﬁaﬁﬁe ex&ppst side

30. In one enbodinent, the gas_ turbine engine is a 34 engi ne avail abl e
f r om Generckgan hexkorpbustocshgyumin Figalersi nnati, Ohio. In operation, air flows
t hrough fan assenbly 12 and conpressed air is supplied to high pressure

conpr essorgidde 4 The, Bihby cLOUBLESSAYia) be k BortBhio¥ e 418 SSRIRIS RNl 6-

in Figure 3 and taken along area 4; and

Figure 5 is a cross-sectional view of the spray nozzle assembly shown in Figure 2

coupled in position within the combustor shown in Figure 2.
DETAILED DESCRIPTION OF THE INVENTION

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, the gas
turbine engine is a CF-34 engine available from General Electric Company,

Cincinnati, Ohio.

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 (not shown in Figure 1) from combustor 16 drives turbines 18 and 20, and
turbine 20 drives fan assembly 12. '



Airflow (not shown in Figure 1) from conbustor 16 drives turbines 18 and
20, and turbine 20 drives fan assenbly 12. -3 Figure 2 is a
cross-sectional view of an exenplary conbustor 16 for use with a gas
turbine engine, simlar to engine 10 shown in Figure 1. Mre specifically,
in the exenplary enbodi nent, conbustor 16 is used with a CF-34 engine.
Conmbustor 16 includes a conbustion zone or chanber 30 defined by annul ar,
radi al | y @igee 2ai8d crosseleational ivivweof i Beempldd, combultbr 1bfoe usP@dthfd gal | ya
outer liner_ 32 defines an outer boundary of conbustion chanber 30, an
i nner | i n&yrbge ‘E}ﬁf}%égﬂlifﬁ torsneiney Y Sy 1 A1gwe o u Mare spegilicallyy imghe L ner s
32 and 34 LBofafdkd ' ans u, ) ian asing 36
cRERplaff hédirdeﬁt}({"?:ﬁﬁbﬁét@fq AR o @1@@@:@5@% @C%ﬁl%ﬂ%ﬁfr 1%

whi ch extends circunferentially around ners 32 an stor 16 al so
i ncl udes anclodes asembintipn 3®nk gl didinbgr 30 defined &y abondar,4@diattgunterdandpst r eam

from out er i nnet. |i S a 34, 1 ctively. 40 defines an
upst r eam é%‘ﬁgig’?m&er ilgﬁrﬁﬂfsztr F‘?)‘ﬁgé'hgﬁﬂléer ép\%ﬁ% ’i(g‘l\{?fo%'tﬁraén.&ﬁWF 0 Pbust or
16 by an ibotgdary 8htorAusHoA cBABEH I ak@ned Bner A RfmBEGA fineAbbohdakoyt s 44
and 46 are fixedly coupled to done 40 and liners 32 and 34 by fastener

assenbl i esombustionaehpngheres040 Linesp 3R aandad¢ ewne srdiplbhdnwardi fiem 2 pemdar
S, S ' tor 16
Synmetry %ﬁﬁgpﬁfonecgh QécasE@gjnqgﬁg{cg%Qﬁ% 'éilfnc flje? ntidiy L#Oglg? Hﬁex%o{ibéh% or

t hrough a I njection as es a nozzle val ve 62
coupl ed i@34f1 ow conmuni cation to a fuel nozzle 64 by a fuel nozzle stem 66
t hat extends therebetween. Fuel injection assenbly 60 is coupled to

nmbust 6..b ti.n | at e, (not sh t.hat .is coupled to conbustion
chanber - Caaod g% tafen (vt eRplnAs dhehtind itodmuanires 4
speci fi calhdtntddu@pstriefn ©®érh uterdgRCTHALY 1:88s 132 SRUBL eldspRticaybussaE 466 such

that fuel nozzle 64 is substantially concentrically ‘aligned with respect
to dome 4@efiBgscAn tupstredne zsnde 48 4ofe sembupsion dehwmber Sdmandds seoypled nwithin| y

P el oo SOMLARURSHY BRMEP o ePind BRHE A1 8. Wore pBGRRIAET cbWRlas MO @

fuel cup asse
and 46 are fixedly coupled to dome 40 and liners 32 and 34 by fastener assemblies 50.

Each dome 40 also has a center longitudinal axis of symmetry 52 that extends
therethrough,

Fuel is supplied to combustor 16 through a fuel injection assembly 60 that includes a
fuel nozzle valve 62 coupled in flow communication to a fuel nozzle 64 by a fuel
nozzle stem 66 that extends therebetween. Fuel injection assembly 60 is coupled to
combustor 16 by a mounting plate (not shown) that is coupled to combustion chamber
casing 36 by a plurality of fasteners (not shown). More specifically, fuel injection
assembly 60 is coupled to combustor 16 such that fuel nozzle 64 is substantially
concentrically aligned with respect to dome 40, such that nozzle 64 extends
downstream and substantially axially from an upstream end 70 of combustor 16 to

discharge fuel into a fuel cup assembly 68.

In the exemplary embodiment, fuel cup assembly 68 includes a primary swirler 80 and
a venturi 82 that includes a disc shaped mounting flange 84. Fuel cup assembly 68
also includes a secondary swirler 90, a sleeve 92, and a splash plate 94. The functions
and mutual cooperation of the above-mentioned elements of combustor 16 and of fuel

cup assembly 68 are well known in the art.
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In the exenpl ary enbodi nent, fuel cup assenbly 68 includes a primry
swrler 80 and a venturi 82 that includes a disc shaped nounting fl ange
84. Fuel cup assenbly 68 also includes a secondary swirler 90, a sleeve
92, and a splash plate 94. The functions and mutual cooperation of the
above-nenti oned el enents of conbustor 16 and of fuel cup assenbly 68 are
well known in the art. -4 Figure 3 is a side view of an exenplary spray

nozzl e as$igdet B id @Gidehdew fyin RReniplady spray abednasenblysioorthdttmapbelusddgur e 4
is an enlarged cross-sectional view of portion of spray hozzle assenbly
100 taken t%%&wg cofplustor 16pang Figuss 4 is ag ee}%&%‘-%%tspﬁwl Viewwtgmortign ol nozzie

assenbl y Jsg%%%eak%gs&m 260 tdkeR al¥nkHrbh £OTRYEE Qrig %er%sg-séafdnhi Vbt

cl eaning c ustor 16. Spray nozzl e assenb 100 I nc es a nozzle stem
102, a nepryimgzlel awgeblyOU)0 sopdedtin pozitior wilkn emebuatonolfv ke facilitae 108. | n

th | ary. enbqdi : le stem 102 i fuel jnject
noszl o ot SHEVIRECRICBEdr SEAT rhede demly 1l freliiiin AR P | ool o
assenbly Hintihd fRAgel O£ aNstplel/ SozzR D00 iafi® AtnozEIRPARG 108, OR tAe eRFAPIGHT at i on

of the conbustor being cleaned, and nore specifically, depending on a
conf i gur attibedizient. wzelgestem P2 it 3 kpows g@ﬁwﬁleglmm nozelg stame thag bad r being

cl eaned, @rl]ga- CLi N WiIRLE ' el I n e ly 100
does not i nclﬁéeqﬁnﬁulﬁt%ﬁlgléﬂl angen fg%g’gllrldzr%%z%%\één\? I vlgM'log‘.%zaho%g%ga\%ve 108
i ncl udes @mbodingnt, degendiddomndonfigiratidredf the dembids2or ik ¢lsaredypidadoten fl ow

comuni cation_to popet _.nozzle 106 by nozzl tem 102. re specjfically,
nozzl e valfREHERY; ‘gé;’@B‘E}BE €8 2jR/n %&%%ﬂ%ﬁi%ﬁejt‘%ﬁlo&é@ Y 45¢d) ‘@’é‘hﬂﬁg fluid
source aRgmBe#sl ®eipClledidd; ahf dshBeRKBEP iR HoRBAE MR w, EfS&% Chgafi ng
fluid source is a pressurized water source. Alternatively, o?(her sour ces

of cl eani agsefibly t0thdges et inskide nuating flangent0402 nexzlemaye 16Hm nozzl e val ve
108 to a discharge end 116. Popet nozzle 106 is coupled to nozzle stem

di schar ge I nei Al e . ' ,:.nozzl e
St om di oo harde \alys Mpedof BUA BEkud S 110 il anBARPUEE X120, AMBIELIRIG "0 2
t hr eadi nglfivwc ovptnmelichtion a2 popetsh@ricil 68 bgr gezzinsteth] 602. Relbad Bscificdly,i ncl udes
bstanti al | l.i i cal t ti 124 t hat t end
a substan nlogzle %al%% ll()gqg Icglﬁalede ln gﬁgv?rrl:%glm&n?éatilog etween a glean%);g Plidssource
and nozzle stem 102. In the exemplary embodiment, the cleaning fluid source is a

pressurized water source. Alternatively, other sources of cleaning fluid may be used.

Nozzle stem 102 extends from nozzle valve 108 to a discharge end 116. Popet nozzle
106 is coupled to nozzle stem discharge end 116 by a retainer 120. In the exemplary
embodiment, nozzle stem discharge end 116 has been modified to enable retainer 120

to be threadingly coupled to nozzle stem discharge end 116.

Retainer 120 includes a substantially cylindrical engagement portion 124 that extends
substantially perpendicularly from an annular end or flange portion 126. Engagement
portion 124 includes a plurality of threads 128 that mate with a plurality of threads
130 formed within nozzle stem discharge end 116. An opening 132 extends through
retainer 120. More specifically, opening 132 has a substantially constant inner
diameter D;. Flange portion 126 enables retainer 120 to be securely coupled to nozzle

stem 102 in sealing contact between nozzle stem 102 and retainer 120.

Popet nozzle 106 is slidably coupled to nozzle stem discharge end 116 by retainer

120. Specifically, popet nozzle 106 includes a substantially cylindrical discharge tube
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substantially perpendicularly froman annular end or flange portion 126.
Engagenent portion 124 includes a plurality of threads 128 that mate with
a plurality of threads 130 formed within nozzle stemdischarge end 116. An
openi ng 132 extends through retainer 120. Mre specifically, opening 132
has a substantially constant inner dianeter D . Flange portion 126 enabl es
retainer 120 to be securely coupled to nozzle stem 102 in sealing contact

bet ween nolzi) thats éxtendsOdibstantidligt perpedidichRRly fPonein aezAel 0. | End fladgd! v
coupled to nozzl e stem djschar gg@gﬁ?ﬁé%ﬁ by retainer . 120. Specifically,

popet nozz|% e figpcirady hakly pllgr thon ap dpside diamelesiar gbnesde -5
140 that exignds ﬁg%g@tﬁg {Sq%‘lf%@gﬁpéﬁﬂéﬁﬂeﬁiﬁkyiiﬂ&%pﬁ’n end flange 142. End

flange 142 has ‘a di aneter t 1sslig mal I er than an inside
dianeter D3 of nozzle stem 102, and as such, is |larger than retainer
openi ng diRopet rezzBi dischergsttubo k4] kasdinguiterrdj@netetie, thadistelightin smellerthati anet er

D4 that is_slightly. smaller than , retainer opening di.angeter D1. .

Accor di nglrﬁfsamﬁgpo © Xlrl? rz?;l PRI c‘ha@céof(ﬁ%%y’lﬁ@%?sngllei %3%19 G B‘B@i 841% ¢ hi n
retainer ofidblngredsdved anithip @peineh @p&lifs €3d, fah@;\ﬂ)@etlﬁazzi@rbﬁurﬂ@g@elm ner 120
retains popet nozzle 106 within nozzle stem 102. Popet nozzle 106 is holl ow
and i ncl uck88urss kaineryl 29aefais pppé dozHe A 8¢ Withionozdlssterm 2. extend al | the way
t hrough nozzl e 106, but rather extends fromend flange 142 to a solid end

152 that i | i ) d
at  ifppRPRESAL €06 iR akd %dfé‘ama\}ftﬁ IBBﬂeﬁBtapgﬁgegélﬂgN%}t écé)%s a5t en

t hrough popét nozzl e discharge t 40 adjacent en
speci fi caledxend adlpthriwaysthtdharoezls pédde tutciathen wkendn froml ¢énd Bampend2dioschar ge

t ube 140 [ | .0 i cati i th it . [
154 are s Bet a2t Gt icapYe did Bined " 1A REREHTof Bremdeirheibe 40
Mor e specithiotgh | popeP PO UlischartpeafiBe BION adjacsht idddal $8i rvefe slz;)LeSCLilﬁcally,

axi al |l y-separated rows 156 and 158. The nunber of openi ngs rows 156

or 158, arfesinge !yt aweaprcedeifsumferortiabiyenouny, dischaggrthbm] 40 and wetie dlovo
enedl e el iy anbkgat s 5. iy SHTAE Skl S {or
156 and Bhgnéedelithdespsi o alisohargketnbantlidal | Yiosp apeificafign opgrngdsS154 are

arranged in a pair of axially-separated rows 156 and 158. The number of openings

154, rows 156 or 158, and size of each respective opening, is variably selected to

enable water to be discharged substantially circumferentially and uniformly to

facilitate cleaning combustor 16. In the exemplary embodiment, each row 156 and

158 includes six circumferentially-spaced openings 154.

Mounting flange 104 circumscribes nozzle stem 102 and facilitates coupling spray
nozzle assembly 100 in position within combustor 16. More specifically, in the
exemplary embodiment, mounting flange 104 is sized identically to a mounting flange

used to retain the fuel injection assembly within the combustor being cleaned.

During use, initially a combustor is inspected using a known inspection technique,
such as may be possible with a boroscope, to determine if contaminant or carbon
buildup within the combustor is sufficient to warrant cleaning of the combustor. For
example, in at least some known combustors, including combustor 16, carbon build-
up is more prevalent along aft portions and inner surfaces 180 of venturi 82 within

fuel cup assembly 68.



Mounting flange 104 circunscri bes nozzle stem 102 and facilitates coupling
spray nozzle assenbly 100 in position wthin conbustor 16. Mre
specifically, in the exenplary enbodi nent, nmounting flange 104 is sized
identically to a mounting flange wused to retain the fuel injection
assenbly within the conbustor being cleaned. During use, initially a
conbustor is inspected using a known inspection technique, such as may be
possi bl e A tfte]l ainjeotias asgembly, sudle tag rinjedton fassmmﬂ}aﬁt)r(aliﬁwm?n Gﬁg&emr)r,bmji | dup
within the combustor is sufficient to warrant cleaning of the conbustor.
For exanpfBovednirgm theaeqmbusine RRfnfIoEE e 190 it DT P i #rgeraRirolt & 16,

car bon bui = [ Bl af t .o i 1 aces
cbfpled Ry ipdsifiBh %&ﬁﬁ\tlﬁé gg&baétepe lﬁé cé%_%a. %ﬁ%ﬁﬂ%dﬂéﬂﬂ, s@gqgf

180 of venturi 82'wthin fue p asse -6 A | nj €ct
assenbl y, nemdh assemblyj Eiis ehleast pertially ig@rt¢d indovthei qonfbiugtor & 19 in 4 positicenoved

fromthe ustor t cl eaned, and,a.spray hozzl e,assepbly 100 is
Coun! ed 1 TR aesbRntdlihe e R o iind A i o el BRlPad whiebets ca 1,
spray nozgd ficRSSedpyaylftzieSassdmbl$asl iPedipladl th)thd BEfbises beffoclédhed,
combustor to be in %¥503|t|0n that is substantially the sane position as

the fuel iPApEcRazale HA% exisnds sehstaniialy cenesnitrally Agtosthencomithsior srmyennozzl e

assenbl y | o] .pehng. l e 106
axt onds sBFan) (P Rrae Lambiof SN e A0 ooy SRRAREE T, o
si de of t meountingfiahge 104Ms secus@b dondalsioy 16 iim tHehsamexmsitioaray tlenihodhtingnt ,
mounting fJ ange 104 i ecur.ed, to conustor 16 in the same positi as the
mount i ng f‘ﬂ}l&%@i&%a@@ﬁwﬁlwﬁ@m@éﬁm Y B9 s_%lggm_mraw easemhbh ¢ hat
spray nozzabg @seaikidyin b84tibSe withial apshusthr PR Idhﬁﬁg e tdnibusOPF RSkl 16
during the conbustor cleaning process. Nozzle valve 108 is then coupled to

a cl eani ngrddess.d source, and when pressurized cleaning fluid is routed to
spray nozzle assenbly 100, popet nozzle 106 is forced downstreamfrom a

(57 20t oS 98I I BROSEUEAT, SAAR.E A DRRORE) RGEoilg || 00
retai ner tR@ningahad ineaubd telispriyaiogelet asbemilg0100s pbpidt! ozebet BI6 adfcdesdnst r eam
fr om downstream from a retracted position within nozzle stem 102 causing popet nozzle
end flange 142 to contact retainer 120. When popet nozzle end flange 142 is against
retainer 120, popet nozzle discharge tube 140 is fully extended downstream from
retainer 120. Because discharge tube end 152 is solid, the cleaning fluid is discharged
radially outward into the combustor through openings 154 and towards the venturi,
rather than being discharged axially downstream from spray nozzle assembly 100.
More specifically, the cleaning fluid is discharged substantially uniformly and
circumferentially from spray nozzle assembly 100 to flush against the venturi inner
surface to facilitate removing build-up from such surfaces. Accordingly, because
spray nozzle assembly 100 is sized and shaped substantially similarly to the fuel
injection assembly removed from the combustor, accessibility issues that may be
present with known combustor washing methods are eliminated. Furthermore, and as
a result, spray nozzle assembly 100 may be used to clean combustors without

removing the combustor from the engine, or removing the engine from an associated

aircraft.

The above-described spray nozzle assembly is cost-effective and highly reliable. The

spray nozzle assembly uses either components that are sized and shaped substantially
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retai ner 120. Because discharge tube end 152 is solid, the cleaning fluid
is discharged radially outward into the conbustor through openings 154 and
towards the venturi, rather than being discharged axially downstream from
spray nozzle assenbly 100. Mre specifically, the cleaning fluid is

di scharged substantially uniformy and circunferentially fromspray nozzle
assenbly 100 to flush against the venturi inner surface to facilitate
removi ng hdentidaliyptd existisg) el smleétam-e ssserbliex; d)ir ngédtﬁesb existirge fued prijagtionoz z| e

assenmbly 100 si.zed an ubstanti al | larly to the
i nj ect i onaﬁg@izﬁ!f {or sy mmlg Bt MARSORHIELR, %ggrmsﬁ?ﬁ?a%sg@ﬁfi%s t hat

may be pra?éﬁfﬂ&rté@ fko m@mréa&awﬁénoﬁm PRSGHBE SRHALS ol RrRhkd iR At
Furthernore, and as a resul &gdt nozzI e assenbly 100 may be used to
tth

cl ean conisambusterswiot bieabie Ckemngl ebec disthrsgest sdbstamtinliye varfgimly, angl

removi ng L, i nen from n a5500|a craft. The gve-descriped spray
nosol e os SHEBATEa S VRr 48 FOE Sl BhS Pattust SRHR AT o, 0
assenbl y usespray thogzle CasqablRnt facilibgé ealimced ZRAnIARbIShARRRtEY kS taabdstal |y -7
identicalgé?to exi sting fuel injection assenblies, or nodifies existing
fuel inje&tPgive aNERYIthedl regHripg thejRmbuganioky repwBed femdhe peging. di ngl y, t he
spray nozzle assenblies are inserted into voids created when fuel

i nj ect i on FRIREIHR iefiboRinfentE BPYGHLANAN dnliCsprPABAS! AisimbRed R0 ani ng
fluid to be d?ﬁp%arggd sd%stantl ?{y J%ifé?ﬁfy and E%?%cﬁn%%réﬁgﬁg

t owar ds t abovenmedetailir The esmbhistotseind sptaysiazelevasstubrlics . ardsotlimisd e the t he
spray nozzl e.ass ies, f CIII te.enh ed cleanin f co ors in a
cost) of  SutOE SRR R BRE PEGi BRI BELE 6F 00 BERENI 1 r om
t he engi nee ubikesindépenaeIRdindRBpfatefy R BERE 055 pAiatsSRE@GTbedNeri€ Bssenbl i es
are descri bed above in detail. The conbustors and spray nozzl e assenblies

are not | iehimple, eashispeay norela eqrepaenbeamEse de dwed in s@abmh@i withpetherr at her ,
conponent %px%g 5298 BE% gﬂféﬂté’ mgﬁﬂéfo Bifstdth | M&r@&'v 891%19 eﬁcr%?aq REQAr ately
I bed or eXa eac

from ot her nponent s descr erern. pray nozzle
conponenta&aunﬁhﬁmdbeﬂwsgddﬁncmmbhﬁmaﬂMaﬁnwmﬂhdakh@edhapmay nozzle
conponents and conbustors. Moreover, the nethods descri bed herein,

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

modification within the spirit and scope of the claims.



are not limted to the specific conbustor enbodi nents descri bed herein.
Wil e the invention has been described in terns of various specific

enbodi ments, those skilled in the art will recognize that the invention
can be practised with nodification within the spirit and scope of the
claims. CLAIMS: 1. A nmethod for injecting water into a gas turbine engine
to facilitate cleaning an inner surface of a conbustor, said nethod
conpri si nCLAEMSYi ng an axial fuel injector fromthe conbustor, wherein the
fuel injector includes a nozzle stem inserting a spray nozzle assenbly

into a fuel injectqgr .opening created within. .the conbustor en. t he fuel
i ector vas. r birdind Tr i eRnS Wl e A2 b DebETb IR HEEE B popet
nozzl e t hafnedr SugssRIf a¢okBustor) 8%id nEetBd BB ARing: S shaped substantially

identically to the fuel injector nozzle stemrenoved fromthe conbustor;

coupling the spray nozzle assenbly to the combustor such that the popet
nozzl e is i nserem@vinges exial ifegl iniceton em: the cambystphtvdiergin theofaslisyentor and

i njecti Ng &k &l irﬁrzﬂetsg .conbustor through the spray nozzle assenbly. 2. A
met hod i n “accor dance w claim11l, wherein coupling the spray nozzle
assenbly to the conbustor further conprises coupling the spray nozzle
assenbly to thesedomgbaispray nozilegssambiuntte ndguéll argtortdpeting icrcatads withines t he

spray nozzl e assenbl ozzle stem 3. A nmethod in accordance with claim1
or ) whedhfsommie ety Yieberineklel v s HBESH ER FOAU RO SEY nozs e
assenbly figdledi8ra P hbOSAS (DI cduplRCh! o §Em thadisahhpedodhb¥@attlyy from
the popet nozzle wth respect to the conbustor and towards the conbustor

i nner sur fidgngically toAherehisdector negdle swamesamonied fromrijre gprabestor he precedi ng
clainms, wherein injecting water into the conbustor through the spray

v ough o row SPeRie. e s BRBOLAP nol My 1y e UoRBEOE T et HEBBRA Y e

popet nozmbezle is inserted substantially concentrically into the combustor; and
injecting water into the combustor through the spray nozzle assembly.

2. A method in accordance with claim 1, wherein coupling the spray nozzle
assembly to the combustor further comprises coupling the spray nozzle assembly to
the combustor using a mounting flange that circumscribes the spray nozzle assembly

nozzle stem.

3. A method in accordance with claim 1 or 2, wherein injecting water into the
combustor through the spray nozzle assembly further comprises only injecting water
radially outwardly from the popet nozzle with respect to the combustor and towards

the combustor inner surface.

4. A method in accordance with any one of the preceding claims, wherein
injecting water into the combustor through the spray nozzle assembly further
comprises injecting water radially outwardly through a row of circumferentially-

spaced openings extending around the popet nozzle.

S. A method in accordance with any one of the preceding claims, wherein
injecting water into the combustor through the spray nozzle assembly further

comprises injecting water radially outwardly through a plurality of rows of

0.



5. A nmethod in accordance wth any one of the preceding clains, wherein
injecting water into the conbustor through the spray nozzle assenbly
further conprises injecting water radially outwardly through a plurality
of rows of -9 circunferentially-spaced openi ngs extendi ng around t he popet
nozzl e, wherein adjacent rows of openings are axially spaced along the
popet nozzle. 6. A spray nozzle assenbly for injecting water into a gas
tur bi ne enrficoferentaiyspaded speringpeREndiag Zheund Sthebpopet OngHzles | Whsreid nNozzl e
val ve conprising an inlet and an outlet, said inlet configured to couple
in flow cORAGARIIAYS Bhoredings fik Aialyowaesd; along s pPRet 8p%k-i n f 1 ow

comuni cation with said nozzle valve, said nozzle stem conprising an inlet

and an outd et; R gRUNLLRe fdsaB9y Clok CifERERE i Ate: $@tbJda NORZhRLIAE SRl acent
said nozzl e val ve _outlet? gnd aypgpetj&ﬁp_zézl e coupl e%% glgll)lg nozzle stem
out | et, sapbthbpsansiidgpfdyangee assemblyowomyrisiigsai d spray nozzle assenbly to

t he conbustor such that said popet nozzle extends from an upstream end of

t he conbustor su Lall ncent ri gal into..the .conhustaor t i schar ge
water into thesdcg 3‘?25’%)1?% (%m%%gghgréany Ira‘(i)@[zz demésoélélﬁ%lsﬁldlcﬁﬂgc%o ?i r?@e%vm th

claim6, wbepleimfle®cdmpopidation @z 2 water sodoeipl ed to said nozzle stem outl et
by a retainer. 8. A spray nozzle assenbly in accordance with claim7,

wherein said retainer is. jfhreadingly.coupled to said nozzle stem 9. A
spray nozzle a%?%@ﬁtqnhmaﬁ%‘ﬁ%’é‘ﬁ@g“%}l%wpé‘%fa@ﬁ@zﬁlﬁ @lvg #aid gogdle §eMpher e n
sai d popeleoRPéding ah$nibeidiagiabke into said nozzle stem 10. A spray nozzle
assenbly in accordance wth any one of claims 6 to 9, wherein said popet

nozzl e conprises a substantially solid end such that water is onl
di schar ged r adizanpyntingtilgagel ciycumssabingi sgidoegzate stem afjacent said nozzle valve

ouflet; and

a popet nozzle coupled to said nozzle stem outlet, said mounting flange for
mounting said spray nozzle assembly to the combustor such that said popet nozzle
extends from an upstream end of the combustor substantially concentrically into the

combustor to discharge water into the combustor.

7. A spray nozzle assembly in accordance with claim 6, wherein said popet

nozzle is coupled to said nozzle stem outlet by a retainer.

8. A spray nozzle assembly in accordance with claim 7, wherein said retainer is

threadingly coupled to said nozzle stem.

9. A spray nozzle assembly in accordance with any one of claims 6 to 8, wherein

said popet nozzle is retractable into said nozzle stem.

10. A spray nozzle assembly in accordance with any one of claims 6 to 9, wherein
said popet nozzle comprises a substantially solid end such that water is only

discharged radially outwardly from said popet nozzle.
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