METHODS AND APPARATUS FOR INJECTING CLEANING FLUIDS INTO COMBUSTORS
BACKGROUND OF THE INVENTION This application relates generally to gas turbine engine
combustors and, more particularly, to methods and apparatus for injecting cleaning fluids under
pressure into assembled and on wing gas turbine engine combustors to facilitate removing build-up
that degrades performance. Gas turbine engines typically include a compressor for compressing air
which is mixed with a fuel and channeled to a combustor wherein the mixture is ignited within a

combustion chamber for geRgratingriotcemAYSion JasRsFARIGRSEEOMeKNOWN combustors include
a dome assembly, a cowling, and liners to channel the combustion gases to a turbine, which extracts

energy from the combustion ga<es N PEWEAREHENESHprEYsHr SEORSI as producing 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 aBserREBRWItINDe joWHDINavEeXieNd downstream from the cowling to define the
combustion chamber. At least some known dome assemblies include a structural member (herein

referred to d ) Wi venturi,;that extends downstream from the dome plate to channel
fuel injecteﬁ}gsm%ﬂﬁg%ﬁﬁec%%ﬁvéﬁlg rt?ﬁﬁ C% a&stlgi;%l(lz ear%rt%?.eDﬁ?%gugﬁésraﬁ% , Carbon may form
along the véwittiaerk resoiedbflretich pimging o foranjmmeg sucfacesofl thés vedturr@vertime, the carbon

may buid up.aichadyseely ellect anainsRerformance, i speclically, camon pulidup may
adversely effect airflow charactéeristics within the combustor and/or skew the accuracy and margin of
performancéstearidestsposimened within the engine flowpath. Accordingly, within at least some

known combustors, when the perfornlance of the combustor and/or engine deteriorates to a

pre-determitrd taveihdhensambustaesiara-nteinally:claaneds: HOWeyshBesause ofaggessibility
limitations, the venturi areas of known combustors can not be effectively cleaned while the

" combustors™ars w&i@dfﬁﬁ{mﬁd[ﬁgagﬁah% to a combustor wherein the mixture is ignited within

a combustion chamber for generating hot combustion gases. At least some known
combustors include a dome assembly, a cowling, and liners to channel the combustion
gases to a turbine, which extracts energy from the combustion gases for powering the
compressor, as well as producing 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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without risking damage to other engine components. As such, generally an extensive -l and
time-consuming removal and disassembly of the engine is required to provide access to the venturi
areas of the combustors requiring cleaning. BRIEF SUMMARY OF THE INVENTION One aspect of
the present invention provides a method for injecting water into a gas turbine engine to facilitate
cleaning an inner surface of a combustor, said method comprising: removing an axial fuel injector
from the combustor, wherein the fuel injector includes a nozzle stem; inserting a spray nozzle

assembly into&@ugggjg&%ﬂw%gﬁm V\fﬂzf%gb H%l%oo 1ijltor when the fuel m{fgactor was

removed, wherein the spray nozZzle assembly inc a’poppet ni hozzle thats um%p ed' 10 ¥ hozzle
stem that is sh&ped %@@t&%@ﬁyﬁ@@ﬁmtmwmh@sfgeﬂ mjpotornozzierstem removed from the
combustor; coupling the spray nozzle assembly to the combustor such that the poppet nozzle is
inserted substantially. concentrically into the combustor; and injecting water into the combustor
through the s&%n%ﬁ@%ﬁ?@n@ﬁ IhotheY %@pé@\of the present invention provides a combination of
a gas turbine engine and a spray nozzle assembly for injecting water into a gas turbine engine
combustor, sa zzle assembly.com e valve com I’ISI an inlet and an outlet,
HaSaie bt % o i

said inlet con BRI € ﬁ%unvfc%%lon f’5 WP EB e’ 5%3 ASEERR flow
communicatiorpgith safeciitaz|el salivg, aitdngo2uiéacterh eoppisiiog amcirumﬂawdcammrat a mounting

flange circumseribing said.nozzle sirm-adiacent saidHeszlavaive autlel apds-nepReknozzle coupled
to said nozzle stem outlet havin ng %Bortlon rotrudi therefrogp .and retractable in é)g%ld nozzle stem
S

from an extend&d 555:1%%?? mnf’e ratdte 1%%3%%?16% }3%?1% mlﬁ%ﬁﬁ?r ?perflg}?g?ﬁ%? Boppet nozzle
extends withintisamosiie stem whérisaidepoppet rao2zid. isviresgidiexteridetpositiermiznd said

mounting flang&iﬁé@rmgséin&ﬁédtﬁmsycagﬂ@det@saS%MM e-thegombusier sueh.thatsaid poppet
nozzle extends from m. end of the combustor %ybst ntiall concentr{call% into the combustor
to discharge V\}S?SP% Btcﬂﬁ (E% JEGor nozzle stem removed irom the combustor; coupling the spray

nozzie assembly to the combustor such that the poppet nozzie is inserted substaniially
concentrically into the combustor; and injecting water into the combustor through the spray

nozzle assembly.

Another aspect of the present invention provides a combination of a gas turbine engine and
a spray nozzle assembly for injecting water inte a gas turbine engine combustor, said spray
nozzle assembly comprising: a nozzle valve comprising an inlet and an outlet, said inist
configured to coupie in flow communication to a water source, a nozzie stem in flow
communtcation with said nozzle vaive, said nozzie stemn comprising an iniet and an outlet; a
mounting flange circumscribing said nozzie stem adjacent said nozzie valve outlet; and a
poppet nozzle coupled to said nozzle stem outlet having a portion protruding therefrom and
retractable inte said nozzle stem from an extended position to a retracted position, wherein &
minority of a length of said poppet nozzle exiends within said nozzle stem when said poppet
nozzie is in said extended position, and said mounting flange is for mounting said spray
nozzie assembly to the combustor such that said poppet nozzle extends from an upsiream
end of the combustor substantially concentrically into the combustor to discharge water into

the combustor.



-2 BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is schematic illustration of a gas turbine
.engine; Figure 2 is a cross-sectional view of an exemplary combustor that may be used with the gas
turbine engine shown in Figure I; Figure 3 is a side view of an exemplary spray nozzle assembly that
may be used to clean the combustor shown in Figure 2; Figure 4 is an enlarged cross-sectional view
of a portion of the nozzle assembly shown 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 1is 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

embodim%lmgﬁggdgfpﬂ@%@%m&%mne 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 Figlifé 1) SR EdHbUSISF B aAvE Lt BIIBA 8 8§20, and turbine 20 drives fan assembly
12. Figure 2 is a cross-sectional view of an exemplary combustor 16 for use with a gas turbine engine,
similar to éngine 210 shows-iseEigud LicMaréspecificpllyy indhevexemplanyerbbadimnernthcombustor 16
is used with a CF-3.4.engine. C%rﬁ]bustolg.mquc;ludes a combustion zone or chamber 30 defined by

annular, ra ?agl%? LGl iTs ca V%Werll%lérs 32 and 34. More specifically, outer liner 32 defines an

outer
Figure 3 1s a side view of an exemplary spray nozzle assembly that may be used to

clean the combustor shown in Figure 2;

Figure 4 1s an enlarged cross-sectional view of a portion of the nozzle assembly shown

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 iliustration of a gas turbine engine 10 including a fan assembiv
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 18 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,
Alrflow {(not shown in Figure 1) from combustor 16 drives turbines 18 and 20, and

turbine 20 drives fan assembly 12.



boundary of combustion chamber 30, and inner liner 34 defines an inner boundary of combustion
chamber 30. Liners 32 and 34 are radially inward from an annular combustion chamber casing 36
which extends circumferentially around liners 32 and 34. Combustor 16 also includes a dome

* assembly 38 including an annular dome 40 mounted upstream from outer and inner liners 32 an_d 34,
respectively. Dome 40 defines an upstream end 42 of combustion chamber 30 and is coupled W|_th|n
combustor 16 by an inner cowl 44 and an outer cowl 46. More specifically, cowls 44 and 46 are fixedly

coupled 10 damld and Ueis 3%l e YJPSICERLASRRTIEN 80, Each dme d loghas a center

longitudinal axis of symmetry 52 that extends therethrougk Is supplied to com lljast%r.irslﬁ through
a fuel injectioHPARS SRHERL ORI GaBD iahevzyltrvhigere2 codiied sndivlhrdbynnutiication to a

fuel nozzle 64humfyelniboatic.aten 8B IbaL 9deadR hasbeivern,Rysl injectipn aasembly 60 is
to com

coupled to combustor 16 by a mounting plate glot shown) that is coupl ( ustion ¢ am_ber
casing 36 biP& PilFFafF PRSI FOTR S KBIR ?M%@e@@@@ﬁidﬁﬂﬁﬁlé%j@ﬁ@%y asgembly 60 is
coupled to camBustanth SHGR thakiebnozeie f4ds.sunstantiallv.cpncentioaliy aligned with respect to

donne 40, such that nozzle 64 extends downstream and substantially axially from an upstream end 70

of combustOPTBI YRS Goarhestse ﬂ%%épe@ﬁda%%%ééIﬁ@@f@%ﬁérhmaryb@mé@dﬁm%nt, fuel cup
assembly 68dnwusesadpemsy swirlerngdand awwentir 82 thatinclydeseafise shaped,mounting

flange 84. Fuel cup assembly 68 also includes a secono_lc_ary swirler 90, a sleeve 92, and a splash plate
94. The funEHBIESHAR FRATATCHHS Aol B e ssvestiremitHud alsnisria bisemBasiod 16 and of

fuel cup asseémbly 68 are well known in the art. -4 Figure 3 is a side view of an exemplary spray
nozzle assembly 100 that may be used to clean combustor 16, and Figure 4 is an enlarged

CrOSS'SECti%grln%il?élt\lopfl% pﬁggo&ﬁﬁdes a dome assembly 38 including an annular dome 40
mounted upstream from outer and inner liners 32 and 34, respectively. Dome 40
defines an upstream end 42 of combustion chamber 30 and is coupled within
combustor 16 by an inner cowl 44 and an outer cow] 46. More specifically, cowls 44
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 ventur: 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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spray nozzle assembly 100 taken along area 4. Figure 5 is a cross-sectional view of spray nozzle
assembly 100 coupled in position within combustor 16 to facilitate cleaning combustor 16. Spray
nozzle assembly 100 includes a nozzle stem 102, a mounting flange 104, a popet nozzle 106, and a
nozzle valve 108. In the exemplary embodiment, nozzle stem 102 is a known gas fuel injector nozzle
stem that has been modified and is coupled within spray nozzle assembly 100. In an alternative
embodiment, depending on a configuration of the combustor being cleaned, and more specifically,

depending en-a-eonfiguation ek the fuekinigation asse mblyibsed-with they eornbister kging cleaned,

and as described in mare detail below, spray nozzle assembly 100 does not include mounting flange

104 or nozZR Y& TBBURz He AE 508 thiciaass arem) st e eriionm s sligatatirn pf2, and is

coupled in flow Gammunisativr toopaarENAZAIe 106 hy mozzle stem 10k:Margshecifically, nozzle
valve 108 is coupled in flow communication between a cleaning fluid source and nozzle stem 102. In

the exemplSNAENOGEIMEREBRY clikhirraifd BuPeEion BHINE,FYBE YAt SolfrcaCMi@natively,
other sourcezafislcaninguiisid ayheaysedzzNozzleHBM 402 Rxtards frem roZzls Yalve,108 to a

discharge end 116. Popet zle 106 is coupled to nozzle stem discharge end 116 by a retainer 120.
In the exerﬁB?&W‘%%@?nrﬁ%’, haop i&ﬂaﬁg@f?ﬁﬁ% FEDEE ifbdifed t8BKEble retainer

120 to be thieadingycaupid sermozzle siem cischasgaandiddbr Reldineri2thincludss.a
substantially cylindrical engagement portion 124 that extends suybstantially perpendicularly from an
annular en(gﬁglaf@%{;emb%rﬁ’goﬁ%‘%ﬁ% Sﬁ@ﬁ?ypE}ﬂ%ﬁelﬁgﬁ Li?'délé)g pldfaly SfFHPEHYE 128 that
mate with aeplbodiityeaf, thepactting 30 toonetbuithitmnezgle statbudisehalge @oshdd Garimepening 132
extends through.. retainer 120. More specifically, opening. 132 has. a substantially constant inner
diameter Dip%fgir?gé%péﬁ?gﬁ%%oéln%%e@ Aner Egg‘{#ﬁg&@@ﬁ%’& %55816’1@3 ‘éfiﬁé%g‘fein 102 in
“sealing contactthstarebning zdlkestémahid? andestaiver 120nBepatniizzadOp ipstidabbyroupled to

nozzle stem discharge S0d 116 BYISREL. 480 RRSSicRl: ROPSLIGRAG 4RO includes a substantially
cylindrical discharge tube

Nozzle valve 108 includes an inlet side 110 and an outlet side 112, and is coupled in
flow communication to popet nozzie 106 by nozzle stem 102. More specifically.
nozzle valve 108 is coupled in flow communication between a cleaning fluid source
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 1s 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 Dy, 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
-5.



-5 140 that extends substantially perpendicularly from an end flange 142. End flange 142 has a
diameter D2 that is slightly smaller than an inside diameter D3 of nozzle stem 102, and as such, is
larger than retainer opening diameter Di. Popet nozzle discharge tube 140 has an outer diameter D4
that is slightly smaller than retainer opening diameter D1. Accordingly, popet nozzle discharge tube
140 is slidably received within retainer opening 132, and popet nozzle end flange 142 ensures
retainer 120 retains popet nozzle 106 within nozzle stem 102. Popet nozzle 106 is hollow and includes
a cavity 150 4efinec-theréinsitatdoas netrpxtad Al théwvaytheadohngzzie 1 0Gdufl rather extends

from end fl 142 to.a solidg)en% 52%5?1%5! 0 ite end flange 142. A plurality of openings 154

extend thrgggﬁhﬁ%ﬁe%ﬁglfzt% s gf}(éfgggifj c},ﬁ'?fle?}al%’ﬁé Sradse &ty OSifenings 154
are spacedseitaurife tevitial lyuanounidrdischangettithe ddéhanddsentel@y. communication with nozzle
cavity 150. Openings 154 are substantially axially aligned with respect to discharge tube 140. More

specifically paperinge dl Ale- ATANDRS A BRI ArxalbizRanarated o %gﬁa%ﬁéﬁlé5 g e Number

. T f a
of openings 154, rows 156 or‘158, and size of each respective opening, | selected to enable
water to berdiseieargeehsubstantieity dhcunifererdinilyamspaiifooriletdlifeloiipateeabhiigisombustor

16. Inthe e ry.cnhodi - 58 incl [X.Circu jally-spaced
openings 1%&2&@“%&%[%%9 fIan%?%f?%&%%&%%ﬁeﬁggéfe%%cnﬁ %g% Zﬂr(y?é% f{gciﬁggzﬂé%mi% Spray
nozzle ass&RyiEd ORIRPOSIHGAHhIPRSMbLSOI A6 WMot spadificay! 13 the exemplary

embodiment, mounting flange 104 is sized identically to a mounting flange used to retain the fuel

injection aspepablyanitein dhe cambustaibainmdleanssyiBUING ysendnitiadha ermstonds inspected
using a known insgﬁg ion technique, such as may be possible with a boroscope, to detennine if

contaminart ST Eh Ao eH A BRI T8 S otibults R HKIERT 1o R it S dithe combustor.
For exampleliih @ideast seme kinpusiteamndusiass, including cempustobdéhigasbon: byilgnd

through popet nozzle discharge tube 140 adjacent end 152. More specifically,
openings 154 are spaced circumferentially around discharge tube 140 and are in flow
communication with nozzle cavity 150. Openings 154 are substantially axially
aligned with respect to discharge tube 140. More specifically, openings 154 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, sach row 156 and

158 inchudes s:x 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 1s 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 technigue,
such as may be possible with a boroscope, to determine if contaminant or carbon
butldup 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 15 more prevalent along aft portions and inner surfaces 180 of venturi 82 within

fuel cup assembly 68,



up is more prevalent along aft portions and inner surfaces 180 of venturi 82 within fuel cup assembly
68. -6 A fuel injection assembly, such as injection assembly 60 (shown in Figure 2), is removed from
the combustor to be cleaned, and a spray nozzle assembly 100 is coupled in position within the
combustor being cleaned. More specifically, spray nozzle assembly 100 is at least partially inserted
into the combustor to be in a position that is substantially the same position as the fuel injection
assembly that was removed. As such, when spray nozzle assembly 100 is coupled to the combustor

being cleanad fupopgtneszlastamsiends sWbistantialy Lenseniricalliatothe gopmbystprifrom an
upstream side of tgs combgstor. ore specifically, in the exemplary embodiment, mounting flange
104 is secuf8H S CoRBHsiEF 1ML NSH LR hsHb MORFRInGOFARGETENVICHE fuel
injection assenpy reMmxethsueihinaiisptam bezzle rasenaliynd0 isisetaiped i pRsitiprRwithin

combustor 16 during the combustor cleaning . process. Nozzle valve 108 is then coupled to a cleaning
fluid source™ Wgﬁﬁﬁ%ﬂ"%}éiﬁ?ﬁé& AT Y RS 6 (P S S PSS O ARS BT S B popet

nozzle 106 iadiorcachscownnkirgamdionpesitiragienpRsitioncsithinnezzie stemwl2casksing popet
nozzle end flange 142 to contact retainer 120. When popet nozzle end flange 142 is against retainer
120, popet st’zl?%%di‘g' 3@6%88@%%%5?8} yeipen]&e%?ﬂﬁ%f%?r %??}g?ﬁs?ggﬁ@%f Tfecause
discharge tybecene182 isisokdicinds cdebstimg dlivddsrdisehargadiradialy outvandintethexcombustor
through opeuniaggm%54 émd ggwagdslghe en I, rather. bein%fisch%rﬁed axiapl)lg downstream from
spray nozzlepassembslly?l(? ) }\ffloroens.ﬁlesc(lD ibgl%?rﬁlgpcﬁ%l g fItid T g€ algde qgﬁﬁ%ﬁiy uniformly
and circumfierentiad\flfrogn SPMay sazrte assembiytd004arfltishsagainstifiesventy innneatigurface to
facilitate removing build-up.from such surfaces. Accordingly, because spray nozzle assembly 100 is
cized anc Sh e st SR, B SR Somoustor,
“accessibilityl sues¢habedajnbgosition within combustor 16 during the combustor cleaning

process.

Nozzle valve 108 is then coupled to a cleaning fluid source, and when pressurized
cleanming fluid is routed to spray nozzie assembly 100, popet nozzle 106 is forced
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 nozzie 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 nozzie 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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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 -7 identically to existing fuel injection assemblies, or modifies
existing fuel injection assemblies for use in cleaning combustors. Accordingly, the spray nozzle
assemblies jgégrinigerted dtevpids areqied wheadialiiviection assrmblies are Agmayed;from the
combustors to enable ¢leaning fluid to be discharged substantially uniformly and circumferentially

towards the A H5BIPSF AR S % ithe! cHHMSUBIVS Kitis A A K g i T arspy4ip Ao s Assesbdistblies

facilitate enhansedrelaaniogvelGombirsIos it oSk effRslivesmannar withaubteauiring the combustor
to be removed faom the engine. Exemplary embodiments of combustors and spray nozzle assemblies

are describ&d NS AP $ hd CoMBLEHTS lnBes frs P AtEA S uR EaRiEs WHITBYlintéd to the

specific embadimeais deBorioed aerein iR athRtcampRaepistierchi-assam iy mayshe utilized
independently and seﬁaréte%/g;rom other c .rr%ﬁonents described herein. For example, each spray

nozzle compBhSFPEahC4rs Bt B TBRARAF OB S &) KEPIIESEIhPorieftStand

combustorssfitoteevetithe meibotsgeseringd hereins are netrimiesitadhempesifia combustor
embodiments described herein. While the invention has been described in terms of various specific

modifcaton &L e SHA AT St o s Hraa R RS o kg water nt
a gas turbimderryinedwfacilthtecolmaniteranninsrsurfack o seodmbusternsalthmethodicomprising:
specific embodiments described herein, but rather, components of each assembly may
be utilized independently and separately from other components described herein. For
example, each spray nozzie component can also be used in combination with other

spray nozzle components and combustors. Moreover, the methods described herein,

are not limited to the specific combustor embodiments described herein.

While the invention has been deseribed 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.



removing an axial fuel injector from the combustor, wherein the fuel injector includes a nozzle stem;
inserting a spray nozzle assembly into a fuel injector opening created within the combustor when the
fuel injector was removed, wherein the spray nozzle assembly includes a poppet nozzle that is
coupled to a nozzle stem that is shaped substantially identically to the fuel injector nozzle stem
removed from the combustor; coupling the spray nozzle assembly to the combustor such that the
poppet nozzle is inserted substantially concentrically into the combustor; and injecting water into the
combustor througtb;_l}\q ray nozzle assembly. 2. A method in accordance with Claim | 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. AAnethbstincacapistmaceadthi@daimsabaumdinenergindniecingnatasimadhe

combustor thraugh the. spray | gop}%%%npghwtpg%gg%}ses only injecting water radially

outwardly from the poppet nozzle with respect to the combustor and towards the combustor inner
surface. 4. A methGERYB8cBRdaNEL (ifth aRsiers fost MevRerebesige chgraiatdrantesingiestmbustor
through theisgitaignazioedassemply further comprises injecting water radially outwardly through a row

a1 e RERARE L ABRA - SO 18 DOBRE! BOERIS, B AR ac o ance

with Claims 1 or 2, wher€in injecting water into the combustor throu spray nozzle assembly

further compPRELSIfe¥iIfg VRl BAHRTOp R RIERI IYRSL M & B0 r IRy BF Ry EFe assembly
circumfereritisllideapacesbpgeniage extendingpaiounhthenrppeimarnles igeinsasiaantiyows of
openings aigdralll BPRRAA A PR RORPSERHERIR R Pronf BB RERBRAS 2 92 turbine engine and
a spray nozzle assembly for injécting '

" coupiing the ‘spray nozzle assembily to the combustor such that the poppet

nozzie is inserted substantially concentrically into the combustor; and '

in}ectihg water into the combustor through the spray nozzie assembly.

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

stem.

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

combustor inner surface.

4. A method in accordance with Claims 1 or 2, wherein injecting water into the
combustor through the spray nozzle assembiy further comprises injecting water radialiy
outwardly through a row of circumferentialiy-spaced openings éxtending around the

poppet nozzle.

5, A method in accordance with Claims 1 or 2, wherein injecting water into the
combustor through the spray nozzie assembiy further comprises injecting water radially
outwardly through a plurality of rows of circumferentially-spaced openings extending
around the poppet nozzle, wherein adjacent rows of openings are axially spaced aiong
the poppet nozzie.



water into a gas turbine engine combustor, said spray nozzle assembly comprising: a nozzle valve
comprising an inlet and an outlet, said inlet configured to couple in flow communication to a water
source; a nozzle stem in flow communication with said nozzle valve, said nozzle stem comprising an
inlet and an outlet; a mounting flange circumscribing said nozzle stem adjacent said nozzle valve
outlet; and a poppet nozzle coupled to said nozzle stem outlet having a portion protruding therefrom
and retractable into said nozzle stem from an extended position to a retracted position, wherein a
minority of a length of said poppet nozzle extends within said nozzle stem when said poppet nozzle is

in said ex%ended OSrI;%IbOLn and0§a|d un'un% flan'gFg is for mountin sald(%%@gozz]e assembly to the

m .
combustoF such ‘that saic B%?Jpefa Vs %rbienx ends rc?rrﬁdaans [%Yrgg l%rﬁs OnHEetsP substantially

concentri¢fgnits theas HBLSRITO I REhzIge WaRis Sntavthe ZtmeasgstoblyrecTgrisiogibination in

accordance with(laiAebvuibe eim sidith@ aRRAENATE 180 S GauPIagh IaSais-RgaAle /ieaputiat by a
retainer. 8hoThe {gn(?nmbig%"i]gjntin accordance with Claim 7 wherein said retainer is threadingly coupled

. commu O g water. source . . . .
to said nozzle stem- 8- 1te combimation i Accordance with any one of Claims 6-8, wherein said

poppet nozzle cdmpeSteBUPsTantienysehtalian sush said wergieisaivdy shit inarisd sedially
outwardlydsaiprisiig ROPRRtaMEZHGULRE:
a mounting flange circumscribing said nozzle stem adjacent said nozzle valve
outlet; and
a poppet nozzie coupled to said nozzle stem outlet having a portion protruding
therefrom and retractable into said nozzle stem from an extended position to a retracted
position,
| wherein a minority of a length of said poppet nozzle extends within said nozzie
stem when said poppet nozzle is in said extended position, and said mounting flange is
for mounting said spray nozzle assembly to the combustor such that said poppet nozzle
extends from an upstream end of the combustor substantially concentrically into the
combustor to discharge water into the combustor.

7. The combination in accordance with Claim 6 wherein said poppet nozzie is coupled

to said nozzie stem outlet by a retainer.

8. The combination in a;:cordance with Claim 7 wherein said retainer is threadingly

coupled to said nozzle stem.
8. The combination in accordance with any one of Claims 6-8, wherein said poppet

nozzle comprises a subsiantially solid end such that water is only discharged radialiy

outwardly from said poppet nozzle.

10



