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apparatus for cleaning a turbofan gas turbine engine
Oaodsireak field The present i nvent i on gener al PET/SE2004/000194
relates to the field of cleaning gas 5 turbine

engi nes, and nore specifically a nmethod and apparat us

for cleaning a turbofan gas turbine engine installed

in an aircraft. Background of the invention A gas
turbine installed as an aircraft engine conprises a
corjethodrand dppanatussforcleapingta thrbofan: gap tarbine engine
burning fuel together with the conpressed air and a
turbine for powering the conpressor. The expandi ng
coquﬁhﬁeglﬂgﬁps drive the turbine and also result in

th u r propelling the air craft. 15 Gas

t urthe esesnti neentons geectadlygeelgtemtd theficht ofcleandng gas

contains foreign rticles i.p form of aerosols whic
ent R HIRHENGHRES, Lﬁfrgq?ﬁéorec%ﬁﬁﬁlﬂ%]&l afrethedng ppparatus for
str . el f Moty LGl 3

LA LS SR Yol ki R HERREALE Sy
exhaust gases. However, there are particles with

properties of stjicking gn to 20 conponents in the
conpagkground ghghe AKENKEYL j onary gas turbines |ike

gas, t ur hi b 4P ' . ]

o Ch B i B AR Rl E b Bt ¢ ROl e LR prescor

10Hovestapregingtambidgresairpatairhbdstambarnicigafued tagethrmatwith the

15

equi pped with filters because it would create a
sulgAraRtesicd air and sphading donpawering Hae epypRsssor- The

eXPOSSEhdifAldmbuF AN ALAALSe BYRLGBInE ARANSBARSA: in
f oufid 1 e Aerodr oneS  envi rORMERt ar e pol I'en,

| nseaist 1eRd foe spdpelishg thealr ogafengi ne oi l,

hydr ocarbons com ng fromindustrial activities, salt
com ng from nearby sea, chem cals comng from

SRSl oRR R et S Bk el BHAHBR Y & A Botibins
Pr efoeeapl Wafides éndorROoLatH soUS vHish eRrter€ 880 abl tedBne

and vanes ) _ o i )
compressor with the air stream. The majority of the foreign particles

will follow the gas path and exit the engine with the exhaust gases.

However, there are particles with properties of sticking on to

20 components in the compressor’s gas path. Stationary gas turbines

like gas turbines used in power generation can be equipped with filter
for filtering the air to the compressor. However, gas turbines installed
in aircrafts are not equipped with filters because it would create a

substantial fall in pressure and are thereby more exposed to air

25 contaminants. Typical contaminants found in the aerodrome

environment are pollen, insects, engine exhaust, leaking engine oil,
hydrocarbons coming from industrial activities, salt coming from
nearby sea, chemicals coming from aircraft de-icing and airport

ground material such as dust.

30



shoul d be polished and shiny. However, after a period

of operation a coating of forejgn particles builds
WQaposn7s4i s al so known as co essor foul i NngPCT/SE2004/000194

Conmpressor fouling results in a change in the 5

properties of the boundary l|layer air stream of the

conponents. The deposits result in an increase of the

conmponent surface roughness. As air flows over the

conponent surface the increase of surface roughness

r estrieferaibly gngihne kemprneritst siecchhosmeanpresgpsrblades and vanes

St 1SR PeliahFy e Pulie HEmERErdit et operation a
aer QN IANLE forefn PAetiBlcadsuilaahdy. mhigde@ltd&ivin as
streamforns a wake. The wake is a vortex type of

t urdsuhpnessonifotliag. fegapressarrfpatingoresuiies i a dhagwge in the

51 B GEREES o (o SRR Y St STirPR COAGE osyBoReRts. The
Wi tctle&ﬂ)ﬁtst Riciietn Beuntiaedsé dY ehe RRenp s £OIE LR IBess.

a reduced 15 mass flow through the engine. The reduced
masss hinoflows dviee tiestompootot suiréfdecdte wicreanpof sswface
fouling. Further, the thicker boundar l.ayer and th
ot TOMEAINGRES TR BribAFOTREP IS hUBHEHE [a¥cy, 4if Riream.
ed iflg df tRAUSRH GORPIRRS 0P sBIc8$S el H8bdtive effect
V\,higlgrhé ?ﬁf%%rnﬁﬁg?)gstﬁ?ts | n&%ﬁga ngianesoger a?llr ng a éve cHects
10r ecdare ¢He poassteaseor alcrodyAagnoe ROtlsk bldde trailingesdmet the air
of heat engi ne working cycles, under st ands

t hat .a )
r e RIERAMIOZ R RV la¢ Dhe dealrs 1S A VRTFGWaPS ﬂgmeﬁaﬁF with a

of fi oi ' . . .
o RS uRbact S SRUE oIl PREROLGAR BpRESTYIfer the
corgtirefager the uhimglenteencidrpweaksoTheombkagurbulerood together
reduces the nmass_fl ow and pr essu&g}i gain but also

r eduebstipsthicker bepnsiargrlayse Resdpeccrsaicae,of a reduced
Re dﬁ‘l%%g ffo%fl?&ﬁgﬁ tﬁ]cefériééiﬁgpi“he %aﬁ%eh%tasg %W t1?1 the most
conpressor requites nor € power for conpressing €

sangrafonudt eftdctaifrcompeedsedfoatingn Furtheny therésskeeboundary
ratio and _isentropic efficiency reduce the engj

gl ne o
t hrlgyer eashBig pErpneeravgdeabirbylsncg dpymgd athhe blade trailing
co SSO 1k S ¢ r.hi [.a.t s
OB B AP B4 e S SR iR
CONMRYseS&OIn teeAgive bpehatihgss o Fedisded pregiapuladiMnyone
For the air craft fpi l ot this neans he
20 skilled in the art of heat engine working cycles understands that a

1

N

reduced pressure ratio result in a lower thermodynamic efficiency of
the engine. The reduction in pressure gain is the second most
remarkable effect from compressor fouling. The compressor fouling
not only reduces the mass flow and pressure gain but also reduces

25 the compressor isentropic efficiency. Reduced compressor efficiency
means that the compressor requires more power for compressing the
same amount of air. The reduced mass flow, pressure ratio and
isentropic efficiency reduce the engine thrust capability. The power
for driving the compressor is taken from the turbine via the shaft.

30 With the turbine requiring more power to drive the compressor there

will be less thrust for propulsion. For the air craft pilot this means he
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nore power as to conpensate for, the | ost thrust.

wohowmstortsismg for rmore power means t he consunpt i 8ATsE£2004/000194
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fuel increases and thereby increasing operating

costs. 5 Conpressor fouling also has a negative effect
to the environnment. Wth the increase of fue
consunption follows an increase of enissions of green
house gas such as carbon dioxide. Typi cal

combust throtole forkgont pawieatasoip M@pemgm lf@l‘ the lost thrust.

f or n o carbon _di XI de. he I
per PP HE Qs 056 B ARSI § Gty 6F Flchidiggeases
th%rgi" By hcEading Gpaling dssiore fuel has to be
fir ror acquiring areqwredthrust foll ows an
i ncrease in the terrperature in the engine conbustor

hapber . When t ot. th ttI £t
E’ hZ:qrE%as@sqerﬂf@ el A neeive st B engigbinent.
W ogﬂ% \M‘%rbtrea% %ftfﬁgpééﬁé&&"rﬁ)tio% RSltow§anf ﬁfcrEéQéTbThe

e material can stand. Control
t hiesnissiges af green hoalslcegas sedte aisncapgiondioxpee f’BymaJ;lg

m)nltorln The er at neas red th a sepso

' cemebya g P tgeaeon LEhESTItndprimgsion SF3 ke
fH%‘f—%B@fdﬁ%&E t. This 20 is known as exhaust gas
enperature GT) and is carefully nonitored. Both

exposure time and tenperature are | ogged. Duri ng t he
lifetime of the engine the is fre

r eviRGURPS il Prt om@@%&eﬁﬁg}se 8P Ao 7lpo reduces
requi.r VL, a1t

Cerfieudisd Rty bETREBleRte 200 pat Riclifiy & bP SRR Rguiring
has sedqeigad itheust,ffetibwisoan frcreasel inotiretempivdturelia the

'o? ‘auming SORERBFT WG nillioh Cae BURISOFRLUES laFgake off on
ext ?1 r}g.hrg‘gi%/ MRedEat a?{lrég‘f asle r&%bugﬂﬁﬁvﬁ{amﬁgil is very high.

tenper I ven burner res
' n Fiile tO@RIBAIR isi 6T BRsfari ﬂi’toﬁﬂhe limit of what the materlal can

stand. Controlling this temperature is a key issue in engine
performance monitoring. The temperature is measured with a sensor

in the hot gas path section downstream of the combustor outlet. This

20 is known as exhaust gas temperature (EGT) and is carefully

25

monitored. Both exposure time and temperature are logged. During
the lifetime of the engine the EGT log is frequently reviewed. At a
certain point of the EGT record it is required that the engine will have

to be taken out of service for an overhaul.

High combustor temperature has a negative effect to the
environment. With the increase of combustor temperature follows an
increase of NOx formation. NOx formation depends to a large extent

on the design of the burner. However, any incremental temperature

30 to a given burner results in an incremental increase in NOx.
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fouling has significant negative effects to aero
wengswerser f or mance such as i nceased f uel CONBUMSE2M@WN00194

reduced engine life, increased em ssions of carbon

di oxi de and NOx. 5 Jet engi nes can have a nunber of

di fferent designs but the above- nentioned probl ens

arises in all of them Typical small engines are the

turbojet, turboshaft and turboprop engines. Q her

vaiHandes amfmptdme feuhngéfmﬁsgmﬁeanmegaﬁpc @i@@ts to aero

tur boj et anﬂ)é_t he boosted 1turbosh fft e tdhe d
| BRI RO ST SuGh s HETRRSSD e R Tt e oo
32%{1%&6 ‘1‘1@@” 1&%?65&6&”6%5&%&@%%%1@&&1&@ '&nQFNhOX

one, two or three shaft machines
wor ki ng prl nC| pl es of these engines will not be

S or ot GG RAGHTEYR BITIRGET £3 e Lo SRBR e bove-
SURSON}iGHYg! r%l‘gbb?éﬁ% atifed'RP a}lnﬁfﬁfe‘i’l’i e’[if £1¢84 sen ¥l @ﬁglrhes are

usé as eng or conmer ci al passenger- aircrafts
t urtheftalrﬁbojmg tnebesinglt asestudboprbarersgidea. Other gagiamés of

The fan is _driven by the power fromthe cor%
Théh§§¢ ENgHATHATE §hy t‘@’é’sCQIGPB‘??'%)re éet afad; Bﬁggoosﬁfﬁﬂ
enginBBERas Sl Koldh é@ﬁﬁé?%rzea*%éétgﬁéé?n@%?e Fie mild flow

10 e NGuRBofiTRhesE N unnlikedf fasw conbokirs wifichimthotamt bdi designed
with rotor blades and alternativel %ﬁ et of .stafor
vg?r

vam@sommkm osdiree shRé mRckinesy T TRERIRCHPHEs of these
fan. .A disgusse an is subject to fouling

by SHEBEP LR RS gn%f;%)éﬁbe %Ige resi due from bird

i mpact, etc. The fan fouling nay be renmoved 25 by

washi ng using cold or hot water only. This cleanin

wasHin gurpefeseseging 1561@%1%@11 @%agwldmg)@rl%hﬁhru S for
15g; \?ﬁq?qtarq?gﬂpefaoﬁgrqgt% r1t1g Qfefoocrﬁe??%a@ ?I?é%&”&%sf?ﬁlnd a wide

on'pr essor 1s conpr esses

the & hsledidihed foX s erdial pesSsengd® atdtaltsd) erhe turbofan
conpression work follows a tenperature rise,

t erqpegineaempiises of aafam gadm é@lsm ﬁ@gmﬂltﬂsé%r 1~°nr§§i1Vl§€ by the
as hlvger ?romv\%qéoc%?'/e %7n7g?r51é ’?h <§ %%%%’é 99 ng%”s turbine engine

designed such that power for driving the fan is taken from a core
20 engine shaft. The fan is installed upstream of the engine compressor.
The fan consists of one rotor disc with rotor blades and alternatively
a set of stator vanes downstream if the rotor. Prime air enters the fan.
A discussed above, the fan is subject to fouling by insects, pollen as
well as residue from bird impact, etc. The fan fouling may be removed
25 by washing using cold or hot water only. This cleaning washing

process is relatively easy to perform.

Downstream of the fan is the core engine compressor. Significant for
the compressor is that it compresses the air to high pressure ratios.
30 With the compression work follows a temperature rise. The

temperature rise in a high pressure compressor may be as high as



500 degree Celsius. W find that the conpressor is

subject to different kind of fouling conpared to the
wobaoms/oThss4 hi gh tenperature resalts in parti cl B6T/SB2094/000194

easily being "baked" to the surface and will be nore

difficult to renove. Analyses show that fouling found

in core 5 engine conpressors are typically

hydr ocar bons, residues fromanti- icing fluids, salt

etc. This fouling is nore difficult to renove. It may

at 508odegtden@elsduacBMenfindshed thy coaspresponiisswykdt tr

B e e SRR U Yl
t e&@@aﬁg g D108 e ey adiRPBEin e gt ﬂa)euyee@g%faclerand will

princip aero engl ne washing can be practise by
t albengroze ghffitart ho e, Fpradysesyshawethdtromlitgefound in core
engine inlet. This net ho,dﬁﬂa however a |im.ted .
5 S UGBENRS GAEIRISSERES ST T BIcAL AT CopT PRES pFotEges figm anti-
al ti&ﬁ'lgﬁhi’cﬁb@cégbg&.' i@foﬂﬁﬁ% i8GhuPO UMgiciietd Pemove. It may at
sor bl ades a

conpr nd vanes th a brush and |iquid.
Tlh is@nmatilm?l be{}mscdmpiishddsh}cweshimg with d¢oéd ondtotematdreonly.
cl eaning of t interior . p|lades of the conpressor.
Voidsedhe e p CFP%C%@n‘é’{}ﬂlﬁ&‘? terhs PRAGISEo,
6,394,108 to Butler discloses a thin flexible hose
which one end is inserted fromthe conpressor inlet

10t oveh@snbée of elareagwr washitg fhimgbes weere béen developed

conpressor blades, At the inserted. end of the hose )
t hehiring thenwaspeln PRINGIBY: 3650 SNENG Washing ap E’thf@fcﬁsed

th S [ I i quid is: hei [

oty SRR Borge obe ¥ srafirhPrate B e heinE et

di gHigsasthevheashowegvesadiuniegl sudveds diowey ¢he sifmple nature
washi ng efficiency is limted t.he conpressor roto

b
Rgtofﬁbgr@rogssabﬂa @l@ewrataween@@hﬁﬁgsmghaﬁ&. squézbmgttiie
. 4,059 12 i i ]
15t st st b Oe BB Bom ek REUSSRRIRBI Gl mi¥'metnod

di SedPEMikIVstideess aant deeprriastable ceaoy oBttedinterior
U.S. Pat. No. 4,834,912 to Hodgens |I] et al.

di sdhdseofdhelwanpressosnplacoven if é tinepeneaming. U.S. Pat.
pattis OB PRt BRulr fle®Birb & M IPEBIC Rpsg dfhich gre end
a fikghkeftedefrond tie¢ @binsrrgkbeinietiovmveds the compressor outlet
information is provided about the washing process,
20U. Sn between the compressor blades. At the inserted end of the hose
there is a nozzle. The hose is slowly retracted out of the compressor
while liquid is being pumped into the hose and sprayed through the
nozzle. The patent discloses how washing is accomplished. However
the washing efficiency is limited by the compressor rotor not being
25  able to rotate during washing. U.S. Pat. No. 4,059,123 to Bartos
discloses a mobile cart for turbine washing. However, the patent does
not disclose how the cleaning process is accomplished. U.S. Pat. No.
4,834,912 to Hodgens 1I et al. discloses a cleaning composition for
chemically dislodging deposits of a gas turbine engine. The patent

30 illustrates the injection of the liquid into a fighter jet aircraft engine.

However, no information is provided about the washing process. U.S.



WO 2005/ 077554 6 PCT/ SE2004/ 000194 Pat 5, 868,860 to

Aspl und di scl oses the use of a manifold for aero
wengisnessswi th i nl et gui de vanes and anot her NaRCTGEZ04/000194

for engines wthout inlet guide vanes. Further the

pat ent di scloses the use of high liquid pressure as

means of providing a high liquid velocity, 5 which

wi | | enhance the cleaning efficiency. However, the

pat ent does not address the specific issues related

t 0 Pl B,B68,200 toassplmadodlisclagasdafhwnuae ob aemgimifsdd fohaero

arran t. .d ib h i naf ith f. .
7| GREIngS Wi faletiRROs JEaa L Bne b RO g Bines
thigsf b6t %Ieﬁﬁﬁﬁgé% RS! FRRtht! W 9&1@@&&%&&“@{@; use of

turbojet engiime 1s shown in Fig. 1 rows show
magsgh Iliqzmidr}?ms;gnre lzes mreginsenf HEyidimgla hdghliduidavadacidly,
a rotor sha 17 which at.its_front d. is connecte
S5 coeneudbenbangad e enning SN - PN R EIPAIGAt does
fr g '
t o Tt kRS BRI Iodten FARGERPIONnG 22 FARAR of
Theurbofser assoengasesan inlet 18 and an outlet 19. Fuel
is burnt in a conbustor 13 where the hot exhaust
gases drives turbine 14. A washing device consist of a
ma 0 [,Ch: s i
comtiscrEist it bR thed Nt O re B IR Pty P
10t O fartiaURigarded @3 chidstod Khdwledpe dnehéd dietdnAesbes section
to coupling 103 while the other end is connected to a

purpeyrafta singlashatkrurknigt enging is skawnhig Figoh ferRws show

104, and i s & her, ld i [ ht . i t
ol duf g R et htel e RS LSt Ry Foror
25 gz he whioher etd froat @idzRscamngedtetdns cangiedgol 82 and at
The orifice_ geonetry of nozzle 15 defines the spray
shdpereatend @ tyrhing ¥brln renkpf $he sesnBIRSS0Esl 2 1s a'cone 104
circul ar [ liptical OF re n r ~dependi [

15ge ALgANEEY &O egpjﬁp , 315ﬁ8Wr gﬁ}aea(?é%egrl g& I%arggﬂapcgﬁa?g}ﬁ' E;Itrﬁe
di dorhpridsen 10ds afriontel 8 Lhnaadeézed. Buel ebspham a
havi ng t he shaped of a cone. An 30 elliptical spray is
characbuestareti3 yhersethst hphexbpuispgaseadrivassturbiged 4.
than the other. A rectangular spray is sonewhat
simlar to the

A washing device consist of a manifold 102 in form of a tube which in

20 one end is connected to a nozzle 15 and the other end connected to a
coupling 103. Hose 101 is at one end connected to coupling 103
while the other end is connected to a pump (not shown). Manifold
102 is resting upon cone 104 and is thereby held in a firm position
during the cleaning procedure. The pump pumps a washing liquid to

25 nozzle 15 where it atomizes and forms a spray 16. The orifice
geometry of nozzle 15 defines the spray shape. The spray can form
many shapes such as circular, elliptical or rectangular depending on
its design. For example, a circular spray has a circular distribution of
droplets characterized by the spray having the shaped of a cone. An

30 elliptical spray is characterised by one of the ellipses axis is longer

than the other. A rectangular spray is somewhat similar to the
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but with corners according to the definition of a
woecetsangise. A square spray i s sonewhat sim | ar PCO/SER®4/000194

circular spray in that the two geonetry axes are of

equal length but the square shaped spray has corners

according to the definition of a square. 5 Liquid is

atom zed prior to entering the conpressor for enhanced

penetration into the conpressor. Once inside the

corpipdsal spiay bdt wpitlecersery aeeorging tgdbepdafinition of a

conponents such as rotor. bl ades, and. at.or,.vanes. . The .

 RPRGaHRR: RGRUSTE THEY) S SR HRL SRy iy puler Spray in

surhag %h@r’c%oegé(g}?%tﬁhéi@s 8fe 8f bhaHi ridthnbud B§e square shaped

[

deposi ted par es’on the gas path conponents are
r elsparag chdy comdrarcairdangl te heeidefinitiantofaf sghere.
liquid. Liquid penetration into the conpressor is
Sfurther enhanced by allowi ng the rotor shaft to

rotaL&i i LGRS HAGr tghfirﬁefi%§ ARNEoRHrEeLdd érﬁ%ﬂced

engi ne' s starter nbtor turn thé& rotor ereby air
i s phrietentidhintgbht kenemgisser. c@ncgiingidenthd cquiptessonthe

the conpressor. inlet towards the oytlet. The cl eani
of [EOPIFS GAIRER IR AR FYMRINETHEIITOAS GPteBlades and

; iolts%ét i \é#?%s}"ﬁ{% !gﬁg)lij%%eﬁqgﬁt l%'f%ﬁ@ﬁl%‘b?%%%sﬁl@ ﬁf‘{ggtting

ect to notion rces suc
10centurificahdfestabishihyg bfig lipsidi filgn. Phe Wegdositedsparticles on
about the cleaning of the conpressor wil] alsg have .
ef ftBstgampatle gﬁm@oreqnﬁsr%revw%?%sfgigytraﬁﬁ%@f@ﬁ gitib Chagical
t he, gl [ 14 quid: [ Pelalel
t nefofiahe Sapich Jdi PR B0 IR GHMRRPSSN i Rfither
t heergouddtst boralvamigetheanstof whisfieto roradaghu2bgteshing. This is

turbine section and thereby cleaning the vgéal e enggne. .
Howtare bytlRttingdha sagiae fcttasier P kHt turer the fefasoragreby air

tur.bi ne_engj J . . Fi
15 0oRbEv e RS e BrTP Faripk WS 13ud A} g compressor
t uriptd e ve@isgte saYlcbavie slgtiihioadfddt s dutflereniih&fced by
properties regarding, for exanple, the stickiness, it _, .
wi |thereafatioa of the rotor as the wetting of the blades creates a liquid
film which will be subject to motion forces such as centrifugal forces
during washing.
20
What is said about the cleaning of the compressor will also have
effect on cleaning of the whole gas turbine engine. As the cleaning
liquid enters the engine compressor and the rotor is rotating the

washing fluid will enter the combustion chamber and further through

25 the turbine section and thereby cleaning the whole engine.

However, this method is not efficient for a turbofan turbine engine for
a number of reasons. Firstly, because the fouling of different
components of a turbofan engines may have significantly different

30 properties regarding, for example, the stickiness, it will require

different methods for the removal as discussed above. Secondly, since
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woOheosfoarssand its cone for spli t 8 ng the airfl ORCTSE2004/000194
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15

20

25

rotating, the cone cannot be used for holding the
mani fol d. Possible, the manifold can be nounted on a
stand or a frane placed upstreamof the fan but this
arrangenent woul d not provide an efficient cleaning of
the engine 5 since the main part of the cleaning

| i tloé darreardhitedcdnofon splifisy e aisflony é rofsting the ¢ore

i i d he bl.ades of . f 1.
hGentobPoTaed o Dothiberther mandfoytaBos TG flaritdd can
t 0pRr AV Hfed e Gandnék a frddcEiabed UpstreSADYT fige te but

different types of fouling found on the fan and in .

t hehisoarraergginnen cwople ssdrprovide aboiffigienigilpaningiof the engine
t hereb reduce the ative.effects of th ulin

of SURRS Uh% FRITOPeg s tier o1 e HELd sdpetided s g nosates
f U%Poﬁlanﬁﬂgmge%t thEIHEBENeAEERT theiBladek HtBASae.

em ssions of carbon dioxide and NOx. 15 It is further

an object of the present invention to provide an

apparatus and a pethod that are able to clean the fan

an@URE; @l tReVENtOD L essor in one washi ng

opeiald olly o%ﬁ)eicﬁnﬁst%eaﬁ%s L ehvORIBATS tBIrA%dd 8VE&rice and a
accordi’ng to e present invention by providing a
metrheth @ forarerappargthes diffarieng tyhes of éatling Jodafli oredhe fan

in the independent clains. Preferred enbodi nents e

o BTG G IORae GOEEnE ERITICSP e Of 58t R by s dbEreby
of rity, "\ i i LBEs O, X b @i

o PEAFich e APBAR Beciond e 1086} LRt b dbine

cederébimeancé suleh anghaeasaddual donsummion) rethiddreengine
centreline of the engine

trel respectively. he cont ext
of lifneinsiregsed enpipsinnonl carkon 911%13%{51;@@% angl e"
30 relates to an angle tangential viewed fromthe
centreline of the engine. WD 2005/077554 9
PCT{ SE206#c0Q31 8Bject of the present invention to provide an

apparatus and a method that are able to clean the fan and the core

engine compressor in one washing operation.

These and other objects are achieved according to the present
invention by providing a method and an apparatus having the
features defined in the independent claims. Preferred embodiments

are defined in the dependent claims.
For the purposes of clarity, the terms “radial direction” and “axial
direction” refer to a direction radially from the centreline of the engine

and a direction along the centreline of the engine, respectively.

In the context of the present invention, the term “tangential angle”

30 relates to an angle tangential viewed from the centreline of the

engine.
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According to a first aspect of the present invention,
there is provided a device for, cleaning a gas turbine
engisne7sswhi ch engi ne i ncl udes & least one eRQT/SE2004/000194
shaft, a rotatably arranged fan conprising a plurality

5 of fan bl ades nounted on a hub and extendi ng
substantially in a radial direction, each having a
pressure side and a suction side, and a core engine

i ncluding a conpressor unit and turbines for driving

the conpressor unit and the fan, conprising a

P Betariiing b A0 Hynslh of B et et flttidh 8 brovided
engj A8vidRfot CEAARi s frafbinEhen g, ehiRBCon SindtincBudes at

Bl 4 B8
the first aspect gf ?he present invention conprises a ‘
f i leastnoze leegane ahgély aatotatablyranrapgetifaoncompaising agplurality
centre l.ine of the engine,sych that the cleanin .
[ GUiendHaASE FBORPERR PReA U AoioStendingsstapfialy in a
suf Ba?aﬂSdireéti&ﬁ,eegéﬁmiﬁgaslsﬁégshﬁkIé{d@ B8 RIGRMIERle, and.
side; a second nozzle 15 arranged at a second position
r elaatoneeehgmecertiuding aecomfiptdssoenyiitand tetbinkatior dgiving
cleaning liquid emanat fromthe second nozzl
P A PHE S BRIt HelF AR TS B BRIl gipzzles
th j jde:: . an | e of I ; e
et SO e B (il HEURPEs (R PR Th & air inlet
suaif theadngihe wp-eardang dfi thpei fne Moreadevict ramwot img to thie first
20 nozzl e passes substantially between the bl aijes and

enEBPECh AT TRF GTeSFNT PHERATS CORPHESS ALY A1a7gq srignged at a
SGARY BRARGH RlariPa REAIAMnE WL QkinkMRidh tat the

pr ovi a nmethod for cleaning a gas turbine engine,
whidibaeig Hquid bniadtedefsont thefisst noezlengipiagshahe, swrfaces
rotatably arran ity of

ed fan_conprjsing a plural an
bl aﬁébenlal@id@éostg?ﬁtanﬁ@@ym thg RURAPHES S&i}éﬁ aerqnd ppzzle
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a core engine I nc

COMRi@s 8Rat Hi tleditdngtliquidraaahated frothrfet deeond nozzle
conpressor unit and the fa conprising.the 30 step

pr €. n . of .
at dmpinggsdheasirigess gl tlae Phaderesupstantialinonnthisyrtion side;
inlet. of . .the enqi - St . / .
"L 8 L DRt GLA Ly gy e e tine
PCTY1SE208449R0:3¢h that the cleaning liquid emanated from the third
nozzle passes substantially between the blades and enters an inlet of

the core engine.

According to a second aspect of the present invention, there is
provided a method for cleaning a gas turbine engine, which engine
includes at least one engine shaft, a rotatably arranged fan
comprising a plurality of fan blades mounted on a hub and extending
substantially in a radial direction, each having a pressure side and a
suction side, and a core engine including a compressor unit and
turbines for driving the compressor unit and the fan, comprising the
step of atomizing cleaning liquid in the air stream in an air inlet of

the engine up-stream of the fan by means of a plurality of nozzles,
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The net hod according to the second aspect of the
present invention further conErlses the steps of:

a froma firscTSEZOE00194
substantially on the pressure side; applying cleaning
l'iquid emanated froma second nozzle substantially on
the 5 suction side; and directing cleaning |liquid
emanated froma third nozzle such that the cleaning
liquid passes substantially between the blades and
enfl‘drmrrm’ahodl anicopflingiéo toe scepdrasperhed theirresens smyention

ion i s based,on the

B b pPRES the RS off 2hPing Bitakdie Hiuid smpnated
ther SR BRshA¥EzleHibfaaMallR GPEhE 'pﬁ%s@tﬁﬁe shey; ﬁ%?mg

require different approaches for the cl eanlng

exabgmng liguideianatod from @@ceondmZ@bﬁseubssammlly on the
different | oper red. to..the foulin

bl SHELI0F S afrer PR g it pSanate bl & third

L enpeLRL $6én Qﬁaft Qﬁec‘cﬁ%gﬁﬁ’%ﬁtd EQ@séésﬁbgfhntlally between the

tenperature results In ' es" nore easily beihg

" bdkadés bnd tetersarf au:let afidheicble bagme.e di fficult to
renove. Anal yses show that fouling found in core
engi ne conpressors are typically hydrocarbons,

r e e Ser ?{]@esr%gtiihjv@ﬁﬂgn 15352?5% lthe8hSightiisit the

fouling is ore nore t to renove than
t herbputiieg obthe Ifeuhhgdﬁailﬂ’éretmeccﬁm@onzﬁtg if theanginerhave
prOV|des several advant es over the |st|n

S oldiFEsRE Pramtissh A ABErelerq Fequiral %@pmaqh?@ for the
PaiParting. D% EUAMRLBhETH Bk s éq%uéax%gc@ €888 has

ain properties o

ard1ffeﬂﬁﬁ0pfbrﬂﬂ*t1}es d¢dmpatahve the ddulihg af thieeblewtes of the fan,
conponents of 25 the fan_and the core fe?g%éne can be
i ndpy rdamply, dygdocde mgherdgmperatuge e gompressers. The

anannown ]ﬁ%ﬂaﬁgrg lrggﬁftg QnS{arttf?:‘fe§ﬂ'%f% %%a 1:9aked” to the

t he I'T'Tze an un|

pr aeg$sce antlewiibipe raosé diffienltor savnede cAﬁaigrm sthnowrthat
known met hods  because the consunption of fuel can be
r edowliag QUNACTP 0057 ORZEBEACAMPPETIEAS4PIIeadn hydrocarbons,

residues from anti-icing fluids, salt etc. This fouling is therefore more

difficult to remove than the fouling of the blades of the fan.

This solution provides several advantages over the existing solutions.
One advantage is that the cleaning of the parts of the engine
subjected for fouling is adapted to the certain properties of the fouling
of each part. Accordingly, the cleaning of the different components of
the fan and the core engine can be individually adapted. This entails
a more efficient and time-saving cleaning of the engine compared to
the known methods, which utilize an uniform cleaning process.
Thereby, costs can be saved compared to the known methods

because the consumption of fuel can be reduced.



Anot her advantage is that both the suction side as
well as the pressure side of the blades of the fan
woamshersseached by the cleaningllliquid. Ther ebgT/sEb®4/000194
cleaning of the fan is nore conplete and efficient
conpared to the known nethods as they do not allow
cleaning of the 5 pressure side. A further advantage
is that the cleaning device according to the present
i nvention can be used a variety of different types of
t urAnother enbyiamtage s thdi bgth dhbesUdivmagla as alkas the
engi ne havi ng ope, 10, t,hree, or .nore shafts,  an .
 RaReevre At Shitie blRdes CoIHE F5 o8BIT% Fraicd iy the Cleaning
i F . ti . L _ . o
Ay TP IR0 S Khe Tah JSUHER: EOfipiere MAL offcient
moroenephial enthé dkuldwy metimds asnhey Ide noaalloweclédning of the
conbustor tenperature can be lowered. This has also a
St aRIGPEBI@S1%tf ect on the environnent due to a
decrease of NOx formation. According preferred
enbodi nents of the present invention, the first
nozx fferthed ddvargagens that the ciremiagrdavies asootdialg tohihe

cleaning l[iquid 20 enanating fromthe first nozzle and .
t hePTEEEBhINYIMIPR CafleRp dSEr R VRTicty 6 ﬁlﬂﬁer&&téymﬁiqf ffurbine

at | 1pi i-nst lade . - WM ,

2l SHPLRY T ARRAR (LB AT llipk e Ehng i owo.
l0extiampeé oor fioretdteafbd caled infwhivh flenfarsubst rd taheé Yor splitting

equal to the length of a | eading edge of the bl ade.

ThéheRirflewdsgotating | | provide liquid to the bl ade 25

onits entire length fromtip to hub and the

efficiency of the cleaning or washing of the pressure

Si ggn awdlitibaabHEVhAtags Bethategeedtitaisiliyy offthetdiggine can be
bl ades of the fan are increased. Accordi nIg to,
enjogreasads sisice: d angrectidicicninipplingoremevel entails Hptrthe

30 is arranged t t he, ¢l ' | QU td

1520 e REPACRnBRck itk A 50008 MR ST Bl Pdurabic
| Nl Gtoct s tide Wheirdnméanduanoaxidecia 20BN 0K/ firfndizon.
PCT/ SE2004/ 000194 substantially parallel with the

radi al extension of the blades of the fan,
ggr’@(tftflog{dlilgé lé%Fﬁeg'ggcll e‘fnob(gé}%lecjﬁtsét SN B%s\%etrintvgﬁtion, the first
nozzle and the second nozzle are arranged so that the cleaning liquid
20 emanating from the first nozzle and the second nozzle, respectively,
form a spray which, at impinge against a blade of the fan, has a
width, along an axis substantially parallel with the radial extension of
the blades of the fan, substantially equal to the length of a leading
edge of the blade. Thereby, the spray will provide liquid to the blade
25 on its entire length from tip to hub and the efficiency of the cleaning

or washing of the pressure side and the suction side, respectively, of

the blades of the fan are increased.

According to embodiments of the present invention, the third nozzle
30 is arranged so that the cleaning liquid emanating from the third

nozzle forms a spray which, at the inlet, has a width, along an axis



poi nt on the hub. 5 Further objects and advant ages of
the present invention wl|l ?lscussed bel ow by
worensy 74 exenpl i fyi ng enbodlneﬁ Bri ef descPCPSEZI04/000194
of the drawi ngs Preferred enbodi nents of the invention
will now be described in 10 greater detail wth
reference to the acconpanyi ng drawi ngs, in which Fig.
1 shows the cross section of an aero gas turbine
engi ne. Fig.2 shows the cross section of a turbo-fan

g a§uhﬁtanﬁ@llmgawélel wih thy radidlowrienpion pbske Hdadewnf the

gfnﬁ% B ﬁk}%{st%?ﬁ?ﬁas i uiﬁ{) :%glﬁec\%g mgg%‘%ézg}f 1RE ?sg%t{e% and the

cl %ﬁj’ihﬂg,nofhé hepengi ne fan and one nozzle for cl eani ng
thé core engine. 20 Fig.4 shows details of the
installation of nozzles. Fig.5 shows the nozzle

s duirtogr Pieas® i g et of e RleShrtaRweR LRy VAR be
cl eaaingsed pehsy iRNmRhadeof é&é@ﬁpﬁfylﬁg%@nbgdﬁngntssm\/\ﬁ

the nozzle installation for cleaning of the core
engi ne. 30 Description of preferred enbodi mrents WO

/017Z1554 13 PCI. E2(904/ 000194 Wth reference now
tog—%mm turbofan aero engine

w |F|’rel?@rrg8§¢ﬁf1b98ﬁneﬁfhe of ‘E‘He %j?@éﬂtlélﬂ %ﬂ%@o&%@&%@&@d in

engine is one of several possib desi gns of
10t urdretiter éegiihwitlirteferémeta o ax:sompanymgdmdvmgst rewhich

enbodi nent of this description and its figures as it 5

is evident that the invention can be applied to other

varg; gf”f $hBlvs tHY BIRNs u&gﬂiﬁg B GBS @ﬁeté}%qiﬂie?(ed

t urb&fan engi ne or n engi nes w th one, ree
or nore shafts. Characterlstlc for the t ur bof an
engblﬂne on whi ch the inventio % able for, practi.ce
i s Fignashems thscass $elianA aft&ﬂr St aintg"i‘%u’fl'l’ﬁ]@e cengine.

1sairflowis rotating. 10

Fig.3 shows the cross section of a turbo-fan gas turbine engine and
the preferred embodiment of the invention with two nozzles for

cleaning of the engine fan and one nozzle for cleaning the core engine.
20 Fig.4 shows details of the installation of nozzles.

Fig.5 shows the nozzle installation for cleaning of the fan blade

pressure side.

25 Fig.6. shows the nozzle installation for cleaning of the fan blade

suction side.

Fig.7. shows the nozzle installation for cleaning of the core engine.

30 Description of preferred embodiments




Engine 2 in Fig.2 conprises of a fan unit 202 and a
core engine unit 203. The engine is built around a

woabwro7ssaft 24 which at its froht end is conmec/Sezhot000194
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a fan 25 and at the rear end turbine 26. Turbine 26

drives fan 25. A second shaft 29 is in formof a

poaxi al to first shaft 15 24. Shaft 29 is connected at

its front end to conpressor 27 and rear end to

turbine 28. Turbine 28 drives conpressor 27. Arrows
sh@vithhefemircef how tohFigugh at tveo shgiftnennBaet tluaholar aiero

202 and cq engi ne_ uni 03 proyi des.thrust, for ..

o opa iglidhe derenard: The T e 2 iReet) tiphenyppgine is

. : Slerd 1 L1604 e rbdf2e EA T8 ion i
|s§gl%|(]\)/en t?§ *gﬁg%?é%ge&glorti on gf t he igilﬁeet Tg?lis invetftion is
_eX:ricﬂ: lahitedt iethe 2inbolimeransdi thiimglegoripitiom ahdtihe figures as it
inlet air enters into the core engine, at jnlet 23.

Thés avideny that s BVERGIORCAR heraP Rer s ather vpgiatits of

co - T . &5 g E%Ha ot ueal

( ngﬁ Egﬁ%\%{mfaélsne ggs%gl%ust eggitﬁlecn(} us%lch;lre(SC)Zf\(%lil1 éhélﬁ% or

r esurbbfath enghiedswith are, thate aromiows tshadtsgy dSlesractbestic for

pressuri zed hot conbustjon gases expands towards core. .
enghadusbofan epginerpe ‘@Rkﬁhgl?% HEn iR 1 éwkaﬁﬁg@f pgctice 1s

ga [ e . : '

donpasfisihand ittt 38t the BRICR Afolithe, ¢
while driving turbine 28. In a 30 second stage the hot
conbusti on gases expands towards anbient pressure )
whiBrgige 2 indigd spmeriss gl fap s 2 ¥hagdse §oBs FRgine unit

th 005/ 077554 P 2 i .
(e 80 A0S IS4y T SPO0HLAD00 20808 it ontend

fr Q@ coRidcttd 28 4 REGeDBeindval Rhaireat reid tuutbiat 28, Turbine 26
toget her make up the engine thrust. 5 Fig.3 shows, a

cr shivesefan 8. df seeand wbagha? ds imdpradh 4 cpakiad tadist shaft
engi o SEm. | i
oo SRk hnRELIs B BRI SHL 8p ey o7 apa rear

whesf theutbirestgaradbifd D8idI s capPrséer 27 harraes show the
gas turbine engi nes designs such as the m xed

t urdioffaw ehypwagh dhe tomgiod dRoth dananifi202 anpd camgreRipe unit
1503 hp%];%lsdes tth*ust for propelling an aircraft.

Engine 2 has an inlet 20 where inlet air enters the engine. The inlet
air flow is driven by fan 25. One portion of the inlet air exits at outlet
21. The remaining portion of the inlet air enters into the core engine
at inlet 23. The air to the core engine is then compressed by
compressor 27. The compressed air together with fuel (not shown) is
combusted in combustor 201 resulting in pressurized hot
combustion gases. The pressurized hot combustion gases expands
towards core engine outlet 22. The expansion of the hot combustion
gases is done in two stages. In a first stage the combustion gases

expands to an intermediate pressure while driving turbine 28. In a

30 second stage the hot combustion gases expands towards ambient

pressure while driving turbine 26. The combustion gases exits the



Tur boj et engine fans are designed with set of Dbl ades

installed on the fan hub and Einting outward in
woasispatdsy radi al direction. Ea bl ade has aPPT/SE104/800194

side and a suction side defined by the direction of

rotation of the fan. A conpressor washi ng device

consi st of three 15 nozzles types for spraying a

cleaning fluid each one with a dedi cated purpose. One

nozzl e type serves the purpose of providing a cleaning

f | eingihertdwdet 29 atiagpredecite pspuisling thigst.ahhe gas from

oA S e o e LR PGl bl L
fan, YRt tApgkher nozzle type serves the purpose of 20

providing a cleaning fluid for cleaning the core
engi ne. The nozzles are positioned upstream of fan

25. The nozzl es have different spr characteristics

S andigi APAVEHEPEY B8ction ALERETY et iR B G HF hefeh aero
fa fSt tl Wi VAN

RARE AT pRAAY RO BI OF MR hubers
anchs3Pig.2NPig.Bes &1 eanchid6 carly wherretheillusteatsd pfincipals
mani fold 37. The other end of manifold 37 is

CORRRIY @ CHEATPI SRS LHRINS FARYCHAFSIRNSSHEh @Afgthe mixed
Co%?%%)gagq Eeglggné‘ %E %Q?ﬁfaﬁgﬁ%@me)smgtﬁgoﬁ et more (fhafts.

connec cl'eaning |1 qui
10i n conduit 37 may consist of 30 water or water with

chorl s e Lo 02 Lo g T P SO, o
00 7 . T

i RO ke L R Bl

Li apliadeertad angrdsberacidd andt ®suzewnasidef defirwed bypih@ydirection

32 and 36 respectively. Sprays 32 and 36 are di r_ectogd
t ovelrgdatign ofthesfarhd CpaRTE Spek santang fleyasrigppsisy of three

in the.range 35 - par.. ' ' r.es : :

15 O ER MFer vBRYETE R laPhig DAY cREESPHE PR fgicated
vel @gipdsd. O rid2gld %Iweséiﬁeé&ﬁerﬁu@osﬁhﬁf pioytidithg a cleaning
vel oci t%/m‘gi ves the droplets sufficient inertia to

al | fwid fes deaping the pressiyes sids afifdier fn. Anefheriype nozzle
s Sorver et A imidhe St Redh Rl & JErfd fhe
of $h&idARidé BEtBEYan. Yet another nozzle type serves the purpose of
20 providing a cleaning fluid for cleaning the core engine. The nozzles
are positioned upstream of fan 25. The nozzles have different spray

characteristics and liquid capacities.

A washing device for washing fan 25 consist of a stiff manifold 37 in
25 form of a conduit which in one end is connected to nozzles 31 and 35.

Nozzles 31 and 35 are firmed by the stiff manifold 37. The other end

of manifold 37 is connected to coupling (not shown) which is further

connected to a hose (not shown) which is further connected to a

pump (not shown). The cleaning liquid in conduit 37 may consist of
30 water or water with chemicals. The liquids temperature may be as

provided from the liquid source or may be heated in a heater (not



enabl i ng washing of either the pressure side of the
fan or the suction side of the fan as further
wdeswsririssd bel ow. The droplets &dl1ide with tReTAEIN04/000194
and will wet the fan surface. Contam nants will be
rel eased by chem cal act of the chem cals or the
water. During the cleaning 15 process fan 25 is
allowed to rotate by the help of the engine starter
notor or by other neans. The rotation serves several
purshoses. THer stimp phenpsttheivashiaguiquidit@noazie 31 amd 35.

{ OUSHOE! ERER I THEZE A es AR Gy Aot meseg2 nd 36
Co'rlfeéé%:%é\}gl %@!r%%/fs D & 1h8 dears ahfee@@d tdwir@8¢5n 25,

col I mproves the cl eani ng
efficiency. Second, the rotation of the fan enables

wetting of the entlrefa are .by use of o 0
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ShQﬁdT;uQi frelociyi 1@ ifor tive tdwegd 50-b8ada/ su’if‘had&luﬁomlbmty gives
the fan 25 rotation enhances the r reI eas (Ia
corthardrmw saificiemt nartigato @%@Wetglevsxqup Igtretp tigyvel to the fan
t oI HORbAE dBraRPNE SU0lORE, ufd ARRNERICRRILCR

r'e én | e consi st of

10“@1@1@1&&1@&1}# Ridhgritein &he eotitidn Wblddityl of t}ttefa'ﬂ,cthe%eby
connected to 30 nozzles 33. Nozzle 33 is firned by

st ifahtig teisthing of Piihast ther Prassure Sidepf the dager féle Suction
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( NGheSeMRLdWHICH et $hE Uah hRirfae Esh etnirtartts Willipe (tetdased by
shown). The cleaning liquid in conduit_ 38 may_ consi st

of cheanimal @ct wdtthe qmlqai%mrcthﬁswatﬁafelqmaugdbe cleaning

erature be..as _.provid r.om r
Sor ey obs redLie RHOR AR by SRR R! B En B Sthrter
p UNpStér YD dtdhelr Mhfst ThBAsEABoRJertbdldbderad @dﬂf@@es First,
the nozzle atom zes and fornms a spray 34. Spra

d| rtdet edativowersadt imasir fivwe threjagh tbﬁé@@u@l@haﬂcmg the travel
o dasHeeS PR iEatds EhETan TRe siafow Bl Re s the
L o?cldggéﬁfﬁggb%tg% thé Gh GMBA QS A hidlser Bollikeori ¥BLRIty
20 improves the cleaning efficiency. Second, the rotation of the fan
enables wetting of the entire fan area by use of only one nozzle as the
spray coverage extends from the fan hub to the fan tip. Third, the fan
rotation enhances the removal of released contaminants as the air
flow will shear off liquid from the fan blade surface. Fourth, the fan
25 rotation enhances the removal of released contaminants as

centrifugal forces will shear off liquid from the fan blade surface.

A washing device for washing the core engine consist of a stiff
manifold 38 in form of a conduit which in one end is connected to
30 nozzles 33. Nozzle 33 is firmed by the stiff manifold 38. The other end

of manifold 38 is connected to coupling (not shown) which is further



10 liquid velocity gives the droplets sufficient

inertia to allow the droplets to travel fromthe
woaawsle7sskp t hrough the fan (inl%etmeen t he bl adesk2(06/000194

inlet 23. Arriving at inlet 23, the liquid enters the

conpressor. Inside the conpressor the droplets collide

W th conpressor 15 conponents such as bl ades and

vanes. Contaminants will be released by chem cal act

of the chemcals or the water. During the cleaning

pr oorAscioir adsase Ribti shawhpowldch és fartiies donrdueddbm

of the engin starter .notor or by.other, neans. The .
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conpressor_rotation enhances the renoval of regl e.aselql1
corPéhbarrtRisdkighepresugaicsplisdasa high lpud,vepeity through

liguid fr .he _c . L0t r
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10 SPliy1ig Redsoity giveshteshieqsiets stiffcient meriastaallow the droplets
significant inportance to washin result. The spr

cafio teaveldeomotheonazaariyp shegegh ?ﬂa@ Handie betwean &h%’ladeS) to
2005/ 077554 17 PCT. / 94 el Linti
¢ ORI i s rh et el e Bl bl g bofilpressor

desi gn and machi ni ng operations of the nozzle orifice.
The circular spray has a circular distribution of
dr dpsictestivheemaressorthadraplety gplide whtngompyessor

I\ oti cal ; o - B ol .
EDTERTR IRy e —
| ongegn éiddhlldtd ofdkechemicdlanrihetwhidiedtifiag thecleaning

el I'"ptical spray has a width-wise distribution and a
t hiprkness coitgwedset Rirbistallnwed tareptetey Wae help 9é the engine

S St b R GTROE R KB b L e
CONfaORRASFIRL! Hfe sftforf¥ésuleintdifair flow through the
20 compressor enhancing the travel of the droplets towards the
compressor exit. The air flow thereby increases the collision velocity
on the compressor surface. A higher collision velocity improves the
cleaning efficiency. Second, the fan rotation enhances the removal of
released contaminants as the air flow will shear off liquid from the
25 fan blade surface. Third, the compressor rotation enhances the
removal of released contaminants as centrifugal forces will shear off

liquid from the compressor rotor blade surface.

The orifice geometry of nozzle 31, 35 and 33 defines the spray shape.
30 The shape of the spray has a significant importance to washing

result. The spray can be made to form many shapes such as circular,



10 ellipse. It is also possible by appropriate design
and machining operations of the nozzle orifice to

wonestoe7a4r ect angul ar spray. Th / rect angul ar BET/AE2004/000194
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shape has a wi dth-w se and thi ckness-w se

distribution simlar as to the elliptical spray. The
circular spray has equal w dth-w se and

thi ckness-wi se distribution. The square spray 15 has
equal w dth-w se and thickness-w se distribution.
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PCPPSEQU0nS0U0 e owrie paIlics toocHoree prirshanghlangpray. The

washi stem t f

105 DB SRR o HURRYI6S o (TIORALES e

t YREstr3ieh6s difidldiusdes ehefeliptbaingpitdye ’Iﬂre&@&unhnswﬂmy has
of the fan blade. The first nozzle tg{ pe. has_an

eI leicpral ovislthr wineaniad (thiclepessy wismgistriphiion.sBag sguare spray
zl e th for
1557 G paRh e e arhdnd HHEREE s A h B2 o

elliptic or rectangular spray shape. The third nozzle
serves the purpose of washing the core engine. The
t hifig.sheheims 2 gpeshaection aarfien; ef dre Héc’fnéﬁ‘é@ teFbafspgngine.

Fig.4 shows details of the nozzle installation and orientation relative

to engine centreline 400. Similar parts are shown with the same

reference numbers as in Fig.2 and Fig.3. A fan 25 has a blade 40 with
a leading edge 41 and a trailing edge 42. Blade 40 has a tip 43 and a
boss 44 at the hub of fan 25. According to the design of the un-mixed
turbofan engine, air flow 20 will after passing fan 25 be split into two
flows. One portion of air flow 20 exits the fan section of the engine at
outlet 21. The other portion of the air flow enters the core engine
section at inlet 23 for providing air to the core engine. The air stream
is split into the two streams by splitter 45. The opening of inlet 23 is
limited by on one side splitter 45 and on the opposite side a point 46
on the hub.



shape. A washing unit according to the invention is

made up of one 10 or a multiplggof each of the three
woaawsle7sypes. Fig. 4 shows the first nozzl e typer/SE2004/000194

nozzle 31, and it's with-wise projection. Nozzle 31

serves the purpose of providing washing liquid for

washi ng the pressure side of blade 40. The | eadi ng

edge 41 of 15 blade 40 has a length equal to the

di sf ance,. bet n.tip 43 and boss. 44. Nozzle 31 i

Do SO RIE 1 (g i EnTiPBaicoR SSing S5 iwn Soprsis e §hree types
nor Saie r

P iates n U ARALIR e B GBI e 188 13l Hpe
edgerdds thbpumgmskeef3taslsingodsd preswrei sida dfatiealan blade. The

di ti t int less than the fan diameter 20 and
O SRR oo Gl RE Bk 5Py S, 1
di f i i )
S gt hosAe dgpe v thd BEELEsO b HATEETR YSBLAide of

el lthgt fat) bladeelanged@id sprale tydet leas anTéidiphiezat eecthdigular
oriented so that the width-wi se axis of the spray .
patSRIay skapgr Hre dhirdpezle sgavsfythaigurresept ma@ﬁungcthe core

At [ : 25 W = Wi

ai <ipSt Bs it ReRPleiph oS B SBUE B spray

oppisdpe A Wakhiab vilie sieoadirgatd eié itiven bl tid med€ up of one

distribution is [imted b streanliine 76. Fromthe
10no M @'auliple; ofecasdy af ﬂwghwedtlﬁzalﬁg@pﬁ@asur e of

spray 32 at |eading edge 41 will be equal to the

| ength of |leading edge 41. The spray wll thereby

pr avigde shiogits thd ﬁré&ﬁoiﬁl@dﬁg@ﬁnbiﬁem,%{ﬁd ies Weflgtwise
fromtip to hub. W 2005/077554 19 PCI/ SE2004/ 000194

Fi Qo1®jetféns. N@:n:ler:@hﬁea@%@@npnrmea?bpb@‘édimgaﬁva%ng liquid
h - ' tre. |
oL SRR DR A by U1 D8 Bl e 41 of

nozz

15pr ajlaati 4 haldaz Hdresthle g@sviRstid 8iREhpe IR tRecArey 4l 88d boss
washi ng i quid for washing the pressure side of bl ade

40.44alNozde 3 Limppsitionsd @ axialidirectidn pam poiadayreferably
oA s 1 B, e B P L S and s
Pi tiglad €bobI en ! Apkheasnat fee F8AtELHIMEAR0 4 1THed ABzzle 31 is
rotates in the direction indicated by arrow Blade 40
haspesitieaddng @dgdiad disgution at a point less than the fan diameter
20 and greater than the fan hub diameter. Nozzle 31 is directed towards
fan 25. Nozzle 31 atomizes a washing liquid forming a spray 32.
Nozzle 31 provides an elliptic or rectangular spray pattern. The nozzle
is oriented so that the width-wise axis of the spray pattern is parallel
with leading edge 41 of blade 40. At one side of the spray pattern the
25 width-wise distribution is limited by streamline 75. On the opposite
side of the spray pattern the width-wise distribution is limited by
streamline 76. From the nozzle’s orifice point the width-wise measure
of spray 32 at leading edge 41 will be equal to the length of leading
edge 41. The spray will thereby provide liquid to the blade on its

30 entire length from tip to hub.



atrailing edge 42. Blade 40 has a pressure side 53

and a suction side 10 54. hbzzh 31 is positioned at a
woabosto7tgsst r eam of fan 25. Nozzle 31 at om zesPar/SE2004/000194

washing liquid formng a spray 32. Nozzle 31 is

directed towards fan 25. Fig. 5 shows the nozzle

tangential angle X relative to the engine centreline

400. The tangential angle X is preferably nore than

40 _degrees, and rmre prefer? nore than 60 degrees
an@l&%ﬁhqw&% lggl o%i]?%"é% qr@@aprm@pywpofrpﬁeﬂ@mpm

ta%}%ﬁ}gr %g‘%rrg%lt ern. hozzl (relalglfel Isri ‘%ﬁ%ﬁ?e"a seen in its

ar ehivkridys-wistz projaxtisnsNolzbiat 31 kervdd K @sTpBEs &f fpfbi?ldmg
of the spray pattern Is | imted on one side of th

s piasiagtliHdolor Sraehimg e Bressaig side hdlagpds). an 25

5 el 8r s SRR b PR SL AT PR3 e gy e
t yextemﬂz@ lﬁaﬁ@ally aﬁ(ialdﬁalsdi%&ﬁow ThePieweshdws the typical
Nozzl e 35 has the objectives of providin washi ng

| i G’iﬁi@e piichwealativg te fhesinging wesiterling 40 aa‘élezufam Bitadies in
o1 596 etk iR, B8ty F1ad 5 B0 (e b ama

betavwfgﬂlﬁg Bdé8 4 dBlaaestFhasNOpEESIBR §idlePDS Ia&id)él%dtfbn side
an_axial direction at a point preferably nore than 10

10 mmp4rdYagzzis 8 dsamsjtianed attmpoBOiounsirgam bémﬂﬁad\lozzle 31

0 ] f the f I di d h
30 oratiles #RTUEAR Nl Grh e £3PrE o8 Woagld B R ifizSotea
t hedwhhgs Fan ZS.ZJP‘Igt §rsHWs Ghe dpkld flﬂ'%etrﬁiaale’ﬁ%él@r}( FUVC to
e Nozzl e

dlamster.. Nozzl| 5is directed to S fan ;
35thatengine sentngdisit 490! Theitdngentiahgngles ¥ mypRferably more

Nozz| e rovides an WO 20 7554 2
retr e A eSS Enate e terahiy ehare thap € figgrees and less
15 pam@ﬁrso Hoeréraz %E&tiv%w% %HE%%%?ﬁe tc%ﬁ'i:relfrh?400 Nozgle 31
h-wi se axis of the spray pattern I's parallel wt
I e&aﬁmg aexjg]élptzr,ionfectﬂamgeﬂaﬂspm}f patteshd®oakle e ispragnted

PRLLSLRALAR MO e, ALPUELMLON LS LIILES Dl oy
Pabbeicn! BaidioiiopR. dHe!dr thid! 4%y ﬁ?ﬂglgf% o amline 51
W dnh- o shermggmsite siflesyrtine ﬁiﬁrayt pattern by streamline 52.
20
Returning to Fig.4, this figure show the second nozzle type, nozzle 35,
and it’s with-wise projection. Nozzle 35 has the objectives of providing
washing liquid for washing the suction side of blade 40. Blade 40 has
a tip 43 and a boss 44. The leading edge 41 of blade 40 has a length
25 equal to the distance between tip 43 and boss 44. Nozzle 35 is
positioned in an axial direction at a point preferably more than 100
mm, more preferably more than 500 mm and less than 1000 mm,
upstream of the fan leading edge. The nozzle 35 is positioned in radial
direction at a point less than the fan diameter and greater than the

30 fan hub diameter. Nozzle 35 is directed towards fan 25. Nozzle 35

atomizes a washing liquid forming a spray 36. Nozzle 35 provides an



| eadi ng edge 41 will be equal to the I ength of |eading
edge 41. The spray will thereby provide liquid to the
wohed®7ta34its entire length fr tip to hub. POTAEZNE000194
shows nozzle 35 as seen froma projection fromthe
rotor periphery towards the shaft centre. In Fig.6
nozzle 35 is seen in its thickness-w se projection.
Nozzl e 35 serves the purpose of providing washing
l'iquid for washing the suction side of blade 40. Fan
25ellptimns irstwmgulauspray Pasterbard s aeedensorientedrso that
the fan _ hub and .extending basically in_radial .
o Fag FIERT- e ! SHovPTeR o St iy PRErBHGT i logding cdee
" bl dtBlale 4OCABOINGE BT he!dpftey0ueriiient afdtRlwises
in ‘the direction indicated by "arrow. Bl ade 40 has a
| ediktnibuetilgpe id limaitdd by straatilme 69O 2he Bipabsigosidawf the
a pressure side 53 and g suctign side 20 H4. Nozzle 35
5 | s SPRY PRttt o i e 3o s pRed g stigariite 76.
sh € ol #M3G8Yih R th 8RGIIEH AvIse! Rlca¥Birk OflsPRay 36 at
eng?ﬁglggﬁgggé |§8}@%%3ﬂhThe tangenti al angélris E@ay &

pr tdatiall sdged ¢ wilhbe 20udé go eébs landth ef $cadiag edgt041. The
degrees, and nore preferably zero rees,.relativel
t hépeay vl thesapy oy gold fp3be gf%@e Roits gadirg length from
vvaig ch 'bqui d formng a spray 25 36. Nozzle 35 is
di recte owards fan 25. Nozzle 35 fornms an elliptic

100r rectangul ar spray pattern. Nozzle 35 is oriented

around the nozzle axis so that the ,thi,cl;l(r)lﬁ_ss- | se
axFig 6f sShawsspzae gat e pRch TIMmA PEYISSHOTLIEMS ivt\fa% rgfor

th [ 1 ite :
Che SR B, SARTILEE o e 00commgsti
20QB{ Qdvdfdwide PETjeCHEIB0NRARI8 seRe¢sitihe pyirposEiof.providing

this figure shows the third nozzle type,. . nozzle ,
anwvashiagliquiddosevpsbingthosucipaside o1 ,bqﬁ§§ 4h ?an 25
obj ect i ves .of rovidi [ Mo [F)] 0 [

150 pEeESH Y Sahigh vt R JRRES nb e P BT Bh
di reeth@MAbadicadiyih RidhedaetyionvMThe Viaw d06wsTheSypical

and nore preferably nore than 500 nmm and | ess than )
100dadenpitch relative to the engine centreline 400. The fan rotates in
the direction indicated by arrow. Blade 40 has a leading edge 41 and
a trailing edge 42. Blade 40 has a pressure side 53 and a suction side
20 54. Nozzle 35 is installed at a point upstream of fan 25. Fig. 6 shows
the nozzle tangential angle Z relative to the engine centre line 400.
The tangential angel is preferably more than 20 degrees and less than
-20 degrees, and more preferably zero degrees, relatively the engine
centre line 400. Nozzle 35 atomizes a washing liquid forming a spray
25  36. Nozzle 35 is directed towards fan 25. Nozzle 35 forms an elliptic
or rectangular spray pattern. Nozzle 35 is oriented around the nozzle
axis so that the thickness-wise axis of the spray pattern is limited on
one side of the spray pattern by streamline 61 and on the opposite

side of the spray pattern by streamline 62.
30



upstream of the fan | eadi ng edge. Nozzle 33 is

positioned in radial directiog at a point |less than
woabds/oorss4f an di anmeter and grea br than the fROTISED04000194

di ameter. Nozzle 33 is oriented as to allowthe liquid

to penetrate through the fan in between the bl ades.

Nozzl e 33 atom zes 10 a washing liquid form ng a spray

34. Nozzle 33 fornms an elliptic or rectangular spray

pattern. The nozzle is oriented so that the wi dth-

Wi Qaetaxnmg;to e 45 phay figare ehnWSSthmﬂalrdélozmh hype, nozzle 33,
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st?’earéla(% e éﬁdﬂge&iggg Nd2zid83 CiQ Ho8A8hB8 1ﬂ" daldial

cor espon e di stan etween splitter 45 and
pOIdiI"e(ﬁfon Spraayoﬁﬁe lebetbhy Imlbvhe éanldlqmectef and gater than

enterlng inlet, 23. Fig.7 shows details of a ical,. .
. nsﬂnﬁl pac gk dipmesr) Bogdeass tearent Satop‘?]i‘%/‘gé’&ec}?‘ﬂuld to
r t I L
F eﬁg%{eﬁghqéél%% Jcl'g%g%ﬁ' |1rtr1] %}Q?\ézgtélﬁ tﬁgn%lggfe&d gl%%leeSS aRomizes
10pr @, @elshdng licand 2brdng enspitys34f Nogaler 3difoxhsfeam elhpt1c or

bl ades rmunt ed on the fan_hub and , extendi ng basi cal
i n TeatARgUar ey dpattae Thenosrsis rieRisdesd thatee whth-

pitch rel.ati I

o B B P RO PRRAS L8 P BRekan gt blece
hast@ Aeafengdedgend sprasg p&attérrrﬁt}he ﬁgdﬁd@ﬁséﬂlsﬂiﬁlbutlon is
third nozzle type, nozzle 33, has the purpose of 30

pr dmedgbm@fﬁaﬁgimpw Pnghegupasits skl ebthe §H§ﬁ\3ﬁ8attern

Lyl BT AR, 15000 By USTREAR, 06, OBR i

PCT’JOS.E%OMCO&Q 19 h&@@l@ﬁ%é@hgaé@resﬁ(oﬂ&ir% to ehé lestance

engi ne centre Tine 400 e tangential angle Y is
pr dm@meﬂﬂryslrxbtter ﬁﬁaﬂnQ(PQi@‘gﬂ@e cawéd s maeass 9f spray 34

5.d .30 .
T Bl BriS Bl B RO Lok R AGPHUSER tghe distance
at %tﬁ%‘érﬁsﬁ‘ﬁ&@f A% hh8Wdint aBYiSiEag 3P tBA¥reby provides liquid for
20 entering inlet 23.

Fig.7 shows details of a typical installation of nozzle 33 as seen from
a projection from the rotor periphery towards the shaft centre. In
Fig.7 nozzle 33 is seen in its thickness-wise projection. Fan 25

25  consists of numerous of fan blades mounted on the fan hub and
extending basically in radial direction. The view shows a typical blade
pitch relative to the engine centreline 400. The fan rotates in the
direction indicated by arrow. Blade 40 has a leading edge 41 and a
trailing edge 42. The third nozzle type, nozzle 33, has the purpose of

30 providing washing liquid for washing the core engine. Nozzle 33 is

positioned at a point upstream of fan 25. Fig. 7 shows the nozzle
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5 34. The spray fromnozzle 33 is directed as to allow

the liquid to penetrate throug? the fan, in between
oOheoshi7zzdes, in direction from “teadi ng edge 4RCT/SB2006/800194
trailing edge 42. Nozzle 33 forns an elliptic or
rectangul ar spray pattern. Nozzle 33 is oriented

around the nozzles axis so that the thickness-w se

axis of the spray pattern is [imted on 10 one side of

the spray pattern by streamine 71 and on the opposite
si dengéntinbasgleay 1etaties thegnsineaeningdine 400 Adietagaential
is oriented relative to the ft _centreline 400.as

t o Ak ety PriF e TBat bt ARG REY it g Bbly more
Li qibfl Psrrlradd BEJNRES tﬂaarllgétil dt%%i’eé’ﬁ tdla B0k ]ft_b thiet éhgine

core engine-at 1nlet 23. ough specific

eneditrelihs 43.dNbede Fhatemines alssshibgdiquidriermifhgra spray
urposes of illustration.and exenpl.ificatjon, .it..is.

ind St APERY FIBR RO ADYEQRRIFS FhallRy the ligid to

L Eg)e%ﬁ%fétfehﬁ)frgggﬁomm SnShoMReaNthdescddDed dRYctidn from

stitute a W de 20 variety of alternative
andéadirgqed gakéntowarplseireilirag edgs 44. Noazle 3@efoants ag elliptic
fromthe scope of the present invention. This
apSITSAEABEVIEE SHTAY GRS NEBUE S i OHARHh AFBHBdgihe nozzles
varj.af i f ik ' i o
e U PLAL SR SIPOACShfathaseR imitd on
defdmesideyot tiee vprai pgsteoh Hyhstrappdivte @ 1chmd o timel opposite
equival ents 25 thereof, 30 WO 2005 0775541 i% .
PCHISEDS Gl sy Patter) Ry streamplinge’ 4-oNOgsleaht kyoHeghed

fur b . . . (:2)eritnic] i )
oA ENONAE bl 00 s Bend USSR Bl s in
5 datargediionfan bladds. dhighid peagirashigthfoargh #5¢ fan will enter
conprises a plurality of fan blades (40) nounted on a
huBnim §OE aRHIHh gt 1%%[5%3%“ ally in a radial direction
each having a pressure side (53) and a suction side
(54), and a core engine (203) including

Although specific embodiments have been shown and described

herein for purposes of illustration and exemplification, it is
understood by those of ordinary skill in the art that the specific
embodiments shown and described may be substituted for a wide
variety of alternative and/or equivalent implementations without
departing from the scope of the present invention. This application is
intended to cover any adaptations or variations of the preferred
embodiments discussed herein. Consequently, the present invention
is defined by the wordings of the appended claims and equivalents

thereof.



a conpressor unit (27) and turbines (26, 28) for
driving said 10 conpressor unit, (27) and said fan
wO02605/07t6Hpri sing a plurality nozzl es (31, PBB/SEADY/000194
arranged to atom ze cleaning liquid in the air stream
inan air inlet (20) of the engine (2) up-stream of
said fan (25), char acter i zedhbyafirst
nozzle (31) arranged at a position relative a centre
15 line (400) of said engine (2) upstreamsaid fan
(25laame$ arranged such that the cleaning |iquid
emanated fromsaid first nozzle (31) inpinges the
surfaces of said blades (40) substantially on said

pressune Péfee (§8Lleahif8GOREs BAFBIR dd@he Q') aRuech @hgﬁle )
position relative 20 sard centre line O of said

engi ne (dnpchpdes e‘ahamlodlef emgipesyhafy (a4 aRPhrayéain {3ohrotatably

that th |
Snossl o ( SSNREH Gae b SBERY @éﬁs‘”&oﬁnéﬁaa@%é%@@%ciﬁ a
subst ant 'S}ﬁ?kéihﬁﬂoﬁﬁdrgbfé&éd @) Sheentédon 2R abld é}@tendmg

nozzl e ( arranged at a position relative 25 said

centre | isubstantn lxyfmsauradaigim@ct(@) capbthasingsapesatre side
(25) ged such t. e cl.eaning |i.

emanat equ?L %s SHCHRM & J??F ad B Coreehgl 6&03) including

subst ant iakby Jresuseansai(d7) Qhaot%&bﬁﬁl@s) 5%102%6 (drifig said

inlet (23) of "sald core englne
10accor di ng:dmpnﬁt&slommlt ¢2%) and saald fane(2|5) [ C(zm@rdsmg a plurality

E 22; Zﬁledcgrl’];cg% @52% 52%0%171%%%5 og%rt%?ﬁlozgdclggrzﬁzrllgehql,ud in
PCT/ SE20 t

rom sai ¢ Firec e 18 an ber BICEOR! HELALEE AT B stream
(35), resdewid\fehy25], ou: o airsapcat)e t32)e dviby ch, at

I Npi nge againt a bl has. a wdth (75,
al ong an axi% ]§§§3§P ﬁ | grisnead 8t avﬁ’(fsﬁtlpﬁemZ%éV%\? centre

SR o, AR Sy 8 o
(41) of sardnpeéddeichithat the Seundieg diceod dmgnhted rvinmsaid
Lorz V\f{]r%[c %ogz ea(|3d1) I1pr|1pel£1ges t%eogur%gées of said blades (40)
substantially on said pressure side (53);
a second nozzle (35) arranged at a position relative
20 said centre line (400) of said engine (2) upstream said fan (25)
and arranged such that the cleaning liquid emanated from
said second nozzle (35) impinges the surfaces of said blades
(40) substantially on said suction side (54); and
a third nozzle (33) arranged at a position relative
25 said centre line (400) of said engine (2) upstream said fan (25)
and arranged such that the cleaning liquid emanated from

said third nozzle (33) passes substantially between said

blades (40) and enters an inlet (23) of said core engine (203).

30 2. Device according to claim 1,characterized in that said

first nozzle (31) and said second nozzle (35) are arranged so



core engine (203) is limted by on one side a splitter
(45) and 10 on the opposite si ge a point (46) on said
woams/og7s4a r act er iz e d2'n that said tRCTSE2004/000194
nozzle (33) is arranged so that the cleaning liquid
emanated fromsaid third nozzle (33) forns a spray
(34) which, at said inlet (23), has a wdth (47, 48),
along an axis substantially parallel with the radi al
extension of the 15 bl ades (40) of said fan (

subst ant ithet yheqleaning geidiemanaied fremeaid fgagtonozzle (31)
Povi e actr rRG Ses A rRarE GPT et Rh ihhm &ismeay (32)

h ar a hicte dt impi edagdinbhatblaabCMf)) rghs ROFZItA 375 ,76),
(31) is arranged at afirst 20 tan;;entlal ang

relati velalong aynbdicenbstantially paoaelovitbathe m@a& extension

Seetond t AgERTAACRIg00r 31 Bk 7 Ve R SHREY Byl do the
l'ine (40%1 a{ ofal 1@aaﬁ$ eagé%al)hangéﬂb@raed (4dyi rd
nozzl e (33) | S arrange a ird tangential angle

(Y) relatively to said centre line (400) 25 of said
engi ne_(

di t I
oY %3 Devige aachrding Fola ik, vasge s e @) of said
(X) pref %&E'dﬁ%lﬁeQQéé & 1ikhadn $9 djf?%h%eﬁde%ﬂgpﬁ’&éﬁ (45) and

preferably greater 'thah 60 degreées and | ess than 80
1030 degreem tNDoZ@@&At@?sZEEla p6IrRATOPE2084H0D0b94¢ he.racteri

Dn'that - ar oSt el B 1 Aranged squiyt the
greater trﬁ@&% r?)é)hggﬁ{ eESnARd ﬂr&%ﬁséﬂgig thitd rﬂ%[@&ﬁi)%gms a

nore prefera stantirally zero rees.
Devi ce acqongi(Bd) tvrchlcharamsald inlet 428), eha:s a \mdthr (47 é&)l, along

in that said .third tan nt|aI
gr eat er t%ﬁxﬁ)sﬂgéreé@% YARATAD ae‘%ﬂi%eélg E%I[h;?fl pn "of the
psthan 25 dogpees48)dr 5aRkbrdd @ik)3Qundegiafy equal to the distance
between said splitter (45) and said point (46) on said hub.

4. Device according to any one of the preceding claims, chara
cterizedin that said first nozzle (31) is arranged at a first
20 tangential angle (X) relatively to said centre line (400) of said
engine (2), and/or said second nozzle (35) is arranged at a
second tangential angle (Z) relatively to said centre line (400)
of said engine (2), and/or said third nozzle (33) is arranged at
a third tangential angle (Y) relatively to said centre line (400)

25 of said engine (2).

5. Device according to claim 4, characterizedin that said
first tangential angle (X) preferably is greater than 40 degrees
and more preferably greater than 60 degrees and less than 80

30 degrees.



10 8. Device according to any one of the preceding
claimss, char a cteri z edinthat each of

weabw/o7issst nozzle (31), said sétond nozzle (BEY/SEaNA000194
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said third nozzle (33) are arranged at a point nore

than 100 mmin a an axial direction upstreamthe 15

| eadi ng edge (41) of said fan (25), and nore

preferably at a point nore than 500 mm and | ess than

1000 mm upstream the |eading edge (41) of said fan

(25) .69Dd¥we¢ aecantiagdiongatm Hny hone ot ttde ipr edeih thpt said
clainms, c har a 20 ¢t r.i z e in that each of

said firSecopdipageniipl angle Doesiera ngzfrﬂ@tf{rs‘é)%n af@ degrees

said thir I t it j
2 adi al 2] SR b MeclS AORLR R RER sulbiehfaly
of the faerddepresy] greater than a dianeter of said

hub of said fan (25). 25 10. Method for cleaning a gas

turbi ne engine (2), which engine (2) includes at

| east n ol : 293, ., ts :
ar rangb s PEeRck eyt o 47 B pd % W ARt said
conpri seshirdptatigdritigl axigledy) bradesbly4id) gratiet HuanRdegrees
hub and 30 extendi ng substantially in_a_radial

directi oﬁméiaawrﬁame%@reéﬂy greaterthiag de degypessgdless than 30
suction 3{%@ %%4), and a core engi ne WO 2005/ 077554 26

PCT/ SE206%P000194 (203) including a conpressor unit

(27) and turbines (26, 28) for driving said

conpressor unit (27) and said fan éﬁ?), conprising a

pl ur al 81 Pesficaegepeding3p agy ongs)f the prepeding claesich ara

I [ liqui.d in the ajr_st I 0 Ly mlet (.20
of °75 1he bhdiie* Cop Sl el TSR Bril plibie R i dpoond
ract edze B3, dndo¥aithgisd epszRf (S@wb)ﬁrﬂﬁn%ed at a point
cleaning liquid emanated froma first nozzle (3I)

subst ant inaptey than s npneigsara exigd diggtion upstream the
leading edge (41) of said fan (25), and more preferably at a

point more than 500 mm and less than 1000 mm upstream

the leading edge (41) of said fan (25) .

9. Device according to any one of the preceding claims,chara
cterizedin that each of said first nozzle (31), said second
nozzle (35), and said third nozzle (33) are arranged at a
position, in a radial direction, at a point less than the
diameter of the fan (25) and greater than a diameter of said

hub of said fan (25).

10. Method for cleaning a gas turbine engine (2), which engine
(2) includes at least one engine shaft (24, 29), a fan (25)
rotatably arranged on a first shaft (24), which fan (25)

comprises a plurality of fan blades (40) mounted on a hub and

30 extending substantially in a radial direction each having a

pressure side (53) and a suction side (54), and a core engine



appl ying cleaning liquid emanated from a second nozzle

10 (35) substantially on said Z%ction side (54); and
wdi2oBso733g cl eaning |iquid eman&dPed from a thi pdTssaZ®lE00194

(33) such that the cleaning |iquid passes

substantially between said blades (40) and enters an

inlet (23) of said core engine (203). 15 11. Method

according to claim10, characterized by the step of :

form ng a spray (32) of the cleaning |iquid emanated

from sai@0 hmudmaecocr@myewm d(2% @r@tuolzme@ (26, 28)

respecti 20 whi
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40 2. Meth d
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limted by, RNs &i-de, a splitter (45) and, on the
opposite Side, a point (46) on said hub, c har ac
terize dbyt haqopiymcg ofeaning ﬂmqm:gdaam@nagec( B84)m af fitstenozzle (31)

cleaning |i emanating, from 30.sai.d third nozzle

(oo e u gl i Fof e mideiely Ge).
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poi nt ( 46) sfirecing Clpapng L 1dvépﬁ8§ %%émra.%ghkré%wle 33)
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(X) rel at(i2(\)/§)l.y to said
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11.  Method according to claim 10,characterizedby
the step of:
forming a spray (32) of the cleaning liquid emanated from
said first nozzle (31) and said second nozzle, respectively,

20 which, at impinge against said leading edge (41), has a width
(75, 76), along an axis substantially parallel with the radial
extension of the blades (40) of said fan (25), substantially
equal to the length of a leading edge (41) of a blade (40).

25 12. Method according to claim 10 or 11, wherein said inlet of
said core engine (203) is limited by, on one side, a splitter (45)
and, on the opposite side, a point (46) on said hub,charac
terize d by the step of:

forming a spray (34) of the cleaning liquid emanating from
30 said third nozzle (33) which, at said inlet, has a width (47, 48),

along an axis substantially parallel with the radial extension



weeoasrnd7ssmozzl e (35) at a secon

centre line (400) of said engine (2), and/or 10

directing the cleaning liquid 2ganated fromsaid
tangenti al angCe®&SEAN4/000194

relatively to said centre line (400) of said engine

(2), and/or directing the cleaning liquid emanated

fromsaid third nozzle (33) at a third tangentia

angle (Y) relatively to said 15 centre |ine (400) of

sai d engi ne .14, thod. according to claim13, c h

ar ac tor%éhfgztg’lafleé (40] At Spichfans £, substantiallmgual to the

angl e (X)g: ' re .

nore pr efdelrggﬁ%e/er g‘?{é%[\?éé? S?#ﬁﬁbggeg Z{g?)eégdasgaggl%@gt ?%%) on said
than 80 dagbees. 15. Method according to claim13, ¢ h

aracterizedin that said second tangential
angle (2) is preferably greater than -20 degrees and

sLens, LD P AR Ap o

cl ai m 13.e ci b ead tbyatlte tepsof: z e d in that said
third tangent.i al ,an%I e@SY) preferably is greater than
20 degrees #HECGHRS The sleanipr ligishemanaiad fpemdeajddarst
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the precedinmg: $hai(#B0L6f $8id enpirfe (2)2afidyop I | Z e d
by the step of arranging each of said first nozzle

10(31), said sHeetingshe cdeqang ligwid emiagated foomosaidesecond
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33 ref er apl t_.a point re than 10 In a an .
o a1 5 dPRR s e Bl RaEr RHAl A ebuld ey to said
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than 500 mm and [ ess than 1000 nmm upstreamthe
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according to. a one of. t.he precedi ng,clai 0-.10 .
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each of gahere fihe H00P3ZLAId SAgines@)d second nozzle
(35), and said third nozzle
14. Method according to claim 13, characterizedin
that said first tangential angle (X) preferably is greater than 40
degrees and more preferably greater than 60 degrees and less

than 80 degrees.

15. Method according to claim 13, characterizedin
that said second tangential angle (Z) is preferably greater than
-20 degrees and less than 20 degrees and more preferably

substantially zero degrees.

16. Method according to claim 13, characterizedin
that said third tangential angle (Y) preferably is greater than
20 degrees and more preferably greater than 25 degrees and

less than 30 degrees.




(33) at a position, in a radial direction, at a point
| ess than the dianeter of the _fan (25) and greater
wohersiarsdiamet er of said hub of®said fan (25) PCT5E2004/000194

17. Method according to ény one of the preceding claims 10-
16,characterized by the step of arranging each of said
first nozzle (31), said second nozzle (35), and said third nozzle
(33) preferably at a point more than 100 mm in a an axial

5 direction upstream the leading edge (41) of said fan (25), and
more preferably at a point more than 500 mm and less than

1000 mm upstream the leading edge (41) of said fan (25).

18. Method according to any one of the preceding claims 10-
10 17, characterized by the step of arranging each of said
first nozzle (31), said second nozzle (35), and said third nozzle
(33) at a position, in a radial direction, at a point less than the
diameter of the fan (25) and greater than a diameter of said

hub of said fan (25).
15



