1 METHOD OF REMOVI NG DEPCSI TS The present invention rel ates generally
to a 5 nethod of renoving material froma conmponent having hol es
through its walls. In particular it relates to a nethod of renoving
extess coating material fromwthin cooling holes of coated gas
turbi ne conponents. Gas turbine engines gperate at extrenely high 10
tenperatures for increased perfornmance and efficiency. Alimting
factor in nost gas turbine engine designs, however, is the nmaxi num
tenperature that various conmponents of the engine can tolerate. One

such particul ar conmponent ar METRAP cF REMQYINGNDEBESIESt he conbusti on
chanmber of a gas 15 turbi ne engine. One nethod to increase the
maxi mum al | owabl e t enperature and/ or decrease the conponent netal
tenperature is to provhee poedemy hiolventiont heebatés ofehdenlly to a
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the air flowshabogy the sHliacernfpiheivwlds id Forddes w@od rhé’&frﬁfd of
This cool |ayer reduces the tengerature of the wall_ surface and
physi cal |y k&BBSViRe REFCHASEST oI RaMeEER} nhr¥he i is efoking holes

conmponent, 23¢t RgLeby éggrﬂgggﬂyé tRepeagpegent to wi thstand hi gher
gas tenperatures than would ot herw se be possi bl e. Another nethod of

al | owi ng hi gher §as t eiydrideur esngbnee usegrset o alppl prarpmelct ihgh
B
particul ar, thsitimegr ﬁabtsrof1nhem®$anegaﬂbeturwmnennemgmméIsdémﬂgnp,
exposed to nglgéer,nPéegﬁe mggﬁﬁﬁﬁﬂ eﬁ%é&at%%ghtﬁggtgggfous components
of the engine can tolerate. One such particular component
area which is so limited is the combustion chamber of a gas

15 turbine engine.

One method to increase the maximum allowable
temperature and/or decrease the component metal temperature
is to provide cooling holes in the walls of the component.
These holes allow cool air to flow through and along the

20 walls of the «component exposed to the high gas
temperatures. As the air flows along the surface of the
walls it forms a cool layer. This cool layer reduces the
temperature of the wall surface and physically keeps the
hot gases from contacting the walls of the component,

25 thereby permitting the component to withstand higher gas
temperatures than would otherwise be possible.

Another method of allowing higher gas temperatures to
be used is to apply a protective thermal barrier coating to
the walls of the component that are exposed to the hot

30 gases. In the case of combustors this is, in particular,
the inner walls of the flame tube, the outer walls being
exposed to cooler compressor delivery air. Such coatings
conventionally comprise, for example a MCrAlY material

which offer thermal and corrosion protection. MCrAlY refers



conventionally conprise, for exanple a MCrAlY material which offer

thermal and corrosion protection. MCrAlY refers 2 to known coating
systens in which Mdenotes nickel, cobalt,iron or m xtures thereof;
Cr denotes chromum Al denotes alumnium and Y denotes yttrium A
further ceramc layer is also often applied on top of the MCrAl'Y

| ayer to 5 give inproved thermal prot ectin. In such an ar r angenent

the MI ALY 1ayer @ckh a303:00Rd coaledr dhe AT & CORRLEES! aYLEkel,
An exanpl e of "such a ceram c coating material 1Is yttria stabilise
zirconi a whi clebed tappbnedmomixpiods abhdddfY Cayelenoi@bhecHamdlux ;/ankil

cerami c protectiye coatings are typically applied by physical vapour.
deposi tion ( PBPESEnarBAT YRR dbieiqiesh YOTDy or Rpt BSRRCE pF a0t LS
means. Exanplliegeef iSUGl dor aifedn \e»pldat rgs twpd dhechetmogsl wflayer to

applying themare well known and are descrjbed in: 15 US4321311,
1355514482, G$X8489MRF Fifshgt Medflp ot REPEeCtion. chp| isy§ihoAtbsahpgngement

protective ceakl NS ARN, 13342l 8ot 41SQE | A GUHAINEbEEN 0 akh@W ceramic
operation of a conponent at a high tenperature. There are two basic
met hods for preddvonglaveh. colporrmplichatothav@cdooki ngehanegs apeltaing

protective 2 Lhg. fi . d oat | | S; applied to
t he conponen a%%g%gerllst R’gttgg eg’]&%{rb%améérl I%dpc?%r?loaﬁg‘ﬂ{%]ﬂe lcsga‘%)éédleleé on
conponent . ExappbésanfMChilY netyead are descri bed in EP0826457 in
which | a drilljing i to penetrate a thermal ,barrier coating
and the i al of PRa OBiiiientSnd ECERBEF mROLRCERVE metASGEe | are
that, by desikgpichheyt hespmiedans ephﬂ@ﬂ&éﬁg T&pdasi seabkitooheatpng) ,
produced by the |aser to drill through the material. Consequently
drilling of FREM&Bati NEPPRHUFPBSSHEHRTYh Ptiero¥ aBERSTa PPER BHfedReans.
operation, apda.fEsuLt $A NscONSLHIsLabl evbeabihRgngt tify 39hé“‘ir{e%‘f&:8glsngof

area which can be undesirable. Problens al so exist Iif nechani ca
drilling techppguésgar themedasénceethe khewmnlamdrriee cdasdmigsedarein:

gener 2 NaPtHab Sy R0 R LioRashy haRt a0, Somas (P |
off the 3 conpoteolimgtheleduramy) phetesacihvei rpatpenat i«dnh,0r and are,
prematurely ﬂgéﬁngnsgéﬁgﬁﬁetion to allow operation of a component at a
high temperature. There are two basic methods for producing
such components that have cooling holes and a protective
20 coating. In the first method the coating is applied to the
component and then the holes are drilled through the coated
compenent. Examples of this method are described in
EP0826457 in which laser drilling is used to penetrate a
thermal barrier coating and the metal of the component., A
25 problem with this method is that, by design, the thermal
barrier coating 1s resistant to heating produced by the
laser to drill through the material. Consequently drilling
of the coating requires a high power laser, a prolonged
operation, and results in considerable heating of the
30 surrounding area which can be undesirable. Problems also
exist if mechanical drilling techniques are used since the
thermal barrier coatings are generally brittle. Mechanical

drilling can crack and damage the coating in the region

around the holes causing the coating to fall off the



In the second nethod holes are drilled in the component and then the
coating is applied to drilled conponent. This 5 nethod does not have
any of the problens associated with drilling/ machining through the
coating descri bed above. However application of the coating after the
hol es have been drilled does tend to at Ilseast partially block sone or
all of the holes. This restricts the flow of cooling air 10 through
t he hol es andompnnepsul teiithaedequit®eingool iy ofmathéningpomgriration or
pr oduci ng hot Sﬁo%s quﬁpeati%%fyygepossible failure of the
conponent . FRFEREFRBFEY t A& BIDAGTNGSST the cooling holes is
unpr edi ct abl e andnsehdesegomdgud tterchdlcde st @aracadefinbdat én atege@gpeient
bl ockage is problenatig and 15 also, if_it is passi?li wll reduce .
the effici en€dofNERe tBAGFRBEINT 1EoABRYLRH FY HhyLto%t FPIRRY i afnis
bl ocki ng tshepgeabingolel epthasadd Beyrerowed. phiudlRmED! i 4Rl ivih
hol e bl ockage and a net hod of rennving the coating froma 20 cooling
d

hol e is descArbédineg/mrpviEng. tATPREGRd FRe foatimgghdppesihed japove.

directed at yBRePRPOSIHA ikACeAl diherkoMpeneRhigt QA £Qe WRLERSt Neive
coating has been appliéd. The through holes then act as a nask and

protect the beari Agiiier dasdgeendsMurll jeast prrata by dtldnlgeome or
pressure, up,§9 6Q0 eosﬁolﬁ.e. 'f‘ﬁissyrégt%fé’@é Sy L E'l‘Sworo‘Ji.ercoJo%Q&ﬁ-e air

Addi tional ly, careful contr is required to prevent damage to 't
surface df) t hbroogiponkat hayes nsndwhashremelf | inadgptaties ahaldetgecht the

301t is therefore desirable t.o provide i mproved t hod _of, renovi
material frofrhor8s" wi tl:i‘fil%r(lj(?J é:lg rrplg%%ntSp{% ﬁgf ato rlghs'ﬂs'—’leslrigne‘ENEJ{BO\/F(%OSSlbnlge
ment i oned pr 6bk guse and/ aheofdammpeniempr. ovarehesmgeaerakl ploakinghof the

nmet hods. 4 ,According.to the prese i nvention, there is provided
ethod of FRRbITBGRRLRRRGS: rBFSHEERaLs agbdesPoRnIg iAo s dotes
conponent cofpri&ddgnidiatet eps, ddgneer sbHg Hibekpassape wirbbilBmatic and
liquid, directing a_liquid jet at the 5 _passage from a souyrce w thin
the |i quﬁlé aRdSi t Hfalgufllsi cﬁoegrﬁl%’\}él oo y@é’“g? 5 e gpcyesdt e
portion of thgyoeposit. In this method the liquid within which
the passage is imersed acts to attenuate the noise of the process.

10 The deposit nBynBRAETHIGWIE WPIH Y dWIHE lprovicddddorthe fGasking
waace of tﬂﬁlsg’m%emto Woth f&ddQui gyk ety RESTGT aley B8L18hg hole
irected at the passage froma second surface of the conponent

opposite t heblpekiggurdrgcea method of removing the coating from a

20 cooling hole is described in EP0916445. A fluid jet at a
high pressure 1s directed at the opposite face of the
component to that to which the coating has been applied.
The through holes then act as a mask and protect the
coating from damage.

25 Fluid jets operating at high pressure, up to 60000
psi, are noisy at levels of the order 120dB. Additioconally,
careful control is required +to prevent damage to the
surface of the component against which the fluid jet is
directed.

30 It is therefore desirable to provide an improved method
of removing material from holes within a component that

addresses the above mentioned problems and/or offers

improvements generally to such methods.



In this nmethod the conponent itself is used as a nmask 15 to direct a
hi gh pressure fluid jet though a cooling hole, whereupon it machines
away and renoves any material blocking the hole. This has the

advant age that the jet does not have to be accurately directed at a
particular hole allowing a | ess accurate,, cheaper and si npl er nmachi ne
to be 20 used. In addition the remainder of the coating which is not
bl ocki ng t he hoIachratﬂgetbedhérpﬂhk@@tjemvéntidﬁathﬁﬁﬁn&ﬁupiéﬁmﬁéd a
Any danage to %Fe coa is . therefore reduced. The use of the
conponent it B&FCHs & Y188 nRarflERIFALT ¢ €@Br6%e§?55§g§lnﬁ*%e%ﬁﬁPg
rel atively rapicgugR5 a ThempbAshE jcRmpFayihyr iy 608Ps) samRlrsdng the
particles disposed therein. The solid particles may he gl ass beads.
The passagesPPASEHE db‘r%’&ﬁ’en? gri@tdabl L 1e6FE PN axild At 1%t aAdl cehe

relative o phgshhest A SQCOEEEEEEff%¥%h1£heth6t pighenablyqhagi@n a
negative rake relative to the axis 30 of the passage of between 0 and

5 degrees instfifécheytt Helpeitym§obasdipedrBaveordr deashe adattitsl andpt

can renove tggedgp%§§l{ron1the hol e without damaging the hole
entrance. referably the nethod further conprises the step of
subsequent |y dire€ti hjia setood thquiqulde withire Waisgagehe oadgaym ais

second source mﬁthlﬁ c@%léél é%eﬁ% gﬁgf§%§$%¥I§q§“§ cond I|qU|d
er

contai ni ng je TFurt conpr|ses gas Cadm x& erein Te“s&&ond j et
is preferébly d|rEheedepbsihem@asbageoﬁtﬂgmdu&1wxnhtaveoatmmgemmbfndﬁd

0O to 5 degrees rel tlve to the axis_pf the pass The nd
ol eans the paBsagc Rt HE T 176 ot RaKEOTRETET hel B o thPegmtid det
chi ppi ng of pherepablpgatinghedipdereaxi btThtheoppesage nomade econd

plurality of passages and the 10 net hod coqgrlse directing the first
liquid jet afUBERFEsTE o SFOmATEEHtuPRPPEYE Bf tiadidgds S¥fdatRen

traversing the jeg @ﬁiQsﬁekhsdseﬁ@n@oﬁpbﬁé§€ ofsthe ¢ompgraNtist & nask
second passage and directin irst liquid jet at a second one of

the pl ur aPi t90oﬂlpassageslgg5n’ﬁesséé%nalmwu]%F | Groumy »ecer bivag dwale,
with the fi r%ﬁl:é&lﬁ%xg j gt tﬁa9h£§&§ thespecond |igmebd ety af trF%Pcerlal

first one of t urality of passages after the first I|qU|d j et has
been d|recte§l@g§;@@1the hole This has the advantage that the jet does
not have to be accurately directed at a particular hole
allowing a less accurate, cheaper and simpler machine to be
20 used. In addition the remainder of the coating which is not
.blocking the hole 1is protected from the Jjet by the
component itself. Any damage to the ccoating is therefore
reduced. The use of the component itself as a mask also
means that the process is simple and relatively rapid.
25 The liquid jet may further comprise solid particles
disposed therein. The solid particles may be glass beads.
The passages in the component preferably have an axis
that is angled relative to the first and second surface.
The jet preferably has a negative rake relative to the axis
30 of the passage of between 0.and 5 degrees in this way the
jet may be directed towards the debris and can remove the
debris from the hole without damaging the hole entrance.

Preferably the method further comprises the step of

subsequently directing a second liquid jet at the passage



Preferably the first liquid jet is traversed at a 20 constant rate
over a region of the second surface of the conponent in which the
passages are | ocated Substantially all the deposit within the
first one of the plurality of passages nay be renoved before the
first liquid jet is traversed to the second one of the plurality 25
of passages. The conponent may be rbt at ed about an axis and

relative to the.f 'r§Ethgubgﬁk€é éi@ﬁhﬁrEHetﬂﬁaﬁghubﬁthethéferably the

|ntern1ttently recte e passage. Preferably the axis is

or t hogonal t@embeddda@@ndowonhamhnn@ fihe fhrtheri qoiprBee§ egas admixed
traverses. . Preferably the fluid within which the passage is

i mrer sed has g €&Srfent which flows towards the conponent. Preferably

t he current romsThewa@d&th@ehlmﬁ pm&ﬁénabuﬁ dihectedpanenthe Passage

Preferably. t assa e s arr ed to rOVI |n use, a cooljng flow
for the ¢ 'ﬁhﬁ ﬁ@ﬂ? Hg FPO Hessdrhptive to

deposi t ceraqh@ éﬁﬂ% %Q”Q%@e%hs%&ﬁebeTﬁe5s€@8E&S§@E £l aa®s L URE, pREsAge
tur bi ne bl ade. The present invention will now be described, by

way of exanpladoring BWP$H e cFakR e20@le hBeARE ofPaBASTEr a%lrm%lﬁm of
whi ch; %hQ“ESagth 2c said il wijew of a part of an annular 10

conbustor section of a“gas turbine engine, Figure 2 is an
illustrative viewlbé aompumthqemaxnhawﬁ|auphmraé1parDfoﬁaasega$u3m®rthe
flame tuq ccordanc ent vent i,on

38 b c ar dRSSPaREETErsPBug LEREN Y ERE ConBhstoruls PREmeT dhetirst

wal | and coobhag d1ol ghét pyaraDitsy SbAJ@s sdufeBg afEn st U avddgWeE the
illustrates a second enbodi nent nethod of nachining holes in a

combustor 1 dRE BGHESEcEBRIPRGOPE FRELPTRstht LRAVEMRUIL RO 2 FEFRP
to figure 1 thekggbSafhouWnracEPRPUBRONfirst liquid jet at a second one

of the plurality of passages.

15 The second liquid jet may be traversed with the first
liquid jet to direct the second liquid jet at the first one
of the plurality of passages after the first liquid jet has
been directed thereat.

Preferably the first 1liquid dJet 1s traversed at a

20 constant rate over a region of the second surface of the
component in which the passages are located

Substantially all the deposit within the first one of
the plurality of passages may be removed before the first
liquid jet is traversed to the second one of the plurality

25 of passages.

The component may be rotated about an axis and
relative to the first liquid jet such that the fluid jet is
intermittently directed at the passage. Preferably the axis
is orthogonal to the direction in which the first ligquid

30 Jjet traverses.

Preferably the fluid within which the passage 1is
immersed has a current which flows towards the component.
Preferably the current flows towards the first surface of

the component.



section 20 of a gas turbine engine. Inner and outer annular casing
walls 2 and 4 respectively define an annular duct 11. Wthin this
annul ar duct 11 there is provided an annul ar flanme tube 6. Conpressed
air froma conpressor 25 section (not shown) of the gas turbine

engi ne flows, as shown by arrow A, into this duct 11 through an inlet
14. A portion of this air flows into the interior 7 of the flanme tube
6 as shown by arrow G through an upstream annular flame tube inIet

8. The renmai nder gf %%e air fl ows_around 30 the Ht ide 9

flame tube 6, as SREMATBY &r HERLIE >3 & FrERPEF S tR’éOY’r%ﬂe ’r‘&b‘és%'
is mxed wth fddﬁﬂla.n@hif@bwl SoB Upid | eshidorenta mugbeompbnétel napzEe efade
18 within the flanme tube The resulting fuel/air mxture in the

interior 7 offrPﬁ'emFItéllreaf‘E}bé 6 FePPALh BEFATito PhrodirEPepent may be a

S combustor flame tube, or a turbine blade.

The present invention will now be described, by way of
example only, with reference to the accompanying drawings
in which;

Figure 1 is a sectional view of a part of an annular

10 combustor section of a gas turbine engine,

Figure 2 is an illustrative view of a fluid Jjet operating
on a part of a combustor flame tube wall in accordance with
the present invention,

Figures 3a,b,c are diagrammatic views showing the combustor

15 flame tube wall and cooling hole at various stages during
manufacture.

Figure 4 illustrates a second embodiment method of
machining holes in a combustor flame tube according to the
present invention.

20 Referring to figure 1 there is shown a combustor
section 20 of a gas turbine engine. Inner and outer annular
casing walls 2 and 4 respectively define an annular duct
11. Within this annular duct 11 there 1is provided an
annular flame tube 6. Compressed air from a compressor

25 section (not shown) of the gas turbine engine flows, as
shown by arrow A, into this duct 11 through an inlet 14. A
portion of this air flows into the interior 7 of the flame
tube 6 as shown by arrow G, through an upstream annular
flame tube inlet 8. The remainder of the air flows around

30 the outside 9 of the flame tube 6, as shown by arrows H.
The air entering the flame tube 6 is mixed with fuel, which
is supplied from a number of fuel nozzles 18 within the
flame tube 6. The resulting fuel/air mixture in the

interior 7 of the flame tube 6 is then burnt to produce a



hi gh tenperature gas stream —Thrs—rgh-tenmperatore=gas stream fl ows

along the flanme tube 6 as shown by arrow B, through an annul ar outl et
10 and series of outlet guide vanes 12 at the downstream end of the
flame tube 6 and 5 conbustor 20, into the turbine section and/or the
exhaust of the gas turbine engine. The wal ls 44 of the annul ar
flame tube 6 are pierced by a nunber of cooling holes 16. The cooling

hol es 16 act ,as,passages..t hrou t he | ls .of the flane tube_ 6.
Coor 10 compPatbbateRtera iy Won e 8" AN 6 ' AMBer R G, o
t hese hol es Hfirieato fillv@si rtlemigorthae oflanee fulssrect abe sioand kgl ang-dvheB,

wal | s 44 of e flanme tube This, flow.af copl air thrqugh the wal]
% of the t1SHE°PHRe % cOOLANOELPE A o heSH s P ug SErp o ide
flow of air %anakon@ the ithe dowaltdreand? @fd tbe fthaneridme Oulps oducesd
a layer of.relativel ol air jacent to these walls 22 which

ool des 5 { RERRHECBEr Pher BECwadls (O RARE SRFEN g i beeaust
and the hot c¢enmgust 188 gasemnaVdyihe! the flame tube 6. A thernal
barrier coating 28, generally 20 conprising a |ayer of ceramc

material is al soTProvREd Hh Thethmadulagl Fdape &pbené arankietrd ey
whi ch al so protgahs t e \f&@dﬁnfgllh%ﬁefsh%f.' R A 184 HRTeENa et as

conbustion gases. The fl ane tube may al so have a nunber of ot her,
25 | arger, opefbagss2éhiovann tige wialls 44 ©f ddd tfhaeg t tuhal 6. Cool

cpnpressq@ ak%m @ Eggdi.df#i H?&iﬂ% t%fo&ﬁ@nfiﬁé”"%fgméThEﬁb@qd%tifﬁ%ﬁs
air being provi ea to ai urther, "and nore conpl ete conbusti on
within the ibnhepiigh Thefset Holdsankt t dbto6th80 T ddiame T ubé Ghes Heate

from sheet tal, .general a hjigh er,at ur | | oy, for exanpl .
ni ckel cobalnt%ug? i6?oannc'{su%leér/%?l g%}g \‘/"\’/F%lﬁc i‘@ foarﬁr%%%t é%ia?%tgu?ﬁeg’e' “This
requi red shapaoef offtheobllans rt uheowghl $h4dwaThe ki oknads dflamee thakteal 6

TS oL YBAEI bl BRSO, ARl o TS LA,
15 along the inside walls 22 of the flame tube 6 produces a
layer of relatively cool air adjacent to these walls 22
which providés a thermal barrier between the wall 44 of the
flame tube 6 and the hot combustion gases within 7 the
flame tube 6. A thermal barrier coating 28, generally
20 comprising a layer of ceramic material is also provided on
the inside walls 22 of the flame tube 6 which also protects
the walls 44 of the flame tube 6 from the hot combustion

gases.
The flame tube 6 may alsc have a number of other,
25 1larger, openings 26 within the walls 44 to admit additional
compressed air to the interior 7 of the flame tube 6. This
additional air being provided to aid further, and more
complete combustion within the interior 7 of the flame tube

6.

30 The flame tube 6 is made from sheet metal, generally a
high temperature alloy for example a nickel cobalt or iron
superalloy, which is fabricated into the required shape of

the flame tube walls 44. The thickness of the metal walls



The cooling holes 16 in the flane tube walls 44 are conventionally
produced by such nethods as electrical 5 discharge machining (EDM or
| aser drilling. Figure 3a, shows a detailed view of a hole 16
produced in the flame tube wall 44. As shown the cooling holes 16 are
generally angled in the flow direction and act in effect as passages
through the walls 44 of the conponent. Such angling 10 pronotes the

formation of ia kgpecadiycootwen Bior@umt.haliteshdei?d]l of thdenédaIerlame
tube wal | s 44. Thg di anet er .of, the caqoli n?%hol es 16 is typically

bet ween aboutrUBe28nfiFAnke aFhAL G EREHE OBt FRFIST RS GF Gephgast-

cooling holes 16ynhtheddifisy kiEsntedi on) thul facks 22:08 (Be15! A are
tube walls 44, which define the interior 7 of the flanme tube 6, are

coated with SORHERERPNBREY | RTEBHEChg P28, SHRRs BBhRPHY 2850ne3‘t€h%trical
first (inter a%bhéy{;éaq:@a%h%%maovamﬁ the filang tapﬂmlz% gég 3,
The secon

protection fromthe”high tenperature conbustion gases
(exterior) sehpeges Zjﬁt@fllteﬁe egmeo & ubehgle bébngredpesdd ino the flame

rel atively cggl ncg,gpdeiior T s %LF doc ot. 489 lrlllgr 8§ J1her @8 Lot &Eéé)ﬂly

and are accor gl'y not coate cally t e coat| ng I'Sés a
MCr Al'Y, and/ angaadallurrthedélbundlceatlcbmaand sadt rist ai)ﬁ)éd’rechs opddsnges

Vitria stabi FREBROD: rEBRi &1 ackosiTed " BucACUBATFRES. of &ohel 1791 1rg
10 promotes the formation of a layer of cool air along the
inside 22 of the flame tube walls 44. The diameter of the
cooling holes 16 is typically between about 0.25mm and
about 0.76mm.
After production o¢f the cooling holes 16, the first
15 (interior) surfaces 22 of the flame tube walls 44, which
define the interior 7 of the flame tube &, are coated with
a thermal barrier coating 28. This coating 28 on the first
(interior) surfaces 22 provides the flame tube walls 44
with protection from the high temperature combustion gases.
20 The second (exterior) surfaces 24 of the flame tube 7,
being exposed to relatively cool compressor air 9, do not
require thermal protection and are accordingly not coated.
Typically the coating 28 comprises a MCrAlY, and/or an
aluminide bond coat that is first applied to the wall. On
25 top of this bond coat a ceramic coating, for example yttria
stabilised zirconia, is deposited. Such coatings are well
known in the art and are applied by conventional techniques
for example sputtering, electron beam physical vapour
deposition (EBPVD), and plasma spraying. An example of such
30 a coating 28 and method of application is described in US
4321311, which describes an MCrAlY bond coat and alumina
layer and an EBPVD columinar grain ceramic layer. US
5514482 describes a diffusion aluminide bond coat with an

alumina layer and then an EBPVD ceramic layer. US 5262245



known in the art and are applied by conventt+orret==temeirm~eres—=tor
exanpl e sputtering, electron beam physical vapour deposition (EBPVD),
and pl asma spraying. An exanple of such 30 a coating 28 and net hod of
application is described in US 4321311, which describes an MCrAl'Y
bond coat and al um na | ayer and an EBPVD col um nar grain ceramc

| ayer. US 5514482 describes a diffusion & um nide bond coat with an

alum na | ayer, and.then an D ceramic la . US. 5262245 9 ,
descri bes an3fBFARYEHoRd %&Eﬁﬁﬁm??P ﬁﬂa§sﬁé%§pPa9éas@érﬁﬂfﬁy?%y%ﬁFamlc
Further examllaﬁérar uieser begargl d4S 4248940 r USe8642898s anc 49840, US

5667663. The thickness of these coatings 28 is typically between 5
about 0. 3nm £8§4aB8dt 289 5¥fn WhfFi-ng upon the particul ar requirenents

of the combustor rR8, tR{ ckEPONENtrHRAINGREOHESt 0. 1s typ ORI iFatdQen
of the cozgln 28 often results in an undesirabl e accunul ati on 30 of
|2

the coati BEi &1- 3 Hih aboahdOoVBR dRECEEBENE nYPRYI ddeleParkicular
shown in flgEgtaEizeﬁ@.l%éb-%E Ni $ ACCUUIHALLEN BBY ebiher Ratiddl | %ding

totally bloc e cooling hole 16, thereby restricting or preventing
the flow of pwokeagedir through the hole 16 during engi ne operation.
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3b. This accumulation may either partially or totally block
the cooling hole 16, thereby restricting or preventing the
flow of cooling air through the hole 16 during engine
operation. This, 1f not removed, may result in inadequate

15 cooling of the flame tube wall 44 and a reduction or
elimination in the thickness of the cooling layer adjacent
the flame tube walls 44. In turn this may then lead to
local hot spots on the flame tube wall 44 which may cause
the flame tube material to fail and will reduce the service

20 1life of the component.

Accordingly after application of the coating 28 the
accumulation 30 of coating material within and over the
holes 16 is removed. The component, or at least the hole to
be cleared is immersed in water 10l1. Cleaning of the hole

25 1is achieved using a high pressure water jet 38 as shown in
figure 2. High pressure water jet machining and machines
capable of carrying out the process are generally known.
Examples of such machines are produced and available from
Flow Europe GmbH, Germany. Such machines have a nozzle 32

30 which is supplied with high pressure water, typically
between about 10,000 psi (689 bar) and about 60,000 psi
(4136 bar). This exits the nozzle 32 through a circular
orifice producing a generally circular Jjet 38 of high

pressure water. The diameter of the jet 38 is generally



20 life of the conponent. Accordingly after application of the
coating 28 the accunul ation 30 of coating material w thin and over

the holes 16 is renoved. The conponent, or at |least the hole to be
cleared is inmersed in water 101. C eaning of the hole 25 is achieved
using a high pressure water jet 38 as sh ¥n in figure 2. High
pr.essure water jet machining and machi neS capabl e of carrying out the
process are gRAwEN Y0 Ki@WandEXarphes ahdsush tygakianes anupr oduc.edThe

and avail abl e from Fl ow Europe GrbH, Germany

Such nachi nes have a
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This exits the nozzle 32 through a circular orifice producing a

general |y ci ribgl ato3zhe 382 of 2RAgH Fr edBur bt bre The adi wwtRieast, ther
jet 38 'Sye%gcraﬁlbll)é the flame tube 6.
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The nozzle 32 of the high pressure water Jjet 1is
immersed within the water 101 along with the component 44.
The jet 38 is directed against the exterior surfaces 24 of
the flame tube 6 in the region of the holes 16. The jet 38
is angled so that it impinges the walls 44 of the flame
tube 6 at substantially the same angle, between 0 to 5
degrees of the axis of the cooling holes 16 and is
traversed over the holes 16 in the flame tube walls 44, as
shown generally by arrows C. The pressure of the water jet
38, the distance 49 (sometimes call standoff) between the
nozzle 32 and the flame tube walls 44, and the length of
time that the dJet 38 impinges on the surface are all
controlled such that there 1s substantially no machining of
the metal of the uncoated exterior surface 24 of the flame
tube walls 44. Typically a standoff distance 49 of up to
about 20mm is used.

As the jet 38 is traversed across unccated side 24 of
the flame tube walls 44 it encounters a cooling hole 16.
The cooling hole is in effect a passage and once the jet 38
enters the hole 16 it 1is guided and channelled by the
unblocked metal sides of a first portion 42 of the cooling
hole 16. At the hole exit the jet 38 encounters the coating
accumulation 30, or other debris, blocking or partiaily
restricting the hole 16. The coating 28 material, for
example a ceramic, is less resistant to the water Jjet 38
than the metal of the flame tube wall 44. The water jet 38
therefore machines away, by particle erosion, the coating
accumulation 30 within the cooling hole 16 until the jet 38

can pass freely through the cooling hole 16, An



10 between 0. 7nmmand 1.7mm and is typicalrly about |lion. The nozzle
32 is mounted on a suitable support neans (not shown), for exanple a
robot arm that is capable of noving the nozzle 32, and jet 38,
relative to a workpi ece, for 5 exanple the flane tube 6. The
nozzl e 32 of the high pressure water jet is imersed within the water
101 along with the conmponent 44. The jetl38 is directed against the

exter] or surtages. 2de ol L4 | B JutbRcel et e LRGN O e he-Dioes 4
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Typical |y a SL8ABSPT LRI GRS PY of up to about 20mmis used. As the
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| ess resistant to t
the hole 16 accurate alignment of the jet 38 with the hole

16 is not required using this method. Additionally since,
15 in this case, the cooling holes 16 are of a smaller
diameter than the water jet 38, the Jjet 38 will still
overlap the hole 16 even when not fully aligned.
Furthermore since the water jet 38 is directed against the
exterior side 24 of the flame tube 6, the coating 28 on the
20 interior surface 22 that is not within the hole 16 is not
exposed to the water jet 38. Consequently the possibility
of the remainder of the coating 28, on the interior side 22
of the wall 44, being damaged by the water jet 38 is
substantially eliminated. This is not the case in the prior
25 art methods where a machining Jjet or abrasive fluid is
supplied from the coated interior side 22 of the component.
A second water Jjet nozzle is directed towards the
passage after the passage has been addressed by the first
jet. The second water jet, unlike the first water jet, does
30 not contain glass beads. Instead, the flow is water and
air.
Beneficially, the two jets <c¢lean wusing slightly
different mechanisms. Where particles are present in the

water Jjet the IJet cleans using an abrasive action and



than the netal of the flame tube wall 44. The water jet 38 therefore
machi nes away, by particle erosion, the coating accunul ati on 30
within the cooling hole 16 until the jet 38 can pass freely through
the cooling hole 16. An 11 illustration of a cleared hole 16 is
shown in figure 3c. As can be seen, by t?%s met hod, a cl ear well
defined hole exit 48 is produced through The coating 28. The jet 38

is then travensedrboet Beonext teeokbagihgl evdbsmngd,  euprogess By will
repeated until all of the Qoohing holesléﬁép ve R%Fn cleared. By this
met hod each 8PTEh&IE8old M RBIEE P8 & FHhldardPakeds dsssifhh. contrast
The submer gedhwatgitcdret§ SOt sinihg esir gk assvdeadte ascatiBEi &sihg a
the cl earing process, ich is deljvered at 10 about 50, 000psi. The
beads are defr@efBaet BechanbiRsafel@y arks mald s ahen the dmge is
every mnufer,)1y pPhlg&ithe jet 38 is guided by the first portion 42
of the hole 16 atcurate alignment of the jet 38 with the hole 16 is
not required usinghehischimadiven Addithieonalzkyesangée 16 hale hwrigasd;he
t he cooling r e i e e er_jet. 38
the jet 38 m??%ggtﬁgﬁaogég %gn€ﬂgé%o§%dﬁ%n§%e% &%@%&%ﬁ% %%#?ypén 1tion
al i gned. FurbhewaenelsiandeSt Hegna¢er Tleis 3Bemered raddt dbragaiaest dhelBC
exterior side_24 qf th | ane.tube 6, the coating,28 on the 20
interior sur%ﬁgrg %mt hg?i?s s O\1/1\/|%t hci'lar?latgr%éjgho l'ée 18°i§§ n Iftre%céas'edlfo a
t he wat el ehed8tiConsereecadbhyitiwen possid |dgpliefd then emdmiendgfagef and
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is supplied fromthe coated interior side 22 of the conponent. A
second wat er SpépPrhpg ¢ TBC ditr dellédekoélhar ds t he passage after the

passage has been gddr£ssethd% & drigotlenk €hnddRew$EEPNG, ¥ &hd &ource

unlike the first water jet,” does 30 not contain glass beads. Instead,

the fl owlbs oéit dheamlesining jets also being located under water, the
nolse of the jets is attenuated. Use of high pressure jets
in alr produces a level of noise in excess of 120dB. Where
the jet does not contain solid particles the ncoise level is
further increased.

20 When the cleaning operation 1is performed while the
component and Jjet source is submerged in water 101 the
level of noise is reduced to around 90dB.

In the preferred embodiment a current 103 is induced
in the water 101 that flows around the component 44. The

25 flow has a low pressure but a high volume. Beneficially,
the flow further reduces the noise perceived by a sensor
located out of the water 101 to arocund 70dB. The direction
of water flow 103 has minimal bearing on the noise
reduction however, a flow towards the surface of the

30 component having the coating 28 is preferred.

In an alternative method the water jet 38 is traversed
repeatedly across the uncoated side of the flame tube wall
44 containing the holes 16. During each traverse, or pass,

the jet periodically encounters the cooling holes 16 and



Beneficially, the two jets clean using slightly different nmechani sns.
Where particles are present in the water jet the jet cleans using an
abrasive action and 12 therefore erodes the coating overspray, but
typically will work with difficulty on a fully bl ocked hole. By
contrast the water jet containing air reppves the coating using a
fracture nmechani sm which works well even when the hole is 5 fully

bl ocked. flokbe tihrolighattitem.ofGédreraldzz| £ angleri® hote dur i verddn

gl ass bead cl eaning has tq be in a pegatiye rake condition betwen 0
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is not applied then hole shape and angl e can be adversely affected.
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required 1o raduceichippiagond IBE @k hale &XddinPy3s! ¢2BhNGikhen the
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while the co nent. and j et,source_i s .su rged in ter 101, the .
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around the conpopent 44. The 25.flow has . a ] aw pressure but a high
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a sensor |ocpbedsowt, olhithenwat ind®d basar egndné0dB, Thandiveeiddted
of water flow 103 has m nimal bearing on the noise reduction however,
a flow towar @it tHESEAPFAREI B thRe 8B SiPSnedtehalAthg’ halesarrRg 2ot

is preferrednave tbh R gAdSdabhy€qNBEROELt DRIV @ialBf 88 klch hole
traversed regeat edly across the uncoated side of the flame tube wall

44 cont ail Ai N6t hEORBP@2eTELY Bilviisnglégehati e ereliodrr phsixes iRy gretless
per'Od'Callyafﬂ&ﬁﬁgﬁ@réft@ﬁecﬁg£'@g QQkﬁst%Q ﬂBQes 16 and provides an

even faster method of clearing the holes 16. Furthermore

since accurate control of the water jet 38 is not critical

in this method, less accurately controlled water Ijet
20 machines that are simpler and cheaper can be used.

A further variation of the above method is shown in
figure 4. The flame tube 6, as described previously with
reference to figure 1, has a coating 28 on the inside 22
walls of the annulus defined by the flame tube 6. The flame

25 tube 6 is submerged in a bath 105 containing water 101. A
radially directed water Jjet 38, preferably containing =a
solid media, is traversed across the cooling holes 16 by
rotating the flame tube 6 about its longitudinal axis 50,
as shown by D. The Jjet 38 thereby acts on an entire

30 circumference of the flame tube wall 44, in which the holes
16 have been drilled, during rotation of the flame tube 6.
The water Jjet 38 is then axially translated, as shown by
arrow E, to impinge a further circumference, and series of

holes 16, axially along the flame tube 6. The jet 38 is



13 flows through them GCenerally a traverse rate of between about
0.5m m nute and 10m m nute, and typically of 2mmnute is used for a
substantially linear traverse of the jet 38. At such a rate there is
not sufficient time for 5 the jet to renove all of the coating 30
fromwi thin the hole 16 in a single passq ,Consequently only a portion
of the material 30 is renoved fromw thin the hole 16 during a single
pass of the jadtsc38moved , raﬂdailhypugsﬂn,owa I‘tweatﬁowTI‘Ee hotkatlbve s thul tlye

I d aft f th t 3
[hr ough the OPBeL6Eare” HhE havEhi dge BPETRTS ndthod S Fhd HCPARGEE

nunber of hol@Estkhcewddhi Roﬂaﬁidikgl@f pass ffareheupet 6 canchercégased by
at substantially the sane tine. The jet 38 al so oes not have to be
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A radially dlrect ter preferably containin
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t hereby acts on an .entire 30 cir erence of t me .tube wal |l 44,
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tube 6. The wat efn] e:the38ar§aﬁ¢f@ﬁbxﬁxlghd)wntﬁansﬁla}m as tpRoweby 38 is
arrow E, .to inpinge a further circunference, _and serl es of holes 16,
axial |y dPonghPHe Peire UgEE 6° THE3Teitheg hodes146,)idhy Fhyebpner walls

radially, shegnoBy t8er @Wake k8haliYe L9211 hEeUa?ﬁPeéiﬁ)@ed"aéHaSt %t@lear
achi eve the required standoff distance 49 Rotation of the flane tube

6 i s carriedtbat higyegnyl bcoviv et opateneansls fof ERanges BY ricuméunfed
the flame 5 BHQFJ.QeUB Ntfe! QLALY ﬁ%ﬁi 3?4 The @pé)"?la[n%af%esyét%th the

provi des a sinpler and easier traversing the jet 38 over
t he surface gkttt 38 dmmmﬁehtr,eca:@d hieghied Lyr dwepsd. rﬁwesthtlhanne(remdod:he

easily aeh e n te e c parotary,
Syatem a s ayETel' 1B, Engh "ike WAL TR ACREREHCERs Doy O Yvaras
conponent of 4Bmazecanldeeradsdrl té¢pedtdd hmm gy exfi atles waaerwuéh S&chas

\ngilpi dbér?\é%ggarﬁgiﬁog%%%ae ver a1ji%mall anount of coating 28 materi al
y jet over the hole 16. In the
arrangenent shownpdditionie 4ethédadk 3P imay be mounted on the same
support to increase the speed at which the component is
25 cleaned. These heads are spaced at an equivalent spacing to
the passages in the component to be cleaned.
As discussed with the embodiment described with
respect to Figure 2, the water jets that include the solid
media beads are followed by a second head that ejects a
30 water and air jet towards the passages. This head may be
duplicated to decrease the time required to process the
component.,

In a specific illustrative test of the basic method of

the invention a Imm thick piece test piece of C263, a



15 shown being used to clear the holes 16 in the inner walls 52 of

the flame tube. It will be appreciated that to clear the holes 16 in
the outer walls 54 the jet 38 is nounted outside of the outer wall 54
of the flame tube 6, with the jet 38 being directed radially inward.
By this method the 20 holes 16 that have geen drilled within the
flame tube walls 44 are cleared by repea%ed passes of the water jet

38 as the fl atekeubedbarat atgeralloy, Addit ilaral jdtilheddwiid raynbtoer
nounted on the s ) rt to increase t speed at _whi,ch_t he
conmponent is %25 @1%%éggf%esén héad<S ar eWJQfgbc -t g%eedﬁi‘ﬁéflﬁﬁt at an
spaci ng to thegpassagesofn ohe copeonent the hest eai@sk was thA®n then
di scussed with the enbodi nent described with respect to Figure 2, the
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This head may be duplicated to decrease the tinme required t0 process
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hol es, in a cewamit [epash thdl ey nplased aprapimngbe dfor800f Otdesiknd
of the test piece s, then then coated w.th_a_ 0.4 t hi.ck,l ayer, of a
st andard cergr?lag'S eF mal” ttér% i e%)@cgléatéﬁsr?g. p?ﬁgjf%ﬂsg't éas octkﬁ% c % i r’Pgre

conpri sedCa @rimMetapelest MOLAMMG hdndudaat waappl ijed by @ gsessure of
spraying, w .3mn lLayer. o ttri tabilised zirconia ceranc
Gopoxi tad by 50 B0HaD8h: AinGoBRaTBH 61 17 HETHord Eoa DS« oI &t
| east partiakhy bheeked®t RagpeeadOtHei hbkés holes. dfrdctB8n G Cildmetal
water jet at a pressure_of 50,000 psi and .containing 12 nmesh gl ass
beads, orienféfSat Ofhe ¥&me EtandiiE€Es tHe hol®e WSS r elted nz2le

the netal sidgpebxingrdBpt WnBCe fokh the VeI jRecROZZIBis jet was
approxi mat el y §0nmfromthe test piece. This jet was 15 traversed
across tHe rbraseraefescaprsa &oestzant eht Bodes2mtni hucenspaskecaagel of

mm cir cul ar %Pﬁlinh@é ah 2eBLRGSY! GmOlc123u990 ?terorjie%ma‘%d_aatpfaifkesaure

same 30 angle as the holes, traversed with the first “water jet a
constant rat efob02606i pait e @nenas! ditr sbeedane 8hé amydd 3% dehofhalws,

ot 20t Soge PR D5y Sl e R et gl RO X ek
air bubbl es. Zinvim}beufé oanaf wiise Mmedh@mdgndﬁanetdﬂeyshad béerthe test
adequateby cleargd ofc.Lhe CHLAM ¢ ORI NG RIS Yater  Jet  nozzle
approximately 10mm from the test piece. The second water
jet contained entrained air bubbles.
Inspection of the holes showed that they had been
adeguately cleared of the ceramic coating previously
25 deposited within them. The coating around the holes was
also substantially unaffected with a clean hole having been
machined through the coating by the water ijet. There was
also no significant damage to the surface of the test pilece
that was exposed to the water jet during traversal of the
30 jet between holes. Although this method has been described
in relation to clearing holes in annular flame tubes 6 it
will be appreciated that it can be applied to other known
types of combustors which incorporate cooling holes, orx

other small holes, and have a coating material applied to



25 deposited within them The coating around the holes was al so
substantially unaffected with a clean hol e having been nmachi ned

t hrough the coating by the water jet. There was al so no significant
damage to the surface of the test piece that was exposed to the water
jet during traversal of the 30 jet bet hol es. Al though this

met hod has been described in relation to clearing holes in annul ar

flame tubes Bnét swdkl dre appiecialed thattniet @’ dpe @PPthedhbaeat hafor
known types of conbustors which incorporate cooling holes, or other
smal | hol es, e3P havelta GGRti R§ nBPefi AitdppIcraguder 16oWpiestyrRe dhat

their valls &fnphesd egi dmdr tdee Hli8s quber coXandtfcdl SHb& Wieans
wi th cannul ar conbustors that conprise a nunber of individual
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the invensiog) gan 13 al3918@qaPRbi ed1&or Gleardyad ;680! hoge 0! @5 i hiche
t he conbustor tiles of 'a tiled conbustor.” On side of the tiles being
general |y coetmeusiah tildrerefmla bb¥kddrcudmsitiog.. Suclsidel of the tiles

corbust o ShTES ARl KIANE, §iilesothe i SRR Wodtiha, syon
combusti on sectednc@fbutersgad sbubbine wenll recamd inotbegener al |y.
e b L SbEIRAGE o EAR. Sah LTS, B e
or parti &0l yother keshpdnera sc gatchngifhiar thé . cousdanplsedition 20 of a
gas turbine engine and more generally. Indeed it is
envisaged that it can be used to manufacture any component
which, during manufacture, may have holes that are blocked,
or partially blocked, by a coating material. For example it

15 can also be applied to the manufacture of turbine blades
which have cooling holes and are coated, on their outside,
with a thermal barrier coating. A restriction on the
application of the method though is that there must be
sufficlent access for the jet to be directed at the cooling

20 holes. This could possibly be a problem for some, in
particular small, turbine blades where there must be
sufficient room for the nozzle and jet to be inserted and
operate inside of the blade.

The method is not limited to use in removing thermal

25 barrier protective coatings from within cooling holes.
Other coatings may similarly block, or partially block any
holes in the flame tube 6, or any other component. Such
coatings could be applied, for example, to offer corrosion
protection of the component. _

30 It will also be appreciated that the method can be
applied to the repair of components as well as in their
original manufacture. During xepair and overhaul of used
components and coating material is usually removed. A new

coating is then applied which will generally block or



15 can al so be applied to the manufactore-of~torm® bl ades which
have cooling holes and are coated, on their outside, with a thernal
barrier coating. A restriction on the application of the nmethod
though is that there nust be sufficient access for the jet to be
directed at the cooling 20 holes. This could possibly be a problem
for some, in particular small, turbine WBl7ades where there nust be
sufficient r fors .1 he |l e d jet t e i r.t.ed and aoperate
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30t will_also he appreciated that the nethod can be applied to_the
repair of 2 componléht %ﬁ?Wﬂ9q1W§§tFn°thpﬁ &PWGPHéPnnﬁanEEFu?EF Eérpﬁﬁ
repair and owafhawdeseirivead sonpenEny s 3RE Ceadt | Bfed®t &HaAl Holes. 1In
usually renmoved. A new coating is then applied which mnllhgenerall

! 19 .
bl ock or 1AMEaafivie BrBeRIPAREBriRAYHT AEH6Ti AHUkeF ecOR thee used.
conponent . Accor digiglost hodBtNQM 10 st heaf NBENtILR CAMAHEN Reparting
applied to renove this excess coating material fromthese cooling
hol es. 51 n tiemefbediseeres o6f th¢elp¥edntdron a water jet 38 has been
describefyas being used to clear the holes. In alternative
enbodi ments though other fluids could be used. Vari ous
nodi fi cati ons may be nade w thout departing fromthe scope of the
invention. 10 18 CLAIMS



1. A nethod of renoving a deposit froma passage 5 extending through a
conponent conprising the steps, imersing the passage within a
liquid, directing aliquid jet at the passage froma source within
the liquid bath and with a sufficient velocity.so as to renpve at

| east a portion of the deposit. 10 2. A nethod according to claim1,
wherein the deposit is contiguous with al%oating provi ded on a first
surface of the conponent. 3. A nethod according to claim 2,
wherein the liquid jet is directed at the passage froma second
surface of tE&g§H§conponent opposite the first surface. 4. A nethod
according to any preceding claim wherein the liquid jet further
conprises solid particles disposed therein. 5. A net hod

accordi ng tolel ai A 4methedei aft heesoviny 208 padiepadids afml ass pessye

6. A neth k t recedi | al i.n.the t hod
further cgﬂpggggég%ﬁg 5?8%8§?95u§seé8%ﬁ%¥%hg}rg%%?%égék ecgﬁﬁli%ﬁﬁgf’
jet at the pasmageifigotha peceandeseaurbénwat Hiimputibe |digwicdibgt n Phguid

et furtner d8hprFoBalgRSe S Ve Rt oo "ALREE nb® abbBvE it A
any precedi ngithaian swhéleiant heeqorpenpendo has aPl veabliréy 2af least a
passages, thgoggiggdof the deposit.

10 2. A method according te claim 1, wherein the deposit is
contiguous with a cecating provided on a first surface of
the component. ’

3. A method according to claim 2, wherein the liquid Ijet
is directed at the passage from a second surface of the

15 component opposite the first surface.

4, A method according to any preceding claim, wherein the
liquid Jjet further comprises solid particles disposed
therein.

5. A method according to claim 4, wherein the solid

20 particles are glass beads
6. A method according to any preceding claim, wherein the
method further comprises the step of subsequently directing
a second liquid jet at the passage from a second source
within the liquid bath.

25 1. A method accorxding to c¢laim 6, wherein the second
liquid <containing ijet further comprises gas admixed
therein.

8. A method according to any preceding claim, wherein the
component has a plurality of passages, the method

30 comprising directing the first liquid jet at a first one of
the plurality of passages and then traversing the Jet
across the second surface of the component to a second
passage and directing the first liquid jet at a second one

of the plurality of passages.



30 conprising directing the first liquid jet at a first one of the
plurality of passages and then traversing the jet across the second
surface of the conponent to a second passage and directing the first
Itquid jet at a second one of the plurality of passages. 19 9. A
met hod according to claim@8, wherein thgvfecond liquid jet is
traversed with the first liquid jet to fect the second liquid jet

at the firstgone ®f pct@opl us@ddtdinf PaSSAGEM aBl erwHdiR il rshel idHdghd
jet has been_directed 5 thereat. 10. A nethod according to claims$8
o claimo, hEERERIThelt i TERVanSG #ifht the Erhver Sh Ieicditmect
rate over a {grgi 98cOhdt Negsasonct sai fage of  dihefomongt JinMiigl of
the passages are | ocated %0 11. A method according to claim8 or
claim9, wherespagemstadieital Ehealiingte dépvsdt 8% hhast heesn r sirmeded
of the plyrality.of passages is renoved before the first liquid jet

is traversed to the second one of the plurality of passages. 15 12. A
met hod accor @9 ng 2 oneflyodraeeridigac|tai mlaimeBeior tHaiso®pondgtreia the
rot at ed about. axi d.elatjv e first liquid jet ch at
the fluid je 188 g Edl 35 |alyg d??ée‘g }e%daté% htea péaog‘slgat%ét d %."%&Qr a
met hod accor geqijort oo £1 Bhen d@comheser findehesfaxilse icomdnenthdgomndlicho the
the direction in which the first liquid jet traverses. 14. A nethod
accor di ng t oPAMSFPT e ﬁ@céFﬁ m wherein the fluid within which the

passage 18 i 1TEr sednba@fod GHdoaminghiedh thews towakrdsldie coppanriHein
25 15. A nethod according to claim 14, wherein the current flows

towar ds the FRpSEatiFldde B! tHhe cOMpfohientWiHEin Akt hbtEaced? drhg e

any precedi ng1 &t 18y Woer %ia@shags Pagsagndve@banaed £ PEQYEEe.1iighid
use, a cooling flow for the conponent. 30 17. A nethod according to
any precedi nigel dSmtEHerRssd the EBRpoRGMNG sommdett ridms netarabhEy t E
deposit is cgrame.o 18. A nethod according to any preceding claim

wherein the conponhent is a conbustor flane tube.
1 12. A method according to any preceding claim, wherein the

component. is rotated about an axis and relative to the
first liguid jet such that the fluid jet is intermittently
directed at the passage.
13. A method according to claim 12, wherein the axis is

20 orthogonal to the direction in which the first liquid jet
traverses.
14. A method according to any preceding claim, wherein the
fluid within which the passage is immersed has a current
which flows towards the component.

25 15. A method according to claim 14, wherein the current
flows towards the first surface of the component.
16. A method according to any preceding claim, wherein the
passage is arranged to provide, in use, a cooling flow for
the component.

30 17. A method according to any preceding claim, wherein the
component is made from metal and the deposit is ceramic.
18. A method according to any preceding claim, wherein the

component is a combustor flame tube.



