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Met hod and apparatus for cleaning a turbofan gas
turbi ne engine Technical field The present invention
generally relates to the field of cleaning gas 5
turbi ne engines, and nore specifically a nethod and
apparatus 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 conpressor 10 conpressing anbient air, a

CQbyhbdrand appagatus foi @Jeahhig wi filrbolfan gxypurbsinedengine
air and a turbine for powering the conpressor. The
expandi ng conbusti on gases drive the turbine.and al so

relsuI!t N a @tlﬁr ust used for propelling the air craft.
1. f frres engi nes consune |arge quantities of
aiThe PrésdiftihdtAsion irfdrallypidtes| tohierfidldraf dléaning gas

aerosol s which enters the gas turbine_ conpressor wth
t Heirhine sngies, andemeEanacjfiesilt asnedrasl gadrpraatus for

olsane A uSiafl Gat B b B il g RO L En et

properties of sticking on to 20 conmponents in the
conpressor's gas path. Stationary gas turbines |ike

gaBatkervivnek ofitleel iiventovwer generation can be equi pped
14 b e S8l A0S PG QIR RS posor
ggﬂrﬁg@s%g %Iﬁli)ie&ﬁra‘ir,b& caussusfor Mining raal together with the

tantial “fall in pressure and are thereby nore
expoBprcssedair 2261 adurbia fon powTipgdile cunpapssanilie

O Ao B2 T ST ST D BEE 961 resuit in
hy@fﬂ%@&&%ﬂ%?gagpgeufﬂgomé pglustart.al activities, salt

comng from n y sea, chemcals comng from
aircraft de-icing and airport ground nmaterial such as

ggé,%ﬁ égggfneﬁpégégég%%@mé Tgrg%ocrﬂfgrqﬁﬁteg o%%ﬁp A contains
foreign particles in form of aerosols which enters the gas turbine
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

" 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
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.




shoul d be polished and shiny. However, after a period
of operation a coating of foreign particles builds
up. This is also known as coppressor fouling.
Conpressor fouling results in a change in the 5
properties of the boundary |layer air stream of the
conponents. The deposits result in an increase of the
conmponent surface roughness. As air flows over the
conmponent surface the increase of surface roughness
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turbul ence W tf ' ' - oM
HERERERRE g CRARA B PR -e8ykbtag, fhavin e
t WrBBkeHEE of thé housaicay 1aper nirkstreambof e eomppatemés. The
wi'th the thicker boundary |ayer has the con equenc of
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ss flow i feet:
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StHORBRlesWaksultdribUA eRikehdngred the Hdvnddrydeyer ait strgam.

edge result in a reduced conpression

whilehthiekening of she hourdeTyHEy ehair e BEs Eativg effects

reduced pressure ratiQ. SKi.l ' -
orth st BRRSL RT R B AR Uil g Clethe ai
redpced PrassheakalTioe ek is 4 Roftekowpe dfhemriodymenivth a
efficiency of the engine. The reduction in essyr e
gaiegdtivet iepaetondhewir floverbirg Hpickesthe oy 3y Layer the

conpr essof, foul.ing. The f '
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comsemtthe?ufgh éhﬁ‘rﬁﬁ?&ﬂ@o ¢ redrced mpres fomgis He most
sane anount..of air. The redu

PR Sl e e G P the R Bouncary

t hllrg;_tgé} CRPAR bibheeFREaIROVEIDUIEAEe dbindedGittthe blade trailing
conpressor Is takén fromthe turbine via the shaft,. .30

W ¢digd hesuluibianeedaepd comprassienjwssure gain Vehichgn turn

Col[ggrlﬁtsss%r tltlg g{éine operating at a reduced pressure ratio. Anyone
skilled in the art of heat engine working cycles understands that a
reduced pressure ratio result in a lower thermodynarmic 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
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.
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




will be less thrust for propulsion. For the air craft
pilot this nmeans he 3 nust throttle for nore power as
to conpensate for the lost thpust. Throttling for
nore power neans the consunption of fuel increases

and thereby increasing operating costs. 5 Conpressor
fouling also has a negative effect to the environnent.
Wth the increase of fuel consunption follows an

“increase of em ssions of green house gas such as
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car Ll | grestits) 18kt thrust.
a\%]il Qg?gﬂ#cﬁﬁleeﬁﬁgé%% té%yﬁ g:‘:t%ati o?bgfg a\%ﬂf %drkﬂéﬁ car bon
diToodgingl foriere posvernmpantdhesmoswapsion dffuel increases
conpressor fouling also reduces, the durability of the
edgichtherabynipcecasiar T ativ oS Pred for acquiring a
required thrust, follows an increase in the

tenperature in the engine conbustor chanmber. Wen the

Pict S prBE it forgirfeoalsoakes affeganivibefidet touthsegntinenment.
tenperature in the conbustion chapher is very high
ThBithetheinareaee of fuek canpimptiony oy an; Rerease Ghat
the materia [ |

| SR B gfEh nak3P kes B B etk M ST

t (EREhALHbA dfS] Keasiunaativhtfuebresuissin formatienhaft 3 Jakg
path section downstream of the conmbustor outlet. This
2@arborndiwtidss exhaust gas tenperature (EGT) and is
carefully nonitored. Both exposure tinme and
tenperature are logged. During the lifetime of the

engh e dhigy pErffol@Girice deemdeny |cy5mla\dsemecﬂoumn1% zaa{ls;oa feduces
t Hieetigrateliy Of thewagine Aw meicaicd hasoto & GPAJOF graviring
e ey )
gfer%ﬂewrﬂbubﬁsﬂo@tﬁah%e. WHdrotse pilot ithesithsefonftakiDoff on
ormation. NOx formati on depends to a_ |l arge extent .
the runway the temperature in the combustion chamber is very high.
The temperature is not too far from the limit of what the material 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
is known as exhaust gas temperature (EGT) and is carefully
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

to a given burner results in an incremental increase in NOx.




10

15

20

25

30

on the design of the burner. However, any increnental
tenperature 30 to a given burner results in an

incremental increase in NOX. 4 Hence, conpressor

fouling has significant negative effects to aero

engi ne performance such as increased fuel consunption,
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

any | r@bles@br fH8Hhg haY sighiffdBhd neguiviesifécts totdero

turbojét, turboshaft aRd turboprop engines. QO her
vehighint peoforntdreseseclyiasdacacasachBielgenssprEsste reduced

turboj et, .and the bposted turboshaft..engjne. g the
| &Rgae it tReEeR9l S BOPRA Ft B kot P iaan

and the unm xed fl ow turbofan which both can be
designed as one, two or three shaft nmachines. The

Wik iepgzines nahtaee anumbse of eifferesg dasigns butghe above-

e e e TR LT D0 L SeeL AU, LA, o
3;&@3%&%@% géf‘r%ds‘?ﬁft bhd"@gbbbesslepitnéSUther ¥Aignts of

as e or commerci al “passenger aircrafts. The
t yhbeé angivaghne tihotpoi cespodssarftunbajed 2ad the beagtate.
The fan is driven by the ower fromthe core ﬁgﬁgi ne,

Tharbeskalimgigiaci Ampngmthe IFIEeR SUGHRIFHECTF s itER oW
t nat RVIY LS it ned
BB g R o g KA, Lo pe et
engl fRe COMPLELROEe shaftembahinensilse workimgeringiplesdifshese
with rotor_blades and alternatively a set of stator
vangingswithpelabe deserbed RYE: Prine air enters the

fan. A discussed above, the fan is subject to fouling

by insects, pollen as well as residue frombird

| PR turlséfan Jignkds desidn e forayrdadiranatagh 2hrgt for

WESNETRJL OpFDNGRE TS URSPELG VEIOp a1 SpRFGIARE [ound a wide

ok P ears POt el B SR eF PR AN TR B tan

t hgh@ht donpiigBs pf esfawr endat o engine. The fan is driven by the
power from the core engine. The core engine is a gas turbine engine
designed such that power for driving the fan is taken from a core
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 statdr 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
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.
With the compression work follows a temperature rise. The

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




30 Wth the conpression work follows a tenperature
rise. The tenperature rise in a high pressure
conpressor nmay be as high as 5 500 degree Cel sius. W

~find that the conpressor is subject to different kind

10

15

of fouling compared to the fan. The high tenperature
results in particles nore easily being "baked'' to the
surface and will be nore difficult to renove.

Anal yses show that fouling found in core 5 engine

c Y ftoom
o BB e o Bt
dldﬁffeﬁlﬂttklhd sifomiimg compeayedtto therfant iTine ]blgh temperature

acconpl i shed by washin I
EFseLitA R AT e TP g hpec 1 HE SiniRGe fnd will
i
o el ‘E% FERHCRS, Anaifsc Sk agar 5@?3?5%229&“
eRgighte voatbegsoanabe typiaaily dgdirobgribaks, mysulyes fom anti-

hose and s t h
e irebodr This e iod is deernauituld s Tomotf i may at

Egﬁtﬁ’g{] %Ee@cﬁr@ﬁﬁ%ﬁ RLEAT {Jv'ﬂhecé‘ﬁ 8P %ok Svdrér only.

ressor Iades and vanes with

a flsH &he&!&ﬂ: bf dheﬂl.icéﬂblmlhhah@ do begsractisetled success
as it does not enable cleaning of the interior blades

of the conpressor. Moreover, i s time-consuning.
|
f |I§{1H§péerh Sggleﬂ?nﬁa%gﬁgselﬁl gBiIEétSCIh?{l] g?? glgq??%er%@lt HEVéloped

CURFAEIE Taalrs! Irt prataiple, kere emgirs sashonglcen O pl‘ﬁCtISCd
bet ween the conpressor blades.. At the .ins {"t ed end

t Hey tedsing a garden fosengyd SErayifg wasd indo ipgfrgine iQfet.
r.act f
pﬁhb‘@ eﬂlﬁ o E‘n@% 11%6@8‘;&0 fsrﬁﬁéﬁr élc‘ﬁ@sjs Qe fpise bﬁn?ll?éeﬁﬁture

0Sé an raye hrough the noz .
Ther it SRdcedlls SAhO:ﬁl@érrfmwe/\mdnhnd ik sbyahandpﬂdrslbéadtng the

However® the washing efficiency is limted b e
c ocrqmpsmorrldadﬁs savd aney Wit QHP%JE% apg Sy tJﬁTlﬁ grethod
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gg@ﬁtde@%f t@ﬂe%ﬁrﬁ%ﬁes@é\fd M‘tﬁ'e@kf@ﬂl‘it ﬁtgtlpﬂi@ces:summg U.S. Pat.

conpl i shed Pat

'No. 6,394,108 to Butler d1scloses a thin flexible hose which one end
is inserted from the compressor inlet towards the compressor outlet
in 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
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 II et al. discloses a cleaning composition for
chemically dislodging deposits of a gas turbine engine. The patent
illustrates the injection of the liquid into a fighter jet aircraft engine.

However, no information is provided about the washing process. U.S.
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4,834,912 to Hodgens Il et al. discloses a cleaning
conposition for chemcally dislodging deposits of a
gas turbine engine. The pateng 30 illustrates the
injection of the liquid into a fighter jet aircraft
engi ne. However, no information is provided about the
washi ng process. U S. 6 Pat 5,868,860 to Aspl und

di scl oses the use of a manifold for aero engines with
i nl et gui de vanes and anot her manifold for engines

\é\ﬂlptglg %égg%eﬁ% t§ lﬂs%%gﬁﬁ@%ﬁlo:é% ttﬁg rudd6f R3h&Aold for aero

use I qul pressure as msan_s of
PeRinisN@ith hilghglideivanyebod dyotterwhiactifold Ifbr enphrese

the cleaning efficiency. However, the patent doges not
awdthosst et gpids FRECS BUBRC dhsiRAEnS HBRIOsRY TaRMSE Of

shi of, __.turho ' : e :
aouer Treit by A3 A8 s B el Rin g AL ROARTRRlopky,
f WHibBrwilPeahdade aBe cOeamin gaftivleetye Howthirs the glaten\does
cross section view of a single shaft turbojet engi ne
i ;o lsldreis the gpecifignisssies refRind toHOTHRE AR GHAS

t he engi ne. EnI?i.n%Sl is built around a rotor shaft 17
WhHEPPRE. 7670 F¥EMESend is connected a conpressor 12

and at its rear end a turbine 14. In front of the
conpressor 12 is a cone 104 15 arranged to split_the .
alTitfel awanpemetndesa@ibed heogingdieatwith referencedrdtigs 40F

has an inlet, 18 and an outlet ;1 . r ' :
cgﬁﬁ&%orregﬁdﬁﬁ%@rsecqrﬂ@%%n W_i%%%? 5‘Silj#sueés,ﬁ “.\gérdé“s Section
tyedd i ' @@% sigiowh in Figri.fAtrdwish

[ ﬁl’lﬂ)’?;ﬁn% nag%?\gggmv\ﬂgch in 1Oﬁ@gn.e éono_l ils T%nnect e:JIN to o
a thezphes fHvatbrahgh theengine Bogimscl dg nsltarasihpineger

103. 0.1 i d '
Db RSt B BT SRR Aot 102 a

PA’VP% %ﬁﬁ@'f i ' ' SeReod 04 Rral coe 104
tSEere %/r e ?%%én%f)lr?drnllgloﬂgl&tﬁf gﬂghﬁﬁrgﬁg tﬁg cl eani ﬁgﬂe
praacedged to Bpditpiheriplows Thewsts hg41ip quataatatipg. The

le 15 it ] d.f ;

OROFREE G T Y 1Bl 27e 48 Cites THE! Sypafhe HT8
shapghulls PRNAYeetthd RbExhaust gases drives turbine 14.

A washing device consist of a manifold 102 in form of a tube which in
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 6ther 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
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
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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many shapes such as circular, elliptical or
rectangul ar depending on its design. For exanple, a
circular spray has a circul ar 7distribution of

dropl ets 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
rectangul ar spray is somewhat simlar to the 7
eIIipticaI spray but with corners according to the

P ap LB iveBar P EPFaGs ARG 7 PhRURIAONTIE!

Q%EHﬁr{gle axesqre sragdsaorhenbhb shuilatho thgudraular spray in
shaped ~spray has corners according to, the def| niti onh
ofthat e:haam genIEtY @K9ssars oheaiaal I;gmg&h @ Gt edliiags shaped

§ R TC 23R ers o RNCRS O ARAIALL U  iiald:®

f corpressor the lets
collide with gas path conponents such as rotor blades
and stator vanes. The inpingenent of the droplets
r dsglid is atmemza%grme te ntaagdhe @%}ﬂ@ﬁ%%ﬂi‘ fng cghagiced

cotehieindS o BT Bio PR iR ey e e

a‘iiro?fleﬂs"@olhl:l@%ﬁh gds h1oh @&Wt@ %w:lht 8s rb®r blades and

conpressor 1s further enhanced by allow ng the rotor
s hathtort mm dflee dmpimgemanhohghe Thpplats reggHe ipywetting

SRS U ST, PGS g o
e%é?é‘ ?ﬁtﬁ Q0 b e AN ORI sed BY ehedl@adicas ahldechemical

e cleaning effect is further enhanced by
t haa;tmﬂ ttel it Inqald penctragzocrhmmem wnmesw 1§|fga€ser

f e ergt%%?n EY}? é%’éﬁpcfg&va\nét ﬁidle %%&‘paém{lgoﬁ‘hm is
o & %%ﬁ@tﬁ?gﬁﬁkﬂeﬁ e@'s‘%ﬁft‘e? Gnéfort ﬁﬁ‘rﬁﬂi@f@t@&@ﬁhﬂdﬂy air

ect on cl eaning of the whole gas turbine
enigi dréverdshrivegk ltheringgne caguiidgéhediguidhzoan fie eompressor

conpr essor th t
1rrrlrfet towarc?s 8’16 ogtlré? The cfee{nolh%téfpe%ttlg $urther enhanced by
the rotation 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.

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

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

different methods for the removal as discussed above. Secondly, since
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washing fluid will enter the conbustion chanber and
further through 25 the turbine section and thereby
cl eani ng the whol e engi ne. Hogever, this nmethod is not
efficient for a turbofan turbine engine for a nunber
of reasons. Firstly, because the fouling of different
conponents of a turbofan engi nes may have
significantly different 30 properties regarding, for
exanpl e, the stickiness, it will require different

-t h V. . i .
R S A e R
aigahirew besuted 461 hgldingetheamanifeddnBosdible;dbe manifold can

hol di ng the manifol d. Possible, the manifold n . be
RESIIR 0T B 1aNG O%a AFHE IIASELARMETFRAh GF fReDut
fap;d | t friPfeR¥ | G8arfitig of th ine
e%ﬁ%%%%%&%%%ﬁﬁgﬁg?q?ﬁgﬁgﬁgﬁgﬂ% sli nce the rr%% pa?r?ng
ofsihbe thé eagimpatt ofliitt eleanie tiqisnden deatedzrbes the nozzles
woul d i npinge at the suctiaqn sid f. t.he hl ades of the

f avouisiRRIECRt e SHAUBRITIOR ofﬁﬁé?blaﬁe% H?é@? TRt he
present invention is to provide a device and a 10

method for renoving the different types of fouling

f aunghreart BEtH@mverittbri n t he core engi ne conpressor of

turbofan engine and thereby reduce the negd%;i\(/je ] d
efTlwes sanfobjert afdine pigsent deyanigndste RIRYIURA device and a

fg&%gﬁ%@g&gf%g%\ginﬁgﬂéqa{féﬁﬁg t%}ggé of 'ﬁﬂﬂ%@f 199d on the fan

rncreased” em ssi ons- of carbon

di pxd ¢ taBEoMPenghBe kbmipgrebsst betustpofahj @rginefartchehereby

present invention to provide an _ap%%éat us and a .
netedatet theet negativbeleets of gnfoting el dorargosdtene

o R orBANRE SRRl ad In@RRSYA TILN SoRBARAIA, refiuctaEgine
PrigReitcreal¥gRirhidRidns Bf exisimgickidetdintiNdx an

apparatus having the features defined in the
I ndependent clains. Preferred enbodi nents are defined

! nIttiQ ?ulqﬁpeernéjr? rc])‘:jeccltact)'f e 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”

relates to an angle tangential viewed from the centreline of the

engine.
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25 For the purposes of clarity, the terns "radial
direction" and "axial direction" refer to a direction
radially fromthe centreline & 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 fromthe centreline of the engine.

9 According to a first aspect of the present

invention, there is provided a device for cleaning a

gas turbine engine, which engine includes at_ | east )
oecomndinpetes hdirst aspeot af the praseningaention, ¢bame is prgvided
a pluralit of. fan_bl ades. nount.ed on.a hub.and

osd dRticRdob clrafing Fnery TREbne Samina ar Boneifl taghyges at
hayl 08, Ae EF‘% EBaft! dercRfhRlySHEhhEEd $Afl@on@Pdsirdy 83l@rality
engl ne inc Ing a conpressof unit and turbines for
drof\fangblatibe mouptad sora nili anddxthedinghsubsteptiiaiing &
plurality of nozzle arranged to atom ze a_cleanin
irgehal e elien aracls HATING PrPIassurT 197 Bndzh shFlipRite, and
engj 5 f ' AESPRELS Ae- 8Fivin
t%bgﬁgﬁgﬁg@;@%ﬁ&o ?%g%ess-eggtglﬁﬁgg%ﬁ on conprises a &

f ithet commpe¢ssorruminged the fanf comprisisg b pluralibaof nezales
centre line of the erigi neg s ch_that t he {:I eani.n%é_l - inlet
| iajiRBgeddn Ateirs aRIERRING HeHi by Fe AhBRgHES 1t g &ir nie
S %gft%%e&s%ﬂfe ﬁﬁ-%t@a?g &F Bl hanteadddicOBctSRliPLaDSH e irst
side; a second nozzle 15 arranged at a second position

r edidcy oftthe pres¢meinvengiot cotmpréswy adirssnokzletmranged at a
cleaning_liquid emanated fyromthe second nogzzl.e

i sk osition relativeca sepfre Hee pif dheSngine syt Tatythsn

th ) Sur .

UL R B BB b AT 2B e S
s usthtHehBladeBesubstantiagiyl drgthe presmateesider anddoad hozzle

20 nozzl e passes substantial ]y, between thi. bl gFﬁip and.
erapaged ati secepd PosEieR relatig the coRiEs i gogne

o o BEE Bl pRp G LI AR RURT RO i Rk Bntnozele

Whirgpirfie@i the surfaces of the blades substantially on the suction side;
and a third nozzle arranged at a third position relative the centre line
of the engine such 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,




25 includes at |east one engine shaft, a rotatably
arranged fan conprising a plurality of fan bl ades
mounted on a hub and extendi ni) substantially in a
radi al direction, each having a pressure side and a
suction side, and a core engine including a conpressor
unit and turbines for driving the conpressor unit and
the fan, conprising the 30 step of atom zing cleaning
liquid in the air streamin an air inlet of the
engicNg cRod ldceardigly tdehd aecdryd aepest of thee presealti inyention
nozzl es, 10 The neé%od according to the second aspec
offurthermosserises themtep offappIErS elsAping i pRsarppted

- . e R _
G Eaiotaff TN tantill Suf BB Sty Papbhibe
clcgamMing liddi smermned gebrhrosecorsd eopederarizdtantially on the

substantially on the 5 suction side; and directing ..
clsemtiomgsidesand diraptingdleamimelianid emangief drapch third

that the cl eanj | i gui.d _pass.es t i.all

| Rl a0k B0 M MR AR AN A B e
Thﬂédeigﬁdpérﬁ%%‘taﬂ Menbf ee cérdafgtheon the insi ght

that the 10 properties of the fouling of different

- conponents of the engine have different properties
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n-core engi‘ne conpressors are typically hydrocarbons,
r efoir damflepduanti thechigherl teimppsragare obtlee compressors. The

fouling is therefore, mre difficult to.renmpve d& »

{ HIEhORERRGOTrE RSB qB AT LT Sy LR SRy fo the

pr:?q}{ﬂfgt?ec‘ aﬁﬁv‘%ﬂﬁbe ﬁﬁ@ﬁﬁ%ﬁlpﬁéﬁkﬂqaﬁe.eﬁhﬁwsﬁg show that

sol utions. e advantage is that the cleaning of the

pafoldingf folulbel ANgoreengine compressors are typically 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.
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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.
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subj ected for fouling is adapted to the certain
properties of the fouling of each part. Accordingly,
the cleaning of the differentjjconponents of 25 the fan
and the core engine can be individually adapted. This
entails a nore efficient and tinme-saving cleaning of
the engine conpared to the known nethods, which
utilize an uniformcl eaning process. Thereby, costs
can be saved conpared to the known nethods because
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¢ I's that the
Eﬁgggﬂg;@gﬁLce accordi ng to the present invention
can be used a variety of different types of turbine
engi nes including turbo-fan gas turbine engi ne having
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along an axis substantially paraIIeI with t i al
extambbistomicm pHEA A g bt lewerqcanlhisias &H9 %%F‘ ourable

gf?ect on %:}tl]ee eln%ﬂ%tnrl]nglfxt aueet%dé Werease of NOx formation.

According preferred embodiments of the present invention, the first
nozzle and the second nozzle are arranged so that the cleaning liquid
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 liguid to the blade
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
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




edge of the blade. Thereby, the spray will provide
liquid to the blade 25 on its entire length fromtip
to hub and the efficiency of {she cleaning or washing
of the pressure side and the suction side,
respectively, of the blades of the fan are increased.
According to enbodi nents of the present invention, the

-third nozzle 30 is arranged so that the cl eaning
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liquid emanating fromthe third nozzle forns a spray

which, at. the in - Jaa ' hiadE?d of the
abetpeialty psanE] pift L Gt IPA SRERBBAES,

t hen biaBsartiallhequibtu tiseidsstantce didtweequkle splitteeand the
di stance between the splitter and the point on the
hyplbinsoRtheneubobj ect s and advant ages of the present
invention wll be discussed bel ow by neans of
exenplifying enbodi ments. Brief description of the

drRWAES oBjks lhRTa @PReE dEerifsthef pidsent iresrttion will be
now be described in 10 greater detail with reference

t disdressetbelosnpyrgeanawl sEsMpIHY S BRPAFERSshows
the cross section of an aero gas turbine engine. Fig.2
shows the cross section of a turbo-fan gas turbine

engli BedesckPotibl 03 thBWEiRgsCr 0ss section of a

t = as turbine engine and the preferred . :
erfefimmed terobodieentaehthomyantion Wl mevy besdgspribed in
cl eani n

e e L

installation of nozzles. Fig.5 shows the nozzle
installation for cleaning of the fan bl ade pressure
SiFig, 1 RhoRisgile cutsswection nban|aeTprEasiUTRING FTIgsRe-
cleaning of the fan blade suction side. Fig.7. shows
the nozzle installation for cleaning of the core

engiing shodft BRSErd ditic oPhaiebbednarotirtinesngine.

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.
Fig.4 shows details of the installation of nozzles.

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

pressure side.

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.

Description of preferred embodiments
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13 Wth reference nowto Fig. 2, a two shaft unm xed
turbofan aero engine will be described. The two shaft
unm xed turbofan engine is ope of several possible
designs of a turbofan engine. This invention is not
limted to the enbodi ment of this description and its
figures as it 5 is evident that the invention can be
applied to other variants of turbofan engi ne designs
such as the m xed turbofan engine or turbofan engi nes

(.Lh, one three or [€5S - ef | S
e b S B 2 A g AR b ofb aono

f %Fl_gﬂ'i@%ﬁﬂ% #sscrilbed. The tivenstaft urimiedneufofan engine is
splirtting the airflowis rotating. 10 Engine,2.in o
Floglemfg%ﬂmralspesabl%ldﬁa@n@rﬁfta 2@%@%& & BPeTEhi; ifention 1s
uni t .. 203., The engine.i PR . .
et & R B b CHPpRoh i i Rghertlas it

atio LhR1 R LN et iviBh fidn2ean Derdpplie®to othérearifats 26,
A second shaft 29 is in formof a coaxietlg)to first
i

shafbofsh ergirshdésigne surhcanibe maikesk turhofan SREIRR QT o

conmpyessor 27 and.ear t [ 38 '

iy Be R0 FpERsSny B ohs s HBHFY SRR Clfgfest st for

t hchgq:%gg%ﬂﬁl ehgifieonBehitH fie tiidntdiRiasditabief@nprantice is
uni't provides thrust for propelling an aircraft.
2GhEnghedaf drad itsncand gar it €19 AITdOWLIS TARIGE the
engine. The inlet air flowis driven by fan 25. One
portion of the inlet air exits at outlet 2 1. The

" SEREMNNY iR ‘F‘ig.@Eo prid® dMd 8in airfit 200easd iancord drgine unit
core“engine at inlet 23. The air to the core engjn

i 20BeThe emgins sebubly agonpdes sotorshaffZd w éég*e%lﬁ"ont end

air togethe ith fuel h ' . ]
c eIt 10 ot P d L PETERr el RO ZshEhibe 26
02880 The oy esskkd e dnhat 26 98 Foimnfoasesxiet parfitst shaft

t owar core engine outlet 22. The expansion of the
hop4 cohhfs29 i copaseted st dsrisonhenddostagpiesyoy % and rear

first stage the combusti ases e
e SRRl B AT PR 7 AP ghow the
air flow through the engine. Both fan unit 202 and core engine unit

203 provides thrust 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
second stage the hot combustion gases expands towards ambient

pressure while driving turbine 26. The combustion gases exits the




30 second stage the hot conbustion gases expands

t owar ds anbi ent pressure while driving turbine 26.
The conbustion gases exits thg 14 engine at outlet 22
at high velocity providing thrust. The gas from
outlet 22 together with air fromoutlet 21 together
make up the engine thrust. 5 Fig.3 shows a cross
section of the two shaft unm xed turbofan aero engine
2. Simlar parts are shown with the sanme reference

Terass at Bl B Yol o AR ittt pheend from

10

t YR e Rsidias  4a5h GRS frus buaktidie togothdr makéoiarhe
engi ne or turbofan engines with one, three or nore

sleafgise thd@stTur boj et engi ne fans are designed with set

of blades installed on the fan hub and pointing

outward in basically radial direction. Each blade has

a.lfig%s SHE® s RosiNgecicivef tiee tebdhalelimmikedyturfiwfan aero

dirgction of rotation of the fan. A conpresgsor

wastying X &iidtacpagissaresthawin gdth shgsaime JetefpBee fapmbers
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si%lgftgﬁ@e?aaﬁée ot%l'{eﬂ%yp_egnoz_zl e gserves 'tahe

PULbBED Engirey brlitngbafanl eagineg Withiang, dhres eanags shafts.

suction side of the fan. Yet another nozzle type

serves the purpose of 20 providing a cleaning fluid

f Ofugﬁcgéﬁkaﬂgiﬁ@ﬁar@éﬁe 8Rgighed wite swizetl siadeariastalled on the
i one

pos! pstream of fan 25. The nozz| es_have '
di fhehebt as@pmintioganadwad i basicaly redéal ¢irection. Each

capacities. A washi ng,devi.ce far. ' : .
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1 and 35 are firned b%/lthe stiff .
meAbiAks tes Thesptdying endeaningrinid spghang with a dedicated

oL 8 SoMEbe e Aok IR e A tamiog

CORNEY tfoerd(:1te‘31n‘fi'1'1g the pressure side of the fan. Another type nozzle
serves the purpose of providing a cleaning fluid for cleaning the
suction side of the fan. Yet another nozzle type serves the purpose of
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
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
water or water with chemicals. The liquids temperature may be as

provided from the liquid source or may be heated in a heater (not
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punp (not shown). The cleaning |iquid in condui

may consist of 30 water or ma?er aﬁth chen?cgrgf %Ee
l'i quids tenperature may be ags provided fromthe
liquid source or may be heated in a heater (not

shown) . The punp punps the washing liquid to nozzle 31
and 35. Liquid exiting the nozzle atom zes and forns
a spray 32 and 36 respectively. Sprays 32 and 36 are
directed towards fan 25. 5 The liquid pressure in

conduit 37 is in the 3 : ' i
p$1@@,‘§9}-eﬂﬁee§lﬂrf1§ RWEQE?%ﬁ %ﬁgupig%? £\ ;!/;Etk r%glgjﬁaﬂat%g
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| paspdotiviely. S prayst 3@ atdoPb @rs diseqtedewargsdap
fromthe nozzle tip. Arriving at the fan, the droplet
veI ocity is 10 significantly higher than the rotation

h’lﬁg%(i%{]ﬁi e{)réé&%rg"i‘ﬂ cotrf&ﬁ{lﬁw isEinadtd fmlngEI—HQQGfbar This

pressure side of the fan or the su
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ets co
s Liquigevel %ﬁi’laiﬁﬁﬂ a\ﬂaq @)3%@&%/% ’[g{ %Hﬁﬁliggofga gives
aéﬁg Hroblis (RAALEA A 16 atfdbethe alﬂprQS tbdratelnl thy fan
fran I's lowed to rotate b help of
ﬁ Igl?)g?rwe%ﬁl@ﬁm rArrimihgratdhelfang the drap ?
i on serves I
ot e o e R R b
tr avgk}lgr % "Sﬂ?n% 3 @ﬁh@?‘ﬁﬁé dsrebf§rd sitle Jhthefan bF the suction

reas I"i si on vel ocit th
L5868 thé thihefuuthbt Hboibed by The drapleisceIline with

cl eani ng eff
e rt:hbl fegg&;@ tV;’IElIg‘%gg {1@% e]g%&?fgé:ef z‘rprgttpgrén%&tgl;\%ﬂlgﬁ ]}Q]Eased by
t{]rgzc[zah gexc %ttﬁg cl‘ﬁa% i’ %ﬁé%t%&‘t PREénd ﬂ@ﬂ\clehﬁuﬁgn

the fan rotation enh
e 2EBYah 28 ig alleﬁedotocmuawbyi dheshelp af H‘étea@nglggfsggﬁer

sh r € acing the trave

m;gsg;z &ﬁv?ﬂ:[s &g@m::gflgg eEiﬂ%% %Lg;?agfggp the
COlIhSlOIl velocity on the fan surface. A higher collision velocity
improves the cleaning efflcwncy 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
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
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
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mani fold 38 in formof a conduit which in one end is
connected to 30 nozzles 33. Nozzle 33 is firmed by the
stiff manifold 38. The other ghd of manifold 38 is
connected to coupling (not shown) which is further 16
connected to a hose (not shown) which is further
connected to a punp (not shown). The cleaning Iiquid
in conduit 38 nmay consist of water or water with
chemicals. The liquids tenperature may be as provided

fromthe Jiqui,d source,or |
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conpresso components such as bl ades and
vV ahesn ofabn baificeahiquivi Ydlotity ielimdbedangg Thd @8 sadihe

of the chem cals or the er. i t I '
prispaislsvelerby E3Esy t@g;%p\l@ﬁ ﬁ\l}ggc“{f:%{]%bﬁrg]%e&o%ﬁ{ he heeﬁhb()plets
?ft[ot SvENGLAL thS LALLR tiPRhebugh thy fahhed beewssn theelades) to
otatron serves several purpoSes. First, the rotation
ragidit 28 nasriviaig af irdet 2B; thighigquie ertters tip FEENCSSOT.
enhancing the travel of the droplets towards the
conpressor exit. The air flow thereby increases the

cql kgl i ¢ ; At £a b gh
cgljlrﬂsﬂélji: %e &g’ cF%olp%r El\?gg%ec%ﬂiﬁani ng e frieéisengyfer
Segsgonkhes baphrax blades andaanes. Coatasrpents gill be released

| Topncherrion! eREObAN ShomisRe CuiitpBlemipvEnY fie Seaning

o BB D e gy s b daeatin
starter motor or by other means. The rotation serves several
purposes. First, the rotation result in an air flow through the
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
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.
The shape of the spray has a significant importance to washing

result. The spray can be made to form many shapes such as circular,
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liquid fromthe conpressor rotor blade surface. The
orifice geonetry of nozzle 31, 35 and 33 defines the
spray shape. 30 The shape ofiihe spray has a
significant inportance to washing result. The spray
can be nmade to form many shapes such as circul ar, 17
el liptical or rectangular. This is acconplished by an
appropriate design and machi ning operations of the
nozzle orifice. The circular spray has a circular
distribution of dr : ' i

ssn el R trpeh i 18 3y ChRIIFER BF <R abpRime
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t he, same 20 referenc nber.s,.as, 0. Fi '

¢ SRiSE PRASTES BF R 60 WP IR U BLOP Y - TG oy has
trailing: sgae; B @gskAfsansa didtpiddiamdThe shossespray
at lﬁéélnﬂ'bcg&oﬁugﬁnza According to the design of the
unhas xegehal teidbofeiseenyl thickuessfwisg HGtRPIHOR: t er

passing fan 25 be split into two flows. One portion

of air flow 20 exits the fan section of the engine at

25poul | 81 2 1-crbB8 RERBH RtidrPbf e Liendked frebofan engine.
enrgéjs S?{we core engl ne _ . )
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.




section at inlet 23 for providing air to the core
engine. The air stream is split into the two streans
by splitter 45. The opening ofg inlet 23 is limted by
on one side splitter 45 and on the opposite side a
point 46 on the hub. 30 18 According to the

i nvention the washing system consist of three types

of nozzles, each dedicated for a specific task. The
first nozzle type serves the purpose of washing the
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more than 100 mm, and more preferably more than 500 mm and less

than 1000 mm, upstream of the fan leading edge 41. The nozzle 31 is
positioned in a radial direction at a point less than the fan diameter
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
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
entire length from tip to hub.
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25 width-wise distributionis limted by streamnine
75. On the opposite side of the spray pattern the
wi dt h-wi se distributionis limited by streamine 76.
From the nozzle's orifice point the w dth-w se neasure
of spray 32 at |eading edge 41 will be equal to the
length of leading edge 4 1. The spray wll thereby
provide liquid to the blade on its 30 entire length
;ron1t|p to hub. 19 Fig.5 shows nozzle 31 as seen
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4010805668, waASKIHPNGuURT Rirenial ¥ sppay 3ChatoAl: dégsebisccted
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Noz 7 i B Bhd o2k 1eea ik R th metheofhipkavsshwige axis of the spray
pattern is limited on one side of the spray pattern by streamline 51

and on the opposite side of the spray pattern by streamline 52.

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

atomizes a washing liquid forming a spray 36. Nozzle 35 provides an
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washing liquid for washing the suction side of blade
40. Blade 40 has a tip 43 and a boss 44. The | eadi ng
edge 41 of blade 40 has a lemgth 25 equal to the

di stance between tip 43 and boss 44. Nozzle 35 is
positioned in an axial direction at a point preferably
nore than 100 mm nore preferably nore than 500 nm
and |l ess than 1000 mm, upstream of the fan | eading
edge. The nozzle 35 is positioned in radial direction

?%lelﬁ:étg@%)i“re&%?%dlﬁ?%?}@f phaferfll IMRtieszA0 ds orieatted sbhthmt

an hub "di ameter. Nozzle 35 is directed towards
f she 2dthoriskeds of dheriprey ratiershisparallpliwithdeasing edee

spray. 36. zl e 35 pr,ovi.des an 20 [liptlc. :

;B diblavisr TG o EgTe e s % BT parfe B¢ Fafffhriss

{ Bl itk d i Sapllind P5S Db apbekiteiside of the
paralTel wt eadl ng edge 41 of blade 40. At one

slsglqeapfpattg&'glsﬂteawiqbﬂt-msm disteibnitim isdiseited ibst streamliag 76.
is limted by streamine 75 On,the opposite si

ooyl ST e RO i LS B ARG R PRy 36 at
WEAdi & 1 HB% (8 t ) ' ef4 T,

A B s L e A Ty o

e@gﬁaﬁ il {Herbby qrroaide bquhktd tnebladd ohessliengiredgagth from

41. The _spray will thereby provide liquid to the

bitipléo &ttt s entire length from tip to hub. 10 Fig.6

shows nozzle 35 as seen froma projection fromthe

rotor periphery towards the shaft centre. In Fig.6

nqZgle sBbwisn A 3i5nas teen fiimlenpsgjention fson] Het rofer

Nozzl e 35 t h f L di [ .
st o R RS Tel b PPl 4o, b i
S . ‘1
PSS pPOICP R, NeE R P SR fite prRpORs of providing
diwgshin@niqiitefori washhnythe kactigpiside ofiilade 48). tem 25

| reonsistegv RN l28: Ay PRI aFade 5 LT 4R

SRS, ikt bt b Shods i fpa
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. Blade 40 has a pressure side 53 and a suction side
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
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.




20 54. Nozzle 35 is installed at a point upstream of

10

15

20

25

30

fan 25. Fig. 6 shows the nozzle tangential angle Z
relative to the engine centreyjline 400. The
tangential angel is preferably nore than 20 degrees
and | ess than -20 degrees, and nore preferably zero
degrees, relatively the engine centre |ine 400.
Nozzl e 35 atonizes a washing liquid formng a spray 25
36. Nozzle 35 is directed towards fan 25. Nozzle 35

forns_an ell&pfhc r
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eraiee Fpmidapbring A ulish 1haVPLIeRS Rrihe 2 figtic or
b'@é%qf%i%% @@aﬁa&m@i. 785 A6zzle 8 siriergeti qutlthtf hremwidgh-

a spray” zzI'e 33 forns an elliptic or,
r eeisareis f thpreprayaatéerm isTparailel withlsagingaies 440t blade

th he wi dth- .w [ : LS e
o LS ot SRl el P i B eitaion
?'1%;&& By gusd%ﬂune af7 §yR thBeppolite videeofditet spitayt pattern
is I'mted by stream i ne 47. the opposite_sj

t hiheswidij-pase distrisitiore isdinitedubyestaeaing 48 oﬁﬁgé&t inlet

limted by streand ine 48  The air i :
e W 50 SHEBRRER P Ch USRS RITRP ek oy gtaRce
beﬁé’\ﬁ%&rﬁ?ﬂiﬁ%ﬁ 4 FRn@PbiREUGL THe. width-wisk edsifre of spray 34
measure of" spray 34
at the inlet opening to the core engine will correspond to the distance
between splitter 45 and point 46. Spray 34 thereby provides liquid for

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
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
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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at the inlet opening to the core engine wll
correspond to the distance between splitter 45 and
poi nt 46. Spray 34 thereby pr2vides liquid for 20
entering inlet 23. Fig.7 shows details of a typica
installation of nozzle 33 as seen from a projection
fromthe rotor periphery towards the shaft centre. In
Fig.7 nozzle 33 is seen in its thickness-w se
projection. Fan 25 25 consists of nunerous of fan

bk@ﬁgﬁnﬁlapahgﬂ: Phelditre @it bufinenebntexierRd0Q, Phsitaaktytial
I a

inr di rection. The view shows a typical bl ade
piahgte YVelsatrieferahly mhereetiyitn@0cdegneesi andqoore preferaply more

nde8n T dehtr Lags 55 Hin 20 UFa o Ag i By s sfgR e
t IEEflgr&nHﬁé |4Q)C%1.yﬁ?@zzlé‘ 83z @ rdides @ﬁabﬁﬁl@l{hﬁ% €oghirdPa spray

provi ding washing liquid for washing the core engine.
NGz The38piay frons indzelecdd as diraodédasuiosaliesthefliqud to

25. Fig. 7.sho he. nozzl.e 22 tangentj al.angle.Y

- BeaciAeHEOUER e 1eBnihdAITiEEnAG, DindleSt G en from
a@%@@ﬁ%@&@&% WY iR Sdse 30, MRELRESS foAfsEN elliptic

pf nore than 25 degrees and | ess than 30
degrreesanghlairi spray pdtherme Npazde 38estardenfedearomd the nozzles

Nozzl e 33 atom zes a washing Jiquid formng.a Spr
SATRe AP R SISO L SPE HMEBAaF Fued on
t | ioqui J o )
ABLARE 40 BB e et a0 byt
t rsdié ofighe dpeaghatianzby skFaoline 72h NodzlpBBcis anented

rectangul ar, spray pattern. zzle 33 i ri ented .
arelaive ot shpdstentrelng g 00 A o roatls BHEd 40 ass in

ax| t t id Sethdtihti i
R 45 BRLPKGA: A0 Pebiehing anoliiine Sisemtoier
sijleo ebré baghpr ayinlat ©8n by streanline 72. Nozzle 33

is oriented relative to the shaft centreline 400 as
to enable liquid to pass in between the fan bl ades.

G B SR o
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.
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Al t hough speci fic enbodi nents have been shown and
described herein for purposes of illustration and
exenplification, it is understood by those of

ordinary skill in the art that the specific

enbodi nents shown and descri bed may be substituted for

a wde 20 variety of alternative and/ or equival ent

i npl enmentations wi thout departing fromthe scope of

the present invention. This application is intended
?:covgr any adaptations or variations of the

p é enbodi nents di scussed herein. Consequently,

the present invention is defined by the wor di ngs of

t he appended cl ainms and eqU|vaIents :ﬂe af . 30 23 2

O ai n. Devies ferecleaning agas gk 1@%&%&% hhgine (2)

2 V\,h
(it "3RS A opISE Al LR totacatly
first shating@dbn airehshaft (025)whintpfairs (a5)cqhprisestay
of fan bl adeS (40) npunted on a hub and e ndlgg di
subst antalaratsi of a@d@s (6D) s Eanr D ] extending
pressur e\,ﬁj %%H%ﬁg)m a? Wi R ot seh @'ﬁﬂn% %”;S’re%)sure side

core en I nc a conpressor

and tur 353 §nﬁ2eﬁsu8ﬁbnf§iﬂe %4)4@9:1 aaaoﬂ‘eleﬁlgmmﬁﬁeg}smcludlng
unit (27) and said fan i25) conprisin agré ralit

of nozzlaecoPresST, ugg) 2f) %é@r‘pme& PESEIviRe said

g CBpedt b U S ) ort Pt
|7 & shRYe(J1,138, mzéﬂrgngéd b ﬁbhﬁﬁg@@bmmg liguid in
p03|t|on relative a centre 15 |jne 400)

engi ne (the aipstresamissn aﬂamlﬁQ@O)eﬁfd'-hea‘?ﬂéﬁ&e@ SRcptream
noszl e (45PRTaPigeb | he ST dece’ 6 S4PA bl ades (40
subst anti al ) ¥ir@hndajie (BN pastHitzedl dea(fulition relative a centre
line (400) of said engine (2) upstream said fan (25 and
arranged such that the cleaning liquid emanated from said
first nozzle (31) impinges the surfaces of said blades (40)
substantially on said pressure side (53);
a second nozzle (35) arranged at a position relative
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
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). .

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

first nozzle (31) and said second nozzle (35) are arranged so
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a second nozzle (35) arranged at a position relative
20 said centre line (400) of said engine (2) upstream
said fan (25) and arranged spgeh that the cl eaning
liquid emanated from said second nozzle (35) inpinges
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 |ine
(400) of said engine (2) upstreamsaid fan (25) and
arr angeﬁhgt‘ File E[&&?Qg Qic,gliaaéihaaakécﬂ Pichn QAR & §EnbeAm (31)
said third nozzle ) passes substantially between
said bbhadesaid4éicomdtnentle(35prespeetivgly 3forot asspugy (32)

' 203). .30 2. Devi ' t . Al
o T 4 e st §USHIG: Me Q d
08 TR LRl ot 1 Sdenion

that th aning lqu romsaid first
nozzl e (o3 tht blades $d)dosetddnn@s5)) subsGntially equal to the

respectively, forma spray (32) . which, .at _|npinge
agai nst langtkaa%a(lﬂ@gh,ngw%geaf%)cﬂfrﬁa(ldgi’ﬁ?é?,(4bgPong an
axis substantially parallel with the radial extension

5 of the blades (40) of said fan (25), substantially

equal 3t Qéviee acesslingab datmation®, enlyercis shid dhles42d) of said
bl ade (40). 3. Device according to claim1 or

wher ei n caednigine(2Qals lomitesh By ofopRre & ﬁesf}(létﬁ) (45 and

limted by.on one_si spl.Ltt : on t i
oppost ¢ S oBRBsitE G BoiktEb b il b ObEr 1B e
er i zged imthdwedaigaindrd hiokdlensal lie afR8)gddssarthahtied

so that the cleaning liquid emanated froms

id_third
nozzl e (dejning hguisl exmmnajed j‘nqm\,@pﬁ.ié.ﬁl’hl ngg% (,?:,L.’?F I‘é'cgrms a

(23), has_a w.dth,.(.47, . an, Xk Sui

subst antﬁﬁ.ﬂap’yi‘%iu‘)”ﬁ‘é]&r agmg%q]d ?fklgg?%%]i’ 21 ext%velﬁlg];l1 $HT 078 along
the 15 biadess ABhta{tian; gafallel(Rfh, tirukstiahextmnsjon of the
equal to the distance between said splitter (45)

an
sa'd polHadead¥Opal saicmIEo 4 supstanidaliy canal i thg distance
any one lgétuger}::% 176 Csep Rhisy fﬁiﬁ 'dfkd sgic{]pGiL{t @6) on said hub.

4. Device according to any one of the preceding claims,chara
cterize din that said first nozzle (31) is arranged at a first
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)

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

degrees.




cteri zedinthat said first nozzle (3 1) is
arranged at a first 20 tangential angle ( X)
relatively to said centre |ing (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
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(Y) rel at2i vely to said centre Iine (400) 25 of said

engi n . 5. Devjce acegardin Lai : :
o0 B Diobeaerritn 16 TP 47 D& el Bt £p U fafe said
(X) pr e%ﬁ&&‘?ﬂi Xah%ezgﬁﬁﬁéﬁ let (A préferadlyf gesmtennlane® degrees
preferably greatéer than 60 degrees and | ess than 80 .

30 degr eesl le35 then 2R diegeeescanddnate pocierably subgtaptiplly
racter. zedinthat said second tangenti al

angl e (Z§THFAEEEESbly greater than -20 degrees and

| ess than 20 degrees and nore preferably substantially

zero degrees. 5 7. Device according to claim4, ¢ h a .
r a 7t Devicé azcerding notdhaim <hiath & hiar @t eanpastd ap that said

angle (Y).preferably is.greater. t .

ggr e | pr ge‘lg%at@n}ge&?@ita&gl% I@np %e’&aewgpel g %rgﬁ%&lede%g ?ﬂ ginegrees
egrees fdPaVlF BraneptHbARS a6d 0éss biean 30

pr ecedi r?gl .(:Tné]l}%s‘,ﬁecé?% zlfgra gtt eg2r i@‘egfefsg icr% t?é\t o

each of degreed.irst nozzle (3 1), said second nozzle

(35), and said third nozzle (33) are arranged at a

poi tnt rmr‘;ai than 100 mmin a an axial direction

upstrega ' | i

and g D 5igs SecpRBALTS A B e e kg = T 2

| ess t hant 8Q00z e irpthateeach ofisaid fgshyosalgd3 14 Bpidsecond

said fan (25) . ) ) : .
nozzlé (35), and said third nozzle {33) are arranged at a point

more than 100 mm in a an axial 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) .

9. Device according to any one of the preceding claims,chara
cterized in that each of said first nozzle (31), said second
nozzle (35), and said third nozzle (33) are arranged ata
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 (29)
rotatably arranged on a first shaft (24), which fan (25)
comprises a plurality of fan blades (40) mounted on a hub and
extending substantially in a radial direction each having a

pressure side (53) and a suction side (54), and a core engine
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9. Device according to any one of the preceding
claims, char a 20ct er i z e din that each of
said first nozzle (3 1), saidygecond nozzle (35), and
said third nozzle (33) are arranged at a position, in
a radial direction, at a point less than the dianeter
of the fan (25) and 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

|l east o ' t ’ f
o0 AR leckerostBh el ) AR unhesanty 2
conpr i sgsr drivinyg ahid yowipreasobhaiteR7) 40)d ssidnteed (25, a

hub and 30 extendi ng substantially i radi al
di rect i COMRIEAIIER ipi@r%lltymfe%%%ﬁl%s Slfﬂef%sg% affgnged to

suction side (5 . - ' . .
i ncl udi «?303“%% %a%?s%ﬁ%?mﬁ%??h( ﬁgﬁr‘%ﬁ?&%‘ﬁ%@a@%@eﬁgm of
for drivheeriahé (Bpupraseamn onsiid(R7) (2H)dcdaad daterized
(25), conprising a plurality of nozzles (31, 33, 35)
arrangedm‘_ﬂ'l? atesiole cleaning liquid in the air stream

in an air inlst. F ] ' _

0 oo A g Byl PR AR LPhok oot 03
of : appls)dwaﬁtiaﬂyidigsmcn?f@bmrmaeqsm;o_m a first

nozzle (3 1) substantially on said pressure side

(53); appl yaprlvingeleengng liqwid csnanatehinom & eeoscbrgzzle

nozzl e 3 b tiall - sali ' id

(545 " ardohbRBLETHIRY B P TR S DL 3B

third nozzlgréde citelinghaiuidnenenessd figrhisgtiitdd nozzle (33)
passes substanti a%l y between said bl ades (40)

d
enters audmtlat (Imayleani@ﬁiﬁa@ér@%ﬁgiwst@t;g;l?fnq@ween

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

(203).

11.  Method according to claim 10, ch aracterizedby

the step of:
forming a spray {32) of the cleaning liquid emanated from

said first nozzle (31) and said second nozzle, respectively,
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).

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

along an axis substantially parallel with the radial extension
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11. Method according to claim10, c har act er i
z edby the step of: formng a spray (32) of the
cleaning liquid emanated fromysaid first nozzle (3 1)
and said second nozzle, respectively, 20 which, at

i npi nge agai nst said | eading edge (4 1), has a width
(75, 76), along an axis substantially parallel wth
the radial extension of the blades (40) of said fan
(25), substantially equal to the length of a | eading

edge (4 of. i

claim 16’%35}9 Hgd%]gzﬂg|é114%alfidéﬁ %9 Q{EB salt%qggé 2t Ehe‘
engi ne (ROndesShdtinBeheshilyspliten (S itk sarl ppintt {€) on said
(45) and, on the opposite side, a point (46) on said
hub, ¢ fuabr a ¢ terized 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

wi dt h1§47, M8lhod atengliag taxdsy subsifabinas p-pareteract
with the radial extension 27 of the blades (40) of

sai d fartf:!(EZ)e déle?l’t%ﬁﬂelP&ICPy equal to the distance
bet ween_sai cﬁ“tgﬁéﬁcg%ﬁ? Wﬁqﬁa'&naﬂh d%@ﬁ s%lnd%ﬁ'lsg

hub. 5 13. NETHEE o any one o

12, ¢ h @hb]@(F)tat Lfikst ta&m@rﬁlﬂ)aﬁgle (X3 eﬁatﬁrbly to saud
di rectl ng the cleaning liquid emanated fromsaid first

nozzl e (@ntye Hned400) of Smgéﬁmeaﬂ)aﬁ@ﬁém( X)

| at | d t |
(5 v or 658 tf El e Bl PfhoBted Hita el cond
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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.
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