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cleaning a turbofan gas turbine engine Technical field The present
@V\éez%gg&%g?er.a}lly relates to the field of gleaning gas 5 Tur@%segawg%m
and more Specifically a method 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 comprises a compressor 10
compressing ambient air, a combustor burning fuel together with the
compressed air and a turbine f 1] sqr, . . .
cpa R AL OR S fhESHatAE ¢ SRSt Bl Hpne cngine
used for propelling the air craft. 15 Gas turbines engines consume large
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filtering the air to the compressor. However, gas turbines installed in
aircrafts are not equipped. with filters because it would create a
substﬁﬁﬁﬁéﬁﬁﬁ%&%—%ﬁé@%’—ﬁ%hereby more exposed to air 25
contamipagtsarbipicah sertamipants dormdfinthei ne oo cenviconmeas sor
are pollen, insects, engine exhaust, leaking engdine ol .
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comingciiopnesiserhétidesicing andiaiepbt powering the compressor. The

expanding combustion gases drive the turbine and also result in

thrust used for propelling the air craft.

15 Gas turbines engines consume large quantities of air. Air contains
foreign particles in form of acrosols 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

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 aireraft de-icing and airport
ground material such as dust.

30



ground material such as dust. 30 WO 2005/077554 2
PCT/SE2004/000194 Preferably engine components such as compressor
blades and vanes should be polished and shiny. However, after a period
VBP BHBI4ET6H a  coating of foreign particle$ builds up. This isralesrznevim e
compressor fouling. Compressor fouling results in a change in. the 5
properties of the boundary layer air stream of the components. The
deposits result in an increase of the component surface roughness. As air
flows over the component surface the increase of surface roughness
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aerodynamics. At the blade trailing edge the air stream forms a wake.

The 88 afereryperbelambiaids wih Bhisdgaive kngaor @s the air
flow chhepthisker thaihosndanitayssdheosiipRaRIted by lensa dp theme
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compressor fouling .
negative impact on the air flow. The thicker the boundary layer the

stronger the turbulence in the wake. The wake turbulence together
with the thicker boundary layer has the consequence of a reduced

15  mass flow through the engine. The reduced mass flow is the most
profound effect of compressor fouling. Further, the thicker boundary
layer and the stronger wake turbulence formed at the blade trailing
edge result in a reduced compression pressure gain which in turn
results in the engine operating at a reduced pressure ratio. Anyone

20  skilled in the art of heat engine working cycles understands that a
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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increaseé nd thereb increasingrgagat(i:gg %osts. 5 Compressor fouling
also ¥ a 85% X &SR TRRE Biviro men%. " With the increase of fuel

consumption follows an increase of emissions of green house gas such

on fllows an nissi nt .
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temperature in the ‘engine combustor chamber, When the pilot throttles
for takepPBRtiaRE Firvel e iam Rtk iRs Mt OB R esh Erhirg
is very.high~ Fhedamperature is not too far from the limit of what the
material can stand. Controlling this temperature is a key issue in engine
8rformance monitoring. The temperature is measured with a sensor
The loss in performance caused by compressor fouling also reduces

the durability of the engine. As more fuel has to be fired for acquiring
a required thrust, follows an increase in the temperature in the
engine combustor chamber. When the pilot throttles for take-off on
15 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
20 is known as exhaust gas temperature (EGT) and is carefully
monitored. Both éxposure 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 efiect 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 resulis in an incremental increase in NOx.
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consumption, reduced engine life, increased emissions of carbon. dioxide
and NOx. 5 Jet engines can have a number of different designs but the
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found @ Widewo or three shaft machines. The working principles of these

Lh

engines will not be described here.

The turbofan engine is designed for providing a high thrust for

15 aircraft operating at subsonic velocities. It has therefore found a wide
use as engines for commercial passenger aircrafts. The turbofan
engine comprises of a fan and a core 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

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 downstrean 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.

Downsiream 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



use as engines for commercial passenger aircrafts. The turbofan engine
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surface and will be more difficult to femove. nalyses show that fouling
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from anti- icing fluids, salt etc. This fouling is more difficult to remove. It

may at some time be accomplished by washing with_cold %hot wat«?ér)rp
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princi%lg 'tgl%rgge gggig?dvggsﬁi)ns %%r& %% a,rfarlcxgigs%jater into the engine inlet.
This method has however a lirnited success due to the simple nature
of the process. An alternative method is by hand scrubbing the

i5 compressor blades and vanes with a brush and liquid. This method
has limited success as it does not enable cleaning of the mnterior
blades of the compressor, Moreover, it is time-consuming. U.S. Pat.
No. 6,394,108 to Butler discloses a thin flexible hose which one end
is inserted from the compressor inlet towards the compressor outlet

20 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

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 Il et al. discloses a cleaning cornposition 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.



by taking a garden hose and spraying water into the engine inlet. This
method has however a limited success due to the simple nature of the
process. An. alternative method is by hand scrubbing the 15 compressor
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success as it does not enable cleaning of the interior blades of the
compressor. Moreover, it is time-consuming. U.S. Pat. No. 6,394,108 to
Butler discloses a thin flexible hose which one end is inserted from the
compressor inlet towards the compressor outlet 20 in between the
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cleaHitgreffisidiny. thovale i epzitent Bogine 1 is built around a rotor
shaft 17 which at its front end.is connected a compressor 12 and at
its rear end a turbine 14. In front of the compressor 12 is a cone 104
15 arranged to split the airflow. The cone 104 is not rotating. The
compressor has an inlet 18 and an outlet 19. Fuel is burntina

comnbustor 13 where the hot exhaust gases drives turbine 14.

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 mnozzle 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 somewhai similar to the



not address the specific issues related to fouling and washing of turbofan
aero engines. The arrangement described hereinafter with reference to
Fig. 1 is 10 further regarded as common l§nowledge in this field. A cross
ERAHMT/VTIEN of a single shaft turbojet engine is shown in Fi§ TSP
show the mass flow through the engine. Engine 1 is built around a rotor
shaft 17 which at its front end. is connected a compressor 12 and at its
rear end a turbine 14. In front of the compressor 12 is a cone 104 15
arranged to split the airflow. The cone 104 is not rotating. The
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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
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but with corners according to the definition qf a .
act of the liquid. Liguid penetration into the compressor is further

enhanced by allowing the rotor shaft to rotate during washing. This is
done ‘by letting the engine’s starter motor turn the rotor whereby air
15 is driven through the engine carrying the liquid from the compressor
inlet towards the outlet. The cleaning effect is further 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.
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. Firsily, 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



rectangle. A square spray is somewhat similar to the circular spray in that
the two geometry axes are of equal length but the square shaped spray
has corners according to the definition of a square. 5 Liquid is atomized
prior to entering the compressor for gnhanced penetration into the
compressor. Once inside the compressor the droplets collide with gas
path components such as rotor blades and stator vanes. The
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a liquid film. The deposited particles on the gas path components are
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. rotate during washing. This is dope by letting the engine's starter motor.. .
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of the bguiekfeomadiencompressor inlet towards the outlet. The cleaning effect is

further 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
Summeentriftigabfongem during washing. 20 What is said about the cleaning of
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engine. As t liquid enters the engine compressor and the rotor
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turbofiAreHghLathentiEbine-gestion - and hecalmkcleaning theimbalerangidaero engine
However, this method is not efficient for a turbqfan turbine engine for a . .
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carbon dioxide and NOx.

Further, embodiments of the present invention seck to provide an apparatus and a method

that are able to clean the fan and the core engine compressor in one washing operation.

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 embodiments of the present invention, the term "tangential angle” relates

to an angle tangential viewed from the centreline of the engine.



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 8 the fan

and its cone for splitting the airflow i¥rotating, the cone cannot be used for

holding the manifold. Possible, the manifold can be mounted on a stand

or a frame placed upstream of the fan but this arrangement would not _
Accordingyigeabiraffensst loHsimycsethdeaping.sther theriafispdavaradar cleaning a
gas tuBERNEAG IdUhemanatad fremdhenazaiesnyQuld ingiage At eoshaiBNarranged

side of the blades of the fan. Summary. of the invention Thus, _
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._the core engine compressar of . turbofan engine .and thereby reduce th .

eneing R G O IO o T R A R s ap s
fan, cingrasisech fokircotysuimptivkes rduced enginaiife cinoreaskquahiissiordrofiream in
an air SRIQOSF %%Hdgé@é‘nﬂgﬁé%mﬁ%ﬁ%ﬁd%%ﬂkﬂ%@éﬁ%"B?r REREMIMENMONced at

seek to provi pparatus and a method that are ‘able to clean the fan
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a direction radially from the centreline of the engine and a directjon along
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g to.an an%e tan%ential .view%#j fro ‘r;[he C trle i% 82 thS%besQ iplgﬂg on. said suction
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substantially between said blades and enters an inlet of said core engine.

According fo a second aspect of the present invention, there is provided a method for
cleaning a gas turbine engine, which engine includes at ieast one engine shafl, a fan rotatably
arranged on a first shaft, which fan comprises 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,



substantially in a radical direction each having a pressure side and a

suction side, and a core engine including a compressor unit and turbines

for driving said compressor unit and said fan, comprising a plurality of

nozzles arranged to atomize cleaning liquid in the air stream in an air inlet

of the engine up-stream of said fanggharacterized by a first nozzle

arranged at a position relative a centre line of said engine upstream said

fan and arranged such that the cleaning liquid emanated from said first
and a ozaiedmpingksithe surapesafrsaid blatiesbsubstandeingrsgdigompressor unit
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Ine of said engi pstream said fan and arranged such that the cleaning
streamliuieheniraid el Moneraiteseesiigan lsithitgestadaracbdvitlgigiers of
app1yi}?é391%§1ﬁﬂgfiﬁﬁﬁf@%gﬂa%df@fﬁt@rﬁ@%z@w athird narzleragangeesata side;

position relative said centre line of said engine upstream said fan and

applyingralsgairg et srrRRtIe dFiRy HaGie M RRERE P HTHL A AP R St tion side;
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engine. Accqrding to a. ond aspect of the present invention, .there is
passes B SR 167 QBTG AL g Rt B e

includes at least one engine shaft, a fan rotatably arranged on a first
shaft, which fan comprises 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, 9a and a core engine including a compressor unit
and turbines for driving said compressor unit and said fan, comprising a
plurality of nozzles arranged to atomize cleaning liquid in the air stream in
an air inlet of the engine up-stream of said fan, characterized by the steps
of: applying cleaning liquid emanated from a first nozzle substantially on
said pressure side; applying cleaning liquid emanated from a second
nozzle substantially on said suction side; and directing cleaning liquid
emanated from a third nozzle such that the cleaning liquid passes
substantially between said blades and enters an inlet of said core engine.
10 Thus, the embodiments of the present invention are based on the
insight that the properties of



the fouling of different components of the engine have different properties

and therefore require different approaches for the cleaning. As an

example, the fouling of the core compressor is has different properties

compared to the fouling of the bladggof the fan, for example, due to the

higher temperature of the compressors. The high temperature results in

particles more easily being "baked" to the surface and will be more difficult
Thus, TReremdEmAnalyses phaenthatiaulingdfo baskincoie: engite tampegaspesties of

re typjically hydrocarbons, residues from anti-icing fluids, salt etc. Thi P
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particl®f B8R ANY B&foreanainecar e individhalliadapiedrd RisrRAIS demove.

more efficient and time-saving cleaning of the engine compared to the

Analysaiond o U I dRUIIZe SRTRIHEHRS CAARTTGY GU8sE Pifere iy drocarbons,
residu€Osisncantbr savedi¢ompesad Thithe khowl mhetioesrheealiséctiieto remove than
onsumpti f fuel can be reduced. WO 2005/077554 11
the fo@@%@pé%%%%%é(ﬁéﬁeiﬁ%ther advantage is that both the suction side as
well as the pressure side of the blades of the fan can be reached by the

The er% e&ﬁimngntlsi%% ’ 1;%%{(%’ Xe&@x%icége& (QJ &Q@rf _ i&f@@lﬁg g&mm%e@qgadvantage

efficient” compared to the known metfiods as they do nét allow cleaning of

is thattiee Slesreiosuré did@anshofites ermiantaduceieddom®elgningdapiddo the certain
prope@eSUHIRG 198, BresRALIRYeRten aap ke MsedanALelyRé different BiRGSnents

of turbine engines including turbo-fan gas turbine engine having one, fwo,

of the fanyarskthsr Gosranginsan Ry IR adaristhd The SBHE AR Ecient and
time-sthemidlemiss oftiB@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.



An additional advantage is that the durability of the engine can be
increased since a more efficient fouling removal entails that the 15

combustor temperature can be lowered. fhis has also a favourable effect

/ 3 ) P Zp04/000194
SN HAEERVFEhment due to a decrease of NOx formation. Acccgrfé{sng

preferred embodiments of the present invention, 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 _fa s a wijdth, along an axis
SubstAPRAI AT 5 1RGP Lt BN Ot Satie STeAS 14,
substpnggdiyeqidk tofthied engtizoba thading ceedgbeofdhetiiddey Therdbyning
the spray.will provide liguid to the blade 25.on its entire length from tip.1e ..
hub eﬁ%a{%f}% effic gngy!@*ﬁﬁ(letec ear %P%k}ev?/fglsjhll%lé% &r %gopr' s%éereaa 5 %ﬁr? Fot
the susiiapasidé, treSpe dtivelyn chatiebindesbéynéofawardlinerelgsedng of the
Accordin embpdiments of the present invention, the third nozzle 30 is
aﬁan&égggt(‘)%f%ast (t%é cleaning liquid emanating from the third nozzle forms

a spray which, at the inlet, has a width, along an axis WO 20051077554

12 PCYI5P2004({q001 84 substantially Rasalielowvith the sadiaiexiensian:of

the blades of the fan, substantially equal to the distance between the
splittePEFEHADBEiOn tAB Mepsea Aeris e S it Srrsg &l Sthine
presegtinveationiwitihe tdisssgaad-belew-binmeasns-ef exempldyiagtwo,

embodiments. Brief descyiption of. the drawings Preferred embodiments. of.
tHe in\t}gﬁ%n%m“ﬂwg‘@%ﬁs SN 15 ‘rﬁf?e%e?ﬁ f Fe(?gﬁe% es%h%tang
the acaempaiyingsdressingg, in which

An additional advantage is that the durability of the engine can be
increased since a more efficient fouling removal entails that the
15  combustor temperature can be lowered. This has also a favourable

effect on the environment due to a decrease of NOx formation.

According preferred embodiments of the present invention, 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 substantiaily 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



Fig.1 shows the cross section of an aero gas turbine engine. Fig.2 shows
the cross section of a turbo-fan gas turbine engine. 15 Fig.3 shows the
cross section of a turbo-fan gas turbinegngine and the preferred
Ve BSdiMERt of the invention with two nozzles for cleaningPSPYRBXM &+
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 suctlon side. Fig.7. shows the nozzle installation
for GG Brthe RasRlish itté: b'—‘e%f Frstiprerditeg SpsaiRidhe
WO@E.Q@LQH%E&@B}P&M&EBG@&/ 0ReEEIigrwetaraneespoMitd igh She
a two sh u turbofan aero engine will be described. The two shaft
unniiXedta ﬂ)@ nendine is one of several possible designs of a turbofan
englne This invention is not limited to the embodiment of this description
f{g% as I%SSaIISlC?VIg d,ﬂ%h ééhgf verg{t#on ca be a C%Iled tﬁ %ther
varla o an engine desig s such asthe mixed ofan engine or
turbdiaﬂlmgrhé@lmhbmmth@e@remmm @h@mﬁwnstts for the
turbofan engine on which the invention is suitable for practice is that the
fan and |ts cone for spllttlng the alrflow is rotating. 10 Engine 2 in Fig.2
e 16 e R g% engine unit 203. The engine is

S H9Oh 8P now be described in

10  greater detail with reference to the accompanying drawings, in which

Fig.1 shows the cross section of an aero gas turbine engine.
Fig.2 shows the cross section of a turbo-fan gas turbine engine.
15
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




Is connected to a fan 25 and at the rear end turbine 26. Turbine 26 drives
fan 25. A second shaft 29 is in form of a coaxial to first shaft 15 24. Shaft
29 is connected at its front end to compregsor 27 and rear end to turbine
0 HIPHHES8 drives compressor 27. Arrows show the air foW HHrSUHER"
the engine. Both fan unit 202 and core engine unit 203 provides thrust for
propelling an aircraft. 20 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 ajr enters into the

core Bhgmectaremes 29w ke Bttt T S BAGIMEETRED Horhprasd by

COMNIESSRE 41 TRELBRIREseThaifing et with il RokBBowNg:iiRs is

combusted in combustor 201 resulting in pressugized hat combustion .. _ .
gase§.nf3h‘g SFYES i?&?ﬂ&?‘?z ![n a tu%gof 0'911'(1]18 mmvention 1s

giion §ases 8xpands towards tore
engingutieiizad fhehexpansiohmithehdt scinbustidtivigasesits fignedn as it
two stages, In a first stage the combusti gagg £
ir?terrﬁ%ﬁ?é@éﬂﬁ?eé%%rggv%ﬁg %%%Pr% %%?BI%% %ﬁ?ﬁ %e%% seco:?cfL %‘%&g’ the

hot cambustioncgases dxpdstooia s ambiane hidsbofamerlsiaaing

turbi A0 ' ' 7 st
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thrusttiEnejhsfromngineczowbichhdiain entiponsotdedlciyarartioe is
make,yp {he .eagine, thiuste 5hEigh3 shawsa eressisBsHOR ebthewo shaft

unmixed turbofan aero engine 2. Similar parts are shown with the same
réference numbers as Fig.2. Fig.3 is an example only where the

illustratadiREnsinals anpiigethes aptoigas itbineenginescdesigngisuamit

s thezrg)]ili).(e'ighﬁ engine is built around a rotor shaft 24 which at its front end
is connected to a fan 25 and at the rear end turbine 26, Turbine 26
drives fan 25. A second shaft 29 is in form of a coaxial to first shaft

15 24. Shaft 29 is connected at its front end to compressor 27 and rear
end to turbine 28. Turbine 28 drives compressor 27. Arrows show the
air flow through the engine. Both fan unit 202 and core engine unit

203 provides thrust for propelling an aircrait.

20 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

25 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



turbofan engine or turbofan engines with one, three or more shafts. 10
Turbojet engine fans are designed with set of blades installed on the fan
hub and pointing outward in basically ra.](JAl;iaI direction. Each blade has a
WL e Sitle and a suction side defined by the direction SGHERSHB1%14
fan. A compressor washing device consist of three 15 nozzles types for
spraying a cleaning fluid each one with a dedicated purpose. One nozzle
type serves the purpose of providing a cleaning fluid for cleaning the
pressure side of the fan. Another t#p?)e_nozzle _serves the purpose of

proviaigiae alciaies Adiatdrae JSRG NP UEIRS e sTinEhagapdtom

anothen 22 yPe,seRves: the BHIROSRIBERD Provdinarasliaaning fluid for
cleaning the core engine. The nozzles are positioned upstream of fan 25.

TheSiRed M different spray characteristics and liquid capacities. A
washing device for washing fan 25 consist of a stiff manifold 37 in 25 form

f it which i d.i dt les 31 35. |

S I ST AE ST ISy TG STEF B o Rl
37 ienghneteditoitoupting (st showm) wibiclihs katherdenmectattmbers
h 1 hich is furth t

cloat i LR S SRR AT R Rt A1

chemizaly. {Ghelie rts tepmscrarbin ereyeiressd psumdctbrasibdigoiged

Sourﬁgrgﬁfﬁﬂye?l 'H%%?%@oﬁﬁ?@&éﬂ%s%ﬁ%?ﬂ%%%oxe shafts.
PCT/SE2004/000194 shown). The pump pumps the washing liquid to

YHozzle 31 and 35. Liquid exiting the nozzle atomizes and forms a spray

32 and A% Eeshegieiin SRRy a daah 3haiasairec o dewarde{aBPEn the
fan hub and pointing cutward in basically radial direction. Each
blade has a pressure side and a suction side defined by the direction
of rotation of the fan. A compressor washing device consist of three

15 mnozzles types for spraying a cleaning fluid each one with a dedicated
purpose. One nozzle type serves the purpose of providing a cleaning
fluid for cleaning 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

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 lquid 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 liguids temperature may be as

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



5 The liquid pressure in conduit 37 is in the range 35 - 220 bar. This high
pressure results in a high liquid velocity through the nozzle. Liquid

velocity is in the range 50-180 in/ s. The lf uid velocity gives the droplets
StiftietdHP 1rEttia to allow the droplets to travel to the fan frorRGHETTEYHA0194
tip. Arriving at the fan, the droplet velocity is 10 significantly higher than

the rotation velocity of the fan, thereby enabling washing of either the
pressure side of the fan or the suction side of the fan as further described
below. The droplets collide with the fan and will wet the fan surface.
Contashirtanis Wikt reiraje asud by tBRcHHERI B iHHb ttnepmess branpd 35

water; PURRQ the. flegn essfanad inallawed tedptatehyithe
help olf%%%gigﬁe starte?%r%%f%%% b% other. means. Thelg%gé%oﬁn serves

severaf pRPpHERL- Fiiasth S Fotifo R Pl SRIeH HOWA fan

enhancing the travel of the spray towards the fan. The air flow thereby

rresses e ol veloch i kvt AL ol

fan enalesrweting efsherentire fagaieaiby vslbatplyongndaziecssle.
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will shetar afblideiisl faificies fan ebtid toseitfretheainarlaie tariemebiatide fan

chear I F e sashing

the costgeifitaadpivshor shat thiarmmsitias Vel sfdle dunitharehin

one ?%%é%ﬁ%%k%&t&ﬂﬁ% 39 neszlen 33 Alogair 33ds firasd fay.tbe Stiffsuction

manifolc 38. The other end of manifold 38 is connected to COUp“n%i((QgEvith

Showrglﬁmréﬁu’éﬁfﬁﬁlﬁ]@ﬁ further described below. The droplets co
the fan and will wet the fan surface. Contaminants will be released by
chemical act of the chemicals or the water. During the cleaning

15  process fan 25 is allowed to rotate by the help of the engine starter
motor or by other means. The rotation serves several purposes. First,
the rotation resﬁlt in an air flow through the fan enhancing the travel
of the spray towards the fan. The air flow thereby increases the
collision velocity on the fan surface. A higher collision velocity
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 tp. 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

75  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



WO 2005/077554 16 PCT/SE2004/000194 connected to a hose (not
shown) which is further connected to a pump (not shown). The cleaning
liquid in conduit 38 may consist of Wat? or water with chemicals. The
W% EMperature may be as providec§ from the liquid soBfCEBFMAJHY
heated in a heater (not 5 shown). The pump pumps a washing liquid to
nozzle 33. Liquid exiting the nozzle atomizes and forms a spray 34. Spray
34 is directed towards fan 25. The liquid pressure in conduit 38 is in the
range 35 - 220 bar. This high pressure results in a high liquid velocity

throwgmeanted dezelurichatigiiemel e is fvethigessoasodie. arhe
10 liguid veleeithaives thadrapiets sullicientinesiritaaiowth dsaplatsof

to travel from the nozzle tip throug{]] the fan (in between the blades) to

inleF24eTnerVHTE AL THildt SBCTRICRGUId RATL1AR tIRRTEREse ey has
g? §§eatﬁ@ﬂeﬂtetﬁ1@@&i@aw&hll@@mmﬁf@hé%teahm@n?&ﬁ@uﬁas
ades and vanes. Contaminants will be released by chemi ct of the
e PRI G SR RIS B AR A T e P A e e
allowsidite notatedayhaibeli-et thadfgine starem®toSyrhy 6thés directed
means. The rotatian serves several purposes. First, the totation result |
an gﬁ‘ﬁ%{}v ‘fh%r%rﬁ% tr@ﬁag %%mﬁjrre%ssgo‘%%n a%%ﬁ%{gut egtgralgelpo(ﬁ%ﬁer angenss -
droplets heweFitsthdgbamesessorexinl e airtfigh thorabysherissdy angh
collision velagi j llisi loci
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the 25 far, blads, s iaGe 2 i 8. cRIBRress LIOlAtioR BRNANERS MBdes) to

removal of released contaminants as centrifugal forces will shear off
inlet 23. Arriving at inlet 23, the liquid énters the compressor.

Inside the compressor the droplets collide with compressor

15 components such as blades and vanes. Contaminants will be released
by chemical act of the chemicals or the water. During the cleaning
process compressor 27 is allowed to rotate by the help of the engine
starter motor or by other means. The rotation serves several
purposes. First, the rotation result in an air 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 oif

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,



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 jresult. The spray can be made to
f‘gﬁﬁ(}%sé%;f%apes such as circular, WO 2005/077554 17 ©CH/SEZ04/000134
PCT/SE2004/000144 elliptical or rectangular. This is accomplished by an
appropriate design and machining operations of the nozzle orifice. The
circular spray has a circular distribution of droplets characterized as a

conical spray. The elliptical spray.is.similar to tp cof ical spray 5 however
char&eti e By Erdasr ircte 8xis IS TORgBr ihan t a%’tﬁagr)éﬂ) Earibe
defingddhal theietipitahnrapbestmnsdth hiseraigiributiore afileacircular
thickness-wise distribution af droplets w th idth-wyi rect]
corre§85%§“ﬁ§ A& IIB%%%HX?%S(%%% ﬂ‘:)s‘%e %%I%ﬁt‘%te\el t %k%g%s%sgv%i&eé%na
direcitonicaireppandslie tilpsiu mwﬁm@i}xﬁl@mpséhq @aigélmﬁﬁle
b%’ a%&%g#a%ec%eﬁlg&gﬂge@ RGO NS Qﬁg'?sr‘lgﬁi@rqli'{&i? {Re
create a réctangular spray. The rectangular spray shape has a width-wise
and thidkere 3¢ srsebelidelimedorhaitng edinbigr] empitaesrayidihs wise
circulaf SprEw G ERval idihouise.sad thicknpsswise dissisiionnthe the

square spray 15 has equal width-wise and thickness-wise distribLftjon.

Fig.4 Shéihs Bieeods aeieam FUSRIIPBAhEURMIRRE finsothiungiiese and
Fig.4 ghows deteils sfithenrzaipinstaiiatipnnnd prignation-telativer the
engine_centreline 400. Simil,?g1 ép}grts are sho.wyil wjth the sag:e ZOﬁief?rrience
HAMbEHRSS if tER) P ShHER Y AT R A B G b With "X ieddng
edge dpcaadanisaling edgesi oBlice ¥0chasta tirdang dahepsadd dhe
the hub of fan 35: AScording 1o fhe. degian RLNE MR G iness-wise
distribution similar as to the elliptical spray. The circular spray has
equal width-wise and thickness-wise distribution. The square spray

15  has equal width-wise and thickness-wise distribution.

Fig.4 shows a cross section portion of the un-mixed turbofan engine.
Fig.4 shows details of the nozzle installation and orientation relative
to engine centreline 400. Similar parts are shown with the same

20 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

25  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.

30



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 25

outlet 21. The other portion of the air floyy enters the core engine section
WEHRN DS or providing air to the core engine. The air streZhT/ &SR8

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. 30 18 WO

2005/077554 PCT/SE2004/000194 According to the invention the
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rectangular spray shape. A washin g unit according to the invention is
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Nozzle 31 serves the purpose ofgrowdlng ashlng liquid for washing the
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Fig.4 shows the first nozzle type, nozzle 31, and it's with-wise
projection. Nozzle 31 serves the purpose of providing washing liquid
- for washing the pressure side of blade 40. The leading edge 41 of

15  blade 40 has a length equal to the distance between tip 43 and boss
44. Nozzle 31 is positioned in axial direction at a point preferably
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

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.



than 1000 nun, upstream of the fan leading edge 41. The nozzle 31 is
positioned in a radial direction at a point less than the fan diameter 20 and

el g/[jq%g the fan hub diameter. NozzIe#31 is directed towlaég e ARr0s
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

distriggionds divited Bysteamlined 5r&n Ahs0pRasite sigdh alihespray
pattern the width-wise distribution is limited b%_streamline 76. From the
0

nozzREBIFEE SOTHERE RamRHRIES TR FaBshrirals stldadmrrdagis
41 withhekequat i dbelengitial leadise BrlgedtsThe spiayoa sherebing
provide liguid to the.blade on its 30 entire length from tip.to hub, WO
D0S A TR SO ERBOIEATERS BEBE RbLIRS L s EeB S
f@m ammi@ammpzm@fmwmmmmMmﬁm@ bnd
1950028} hsrenipals Jicinasswise Aiglection Nogzla Al senves
the purpose o prowgln washing |IQUI(§: or washing the presSure’side o
bladebd@i¢pitcts Bhonwists dha engitisleotfatlibad@Onbuntied onttitedan

hub aad extendinghasicaly inradigkdiractions dhe.dewshows the tpical, 4
blade pitch relative to the engine centreline 400. The fan rotate’s in“the
direc%ﬁ%ﬁé%ﬁ%ﬁgrr%‘%lé&bfw [feRIS S HEM B S8 fuB Angrrl suction side
t@ilingedas 42 BladeARibrs aPiessytanide asanthasyetonssife L4 31
54. Nozzle 31 is positioned at a. point upstream. of fan 25. Nozzle 31
atomZEEHARASh GRS Rdith PHRBray SPRY2He Borslaircisdlirected
towardsiiani 83afigsh Biovesshewrozale dapgiential @nai Xarebiive ative to

the engine centreline 400. The tangential angle X is preferably more
than 40 degrees, and more preferably more than 60 degrees and less
15 than 80 degrees, relatively to the engine centreline 400. Nozzle 31
forms an elliptic or rectangular spray pattern. Nozzle 31 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 51
and on the opposite side of the spray pattern by streamline 52.
20 ‘
Returning to Fig.4, this figure show the second riozzle 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



the engine centreline 400. The tangential angle X is preferably more than
40 degrees, and more preferably more than 60 degrees and less 15 than
80 degrees, relatively to the engine cepjjeline 400. Nozzle 31 forms an

IR B éctangular spray pattern. Nozzle 31 is oriented B @019+
nozzle axis so that the thickness-wise 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. 20 Returning to Fig.4, this
figure show the second nozzle type, nozzle 35, and it's with-wis

profllisi. Roboteaam i (8l BEHVEZ of Provia e\}\?a‘%ﬂ%tﬂaelﬁa iopt
PP R ke oA 4 S A e
. The ing edge 41 o e as a length ual.tg the distance
i TS A R AN S TS BRI b AT AiSErion
at agpeifibpreterdblyimiosd tharsitbQntim; Fiar©préferalponiresidarnbate
mm and less than 1000 , upstream.of the fan |eading £dae. The..
5noz§%r%%?§“fp{8§fﬁo gﬂ%@dﬁﬁﬁ%ﬁ%ﬁ%@% %npiosir{ﬁ egs[,% rﬁgn%t%ga%%{me =
diarReten dhd greadeisthaifither8drfathsubididireier Nez2zlersissgrarted at

towards.f ' ine licu i a :
N Ry e

or regemyuidl Speashyareeridrniatedde thokintias Hsentie sy em
axistﬂ; thesptay pattern is parallel with leading edge 41 of blade 40. At

one side of the spray pattern the width-wise distribution is limited by

1&treamline 75. On the opposite side of the 5 spray pattern the width-wise
distikutiogHsHRiRdAy sEeaming feonrwiprijedinzle'sarificerpoint the

Widtg&ﬂ;&@ﬁ?ﬁ%ﬁﬁ@ S&reaéggfta(t:enﬁe. In Fig.6 nozzle 35 is seen in its
thickness-wise projection. Nozzle 35 serves the purpose of providing
washing liquid for washing the suction side of blade 40. Fan 25

15 consists of numerous of fan blades mounted on the fan hub and
extending basically in radial direction. The view shows the 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. 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
cenire 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



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.
10 Fig.6 shows nozzle 35 as seen from ajprojection from the rotor
Efe(?i?p{ﬁé/rﬂﬁﬁfvards the shaft centre. In Fig.6 nozzle 35 is seeninita - Hoeeid4
thickness-wise projection. Nozzle 35 serves the purpose of providing
washing liquid for washing the suction side of blade 40. Fan 25 15

consists of numerous of fan blades mounted on the fan hub and

extending basically in radial. diection. .The view shows the typical blad
pitch ?Qﬁf%?@ﬁ?epéﬁﬁné%dﬁrﬁ%ﬁ SHOSTST Bt Ozz}%/ e PogAe 33,

e &t AR TOtares direction
indicatad bysariah-vBldpréf:hésa Nadmg 28gba thedolstraileg efige

42. Blade 40 has a prtessure side 5 | | : 38, :
is instAICd4t's B’g’iﬁ Ut S# ?gﬁﬁﬁl%g@%g%@géo%v%%é%%%%‘z’\:@%%ﬁe 3215
tangeptisitimgld reldtVe i thivprigirersent @iireadly Tieeadhganliah mm,
angel s piels g%%%@%ségbw@ degtensorthiessdneds @i deaspes and
more preferablyzero degrees, relatively the engine centre line 400.

Nozzlerssratomicbths fasitaginauid BsrmilAgZACsHray 2o IbiausdAe sadial
directgg towards:faneh (Nezglends feamaiae alliptic oeterRgyasapiathan

pattern. Nozzle 35 is oriented around the nozzle %xis so that th

Hhickridiss o AR B FRREE N BSOS DAS CRALIOE S itttk
patterphy: seaminmps ane fom fieteapesie thidelatitie SoajqaBenviyizes
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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 47. On the opposite side of the spray pattern

15 the width-wise distribution is limited by streamline 48. The air inlet
to the core engine has an opening corresponding to the distance
between splitter 45 and point 46. The width-wise 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

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 liguid for washing the core engine. Nozzle 33 is

positioned at a point upstream of fan 25. Fig. 7 shows the nozzle



and it's with-wise projection. Nozzle 33, has the objectives of providing
washing liquid for washing of the core engine. Nozzle 33 is positioned in
ial direction at a point preferably moreghan 100 mm, 5 Qre
\%r%e%eﬂf’g{)%brgore than 500 mm and less than 1000 mm, ups rr&e%a’?r’n%zgﬁﬁ[éﬂm
fan leading edge. Nozzle 33 is positioned in radial direction at a point less
than half the fan diameter and greater than the fan hub diameter. Nozzle
33 is oriented as to allow the liquid to penetrate through the fan in

betyegndheslades; Nozgls,32 Alanizes 0 ANAsHIN0 JaydHoImIng 8. oy
spray 38 Nozzié 83 forms an efliptic of rectangular spray pattern. The
nozzaegiedfiénipe sothbt therwithin@Sedegsashtenshrayrpatterdeisbly more

paralel i lsacg cige A1 OLDANS A0 MO0 Sl 81N DR AT

the width-wise ution is_limited by streamline 47. On the opposite
sidecshiie SpastPailarals theatamimse seebmbideithiteabig a spray

streamling 48, T RINISL-10e Gergieaging hasAMRRE NN liquid to
corresponding to the distance between splitter 45 and point 46. The

widtRsieE dhedhrush dhedpns inhrbiRRat Shedirfitstie drecisgideom

o O A ians 1 RME P [ BT NBNTIOI e SRl
there yprOVI es |CIU| or enter g nie . F10.7 shows detalls of a
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periphgsystovtart st elsbhit cantrésdnafbig of nbhzzaeRy issgernindtimited on

ickness-wise nrojection. Fan 25 25 consists.of numerous of fan blade
_ lmou%%dsénetﬁﬁ‘%% B aAd {({aff( endﬁfn‘é%%%as%%ﬁf iﬁ?aa&?a %ﬁetc font %Seﬁe
viewsstiows ntypiealyated ittty ietive io.thébridinel e aritineid0B:dThe

fan rofalesin g, diiecHon NdIGARARYAON: BladeA008S /el

edge 41 and a

between the fan blades. Liquid penetrating through the fan will enter
into coré'engine at inlet 23.

15
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

20 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, thé present invention
is defined by the wordings of the appended claims and equivalents

25  thereof.

30



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 WO

2005/077559 22 PCT/SE2004/000164 tangential angle Y relative the

engine centre line 400. The tangential angle Y is preferably more than 20

. degrees, and more preferably more than 25 degrees and less than 30

Clalm%Iegrees relative to the engine centre line 400. Nozzle 33 atomizes a

washing liquid forming a spray 5 34. The spray from nozzle 33 is directed

as tp allow the liquid. to, .penetrate t fan, i
L DR A R D o O st o
fan rotfgatly anatlipionos festahgfilariiphapeominT KozAEdiy ofitwmbipdes mounted

on a hAFPHRe %ﬂlﬁﬁ%@ﬁb&é@ﬁiﬁ‘?ﬂﬂ?ﬁt%ﬁi%%ﬁiﬂv isRipKis RfdRePRI@¥e side and a

_ pattern is limited on 10 one’side of the spray pattern by streamling 71 and d
suction fighte BpbESRETCSRIGIHF tHE YIAG BatImisy S M K 79T NRSS,f8T34rXIng sai
comprggg%@t@ﬁt 'éﬁl@]}é\éﬁiglihgb @&ﬂ@ﬁs_ﬁ@&@l@@lﬁ@%ﬁ&d@z?&ﬁ&lﬁﬂm_?dmpaﬁ@d ftleaning

.. between the fan blades, Iql#ﬁ enetrating throu e fan will enter .into.
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shown an¢ideseribid shemeinifar pupesdsnotiastationeand line of said engine
exemplification, it is_understqo tg C% écy Y.skillig the At thad o |
up Stm%%ssapegﬁ‘?caré%ab%ad} egﬁt%cgt%%gr?én 8§§§19 ig1 %y%e substituteél forSaHOZ? ©
impingeisith@ Swiadesyodfalidradtysubhndisicdyuivaerdtirmpisimsdeitions without
erartlrggsfggg%%%g%gﬁégg RrESESM HAVErIRRy T iRiaRAKCAHAR &F said engine
intended to cover any adaptations or variations of the preferred ,
upstream said fan and arranged such that the cleaning liquid emanated from said second
nozzle impinges the surfaces of said blades substantially on said suction side; and
a third nozzle arranged at a position relative said centre line of said engine
upstream said fan and arranged such that the cleaning liquid emanated from said third nozzle

passes substantially between said blades and enters an inlet of said core engine.

2. Device according to claim 1, characterized in that said first nozzle and said second nozzle

are arranged so



embodiments discussed herein. Consequently, the present invention is
defined by the wordings of the appended claims and equivalents 25
thereof. 30 23 Claims 1. Device for cleaning a gas turbine engine, which
engine includes at least one enginexghaft, a fan rotatably arranged on a
first shaft, which fan comprises a plurality of fan blades mounted on a hub
and extending substantially in a radial direction each having a pressure

that thsiclesainebdigiidtionaside] drnhasaidréshginelinelutlsagl acombressty, mipectively,

, and turbines. for, drivin id . runit id C iSi :
o A M R MO A ARSI i

C]Ui In the air stream In

parailehnvidly thietadizhexeamgine obtherbladeop S a4, chbrtasbabe adyplddirge length of

a kadiﬂg%@geq;fg&gqga%a position relative a centre line of said engine
upstream said fan and arranged such that the cleaning liquid emanated

from said first nozzle impinges the surfaces of said blades substantially
3. DeVafe SRIRIBESH & Bikke 1 a0s €L ok R9E 2l @irapgetl i qesiternreRtiveisaidy on
.centre line of said engine upstream said fan and arrgnged such that the . . . .
one i{EaaT TG S SE ry SEASELO o IAE TR e S el T
nozzleok saidryaties sulpstentlatly on Isait stiotioatsidiepanehid third nozzle forms a spray
. . arranged osition relative said centre, li said enain SH8BMextensi
o RS L VB0 NG LS IR I, YRS cnsion

of thethirdasoat lenipdesesubatsatartiaky e tiveds sashbrades wprh eatérapbfaniand said

point S saigicgye engine. 2. Device according to claim 1, characterized in that
said first nozzle and said second nozzle are arranged so 24 that the
cleaning liquid emanated from said first nozzle and said second nozzle,

4. DevRShRetivalyy dommyaspethictcatinpinge againstaibbada, hassavitith nozzle
is arra?llé)en a?relt %)%% tsa%%gaat%i%lll%{gle (X) relatively to said centre line of said engine, and/or
said second nozzle is arranged at a second tangential angle (Z) relatively to said centre line of
said engine, and/or said third nozzle is arranged at a third tangential angle (Y) relatively to

said centre line of said engine.

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

degrees.



parallel with the radial extension of the blades of said fan, substantially

equal to the length of a leading edge of said blade. 3. Device according to

claim 1 or 2, wherein said inlet of said core engine is limited by on one

side a splitter and on the opposite stde a point on said hub, characterized

in that said third nozzle is arranged so that the cleaning liquid emanated

from said third nozzle forms a spray which, at said inlet, has a width,
6. Dewalengeanrditg substaimiatly garatisirizah the thadiahiaktzaesioh tofghetislagegle (Z)
prefera%fl%a a0, %Qﬁta-’%éf'%’eﬁ%‘é@' I dhgdistance beRER SAIdRPIIHREAN cferably

said point on said hub. 47 Device according to any one of the preceding
substanfiaiiv.cehdretsfized in that said first nozzle is arranged at a first

tangential angle (X) relatively to said centre line of said engine, and/or

said second nozzle is arranged.at a, second tangential angle (2) relativel
7. D PRIt SARPBRGHEC LHAIOH SaHd tHIFd FBSS A 4F %é R frebly
is gredhirdiangentiagangleny histativelyih saiceaantradine dideaidesngideless than 30
Device according to claim 4, characterized in that said first tangential

degreeﬁhgle (X) preferably is greater than 40 degrees and more preferably

greater than 60 degrees and less than 80 degrees. 25 6. Device

8. Dev?%ccg&%?&] %lﬁlad%r %ng r(};]"iwt% _?}?@%@ghi% maﬁﬁé'm&%@i‘&%ﬁ%@&%% said first

_preferably greater than -20 degrees and less than 20 degrees an _
nozzlepsoie shestadansiyzisupriinrliFerazalgrecsangséate BREGEME trrIAfR mm 1n
a an atigharegigrzeskirinatsaid Mund tangentishangle, Qhldrreiesahbfcistgyveater point

than_ 20 degrees and more éJreferany greater tha 25(‘?13: rgeséﬁr?d less
more i 90 THIGHL LSS (9B AOL LBEB RS 1S BHL BE RS pRCE laims,

characterized in that each of said first nozzle, said second nozzle, and

said third,nozzle are arranged at a,point more than. 100 mm in_a an axial.
- 280 B8 first
0. DA UL 8 (oo 2o B At A RIS B Ara Sy 3y B
nozzlepaimtl second nozzle, and said third nozzle are arranged at a position, in a radial
direction, at a point less than the diameter of the fan and greater than a diameter of said hub

of said fan.

10. Method for cleaning a gas turbine engine, which engine includes at least one engine shaft,
a fan rotatably arranged on a first shaft, which fan comprises 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



more than 500 mm and less than 1000 mm upstream the leading edge of

said fan. 9. Device according to any one of the preceding claims,

characterized in that each of said first nozzle, said second nozzle, and

said third nozzle are arranged at a Bésition, in a radial direction, at a point

less than the diameter of the fan and greater than a diameter of said hub
) of said fan. 10. Method for cleaning a aas,turbin,e engine, which en&i}ge df
includipg, f U FSSt BAE BAYINY RNER T AR PO SPPRRGEPOAR Y said fan.
comprihgfta whiehifan Camptisesramgedalityiohfar blagesgrhiquittéd dre aihsieandin an

. ._, extending substantially in.a radial direction. ea vin ssure side

air mleéﬁ%etgles%c%fgﬁ Fa ,rﬁéarrl}é(gé%lﬁeg%%gﬁfﬁaerazcé‘% e ug?ﬁhtglgscoﬁggssor unit and

turbinespfoyiddviiepsaid domigressoatadit il saifitfanmosaim srbienEally on said
pressupété@éily of nozzles arranged to atomize cleaning liquid in the air stream in

an air inlet of the engine up-stream of said fan, characterized by the steps

ey : Slep .
of: apphyiPkyiBie &l IR igbit rRRAGdrBRTA #iABY A b SEiRtRIHARY, on said

suctioS e -prgssure side; applying cleaning liquid emanated from a second

nozzle substantially on said, suction side; and djrecting cleaning liquj .
emanatbF 3o Qe Bﬂk‘fgfs §BW?fFélctj ?F@%I%g%ﬁ%n %g]l% %%?Esé’s% the cleaning
liquid pahstasiiainbislveen saiddlddesiandnentere aminibitaffsaid corecaggine.
11. Method according to claim 10, characterized by the step of: forming a
spray of the cleaning liquid emanated from said first nozzle and said
11. Mshodrdmodizie frespectiVehavsichzad bnpirgdcagdinst said leading edge,

has a V};bngefg%%rs%lr(%?%@S&f@ﬁﬁ{g'ﬂﬂﬁle%ﬁgﬁﬁgﬁ%ﬁ}ﬁ cadiat SXIeNSIenind said

of the bla f an, substantially equal to the length of a leading
secondagezlst aeRedvaly; Mbisl FalBBHIA G ESTBRIM dGHIRE G8E i attfdth. along
an axitEhohsAI MR ARYRaTIsHIahbYQRIBAS SIe, BasRlttaTantf-an dhestantially

opposite side, a_point on_said_hub, characterized by the ste
equal topﬁr);e length of a Igading edge of a b?age. y P

12. Method according to claim 10 or 11, wherein said inlet of said core engine is limited by,
on one side, a splitter and, on the opposite side, a point on said hub, characterized by the step
of:

forming a spray of the cleaning liquid emanating from said third nozzle which, at

said inlet, has a width, along an axis substantially parallel with the radial extension



of: forming a spray of the cleaning liquid emanating from said third nozzle
which, at said inlet, has a width, along an axis substantially parallel with
the radial extension 27 of the blades of said fan, substantially equal to the
distance between said splitter and shid point on said hub. 13. Method
according to any one of claims 10-12, characterized by the steps of:
directing_the cleaning liquid emanated from said first nozzle at a first :
of the fladeh s ﬂngé‘(i)‘%é‘i%‘i‘% {e°8AId S e ST Bﬁﬁ@%?ﬁ@ Spliigh and said
point dilireetingithe cleaning liquid emanated from said second nozzle at a
second tangential angle (Z) relatively to said centre line of said engine,
and/or directing the cleaning liquid emanated from said third. nozzle at a
13. Mthiod tangeiniatoamylexy yfelativel{(td Saibacariteziidéptisaitcengine. 14.
Metl}f?%ﬁg) Eﬂé”%)égn%aé"ﬁ ! ChMAGIeIZed Qﬂﬁaﬁ%'gggﬁ%tgpg%g@ﬁngenﬂal
angle ( eferably is greater than 40 degrees and more preferably
angle @reialatinedn 6018 GraEs bing adseidIrag180 dbdies. 15. Method according

to Cl@ﬁ%&ﬁgcﬂﬁaﬁ%ﬁg ifythat saichseaondtangentidbangladZiésat a second
preferably greater than -2Q degrees and.less than 20 degrees and more
tangen&aé@%&m@m&afﬁ%m A G e o 62 &tHBRCaBEORing to claim 13,

charaptexizediie thairsaidiifind wngentiafianglea(d thpefetadlyaisagigatanngential
n 20.degrees and morg preferably greater than 25 degrees and less
angle {Rgﬁe%l ggrté)essa.%ﬁe’f‘?? fﬂgtﬁée aé‘?;g%g&}ﬁg to any one of the preceding
claims 10-16, characterized by the step of arranging each of said first

14, N@ﬁ%&éeﬁ&?&% cepd.nozzies ?‘E?zﬁ&é?&@éﬂ nozzle prsferally atgeRfintngle (X)
more than 100"mm in a an axial direction upstream the leading edge of
preferafaliy) aresias than 40 degrees and more preferably greater than 60 degrees and less

than 80 degrees.

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

than 30 degrees.



more preferably at a point more than 500 mm and less than 1000 mm
upstream the leading edge of said fan. 18. Method according to any one
of the preceding claims 10-17, characterized by the step of arranging
each of said first nozzle, said seconggnozzle, and said third nozzle at a
position, in a radial direction, at a point less than the diameter of the fan

and greater than a diameter of said hub of said fan.
17. Method according to any one of the preceding claims 10-16, characterized by the step of

arranging each of said first nozzle, said second nozzle, and said third nozzle preferably at a
point more than 100 mm in a an axial direction upstream the leading edge of said fan, and
more preferably at a point more than 500 mm and less than 1000 mm upstream the leading

edge of said fan.

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

hub of said fan.



