METHOD AND APPARATUS FOR CLEANI NG COMBUSTOR LI NERS FI ELD OF THE | NVENTI ON
This invention relates generally to gas turbine engines, and nor e
specifically to a nethod and apparatus for cleaning conmbustor l'iners used
with gas turbine engines. BACKGROUND OF THE | NVENTI ON Gas turbine engines
typically include a conpressor for conpressing air. The conpressed air is
mxed with a fuel and channeled to a conbustor, wherein the fuel/air

m xture is ignited within a conbustion chanber to generate hot conbustion

gases. At le ) qFﬁp P@3§§H§ @6%' hﬁﬁﬁ cow i ng,
and liners ?%Egﬁanne tﬁ@)co us§|on gggses f%cgﬁﬂﬁggfﬁgﬁﬂkﬁﬂgﬂ extracts
energy fromthe conbustion gases for powering the conpressor, as vveI: ag
roducin el an aircraft in flight or to power a |oad,
Euch as gﬁﬂ§ﬁ2§%ﬁﬁ%§b¢3§RQﬁé r. The liners typically are coupled to the
done ass e finiion $¥laRRN RIS b S AR biifincIOE s Spblitichiy fehI ne the
combustion chanber. Increasing the operating tenperature of a conbustor
‘gener al | ymethed land aprasatinifor sleshing combestef liners evedywidf gas tghinctenpitiene engi ne.
However, the operating tenperature of the conbustor may be limted by the

temeratﬁ%gg{ldgﬁ(?gﬁrpaF%H#mgﬁﬁ or liner. Accordingly, at |east sone

known co I'nérs i nc rality of circunferentially-spaced
openi ngs Gixaturéitice ariihdy Oppgtullyninchiebal Sioprédsbe foRRImPRYsiRE dir.- - TRO! | quel y
aligned with an inner surface of the liner. The openings in the |liner
convect i VOMPresset afthis mixpdy Wi i) andsehappeled de & F¢mbléﬁ®?n/|§61€}'m ﬂla@ol i nlg to
the liner - ol -t hi ect.l | r C ai,r 1.1 ows al ong
e innerﬁlgllfjr g{@hg&% gtl'%%ltéq ﬁldeﬁtrn.& Iéﬁ%%lgb@g%?lﬂ%d% er?g‘faé @:ﬁgco bélsé%bust or
daner i nrgssess uAf depst $mmerknawp combostbrseincindeladdonye hekmbBN atddevlinignesd and t he

' o insulate the liner fromthe hot conbustion gases.
hot Conb"hsl}elrso b 3864 hé combustion gasses to a turbine, which extracts energy from the J

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 typically are coupled to the dome assembly and.extend downstream from the

dome assembly to define the combustion chamber.

Increasing the operating temperaturerof a combustor generally facilitates increasing

the efficiency of a gas turbine engine. However, the operating temperature of the

combustor may be limited by the temperature limitation of the combustor liner.
Accordingly, at least some known combustor liners include a plurality of

(« circumferentiaily-spaced openings that extend through the combustor liner and may be
' obliquely aligned with an inner surface of the liner. The openings in the liner
convectively cool the liner and may also provide film convection cooling to the liner,

wherein a thin protective film boundary of cool air flows along the inner surface of the

liner. The cool air flowing along the combustor liner inner surface forms a protective

boundary between the liner and the hot combustion gases to insulate the liner from the

hot combustion gases.

Even with thin film convection cooling, however, the combustor liner materials

absorb heat. Over time, thermal creep and low cycle fatigue may increase in the liner.

Therefore, a thermal barrier coating may also be applied to the inner surface of the

combustor liner to provide thermal insulation against the hot combustion gases.
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Even with thin filmconvection cooling, however, the conbustor |iner
materials absorb heat. Over tinme, thermal creep and | ow cycle fatigue may
increase in the liner. Therefore, a thermal barrier coating may al so be
applied to the inner surface of the conbustor liner to provide thernal

i nsul ati on agai nst the hot conbustion gases. -1 Thermal barrier coatings
reduce an anount of cooling air required for a given conbustion gas

t enper at ur or, alternativel all ow an ingrease in a conhustion_gas

t enper at ur@b%?l ?%Fregg?tﬂﬁs e'fx'?‘iwc?i BhAaPant torc’freC P rig! rfﬂ}P‘{gﬁg Oépfblg%ﬁti on of
t he t her mebmbastionefas Gaapérafiral e 20BRRATHO IR bl enc@Se i RbRBusERDERE,
coating particles may build up within and/or over the openings in the |iner

t her eby pismepeaptise for inceaping ediojens of thecniging. t he openings. To facilitate
nore efficient operation of the gas turbine engine conmbustor, any

part i cul aifuipldBlicARR! SUEE Mokdd DarPBCQAAS REULABE drIL VR bl t he
openi ngs. Howevér, renoving the thernal arrirer - coating maf e a

ti me- consenging doatkg phumictdsenagpbe]ld up witlyin badbi folveicthlet opicnings énilvelipar ti cl es
fromliner, openin t hat are adjacent a,liner. support nenber because of
the | i m t D YRR, SleromHIAE | JoRERCtngthe RBCRgRer | & (SR MeEIRGERCNR £
DESCRI PTI 6péridfonl bthle MENELIN efghmer @inlthsio? dyfaktidulAS RRgEr MsulblnprRsent

i nvention, there ishgrovi ded a method for fenoving thermal barrier coating
materi al PPUVRgSt shoukk be germovdefipmgthevpranitigs. tHewelter, tesxsingthe theendlng

ni ne conneonpAtierin? 8t W Reh aHale i CRRM R KR AR Pl o

engi ne conponen e outer ace
t he i nnerensavefracte]esvian ¢iner dpfenlnga $hiat @readpeht Dlined bupgdet mBMBE:r dehisace

defining t t .| east qne openjng includes an applied thermal barrier
coati ng nﬁﬂg‘?ilgpfe sgﬁ?‘i?%?éwff?&dh"éhﬂﬁﬁnéiﬂi*F'gI:mefﬁFERﬁ”dFﬁQb% heat -treated nozzl e;

providing a mxture of water and a plurality of beads that have an erosion
resi st ancRRIMRDESTRIPSON N THRENVIZNT N POsi tioning the heat-treated

According to a first aspect of the present invention, there is provided a method for
removing thermal barrier coating material from at least one opening, wherein the at
least one opening extends from an outer surface through an inner surface of a gas
turbine engine component, wherein the outer surface is substantially parallel to the
inner surface, wherein at least one portion of the inner surface defining the at least one
opening includes an applied thermal barrier coating material, said method comprising:
providing a heat-treated nozzle; providing a mixture of water and a plurality of beads
that have an erosion resistance that is less than the nozzle; positioning the heat-treated
nozzle in a first position wherein the nozzle is positioned to face the outer surface that
opposes the at least one portion of the inner surface to which the thermal barrier
coating material is applied; and directing the mixture into the at least one opening
using the heat-treated nozzle in the first position to facilitate removing any portion of

the thermal barrier coating material obstructing the opening,




nozzle in a first position wherein the nozzle is positioned to face the
outer surface that opposes the at |east one portion of the inner surface
to which the thernmal barrier coating material is applied; and directing
the m xture into the at | east one opening using the heat-treated nozzle in
the first position to facilitate renoving any portion of the thernmal
barrier coating naterial obstructing t he opening. -2 According to a second

aspect of t ntlon her e | rovi ded a nozzl| conprjsing: a
bogy havi né&g) ‘ﬁﬁg %Fq W pec'égﬁ)}hdprgﬁed’ ‘éﬁn Olbotg‘ﬁr c’&n%rf’v@?‘#u %PZF ngtﬁ
greater t hmm@smgﬁhb&d;(liﬁ%g’@ﬁrsﬂ&ﬁﬁwﬁisd@@ﬁdﬂaﬂn s&dbedy & Ré&ﬂéi‘ﬂigja rAgthsai d

second end, said bgr# havi ng a hardness of at | east 55 and a passageway
ext endi ng SFAEFULR 9 inghes (39 2m) Basayuted GRtvesn eaid ifirsend gad said seqoad sadond end,

sai d passagemeydyCIRR t S

configured to d| rect Pf&@n% ﬁd%%{ Sg%gb?@;%%ggv\g‘%& ﬁ{dh‘gé a@ads into
at | east ownsl Imzehmwgy\i’vlom\saschﬁrtt it ke itivegondcend, sad passhgeway oﬁbipnnqmglay

al i gned wi centr xis,of the at | east. on facilitate
removi ng tcﬁgtrrﬂalax‘ﬁa‘?’f PPng Sherefgovaly @pd aFontisut ué‘?‘ﬂ cghfb Hyid | midpregne
openi ng, \ddfipeisitg t\hﬁeﬁmgﬁé\s b@aﬁ'sﬁh@nﬂ%eleé’it oﬁ@'dﬁ;eﬁﬁ%z\i/}?enb&&’w h@agéu_%?t er than
the erosion resistance of each of the pluralit ass bgads w thin the

Cfluid m xtegrigal axéc By ehlimyelyoaligoediwith asgaeal axis D%&lepatelseﬂttonemwn'mgdn t here

I's providegln.noz easr%g?‘stﬁe?%i Yoabfdr Efﬁgﬁﬁerggeﬁgeéggﬂ?f:ga” “gf a gas

material from at one opening
t ur bi ne engemeg,celndveis tor erbmnﬁ resmza:lcé ofl§H€ HoLe bEIINP ptiten %an&h@ efb%ioﬁ

conpr|5|n afirs nd e and a passa emay extendi ng through
sai d nozzl @‘%twmogﬁ?’:g fﬂfesﬂsl“@ﬁ fcgqgsaubaa%smﬂ@ id gHx¥rhozzl e  conpri sing
a length greater than approximtely 9 inches (230 m measur ed bet ween

sai d T r staendinth saitaSREAAGE N pReLA RASEBACURY SO @y nent T a
axis extending therethrou sai d nozzle avi ng a ness o east
55RC; and agﬁemh?ﬁ for removing t ermal barrier coating material from at least one opening

formed in an exterior surface of a gas turbine engine combustor liner, said assembly
comprising: a nozzle comprising a first end, a second end, and a passageway
extending through said nozzle from said first end to said second end, said nozzle
comprising a length greater than approximately 9 inches (230 mm) measured between
said first end and said second end, said passageway comprising a central axis
extending therethrough, said nozzle having a hardness of at least SSRC; and a fluid
- mixture comprising water and a plurality of glass beads, said nozzle configured to
direct said fluid mixture into the at least one opening when said passageway central
axis is obliquely aligned with a central axis of the at least one opening to facilitate
removing thermal barrier coating material obstructing the at least one opening, said
nozzle having an erosion resistance that is greater than an crosion resistance of said

plurality of glass beads,
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m xture conprising water and a plurality of glass beads, said nozzle
configured to direct said fluid mxture into the at | east one openi ng when
sai d passageway central axis is obliquely aligned with a central axis of
the at |east one opening to facilitate renoving thermal barrier coating
material obstructing the at | east one opening, said nozzle having an
erosion resistance that is greater than an erosion resistance of said

plurality_of - Hgﬁé F | PTION OF THE DRAWNGS Figure 1 is
a schemat P@F?W?@&Ei Eﬁﬁs engine; Figure 2 is a
cross-sectional view of an exenplary conbustor assenbly that may be used -

with the gasrd U[sbisﬂ;ﬁeﬁﬁlﬂéﬂl%sﬁé’tﬂif(bfiaf%aEhﬁHi'i@eﬁginE;i gure 3 is an enlarged view
of a portion of the conbustor assenbly shown Tn Figure 2 taken along area

3; and Fi gure 4.is a front vjew of an exenplary nozzle that may be used for
removi ng THEF%E B CFesspeional vicwrolom exsaplatisambystos pesamblbnthm mayde 2 and

3. DETAI nggd[ﬁ%g?g %igfeﬁﬁi%mlﬁlﬁ' used herein, the term "beads"

refers to any solid partic r exanpre, solid particles may include
solid particles of glass, netal, and/or plastic. The above exanples of
sol i d par Figeres issaneendxged Viemyolompgrtion of ther @ministomassembiysHowm in Rifige neani ng
of the teﬁﬂﬁég%dgéregbn addi tion, although the invention is described

tl

herein in” “assS6cr “Weh a gas turbine engine, and nore specifically for

use with openings wthin a gas turbine engine conbustor liner, it should

-be under sFigatt #hata frogt pledsefitan dxeuphiry AdzABhAEmMAPMd 64! Br tmanig Openi ng.
Accordi ngly 'pf1§Cti ce of the present _i1nventionis not limted to gas
turbi ne eWgicnal EomBRorEn of the pembystershawn in Eiggreshadekic il ustration of a

gas turbine engine 10 including a | ow pressure

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “beads™ refers to any solid particle, For example, solid
particles may include solid particles of glass, metal, and/or plastic. The above
examples of solid particles are exemplary only, and are not meant to limit the meaning
of the term “beads”. In addition, although the invention is described herein in
association with a gas turbine engine, and more specifically for use with openings
within a gas turbine engine combustor liner, it should be understood that the present
invention may be applicable to any opening. Accordingly, practice of the present

invention is not limited to gas turbine engine combustor liners.

Figure 1 is a schematic illustration of a gas turbine engine 10 including a low pressure

Compressor 12, a high pressure compressor 14, and a combustor assembly 16. Engine




conpressor 12, a high pressure conpressor 14, and a conbustor assenbly 16.
Engine -3 10 also includes a high pressure turbine 18, and a | ow pressure
turbine 20. Conpressor 12 and turbine 20 are coupled by a first shaft 24,
and conpressor 14 and turbine 18 are coupled by a second shaft 26. In one
enbodi ment, engine 10 is a GE90 engine available from General Electric

Aircraft Engines, Cncinnati, Chio. In operation, air flows through |ow

pressure conpressor 12 froman inlet side 28 of engine 10 and conpressed

air is suppliied: I e [ Qnpressor. 12 to high ressure
corrpresso'ri)@lag) %‘g@gsg\é\%i ?Iselgsslg? &B%elsl?vé'r“édat %dﬁﬁﬁg‘gow €etbly 16
where it Compiessudt 18idnd thitghe 200akei @Upled By aTHit SRS bhBoMpRSHraBanghannel ed

from conpustor 16 to drive turbines 18 and 20, Figure 2 1s a _

Cr o0ss- sec Li?iﬁ%tﬂg #respupled byriigsenst shall Sondn gna enbediment enging 16 igaEED (r]I bi ne
engi ne, Séi@ih ' ' ﬁllgy[ . Elgure 3. an enl arged view
of a porti on@a?{faﬁ %}gﬁgﬁ)g% %?ﬁéggl\éﬁelﬁ% §’/ fgﬁﬁné}l’ %c%énragaégp Conbust or
assenbly 16 includes a fuel delivery system 50, a conbustor dome assenbly
52, an anmupgrationnair flosessthngigdowaessnreudoaipressbe i 2 dasi ag A6, sidndg agnul ar

‘radi al | ter. and. i nner caonmbustion,. |iners 58 and 60, respectively. Liners
rSZ :aﬁd %0‘%%}%6 ]p()g‘grﬂ PORBLFSIEEAT & Ef“}’p]éﬁffl)hf’ma OWCBYFETUAP COIPESSEy ]@ftoc}éﬂ%ust or

assenbl y prbssarieonnedtr 140 BhipfesdPhit is @ef BEEREAD ccﬁm{o%ss%g{gg’féi on zone

64 therebetween. Each |iner 58 and 60 includes a respective ream end
66 and 68vhgiel itis maixed wyithy Seeli oush dgnitedm Thecbonitbuation Eases larelrannglsd feam  ends

66 and 6800%%3{0%?8?(}311‘9@%&95 fffan%l eustor done assenbly 52. CQuter liner 58

i_ncludes an ou ange ‘suppor xtending froma downstream end 70 of
iner 58. Flange support 74 is fixedly coupled to conbustor outer casing
56. | nnerFigim@ris 6@ross-sedticdabyvian of combudtdedReanislyNBFo uszeavﬁHI@ngee@mﬁeﬂs froma
downstream end 72 of |i.ner 0. I nner flan%e su%p(_)rt 76 1S |_xedlfy coupl ed
to combusRgne; r A §RERG 18 shown in Figure 1. Figure 3 is an enlarged view of a

portion of combustor assembly 16 taken along area 3. Combustor assembly 16

includes a fuel delivery system:50, a combustor dome assembly 52, an annular inner

casing 54, an annular outer casing 56, and annular radially outer and inner combustion

liners 58 and 60, respectively. Liners 58 and 60 are positioned coaxially about a

central axis 62 of combustor assembly 16 and spaced radially apart to define an

annular combustion zone 64 therebetween. Each liner 58 and 60 includes a respective

upstream end 66 and 68 and a respective downstream end 70 and 72. Liner upstream

ends 66 and 68 are fixedly coupled to combustor dome assembly 52. Outer liner 58

includes an outer flange support 74 extending from a downstream end 70 of liner 58.
(ﬁi Flange support 74 is fixedly coupled to combustor outer casing 56. Inner liner 60
includes an inner flange support 76 that extends from a downstream end 72 of liner

60. Inner flange support 76 is fixedly coupled to combustor inner casing 54.

Combustor dome assembly 52 defines an upstream end of combustion zone 64 and
includes a plurality of mixer assemblies 78 that are spaced circumferentially around
combustor dome assembly 52 for delivering a mixture of fuel and air to combustion
zone 64. In the exemplary embodiment, combustor dome assembly 52 is a dual
annular combustor (DAC) that includes two annular combustor domes. However, it
should be understood that in alternative embodiments combustor dome assembly 52
may include any number of combustor domes. For example, in one embodiment,
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Comhust or done assenbly 52 defines an upstream end of conbustion zone 64
and ‘includes a plurality of mxer assenblies 78 that are spaced
circunferentially around conbustor done assenbly 52 for delivering a

m xture of fuel and air to conbustion zone 64. In the exenplary

enbodi ment, conbustor done assenbly 52 is a dual annul ar conbustor (DAC)
that includes two annul ar conbustor domes. However, it should be
understood that in alternative enbodi ments conbustor done assenbly 52 nay

[ d . F l e, ipn.one enbodi ment, 4
conbust or AR dordt SBBKPLPLs SRRER arnii caEbaih (LG Bt o, | n
anot her  enbadtingst) tombedidtnes as@ﬁﬂﬁg@%ﬁ@ﬁ@ipig admil$ Rnibuslt.e annul ar

conmbustor. An annul ar diffuser 84 channels air discharged from conpressor

14 to the,conbustor,. do and, nore specifically, into m xer assenblies
78, wher ef*f a{'ﬁ‘ﬂa’c @s@%ﬂaawls pl dischargad fiorhcamiptessor d¢ iteldhe domtfugtor

' : JThe.: ' ' ' e ' iLted withi,n.conbusti on
Zone. o AR Rlore Rl RO nilldt ddkéinbifes 73S Bnele Bt Eopiehe IS noust | on
zone 64 tmixgdgritla feelmivovidechby fud Bfiverk gysteini 60 fhet fael/A0 MI%RESROthah

di scharged fromconpressar 14 is channel ed in a passageway 85 defined

bet vveengl lﬂ?é?dog%wﬁ%tzﬂ?e g‘é\é‘? g‘ﬁ"TSB?mBWOPrﬂa&?& Whichxge Wisghgeedief i ned
bet ween | frdifiheSnafdtion BHEIAthrdidfilaMGbRfb ndzfe 86001 i Ng  conbust or assenbly
16. More specifically, the conpressed air channel ed through passageways 85

and 87 is also channel ed into combustion zone 64 through a plurality of
openi ngs BPOHEm pktheganpprassed ity disdrgeddfi@e. cofimressomb4 és shahnaled iahannel ed

h ' faagi 14 cppveetively cooling l.iners 58 and 60 in
Fogi ons Tasiebeny 4 dBhhed bBhRen TIPS S KpFBRtel Yapineihgiionah dombust i on
gases Wi trhssagewaynisdsdéfordzbawead linktG0h@tdTRb@mbustbe cading Saampelssliidr ough

gﬁ?? gggsé;gg@ﬁlﬁgggs%%&gﬁs l\%oﬁehlspr‘]:c{ﬁlcglrll},otfheCc%glplrgs%edalairr chgm(l:e?gdl th?gué,hnner
- passageways 85 and 87 is also channeled into combustion zone 64 through a plurality
of openings 88 defined within liners 58 and 60. The compressed air channeled
through openings 88 facilitates convectively cooling liners 58 and 60 in regions
adjacent openings 88, and also facilitates diluting the combustion gases within
combustion zone 64. Furthermore, the air channeled through openings 88 also
provides a thin film of cooling air to cool an inner surface 90 and 92 of each
respective liner 58 and 60. The thin film of protective cooling air flows along inner
surfaces 90 and 92 such that a protective boundary layer is formed between liners 58
and 60 and the hot combustion gases within combustion zone 64 to facilitate

- insulating liners 58 and 60 from the hot combustion gases.

Each opening 88 is aligned obliquely with respect to a respective outer surface 91 and
93 of each respective liner 58 and 60. The oblique orientation of openings 88
facilitates film cooling of inner surfaces 90 and 92, such that a desired boundary layer
thickness is maintained. More specifically, openings 88 each include a centerline axis
94 that is also obliquely aligned with respect to each respective outer surface 91 and
93. In one embodiment, openings 88 and axes 94 are orientated at an approximate
angle of 20° with respect to each respective outer surface 91 and 93. In the exemplary
embodiment, openings 88 are substantially circular. However, it should be
understood that openings 88 may be any desired shape and/or configuration. |
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respective liner 58 and 60. The thin filmof protective cooling air flows
along i nner surfaces 90 and 92 such that a protective boundary layer is
formed between liners 58 and 60 and the hot conbustion gases within
combustion zone 64 to facilitate C' insulating liners 58 and 60 fromthe
hot combustion gases. Each opening 88 is aligned obliquely with respect to
a respective outer surface 91 and 93 of each respective liner 58 and 60.
The oblique orientation of openings 88 facilitates film cooling of inner

f . ht I~e oundary. | ayer L.ckness i s _
?r:ur n?gie;?\eg.g %ﬁ?gﬁ@;@@%gﬁ% %%ﬁ%itﬁpgg@ g%ﬁﬁ%@%% Qg&%ﬂ?@wﬁﬁﬁe axi's
94 that i $met serfaish i%uaidy 92 i TirestaMbirtier esaRetod alse AadiliREPRALINS 2AUL €F
surface 91 ancl I n ane, enbodi nent, openings 88 and axes 94 are

or i ent at g™ aﬁtgg%?’@x?lﬁélﬂaé Mifigee chamolgd \ifoieh cpgrises 188 Bachdesisdect i ve
oubst ant | arousién 2achberstiel S EHENRHT! Hay BOHRME IR Mare SR W kAHSWER g5 s

substantially circular.” However, 1t s . rstood { .
may be angasdieripertinehdpuingratiplicatoonds tamadlibariercodting l&_ﬁlalgdt@taﬁﬁbﬂw| ating
liners 58 a.th | barrji.er cQating. is applied to inner

sljpfe aies %%r}grnbgg egﬁr.lglqﬁnié @P“B’a]lnr]l&‘gpmc af“iaﬁ%aggo‘é‘i Wsrpa] hartierpogting 88luci ng an
amount  of map il Gpaivithinhatd/sister et BBANARLLHS &1%9:\5}9 arfl n'opgﬁmﬁféte{lgr a
desired combustion gas tenperature, or alternativery, may factlTtate an
increase PhtueinAeRenBEs 8§adotfagiiteteaflicient dperating ofi g tudsiné enyiref 10, had nal

. . i f turhjine engine 10.(shown in Figure-
M A e R
gver | i nesbsupetinigngmeniizst $8 nelyybe ednidvat | foh it "BE &h8! 60 afP Hont SHifho

bpenings 88.. To facilitate efficient operation of gas turbine engi ne 10,
ggd rrgr OPEpRES ?%-cgfrﬁwv?fh%&%m}m Bietheds @trrd)wgtequzgmylt m][hmhffjbaht ta er o and
coating g HCL (oYl <Tals r.eno roml.iners an
60 andgf rom ﬁﬁﬂ%%%%%%@% : ﬂli—%\%}gv%?mqﬁpsélr ﬁge‘k’n %/\%§ﬂﬁt R J%ﬁ‘?ﬂ{ wat er
“nozzl es, liner sapoints T frid 26 tMome specifically, because of the limited space between

liners 58 and 60 and respective liner supports 74 and 76, it may not be possible to

position known water nozzles through openings 88:to remove the thermal barrier

coating material.

Figure 4 is an front view of an exemplary nozzle assembly 100 that may be used for
removing material from liners 58 and 60 (shown in Figures 2 and 3) and openings 88
(shown in Figure 3). Nozzle assembly 100 includes a nozzle 102, a conduit 104, and
a fluid source 106. Nozzle 102 includes a body 108 having a first end 110, a second
( b end 112, and a central axis 114 extending through body 108. Nozzle body 108
extends a length 116 measured between first end 110 and second end 112. In the
exemplary embodiment, nozzle length 116 is greater than approximately 9 inches (230
mm). In one embodiment, nozzle length 116 is approximately 10 inches (250 mm).
In another embodiment, nozzle length 116 is approximately 19 inches (480 mm).
However, it will be understood that nozzle length 116 may be any length suitable for
removing thermal barrier coating material from liner openings 88 that are adjacent
liner supports 74 and/or 76, and such a length 116 will depend on the dimensions and
configuration of liner supports 74 and 76. A passageway 118 extends completely
through nozzle body 108 from first end 110 to second end 112. '




renove thermal barrier coating material 96 fromliner openings 88 that are
adj acent |iner supports 74 and 76. More specifically, because of the
limted space between liners 58 and 60 and respective |iner supports 74
and 76, it may not be possible to position known water nozzles through
openings 88. to renove the thermal barrier coating material. Figure 4 is
an front view of an exenplary nozzle assenbly 100 that may be used for
renoving material fromliners 58 and 60 (shown in Figures 2 and 3) and

[ 8 hown in Figure 3). zz|l e assenbly 100 includes a nozzle
102, ggioﬁhﬂﬁeges"fﬁl\ﬁ?a‘%ﬁﬁlﬁo lm%ilﬁzélﬁl\ﬁ’géﬁigge? Smwlzeﬁzn%ﬁuw@wgagggg%dilgg
havi a : , : :

v ough- body 196, Norel s Body on urar Bl Y Baf Reph BBl n B OO0

first endondembedimeat swezlebady 108 haman beter dicamgiérarepwenbggroximbtelyn02z| e

~enboct rent' R EUFEL0 A ARRRE B inderianeiBe oo oo in 15, | o

anot her - eobidfiveamippradaridy DeMghd (riny HAN0X LIEMLEDMA). FRHGHALE0 ™ .
However, jt w || be understood that nozzle |ength 116 may be any éngth_

sui t abl e ¥othe exemplarn gmbpdiment norgle bedy Hfaisi fogmed: fror Mat—mﬁmi mlmmilgpﬂ |6ngs
88 t hat a @aﬁ‘% P d{ o an uc en

will depggntgel'ogit e %Ilwﬂglﬁéﬁg&%ﬁggé @’Sﬁf}?%‘? é?‘?yoz&o?laygﬁi?m?&%%?gym and
76. A pasmagdakbandiishgatyeprdeess tmgppridates a houzdLBRIyNIISZhRitd0os Hard s fopom fi r st
end 110 tg,se end 112. -6 In the exenplary enbodi nent, nozzle body 108
I S subst aﬁtl?aéfgﬁggyl indrically shaped. However, it should be understood

‘that nozzle body 108 may be any suitable shape. In one enbodi nent, nozzle

fody 108 Kaslaromi'caipldd ambiatsahieh 406 ol L3Rl ol stotfihat PEhebRaf™) AN

73 inch (8 mm, and an inner dianeter, I ned by pass
bet ween ablgrisit faidegopnroumizationcwitl a MBidh130 eordaifed ithircfuil 208canPs. In

Fur t her Mg exemplary embodiment, fluid 120 includes a mixture of water and a plurality of
beads. In one embodiment, the beads are glass beads. In an alternative embodiment,
the beads may be fabricated from, but are not limited to, walnut shells, baking soda,
and/or corn husks. Fluid source 106 includes a pump (not shown), or other suitable
means, to pump fluid 120 from fluid source 106 through conduit 104 and nozzle
passageway 118. Beads 122 have an erosion resistance that is lower than an erosion
resistance of nozzle body 108 such that beads 122 do not erode material from nozzle
body 108 when fluid 120 flows through nozzle passageway 118. Beads 122 also have
an erosion resistance that is lower than an erosion resistance of liners 58 and 60.

( 'I To remove thermal barrier coating material that is obstructing liner openings 88 that

are adjacent either support 74 or support 76, nozzle 102 is inserted within the

respective passageway 85 or 87. Nozzle 102 is positioned within the respective
passageway 85 or 87 such that nozzle body 108 and nozzle central axis 114 are
obliquely aligned with respect to the respective outer surface 91 or 93 and an opening
central axis 94, and such that nozzle passageway 118 is directed towards the
respective opening 88. In one embodiment, nozzle body 108 and nozzle central axis

114 are obliquely aligned with respect to the respective outer surface 91 or 93 at an

angle of approximately 13°. Fluid 120 is then pumped from fluid source 106 through

conduit 104 and passageway 118, which directs fluid 120 into opening 118.
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in the exenplary enbodi nent nozzle body 108 is fornmed from heat-treated M
tool ' steel. However, it will be understood that nozzle body 108 may be
formed fromany nmaterial and using any process that produces a nozzl e body
108 having a hardness of at |east 55RC. Nozzle 102 is coupled to fluid
source 106 through a conduit 104 such that passageway 118 is in fluid
comuni cation with a fluid 120 contained within fluid source 106. In the
exenpl ary enbodi nent, fluid 120 includes a m xture of water and a plurality

of beads., |l n one enbodi t, the beads are glass beads. In an alternative
enbodi ment 2 P%ﬁfi%gﬂo‘éfgfﬁ%g r‘rg(g H’a%uathaﬂ?fc%tf@orwm theimal hewien eeatingrmatedalt o,

wal nut  shgbinSepdifile £ RRES ﬁ{}g{ r S Bl uj rce 106 includes a
punmp ( not sho?/\%) ,ﬂigor ot her S%el?i ta1 ’en&gmfeeglns, Elgorgl?h%ggﬁeé?%cﬁ%@awo&ﬁoﬂ uid
sour ce 10@thenkenvghnezzirsuised f@demndingdhartmel bpaies againg)rohl 8omBaadsiidg?2 have

an erosion. resista that, iLs.l ower .t ha n erosion resistance of nozzle

body 108 SR§& st e noBAls 5ody Sl aRdd dnands passrasen J 81 @ gy 108

when T1 ui abok2ly lighed RBUGRnREZ £l RASARGS WRRNNAOSS BEAURe LiRcBlcRnave  an
e

erosion resistance that is_ |ower than an eroSion resistanc i ners 58
and 60. CeiRpcHEediner sHpRaTRI74berr 76.er Tho andlusjomef ¢hé dkeadshavithirs flabbtieact i ng

Il iner open : j nt either support 74.0 upport, 76,
nozzl e 1%91"1:&2%5%%%2183%\)&% ﬁlf ﬁg{dhe IPeCQBF@PF%mgg@WVSQ?‘;SSE“G MPAINENozz| e
102 is pohétmadrbedies doating ifieriab Ses coiBustBR HRGISPRMLS Stheleb$ FadHflink hat
nozzl e body 108 and npzzle central axis 114 are obliquely aligned”w th

r espect tYSX“PH@gr‘?E%YB@égWSTW@gn@lmﬂaé@@ngqpe@mg@:%and an opening central
axi s 94, and such that nozzl e passageway 118 is directed towards the
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aligning the nozzle with a central axis of the opening. More specifically, the nozzle
assembly described herein facilitates removing material from a combustor liner
. opening using an elongated nozzle and a mixture of water and beads. As a result, the
nozzle assembly facilitates reducing material removal costs in a cost-effective and

reliable manner.

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

used in combination with other nozzle assembly components.

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 appended claims.




-7 The passage of fluid 120 through opening 88 renoves thermal barrier
coating material from opening 88. Mre specifically, nozzle 102 is nore
el ongated in conparison to other known nozzles used for renoving thernmal
barrier coating fromconbustor |iner openings, such that nozzle body
central axis 114, and thus passageway 118, are nore accurately aligned

w th opening axes 94 within openings 88 that are adjacent the respective
l'i ner sup&g&égéﬁ.or 76. The inclusion of the beads within fluid 120

i ncreases 0si veness of fluid 120 in conparison to known nethods for
removing thermal barrier coating material from conbustor |iner openings,

thereby fdcili tamett@d foermovitg thbeidldhrrachathiy il Tebnat Rhdtdne bpeithg,
openi ngs 8 The above-described nozzle assenbly is cost-effective, highly

reliable, oteth therat Jeastone apspinsrestends oy spvierwrtnen throushhan igesrsudacsrof] i ner
openi ng. Theg @%Heee %hﬁl%ﬂenth%gfeﬂl ﬁl%rdﬁte%{ssuf@éee 's%d)st% 1al§l§' é%ag{l%gﬁ)dtﬁ roma

combustor 1T ner openi'ng W thout” aligning the nozz axi's of
t he openi mner Worfaces pdierefn aa]elagt oneh@rtiaz bf ¢he inaaresuofage defining hbel ahlenstione
facilitates renvj mat er. conbust or |.iner. enin u5|ng an

el ongat ed “REY2% Elcgﬂqig Q’?RR](‘F@ %%ﬁé‘f‘%rrcoﬁw pateral, sad %T(gs‘i? PIISIe  nozzl e
assenbly facilitates reducing material renoval costs in a cost- effecti ve
and reliable prviding a BxgaRhednoesbodi nents of nozzle assenblies are

descri bed above in detail. The systens are not limted to the specific
enbodi ments descri bed herein, gut r at her, nponents of each assenbly may
“be utilized i nBEYEHRS M WX of Spatenead 2 ﬂ’ﬂ‘ﬁﬁlﬂt)fo‘?%é?adéo%br}ﬂéﬁ? NGRS bed

her ei n. E?&Btdﬁ@éﬂ{aﬁlsqés% | the GEPRQNENt can al so be used in conbination
with other nozzle assenbly conponénts. Wile the invention has been

described in terns of various specific enmbodi nents, those skilled in the
art w |l recognsidoningitthe Heai-tneated inomzleain befirst gositeadwieten the nozzle is

positioned to face the outer surface that opposes the at least one portion of the inner

surface to which the thermal barrier coating material is applied; and

directing the mixture into the at least one opening using the heat-treated nozzle in
the first position to facilitate removing any portion of the thermal barrier coating material

obstructing the opening.

2. A method in accordance with Claim 1 wherein directing the mixture into the at
least one opening comprises directing the mixture into at least one opening within a gas

- turbine combustor liner to facilitate removing material from within the opening.

3. A method in accordance with Claim 1 wherein providing a mixture of water and a

- plurality of beads comprises providing a mixture of water and a plurality of glass beads.




nodi fication wthin the spirit and scope of the appended clains. -8 CLAI M
1. A nmethod for renoving thermal barrier coating material fromat |east one
opening, Wwherein the at |east one opening extends froman outer surface
t hrough an inner surface of a gas turbine engine conponent, wherein the
outer surface is substantially parallel to the inner surface, wherein at
| east one portion of the inner surface defining the at |east one opening

i ncl udes- appl i thernal barri cating material, said pethqd

conpri si ngp pl‘%\rlrl? Y |°rﬁlgmaacﬁ%r§f"r-1‘fer‘g§{‘e alﬁ’oli%lg,re”b%%&mgn%‘e émﬁ[{% EP(r%‘é apfeaflat er
and a pl urcakiopyning usiegdsozdlatopy s Alte@ingchOmixtuRSintt AN6Rt bMPdpenmgl RS t han
the nozzle; positioning the heat-treated nozzle in a first position wherein

t he nozzl & nogzlethathas pleaghiggeaterdhan sppreximatelsQinches (280 mmbpposes the at
| east one portion of the inner surface to which the thermal barrier
coating naferi gl nbSARMPrRhg: @and directing the mxture into the at |east
one opening using the heat-treated nozzle in the first position to
-facilitate renoving any portion of the thernmal barrier coating naterial

obstructing the wdEhangg aXirstendearitonl sécand cnd sdaliedywontpriGingi aefigthtgeeatérn
Jrect] - : st . . rilaies
e’ xt ot ML URORES pledSirB e e 1 CRE AN FRRAT BB ST P e

to facili hatiegadmmesspfanleastisaRCE aadn Wi t hi n t he opening. 3. A nethod in

accordance with Claim1 wherein providing a m xture of water and a
ure of water and a plurality

Do e e o B S bl Koo S S
e R el 8 b X0 46 A AP G
~ direct a fluid mixture comprising water and glass beads into at least one opening when said
passageway central axis is obliquely aligned with a central axis of the at lcast one opening
to facilitate removing thermal barrier coating material obstructing the at least one opening,
wherein the erosion resistance of said nozzle body is greater than the crosion resistance of

each of the plurality of glass beads within the fluid mixture,
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a nozzle that has a length greater than approximately 9 inches (230 mm. 5.
A nozzle conprising: a body having a first end and a second end, said body
conprising a length greater than 9 inches (230 m) neasured between said
first end and said second end, said body having a hardness of at |east
55RC;, and a passageway extendi ng through said nozzle body fromsaid first
end to said second end, said passageway conprising a central axis

extendi ng 2 heret hrough and configured to _direct a.fl ui i xture co i sing
wat er and %I afséa‘ B’é’ﬁ% Prse _n‘feeg’étth_ g:}f’émoﬁe‘ﬁli‘fﬁ‘@n _ né’éﬁﬂrgoéﬁs%‘gg@@lry
central aﬁyﬁndrﬁ:_aﬂjaEﬁa@@&;'s&ﬁdaﬂa!sﬁ@@@a%éffhiﬁ%ﬁﬁﬂhéﬁiialﬁ&b?o@aicf hzRboigast one
opening to facilitate renoving thermal barrier coating materi al

obstructi n7g the at | east one opening, Wwherein the erosion resistance of

sai d nozzl’e bodynezeleipageasdance xyith Glame 5 ydessin paid nezzle bedsogompsisenstedt. t he
plurality of glass beads within the fluid mxture. -9a 6. A nozzle in

accordancg W t iy £hBidn3c) éﬂe%iﬁ?bﬁilﬂzﬁh&efﬁ%‘aﬁ M&t@dag:cgld ises M2 tool.

cylindrically shaped, sald passageway I ning an I nner er of said
nozzl e bodteel.7. A nozzle in accordance with Claimb5 wherein said nozzle
body conprises steel. 8. A nozzle in accordance with Claim?7 wherein said

nozzl e bogdy co [.Ses tqol = stegl . nozzle in accordance with aim
5 wher ei n@'sai d(%]’%éz% eem%(%c fa%%cﬁp llhggLaug% ‘é’ﬁiff Sa’élgl?%]éeéspogﬁﬁf’wpﬁﬁtaeﬁteg}gg and
11 i nches bé@@en ApprdRina8) 9eid Measdhee @ eiveand 980 thmpadusidrbd Sétwend s@gd

sai d body ggggﬁg end. 10. A nozzle in accordance with Claim5 wherein said

nozzl e bod pidsand sgid hodysecondepdeen approxi mately 18 and 20 i nches (460
and 510 mm) neasured between said body first end and said body second end.

; ﬁ Oﬁt 2?24{).9 | A RESRHABEHRIME Wi @laith & YHGER sTidSR-9Ma% EmPRS aclgﬁ@ﬁi S€s
- between approximately 18 and 20 inches (460 and 510 mm) measured between said body

first end and said body second end.

11. A nozzle in accordance with Claim 6 wherein said nozzle body comprises an outer
diameter between approximately 0.2 and 0.3 inches (5 and 8 mm) and an inner diameter of

between approximately 0.070 and 0.090 inches (1.8 and 2.3 mm).

12, A nozzle assembly for removing thermal barrier coating material from at least one
opening formed in an exterior surface of a gas turbine engine combustor liner, said

assembly comprising:
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di anet er between approximately 0.2 and 0.3 inches (5 and 8 nMm) and an i nner
di aneter of between approximately 0.070 and 0.090 inches (1.8 and 2.3 nm.
12. A nozzle assenbly for renmoving thermal barrier coating nmaterial from at
| east one opening formed in an exterior surface of a gas turbine engine
conmbustor liner, said assenbly conprising: -10 a nozzle conprising a
first end, a second end, and a passagemay extendi ng through said nozzle

fromsaid first end, to_said se dn zl e conprisin engt h
greater than anorzglflcﬁgfpglsﬂ?géi rﬁ{; ar‘?é n@ 8‘%1%%1 ‘géhr st
end and sakid weglRftbm efid firfiaind t@a@a@e@fﬁm@m h&AzNGcoin Rty Alengikl ﬁea‘\'-_t)el::\r)c

ext endi ng t herethrough, said nozzle having a hardness of at | east
and a fl uit Hﬂqﬁsmﬁl@a%&hﬁrm@eﬁé 23hman) mersueeddietvesni sajd Gfst ghd gad B@éd;scondal d

nozzle <c¢ Célﬁ& I O %ﬂ{s)&&ggvg% g%énﬁg% % tcéljét}‘ﬂl QxQeﬁeH{hﬁ tlﬁ"etr&hﬂtorﬁ%h aolaz(i ﬁ%%fe }% ng

openi ng when’ sal axis Is gne
central axilsrdifess dfeat &tast SRQ; aade opening to faC| i tat e renoving thernal
barrier coating nmaterial obstructing the at | east one openi ng sai d nozzle

having an erosio eS|stance that is grea er resi stance of
said plurality oﬁ id, fniRture, somurising W%gr ygel? E‘Eaglé’r S WZgher h
Caim 12, mﬁﬁ%@bd\to&ﬁt&t 502 ARl SOMNCIiBBShe E'teléést bﬁ@@b&ﬂn%h&@%d $h&sdewald A

nozzl e assenb y in accordance with Claim 12 wherein said nozzle conprises a
| engt h betcRRiER aBis A% BRlidughesligngd witireenirabaxisng therad laast enectpsaingsa Gacihtpte
measur ed Y, Q econd end

nossl e asSaRpVRE MeRRuhalcontits bRl SR B a3 e SHE pshh seit o e
subst ant i hhviyg an\ekésiuir fesdtahye thapegreatenihén pasaageessistate of 88d PlurbR T

di anet er oI s&%ﬁ nozzle. 16. A nozzle assenbly in accordance with Claim 15
wherei n s&% ¥l e conprises an
13. A nozzle assembly in accordance with Claim 12, wherein said nozzle comprises

heat-treated M2 tool steel.

14. A nozzle assembly in accordance with Claim 12 wherein said nozzle comprises a
length between approximately 9 inches (230 mm) and 20 inches (510 mm) measured

between said body first end and said body second end.

15. A nozzle assembly in accordance with Claim 15 wherein said nozzle substantially

cylindrically shaped, said passageway defining an inner diameter of said nozzle.

16. A nozzle assembly in accordance with Claim 15 wherein said nozzle comprises an
outer diameter of between approximately 0.2 (5 mm) and 0.3 inches (8 mm) and an inner

diameter of between approximately 0.070 (1.8 mm) and 0.090 inch (2.3 mm).
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outer dianmeter of between approximately 0.2 (5 nm and 0.3 inches (8 nm
and an inner dianeter of between approximtely 0.070 (1.8 mm and 0.090
inch (2.3 m. -11 17. A nethod in accordance with Claim1 wherein

directing the mxture into the at |east one opening conprises obliquely
aligning a central axis of the heat-treated nozzle wth respect to the
outer surface and the inner surface of the gas turbine engi ne conponent.

18. A net in,accprdance with Cl.aim 17 wherein . oblijquely .aligning a
central anlO)g of W%goﬁgb?gctoﬁeagf%ﬁj lﬁi“o@f% lcg’ﬁﬁ‘iﬂirb é’é'ecé’lnggfﬁ? H@X‘E“Fénﬁ%%ﬂer &
axis at aresnghe opbnifPRoMpHERt H1Nudly alPFAMIEEL Sentded axfd dTOHE [IRatl PeafCRIARNCE
with daim5 wherein the plurality of glass beads wthin fluid increases

the errosiWihegrechto the guter giripe thednnep gurfoerod the gas serbinetsnging gompersmtiance
with Caim12 wherein the plurality of glass beads within fluid increases

the errosijgeness nfitnddf abéddihcBwithi1Gim 1% bherein obliquely aligning a central axis of
the heat-treated nozzle comprises aligning the central axis at an angle of approximately 13

“degrees.

19. A nozzle in accordance with Claim 5 wherein the plurality of glass beads within

fluid increases the errosiveness of the fluid mixture.

20. A nozzle assembly in accordance with Claim 12 wherein the plurality of glass

beads within fluid increases the errosiveness of the fluid mixture.
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