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I System for washing an aero gas turbine engine

Technical field The present invention generally

relates to the field of washing gas 5 turbine

engi nes, and nore specifically systens and a vehicle

for washing a gas turbine engine installed on an

aircraft. Background of the invention A gas turbine
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c in the engine's gas path, especially in
EFBQQ%%ressor section of the engine. This is known as

foul ing. . 30 Conpressor fouling results in a change

in.the properties of the boundary |ayer air stream of
é‘ﬁg g@%a @ig;%@a@m de inggst th¥3(: eén air prevalrhng at these

‘altltudes. However, at the aerodromes the air contains foreign
'particles in form of aerosols which enters the engine with the air
: stream;Typical particles found in the aerodrome air are pollen,
insects, hydrocarbons coming from industrial activities and salt
coming from nearby sea. While the aircraft is grounded at the airport
- there are additional particles to consider such as combustion
- residues in engine exhaust from taxing aircraft, chemicals coming
from aircraft de-icing and ground maferial such as dust. The majority
of the foreign particles will follow the gas path through the engine
and exit with the exhaust gases. However, there are particles with
- properties of :sticking on to components in the engine’s gas path,
-.especially in the compressor section of the engine. This is known as

fouling,

Compressor fouling results in a change in the pz"operties of the

boundary layer air stream of the compressor components. The
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2 presence of foreign particles results in an

i ncrease of the conponent surface roughness. As air
flows over the surface the increase of surface
roughness results in a thickening of the boundary

| ayer air stream The thickening of the boundary

| ayer air stream has negative 5 effects on the
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required thrust level, follows an increas? in_the
ep;@om;ppw;errfgr compressing the same amount ot air. 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 power to create thrust for propulsion. For the aircraft pilot
: this.means he must throttle for more fuel as to compensate for the
reduced thrust. Throttling for more fuel means the consumption of
- fuel increases and thereby increasing the operating costs.
The performance loss caused by compressor fouling also reduces the
- durability of the engine. As more fuel has to be fired for reaching a
required thrust level, follows an increase in the engine firing
temperature. When the pilot on the runway throttles for take-off, the
engine’s hot section components are under critical high temperature
load. Controlling the combustion gas temperatL{re is a key issue in

engine performance monitoring. The controlling temperature known
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for take-off, the engine's hot section conponents are

under critical high tenperature 30 | oad. Controlling

the conbustion gas tenperature is a key issue in

engi ne performance nonitoring. The controlling

tenperature known 3 as exhaust gas tenperature (EGT)
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dtvigleopedne\cer thé deyigar of the burner and a general number can
not be provided. However, any incremental temperature rise to a
given burner design results in an increase in NOx formation. Hence,
compressor fouling has negative effects to aero engine performance
such as increasing fuel consumption, reducing engine life and
increasing emissions.

A number of engine washing techniques has developed over the years
as to reduce or eliminate the negative effects of fouling. The simplest
washing method is taking a garden hose and spraying water into the
engine inlet. This method has however limited success due to the

* simple nature of the process. An alternative method is hand
scrubbing the blades with a brush and liquid. This method has
limited success as it'does not enable cleaning of the blades in the

interior of the compressor. Moreover, it is time-consuming. U.S. Pat

- 5,868,860 to Asplund discloses the use of a manifold for washing of



as to reduce or elimnate the negative effects of
fouling. The sinplest 25 shing nmethod is taking a
garden hose and spraying water into the engine inlet.
Thi s nmet hod has however |imted success due to the
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hand _ sgr ubbi t he bl.ades wi,th a brush and |iquid.
aero $fREheso Fiiich R batens ¢ Seilae tidust.of hieh abid pdsiuirg gp aneans
of proVREAE BGifh lighRl DERERS, Whidh@gdther Witk k@atidh of engine shaft
.., conpressor. Moreover, 1t is tine-consumng. U S Pa
will enlgpge gsocleaniagpifiinacdildSl Bab Neo.Ha 3944 08fto Butteri distldses a thin

nexi¥otB SR Bt sba SRRk PEIng SErbbstnd P ThEALs e
compreor gt th BeShedn HeicdnyReoirtbladed) iAahhe eI NET et bPthe

rotation of the engine shaft w1l enhance the i
hose ghesgns agogzke: dhehoseisslopdy retwacted v of tlascompBessbewhile

o . . e h L oh di

iowi ARl 1 4 LB IR e B Homever, e

washipngfifeaspis hmite@ by the kehiwressor Retor ok befipoiblBtad#8Gite Mliring
the_inserted end of the hose there is a nozzle. The

washiig Dgspitg|eaiting wesh techaolegien and patenshifrase doa ngad ifer new

Lt auid i . . . the . '
tochnol LS eh 18 BEACRRIP Rsh B0 RCRER A F BBty ipgensive,
low costyisireplendt dafe eivpr essor rotor not being able to

rotate during washing. Despite existing wash

technol ogi es and patents there is a need for new
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with e\:/\r{]giiggs ro?nn o%hhe?*tmgtr?ffragtu%?s \%lhgc%r IrI]I%F‘a;I \’éﬁat there are alternative
engines, although not identical, available for the same aircraft. This result in a large
- possible combination of aircraft engines on aircraft types. This is found being a

- disadvantage when practising washing as the wash equipment need to be sized and
. engineered to meet the individual designs. Embodiments of the invention may

simplify washing of the engines.
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The conbusti on gases exits the engine at outlet 12 at

‘higgkes é$ doneyimtwe istiages. tIr afirst Stagegthe pothustion gases

-expands to an intermediate pressure while driving turbine 18. In a
second stage the hot combustion gases expands towards ambient
pressure while driving turbine 16. The combustion gases exits the
engine at outlet 12 at high velocity providing thrust. The gas from
-outlet 12 together with air from outlet 11 together make up the

engine thrust.

A washing device according to prior art consist of a manifold 102 in
- form of a tube which in one end is conﬁected to a nozzle 103 and the
other end connected to a coupling 104. Hose 105 is at one end
connected to coupling 104 while the other end is connected to a
liquid-pump (not shown). Manifold 102 is -restin:g upon inlet cowling

11 and held in firm position during washing by securing it with a



10

15

- 30

' me ani cal chem ca

-outlet 12 together with air féomoutlet 11 together

make up the engine thrust. 25 A washing device

according to prior art consist of a manifold 102 in
formof a tube which in one end is connected to a

nozzl e 103 and the other end connected to a coupling
104. Hose 105 is at one end connected to coupling 104
Whitk-£p td%esﬁhigaf m%aﬁsl TheORASH RS ckaute Hgih§ Wyt Ring the
(not shown). Manifold 102 is resting upon i nl et
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Cqhtddd &gﬂlﬁ]@useﬁgs during washing. Prior art

descri bes t a manifold with nozzles for
injecting the wash fluid into the engine inlet. It is

that t ni fold th |
c 5\%2 Srarioes e o8 @&mﬁ%ﬁ?ﬁfmﬁgnggﬂ{sgﬁr injcting the
B fiQlifld $he ﬁ@ FRREAT YodPBhh tREt tRE zhaﬁlfold is

vva I ng process &%IIS renoved after conpletion of
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I S t
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of a prior art mamfold when installed in a turbofan engine inlet.
Similar parts are shown with the same reference numbers as Fig.1.
Manifold 102 is resting on inlet cowling 11 of the air intake to engine
-1. Manifold 102 is fabricated to fit the shape of the inlet cowling as to
be in firm position during washing. To ensure that the manifold is
held in a firm position, a strap 21 is attached to the manifold outside
of the inlet and tighten againsf a hook (not shown) hooked on to the

- engine outlet. Wash liquid is pumped by a pump {not shown) through
hose 105 via coupling 104 to manifold 102 and further to nozzles
'103. Manifold 102 is in form of a tube which serves as a conduit for
the wash liquid. Manifold 102 also act as a stiff support to the
nozzles as to hold the nozzles in firm position during washing. For a
good wash result a proper positioning of the manifold is mandatory.

- For this purpose the manifold has to be designéd and'en»gineered with

- - respect to the shape of the inlet cowling and the characteristic
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the inlet cowming as to be‘in firmposition during

washi ng. To ensure that the nmanifold is held in a

firmposition, a strap 21 is attached to the manifold

outside of the inlet and tighten against a hook (not
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suppo nozzl'es agai nst spfay reaction forces
during washing. As nmentioned above there are many

different _airgraft types and many different aircraft .
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inject liquid into an inlet of said engine during a
- of sahsprayydopiseain anyashingsbpenationapagitisvh trosaid gireebut e
. said i clui.d to_éai d.sgr,aly deyvj ce; a Posi tioni ng _ device
dlmega%ﬂﬂse@ ative said engine inlet without contact between the spray
device and the engine; and a control panel adapted to enable an operator to
adjust the position of said spray device in three dimensions relative said

engine inlet by means of said positioning device.

In accordance with a second aspect of the present invention, there is
provided a washing system for washing a gas turbine engine, said washing
system being arranged on mobile vehicle comprising a spray device

comprises at least one pipe arranged at a body, said at
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nove said spray device in three dinensions, thereby
enabling a positioning of said spray device in a
washi ng operation position T4 said three dinensions
rel ative said engine inlet wthout contact between the
spray device and the engine; and a control pane

leastenpipige beisy ablahgud WREH at Riast oneathzge t8@%b lihpstt
of said spray device in three dinensions relative said

liquighygitaan hilet obgaitbengirsf duting pwsishingiopgrdbenc a. whsh unit

accordance with_a secgnd aspect of the present . .
adapind & disiiby eid g 6 sud Sy alsiiess 2 Dpsitépming device

j [ i : hi.n system._ q.:
acar} 1 Mot A% R, BB RO et PR Bh bt o
positleHine of APEHERE d8VideeRSE WikhiRERSHFalidngs8sidorin said three
. body, said at” 7a |east one pipe~being arranged with

dimextsibnaseladive smdzrginddplatdvithounjcetitact bepvwekbn tiospmy

.inlet ngretsai'd engi.ne during a washi ng operation; a
devige endiheiengingpaed a soatrel pepgl edanted 19 guakle an spegator to

oo ot P ST R SRR RS s
engifB3RI 10 oSyt L0006 bn il eSRESEANUTRELI, Bronis

invemgoatdivelosas & wagifddi thihe havind oohtaany bt theeinleesoWiig.
spra¥ devi ce _and the engi ne; and a control panel

The mpayiteld 2ecadingdodhcopabadiments naly elimirase beirequirement
of m e ool i i SRS gect Bk 4T
e SRR bhmldl of RIETIV BRISh RLP S0P e

numBéeofanandbid #e€ aidimdoperider IRXPROKEEHEA SBYK.
elimnate the requirenent of matching the inlet
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reduce the nunber of manifold the airline operator
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mani fol ds thereby require significant storage space

‘therelby reguirggeignificant storage space at storage.

Embodiments of this invention discloses a universal manifold that is

- significantly smaller in size compared to prior art manifolds. Embodiments

. -of this invention may reduce the storage space by providing a small

manifold,

- The manifolds according to prior art design result in significant amount of

labour hours to engineer, manufacture and test for fit. Further, the manifold

is put in production in only small series as
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e S, A B AT M

such dhe rabotes afh. TAO dobb&c dfinvig o?ékatgarﬂ(ﬁﬁ'adeon-fﬂﬁ pael B aﬁ
robotic arm for positioning the manif may “si npl

- operatdreaddecent po tipeenginenthanobotityamm kHotisehe ahivgpsa aﬁmlfold to be

p031t1-(|)-ned n %he intake of the engine without physical contact between the aircraft
and the universal manifold. The use of a robotic arm for positioning the manifold
may simplify the set-up operations and may make the set-up safer. The wash
operations may be viewed by the operator by direct eye contact with the engine inlet
or by help of a viewing device such as an instant recording camera on the robotic

arm. The use of a camera enables the operator to position the



operations may be viewed by the operator by direct eye
contact with the engine inlet or by help of a view ng
devi ce such as an instant ré&cording canera on the
robotic arm The use of a canera enabl es the operator
to position the 9 manifold and as well view details
man@fold i das e IPEIA Idefaildbf thd & dtBYo P atiop! WHidA BE RE§ not
There have been nmentioned sonme 1ssues of concern
otherelist edet o the use of the prior art manifold. The use
of a robotic armis a safety device which may reduce
the risk of accidental damage. The prior art manifold

Thelc%gﬂmf&@‘lb%%g ﬁ%ﬁ?ﬁ)‘ggﬁft’%&ﬁﬁaﬁg{xéé %fftcforﬁ:te%n 2148 tliogﬁlet {i§e of the

I ng, by ac 'ng o € nanito

priogrti hgnifodd aThatusoPs robebi¢adrm Esodifepnteviie Whish may
i nvention discloses the use of a robotic armfor a

- redugpriprinisleof acdiderital daosige.chheroér atthmamafvldotah aadse
t hereby may reduce the risk of accjdental danmage. It .
dampge ttﬂé}'le;ﬂﬁ o8- fKlentiqR B convling: by pcsidertalingndling of
I . . r eon.the ajrgraft. .
the Q638 LA AT O R B 0GR LR invention,

discloRes #hé i3e SPAPOYoML tdind. RS hRHIPIHiE@ARIHALEP g%iﬁ&ﬁng of
Aircraft Mai ntenance Manual . This manual gives

- the mawsifold andrtheoecbe myay ecdasé the eipk o€peoiderdaaldamage. It is the
limtations such as installing an object |ike a wash
purpggeiofdhis srvendor igireduca|tbe wekvof agcidpntalalammages a
no-contact manifold according to the preferred
enbodi nents of this invention it may not be necessary
to consult the Aircraft Mintenance Manual for purpose
of installing the manifold. Enbodi nents may avoid any
- Any somfld donewin thaayrcrafirsurdf as opashinigothal engimesuniiyaresjuire
uch as the Aircraft, nt.enance Manual by a manifold

that the; Opeigtions RNy Mﬁltﬁ/a cAnppgtons@Nendiy Hae ddrcraft
. ' [ h he aircraft has to.be taken
Mairfffibdite WI3RuREM 5TRaBR! vl Rigidion: BRbing s
requiPbnidifts dind liRBItARSHELAEKI L frFs‘i'HHﬁl%taﬁeoEj'e@? 1idea wa?h
aircraft is out of service. The usé of the universa
~manifold on-theantgiat indet d@iinge By dhe misef harceobatioranuaifold
of the invention to reduce o
according to the preferred embodiments of this invention it may not be
necessary to consult the Aircraft Maintenance Manual for purpose of
installing the manifold. Embodiments may avoid any conflict with any
aircraft operational instructions such as the Aircraft Maintenance Manual

by a manifold with no contact with the aircraft.

Conducting an engine wash requires that the aircraft has to be taken out of
service for some time. It is in the interest of the airline operator to reduce
the time the aircraft is out of service. The use of the universal and no-
contact manifold according to the embodiments of the invention to reduce
the time for the wash operation as the set-up time for the manifold is

- shortened. Further, the universal and no-contact manifold may be



the time for the wash operajpon as the set-up tinme for
the manifold is shortened. Further, the universal and
no-contact nmanifold nay be 10 operated by only one

o%gtor present at the aircraft or alternatively by
operagsm by Y ¢ OPerAenDFesert afftherpiscialy enaligrnatiyely by
0 ime for t . wash eration and .
rem QKR dSpbop iRl o i fiventlift fids” SadtfindBe sime for the
i PAESA 'ﬁi’d%}" ' 'Fé‘qalﬁ | ow by
was rre%g)r?s ofé g(néin'pl [ f%?ﬁgbééwnl‘%%éﬁ% S. B?islg]f escription
of the drawi ngs Preferred enbodi nents of the invention

will now be described in greater detail with
reference to the acconpanying drawi ngs, in which Fig.

h r section. of a.two.shaft,.turbofan
Furhe R0 8eS e 3R Bicat R i Below by
meRRCON kAl FyRid emidiméid: 2 shows the mani fol d

installed in"the inlet of an aero engine according to
prior art. Fig. 3 shows the wash unit with the

-contact spray head according to the invention.
HESEEILKELOL HRE gFs ¥ion of the invention when
washi ng an'under wi ng" nounted engine. Fig.4b shows
the application of the invention when washing a 'tail’

Prefopted egtbotigionts offithe In$8aMBNSPIIRYONE BE diRicRided in
according to the invention. Fig.6 shows an

- greajen detaak Widh mfboeiioeett the actempanyynp erawings, iF whidla
shows washing of the fan of a turbofan engine
according to the invention. Fig. 7b shows washi ng of

Fig.t]hh%% §hERGLEE sOLtidn WH LREBLHEROIIMB ofZn RASIAL WEH  ©

- Al 2

e invention.
manifold and nozzles for washing according to prior art.

Fig.2 shows the manifold installed in the inlet of an aero engine

according to prior art.

Fig. 3 shows the wash unit with the no-contact spray head according to the

invention.

Fig.4a show the application of the invention when washing an ‘under wing'

mounted engine.

Fig.4b shows the application of the invention when washing a 'tail' mounted

engine.
Fig.5 shows spray head details according to the invention.

Fig.6 shows an alternative embodiment of the spray head.
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Fi g. 8 shows how the wash procedure is controlled by

means of a canera and di stancd nmeasuri ng device
installed on the spray head. 10 Fig.9 shows the

uni versal, no-contact spray head according to the
invention. Fig. 10 shows the universal, no-contact

spray head and a waste water collecting device with
waste water treatnment for reuse of the wash 15 |iquid.
DeFig. V atshorw o washéhg of éie dahoxfi arbarlsoffihecngineragopnding to the
di scl osed herein describes a systemincluding a
mafiEE P -hat has no contact with the inlet air

cow ing. Having no 20 contact with the inlet air

cowing elimnates the issue of manufacturing adapted
maRig. Gl showst washingyef thebere ofighia of aftirbefsyi angine
inlet cowings. Further, the manifold disclosed herein

i sAceATArRE LQIthednYEBYRBani ng that it may service snal
engines as well as Ilarge engines as the manifold has
mul ti size capabilities. A manifold 25 having nulti

si Fizz.8 ayimiws oy ehé miasht psocduiriesisumritoliech bfyameanismyf a
many mani fol ds for aircraft engi.nes of .varying size.

F Ameen e ChagpmearntneActinG tasaleron Mrdrtey head.
non-contact rmanifold according to the invention. An

aero engine 1 installed on an 30 aircraft (not shown)

i sSFgLBjstmtwd thevastiverpal Vaetcantatt Sprap headmacording to the
del]iverjng wash liquid to a spray device or spray head
33NVERIAN.-head 12 33 includes a manifold 36 for
distributing the liquid to nozzles (not shown for
clarity) on manifold 36. The nozzles inject the wash

| i Big. 10 shuves the werigersalj nbstant@ibe spoay hesadnayd ¢ whaste water

atomize,the ljquid or jnject liquid gs.a solid
ot Slerting Sevish W est iades tepdhirsitdl p o Of the wash

eqﬁﬁﬁ@s’nt and conponents for enabling washing such as
tanks for storing wash |iquid, heaters for heating
the liquid, a punp for raising

Description of preferred embodiments

The invention disclosed herein describes a system including a
manifold that has no contact with the inlet air cowling. Having no
contact with the inlet air cowling eliminates the issue of
manufacturing adapted manifolds to the large number of aircraft
engine inlet cowlings. Further, the manifold disclosed herein is
universal in the meaning that it may service small engines as well as
large engines as the manifold has multi size capabilities. A manifold
having multi size capability eliminates the issue of manufacturing

many manifolds for aircraft engines of varying size.

Fig.3 shows the application of the universal and non-contact
manifold according to the invention. An aero engine 1 installed on an
aircraft (not shown) is subject to washing. Wash unit 31 is a unit for

delivering wash liquid to a spray device or spray head 33. Spray head
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the liquid pressure, controls required to enabl e and

moni tor the wash operation. HRBe |iquid may be water

only or water with chem cals or chemcals only such

as solvents. Typically the liquid is heated as 10

washing with hot liquid as hot |iquid enhances the

wash result. The wash liquid is pressurized by the

punp for distribution to the nozzles. The controls

]E lym dﬁbludds@:ﬂméaﬁﬁokiﬂf 3bifqnidistritassng éhadigrid tol hoggles (not
ow neter, liquid tenperature ter and. pu on-off ,. .

sushewn fopsdaritiian G@@%ggﬁbifin%ﬁnga S ige ks WaSL liquid

pr i.cal f YRSHI i ' ;

b B8 erefg SR The ool BUhCr SbuRROUIStighid or

vethijedteli@id ¥elai sdlad Stremmy. Bash haitd3 1 ewedpriaes the recessary

notor, driven cart or a person carrying .vehicle sych
ascquipmaent apdgempapests i saahlingashingsueh agyfapks for

bo | ‘ . > 2y o
O S TR GRS 1 B eRe i pavane
ﬁrﬂ‘i@lﬁiqhiii ﬁte%&gg@ Eldn'tﬂ;]tﬂts &bﬁa&edrtgm@blwrﬁﬂd Bénind the wash
as spray head 33 on t t . Robotic, 34 .h
e e o B b S OB 181 134 0 or
apprope | 0 : i d

or o RS BOLRREPITRIQIREIGA | fradilas

| e@akhiry actidaet ékmidfad hoetiqumid Rabeincesthddwasheeatidis The
by a hydraulic or pneumatic or electri

C X c or .

mewRahiliguidyis pressuaizeddry She PRmRJon&IsTPYtsR tOHR)
or : j
¢ O BeR B LR Lt ARBRA Y SR priss QRiGTREOr e ingter,
ggl@%ﬂ{d fevemaitet, disidogeins pgmmse rheterexainphenpapaff switch.

etween two joints na e tel ic. 13
heW@siBupit 3i Toty ths BOLIGRS 59 THAKS ?ﬂ%ga%“e”rh fﬁS%‘% for
: _ L L .
| nEbhig aige Rl 1R0 of ) Sl Mg ARC0L HABFINER be
papatt dhevehiderd2. bjclinloperatgrbe adpmy thwad @8tiog a motor
positioned essentially in the centre of the o%ﬁn%'rr&%kof

driven cart or a person carrying vehicle such as a sm

Alternatively, wash unit 31 may not be mobile.

Spray head 33 is held in fixed position in the inlet of engine 1 by
robotic arm 34. Robotic arm 34 is at one end installed on wash unit
31 and has spray head 33 on the other end. Robotic arm 34 has at
least one articulated joint and a wrist enabling appropriate
positioning of spray head 33 in inlet 301 of engine 1. The robotic arm
is moveable with at least three degrees of freedom. Robot arm 34
operates by a hydraulic or pneumatic or electric or mechanically
hand driven operating device (not shown) or may be moved by hand
force. In an embodiment of the present invention, the robotic arm
may comprise one or several telescopic parts. For example, a part

between two joints may be telescopic.
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5 inlet 301. Wien spray head 33 is in its appropriate
position there is no contact lBetween the aircraft and
the spray head or any other parts of the washing

devi ce. Wash unit 31 delivers the pressurized wash
liquid to spray head 33 via conduit 35 where conduit

35 conprises a flex hose or simlar device for that
service. In spray head 33 the liquid 10 is distributed

t oSprayphehd|3S of sized zbese wirmllvarthian theepaningof idet 301.

nozzl es have the purpaose of .i.njegt.ing,th sh liquid

| reprahbeafghis Pty RasiiBheriiBase3) hBnepettite

when i g0 . :

bt R 41 Sorb Y cUREOHERCL IS AGNR) O Bpceptain
arsa-pﬁdgoweaw 33id pesitined esdertinlly iuthe centie 6 the epening of
and Fig.3. Aircraft 40 has. a wng 41 on. whi ch.engitﬁe .

1 ndet A1 When. sivemn e 93 i 1S ARPIRREIR T MSIHan there is
par. k ' : | [ j

s EPuEfs e et the SUEREI fonq YRR Sy dedFor any ofber parts
beofsttantarbing detite. Waste turst B 1sdeleeamsdinei presausizredgvash

ol tanipra bPat Rk BB GRS ST ARG SR EPEIRRSCs 8

Lﬁ%{ H&ge %%gééﬁ-ﬁ%arégﬁ’g@% GoP ik 8e RN %?reaézghéad tRthe liquid

Fn"position in th ine inlet.
Thigr éistiSbeed 86 hagtultiphé vEeonzzles vdaa manifolda6 where the

mani fol d or any other parts of the was nit. .FlLg.4b .
exaogales hegetthe PWRARG Shinipehng ﬁﬁs QS ﬁﬂuf‘% rlnﬁcg éﬁe engine.
when 25 washing an engine of a "tail engine' type
aircraft. Simlar parts are shown with the same

r ef R 45 eRefpibfedsstias itventidn avtterFim positiemifer ese3ghen

with the wash unit js %%aéed ad'éacent to the %%# r%naﬂ
Roweshing AR enRIMEAAD MRdeHAYE K& Ay PP A i1 ar
36, L A sPAST I Kbni i eng L : i .1 and Fig.3.
Rt AR Ptk B PR et niRichs) s Bl 1 and Fig
anyiretiRtr4(haks ofinghel vaskhioli engifie liinvnataltad. i \éehigle 32

{ B e wasiy B DRREl ARGt ES T, FHEPEny SHAar o 1o

thglte%}m.‘yi PSR 20oh8 £ lthe MYihE 3! fot fIBERANding in
the direct air stream during washing. This is to avoid that any loose
objects on the vehicle may accidentally be brought by the air stream
into the engine. Robotic arm 34 holds the spray head with its
manifold 36 in position in the éngine inlet. There is no contact
between the aircraft and the manifold or any other parts of the wash
unit. Fig.4b exemplifies the invention when in position for use when
washing an engine of a ‘tail engine’ type aircraft. Similar parts are
shown with the same reference numbers as Fig.1 and Fig.3. Vehicle
32 with the wash unit is parked adjacent to the engine. Robotic arm
34 holds the spray head and its manifold 36 in position in the engine
inlet. There is no contact between the aircraft and the manifold or
any other parts of the wash unit. The invention is not limited to the

illustrations in Fig.4a and Fig.4b as there are many other aircraft of
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there may be aircraft where there is an advantage to
arrange for the wash equi pnedt to take support by the
cowing or other parts of the aircraft. 5 Fig.5 shows
the details of spray head 33. Spray head 33 is shown

in a perspective view where the arrow shows the
direction of the engine air flow Simlar parts are
shown with the same reference nunbers as Fig.3. Spray
hediffe3nt depigmewhareithe inv¢htiesse rmmllyyappll@abl@n rther,

10 symmetry with axis 501 _being the .centr
sy%@rryaymﬁlrgaaﬁwh%ﬁwgg g fafEBHgef ppanee for the
waghii netiled BukSsE tAk i GRATh Mot bthePParts of th
engl ne%cﬁﬁ#) centre of Eg'net r?/(. Spr ay h%gd 33 hggraso ©
cesmircedft. body 50. Body 50 has a front end 58 faced
towards the engine. Body 50 has a rear end 59

opposite to front end 58. Rear end 59 is 15 connected

gngilrgggé %&x'é)%vsafﬁé AetaiROdY sépz% 3 BehHdes. Qﬁiféh)g Akadeys! h@ ghown in a

used as an al posi ti oni spray
33parypettivemiewt whergthe Iasrmmsﬂnowsetlm dorectiont oi:die engine
sensi ng devi ge 55 i s di r(ﬁ@t ed e senti al I%E?Ieowards th

ep@hrrilowﬂﬁ@’fn ADPATES TS ST VaRY Fh% SAEeES eRth Pumbers as
o C rgnt

263 A OB o iR s g

A| é}&hﬁ&tﬂw ?lrﬂhfebige Syt beﬁ:lg &meemgedﬁ\/s}unmemy When spray
conprlse of ,a fibre gptic device, wih .the sa

a? hiead 5% ifnist ROSIKIQRL KITAVAT }r&g SRinph 14 ESstRBRLvEgTed with
0 I

O CERUICTALR (L of by Ry e 23R4Sl el

vi badp Q. Bodyn §Onieas al febont entllﬁs c{i@emiit@wardﬁ ¢he amgine. Body

view is 25 used for hel ping t er r.t I t.h
spp@rafeadedr e A2 %}@%ﬁf&gt%ﬁ%%&éﬁ%g Ar T80

C r r
AT PO D L i e

opBB aissid 4o arparl foropodihienspg sprap dveast 38tend for rnomtormg
ropriate di stanc

HRS PO T ddPLea] ggggﬁg dtFe st drreptrd e0ndially

towards the engine inlet. Optical sensing device 55 may comprise of a

=

camera where the camera view can instantaneously be viewed by the
operator at the control panel. Alternatively, the optical sensing device
may comprise of a fibre optic device with the same purpose as the
camera. Alternatively, there are other means of recoding the view
form the spray head. Optical sensing device 55 serves the purpose to
deliver a view of the engine inlet to the operator. The camera view is
used for helping the operator to align the spray head with the engine
shaft centre by manoeuvring the robotic arm from the operator’s
control panel. Further, the camera view enables the operator to
position the spray head at the appropriate distance upstream of the
engine. Further, the camera view enables the operator monitor the
washing process by delivering a view from the engine centre line

during washing. Further, the camera view helps the operator take
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30 washing process by delivering a view fromthe
engi ne centre line during wadhing. Further, the
canmera view hel ps the operator take 15 decision in

adj usting any wash paraneter fromthe view that the
canera delivers. Further, the canera viewis a safety

i nproving device as the operator may stop the wash
process as of anything he observes in the canera. 5

fB%ﬁ:iEibri h Eﬂg.lﬁil:]ﬂlg ghgrd\eaah qjeaaﬂr;nier feeauhiergevetliatethe
or neasuring the distance to the engine..Typicall)

t IRAEER sskizcrR F8Uthes ﬂb‘»‘v%@efea’ﬁ%%lg@ss%f gﬁ?ﬁ?ﬁ‘&

oSy B RS iRy, BRASA ot i he

ul dsserseynd thensirhgralevi ce where the transmitter emts
a sound beam which reflect on the engi ne nose bull et

and where the reflected beamis received by the

r Vel - T ISt f AN, Licefdg i
r:lggfwggro 1% B?%'g’n&é:g? ‘?‘?ra %1 'E%I?/&?Héétl ne %F&f 1eCr encemF %:rsm:mg
t hghesiliiahce tb AhetdiRihe agpidallgr theod ishence aedamiring device
Al ternativel t he _di stance_ 15 nmeasu device coul d

bﬁccanpwers_ceaﬁmsﬁmrn@w&fi éé‘egek?ﬁrgfgfh? diiAnGFier e
| DGR GE DA Prh e S e ocuch as

IS receive

r eggihilera sdhhardealsing devicet Wheee the eradraitteli sthEte e sound
nmeasuri ng devices that could be used, The_ record

d
di keamcwhich geflestegre ghe sngine naseruliet 3ad yhegeethe peflected
20, operator w |4 j i - - .
s
of ahieeerGenes thuhicatimasi by thehtmersdifferenice fat Bnrsignal
hel ps the operator control the wash process . by,
( el the tARSRHANGE Uhe TareivSheAReTIHEvElY o i Bistance

TR L Bl AUl AERLaeR, Usvediiet 89

belagpp tédeatte: trinendittdranaétsne dseeri mgam which reflects on the
engine nose bullet and is received by the receiver. Alternatively, there
are other distance measuring devices that could be used. The
recorded distance is delivered to the operating panel where the
operator will use the information when adjusting the appropriate
position of the spray head upstream of the engine. During washing
the measured distance helps the operator control the wash process
by reporting any changes in distances. The distance measure helps
the operator take decision in adjusting any wash parameter if he
finds the distance not to be appropriate. The distance measuring
device is a safety improving device as the operator may stop the wash
process if he finds the distance is not safe. The distance measuring
device may include alarms which emit an alarm signal in form of an
acoustic sound or a light flash if the distance is out of range. For

example, if the measured distance decreases below a predetermined
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device is a safety inproving device as the operator
may stop the wash process if l6e finds the distance is
not safe. The distance nmeasuring device may include
alarms which emt an alarmsignal in formof an
acoustic sound or a light flash if the distance is out
of range. For 30 exanple, if the neasured distance
decreases bel ow a predeterm ned 16 value. In one

enpadieMeRlone &ndodimehty Bhidditavilecasin beetdijbptéd &y the
operator by neans of the control panel. Body 50

i neperdgon byanpass dfdheiddantmphpangy t he engine inlet.

The 5 illum nation inproves the view fromthe canera

as well as the view fromdirect eye contact with the

engbag S hfiiudBeflampB 5@%@1 nakveeatiaEhae diheental The

improving the safety or for inproving the wash .
ophahimation fmasov e thaviekifromdthe eamera iss well asahg yiew

realizes, can each of the . follow ng fegtuyres: the.
opRPERvEeh e §oRdaT o ¥ IS the e Mk BoME D, plaipinclude
deyiet dicefor ﬁﬁp{«;\ﬁngm SAebeor $eWirhprerapd®rt wWyshf
the others. That is, the spray head 33 may, for

exepgtagioronl y i nclude the optical sensing neans 55 or
only the di stance neasuring device 56, 15 57. Spray
head 33 in Fig.5 shows the manifold as a ring shaped

t uRe 1]{113 -Ran kil Upithid GHE Grt SaBiiREAliZé)BrheatB BT the

unit (not shown) via a hose (not” shown) to manifold
36follumingdedtid®si she opsival sehping devicgrod te diptanee

circle centre ali wth axis 501.. The pl.a
mepepatspece a1 of o€ HeiplRd e IS ® iBEpRhdeny of the
I“be‘ﬁI. d188t i§, GRNESEyeHehQ 3D asky, For eXamiplel dnbpimdunde the
mu tlégFeTn%z%I’es arrar?geg ar ound t.her emamil?of d f%gr )

di 6pEcainsenveinl means & or Raly dka distanaomeasusng deviss 56,
thgzpurpose of washing the engine fan. Nozzle 54

se

es the purpose 25 of washing the core engine.
Nozzl e 510 serves the purpose of washing

Spray head 33 in Fig.5 shows the manifold as a ring shaped tube, i.e.
~ a torus. Liquid is pumped from the wash unit (not shown) via a hose
(not shown) to manifold 36. Manifold 36 is essentially circular with
the circle centre aligned with axis 501. The plane of manifold 36 is
essentially perpendicular to axis 501. Manifold 36 is connected to
body 50. Manifold 36 has multiple nozzles arranged around the
manifold for different wash services. For example, Nozzle 53 serves
the purpose of washing the engine fan. Nozzle 54 serves the purpose
of washing the core engine. Nozzle 510 serves the purpose of washing
the nose bullet. Nozzle 511 serves the purpose of washing the _
cowling. In addition to nozzles 53, 54, 510 and 511 the manifold may
comprise of other nozzles (not shown) for washing other engine
details. Manifold 36 has at least one nozzle 54. The nozzles may
atomize the liquid into a spray of dfoplets. Alternatively, the nozzles

may deliver the liquid as a non-atomized jet. The objective of using



the nose bullet. Nozzle 511 serves the purpose of

washing the cowing. In additli7on to nozzles 53, 54,

510 and 511 the manifold nay conprise of other

nozzl es (not shown) for washing other engine details.
Manifold 36 has at | east one nozzle 54. The nozzles

may 30 atomze the liquid into a spray of droplets.

Al ternatively, the nozzles nay deliver the liquid as

a Aol SHOPF Bhhifdlds iBehekitBetrnyaiflddigiagbé nabiifgetured
shaped manifolds is that the manifol ds may be .
nafrofmongratbe which osdentbatahirng ireqBimag omly onerjoigt (one

requi t.i .only one joint (o0 I d) o This .

S A5 U oDS ARl (O ID go S k8 ing spany

] Ol{¥re-joMbs. NeAMELd AN ith 9biMLS i TepRURITISE saSafty feature as
safety“feature”as 5 joints may brake and can cause

5 dajragts niay boslken eddpean casseatarmpge ikblagiseaed meantasnter the

the ring._shaped ni.fold is consi.der.ed safe,as an

A CEPEST HPLBRD A0 Hoganapad BARdr FtddryT S as any
ai fEkiakhtPaEdPtaMe HedweBAthePlanifodd ek anktdiranyt phatsdwould
edges. Alternatively may the nmanifold be equi pped with

a nathinply sontactswithbimy sheam adgesr ddternativehomashth)
o R BB 88 R SRR B v

10 MRS IR Phs tHDisRNAY ab§adroSiAchae of R hécidetahewitact
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with the same reference nunbers as Fig.3 and Fig.5.
15witthethié aggetmped manifold is here replaced by pipes
61 holding the nozzles in position. Alternatively, the
mani fold can be made differently. Fig 7a, 7b and 8

shppse i v Bhi ARtARtiR] cilddinieittdfamekieiayassd nSimilar
20 a turbofan engine. Simlar parts are shown with the
sapertseirer sigen withbdres samepreéetenes fugihas. asFig.3and Fig.S.

h t h hi f f f f i .
o oDhg rie SR e Rl Ta R3e Teriddt By BipFRe " alkif the
t hgotABs i PJoviGsH. Ah@te‘i-ﬁh@i%lgﬂ thy hhaifese cah boengngi ne

starter
differently.

Fig 7a, 7b and 8 shows the application of the invention when washing
a turbofan engine. Similar parts are shown with the same reference
numbers as previous figures. Fig.7a shows the washing of the fan of
turbofan engine 1 by use of nozzles for washing of the fan. During
washing the fan is forced to rotation by the use of the engine starter
motor. Nozzle 53 is atomizing the wash liquid into spray 71. The
nozzles have a spray pattern resulting in a distribution of liquid
limited on one side by streamline 75 and on the other side by
streamline 76. The spray’s distribution at the 1eading edge of fan
blade 72 is essentially equal to the total blade length limited by tip
point 702 and hub point 701. The spray thus covers the whole blade
length. Manifold 51 may comprise of only one nozzle 53 which then

only covers a portion of the engine inlet. Wetting of the whole fan is
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nmotor. Nozzle 53 is atom zing the wash liquid into
spray 71. The 25 nozzles havel8& spray pattern
resulting in a distribution of liquid limted on one
side by streanmline 75 and on the other side by

stream ine 76. The spray's distribution at the | eading
edge of fan blade 72 is essentially equal to the
total blade length [imted by tip point 702 and hub

PGiHeh d&omplishées '“r?b’tﬂé"iﬁtaﬁ@itﬁbﬁﬂﬁé‘l EanhBige7 bisiebevs3the
l ength. Manifold 51 may conprise of only qne nozzle 53

whivashirigof thmtgrecengine of pobofam cogingd - INgTiRg waphing the

Wetti.ng of 4h le.fan. | - .
| ROIBE Aah R PO e piy the gé bf sh Haltef MiBter Rtk 54 is
t o E R Ry ligHid ait@seiRgi 8. The Ruwzzivgs hashienspray

the ‘engine shaft is rotated by the use of the starter
moypatterrhoesuiléirgyin g distrbiEpngf igigaimitedoneng,sigle by

73. T, I have. j
TP artdine Do ot P Y DR LA als 2 U BboSe of
styiRaghiALisTth ddEvdieq@idRitosidie dngiat iaktl THeTHE cofhengine
pur pose of the spray is to deliver I|qU|d|nto§glr

e
englleteisi litnéted74y atheplittes 79¥gand a paink 794 qn Hae dagn the

air splitter 705 and. i at 4 on_the.

o Rtaite sils.oofis gl TP 09 Gt apis SisghB b 2 the core
di érigcihéqhnaﬂ_saéqdélecoq@feecd& @sgmgniial Gpenihgelimdted by air
the Core engine inlet opening Timted by ajir spl 1tt?r
70plither FOBrand @ointrRefeBhereby widhe ligmigl emanating irom

from .nazzl e 54 enter .core ' |l et : :
B L o e
PeReiAAbR (He hghwe e pehetiitadashetuweenditicabladest dnhfiog, fan
Fig 7a and Fig. 7b describes washing _of the turbggannengine

engitations Fig 7iehand Rigofb drecrhgs e shingafitae 1

Alternatively.may other . starti deyi

AL B R A Bt bWy RYer ety
besieeRAYc &Hcdibchestd EOERlAE deperatgAPY shafier. Aterratively,
shows the use of the canmera and the _dist ance,mea%url ng
20weshingmay belcondueted withowk satating Rheragagshaft.

ref erence nunbers as

Fig.8 shows the use of the camera and the distance measuring
device. Similar parts are shown with the same reference numbers as
previous figures. A camera 55 has a viewing angle limited by lines 81.
The camera will provide a view of the engine nose bullet enabling the
operator to move the spray head to the appropriate position for
washing. When the engine is cranked by its starter motor the camera
view is used for monitoring the shaft rotation. The camera may then
be attached to a computing device (not shown) with software for
estimating the rotational speed. The rotational speed serves as an
input parameter to the operator when to start liquid pumping. Having
control of the rotational speed is essential for a good wash result.
Further, the camera view allows viewing of the liquid distribution

onto the fan as well as the penetration of liquid into the core engine.
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previous figures. A canera 55 has a view ng angle
limted by lines 81. The canmdPa will provide a view
of the engine nose bullet enabling the operator to
nove the spray head to the appropriate position for
washi ng. When the engine is cranked by its starter
notor the canera 25 viewis used for nonitoring the
shaft rotation. The camera nmay then be attached to a

CONRIY viBGr §taves us(AQtinfiuatemt dplﬁlt Ecotlhcwaperémr as he may
estimating the rotational spee The rotatiognal s eed

seadjastabeapositinping phihespsay header 663% WA E

start liguid Ha

L SGharbh - LUTBBY: S i oB Ry, 3h 384 ehat i camera
3oleﬁ§r1§hﬁfntahﬁﬁa@@d%ﬁ1 wieBohé Giegiidl] ehve Itgnsafs pheged by an
liquid distribution onto the fan as well as the

pemiststaeamrsupplied o iancompreseest 8iepRFRE (UHS shgws). The

VI %ﬁéégﬁqfsﬁsﬁur@ﬁgl gq,rett ?c%%ﬁp'ﬁjg € @f % ﬁléé-‘g%}’g@ dém?&mg a

adu)éla&h 8DRoWasHs MBS 83a5hérfe akllett éﬁdvmthms the
objectives. To avoid that the canera lens is

c areflectechbedmito meegiven 57 d e signal is frd fe Ascompytingynit

Y g P EhATbRURR i alRMLe, FRERERRSSHo Gnit may be

Cosr,attrw&ﬁ Abrfh Ie"v@!bsahttbeﬁm's}ﬁi@re bt hiGicbusiRadlad, if the
towards nose bullet 83 where it reflect and returns

t htélstanttd: te oy deignt b@co@m.su eatically shgst-sihymdistegceed

ut i,bna unit o
o e sREE Al hay e lrsp et Twafls SR buES Mian the
| eN&4eS badlet n Rh@\@r@ne Gnlbt Bt@pRosidednddanation§ o ieeasured
di stance to any object becones critically short. The

di distagecs. Emeupidchthatethe measpriRg device WNIBRAIEs

?L&g{%r{%tarth n the nlr@e1 Hjléa%rég Eg%%gzgéﬂealrstream

di é&%ﬁé‘é frohf él\é@hgpr‘é_@@éd the sohase (hatgsldewhye sensors
are contamnated with air born liquid they are

purged by an air stream supplied froma conpressed

a lE‘ig‘?’ %h%%vs( At u%qeé’\ps)a'l spray head which will service a large range
of differently sized engines. Spray head 90 is shown in a perspective
view where the arrow shows the direction of the air flow. Spray head
90 has a central body 91 with similar camera, distance measuring
device and lamp as earlier described in spray head 33 in Fig.5. Spray
head 90 comprise of multiple ring shaped manifolds 92 each with
different diameters. Rings 92 are arranged in symmetry around
central axis 501. Rings 92 are all essentially in the same plane where
the planes are essentially perpendicular to axis 501. The rings are
arranged with a gap in between the rings as to allow air flow through
the spray head. Each ring comprises one or multiple nozzles 93
where the nozzle type, number of nozzles and the nozzles spacing is
according to the wash service the ring will do. Nozzles may be used

for washing of the fan, the core engine, the cowling, the bullet nose or
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Fig.9 shows the universal spray head which w ||

service a large range of diff2érently sized engines.
Spray head 90 is shown in a perspective 20 view where
the arrow shows the direction of the air flow Spray

head 90 has a central body 91 with simlar canera,

di stance neasuring device and lanp as earlier

described in spray head 33 in Fig.5. Spray head 90

c %‘I&Eﬂa%es&fwé@ ITh dﬁiﬁcfﬁdlg tied apeer ripsisialedss@P f@asashing of
W t ferent meters. Rings 92 are arranged in
sysmeiley eagmﬁjWIﬁlec’d‘m outeranngs 50¢ UsRidhfps Wwashing af larger

essenti al t he sane I an re h I :
esSRATFES pé’ﬁ’&i ’Ef}g dfeaah eﬁgasﬁ}”lﬁgs Sy g gpecific
ard ?Iﬂ%\%ypﬁt& & s%&ﬂd"fa@ﬁﬂjﬂ’%? 'éngh‘i‘eé iTigs ritE ﬁv@tlﬁtﬁ@%rgest

air rough™ the spray hea Each ring conpri ses
oncélamnetremj t.eptlee putet Bug) haswhdizameter less gl'pz;dmmeter of

ncis B RoPRtpReot s mafe P EREES Ty i PO, head will
'\bgt?ljvﬁ% fg&lvl\}‘iﬁféj th@%n%ﬁ%@'oﬁ' ghefpddifat Sj?&ssbﬂgeﬁ eafrying
engl ne, the co ul 2

ng, et nose or simlar
secomaeercial girlines paive arhénlietcowlingdimmetereanyingin

shi ng of Il er en nes_whi e outer rings. are
LSBaTek S BgSteTata: SPitoPRed Y iG, TR g g
By ol @ﬁ&? Gfvedad putes Riihelr RsBRBGH LG neftgine type
or a specific famly of engines. The ring with the
Iargest 5 di anet er, i.e. t he outer rlng, has a
ﬁneter ess .than the

ShEASHIRE &6 @neﬁ@gwgsts&mgﬁx et gray TRk dn Tyervice” his is
S eéé’dd}ﬁghgﬁéd &AARV g £46h il 99cdRinddted RERW &énduit to a

passenger carrying conner0|a airlines have an inl et
c od\ismnbudma(tm’mhwnﬁon g:lamty) et tlee ﬁpxa}s head3 Ths disgributor

T SR MR8, S0 S 1088 BIELESE (ARG s PR secvp

%ﬁ?w@s}% @Bﬁbféﬁ:o}%&l@' Ay etV EnGi t0bé $n idbe by
servi ce. (XS acconpl i shed by havi ng each rlng 92

comptm:mgjthﬂ aom‘espnr,ldmg valvg. Adl ethdmalses wrildsthwmbe
fO(I:‘ Ocszlegrlty) on the spray head. The distributor

Although spray head 90 is universal in the meaning that it may
service a wide range of aircraft types and engine types it is practical
to have multiple spray heads that are exchangeable. This may be
reasoned by different requirements set by the aircraft’s instructions
or other instructions. Another reason could be a separate spray head
for meeting military aircraft requirements. There may be additional
reasons. To accomplish changing of the spray heads the spray head
is mounted on the robotic arm with a coupling enabling an easy

exchange.

The invention as here disclosed provides means for reducing the time

for washing as well as reducing labour requirement. Fig.10 shows the
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15 conprise of individual valves for closing each
conduit. Prior to set-up for 2dashi ng the operator
woul d activate the ring to be in use by opening the
correspondi ng valve. Al other valves would then be
cl osed. 20 Al though spray head 90 is universal in the
nmeaning that it my service a wide range of aircraft
types and engine types it is practical to have

Muk traple nidiofor e adie Mhashingeth db dghdeks timbiconwayning
be redsoned by different requirements set by the
ai axd déss labaart mfensbiescompasedhde nries atte Sighlar parts are

Anat her reason could he a separgte s r
OS0GRSO A BRI L B0 Ryl e
adgtddelialescrARROASreih QvaG D BRbiCATlY Q‘B?ﬁﬂieﬁ&ﬂ?f otid@perator for
spray heads the spray head is nounted on the robotic

arcondndtingdbepvasly. Anaash nnis s lesisppliex srsigiquib vighe

SIS a5 Bl RyulsiGls A3 L Blping washins
| apuEpERABE CRMRRALs thiGrokess i ddiftrdllpafél angeMamitrolling

for engine washing that is both Iess tine consum ng
anishchedss Visoing the epeiybeadmeanech immage ifspmamonitor 112. The

Simlar parts ar shown wi.th t .ef

st B Rt pua e o8 GiRedS FUBR by

hes Qi eilivickPi SRkl ¥heq@k Iof tAelehgine. Therlettddwaste
conducting the wash. A wash unit 31 supplies wash

| i gl enterscobasukt (188 shownkpt wpihdde vieleprsinit ddat.iEnit

o bl daay i rauig Vierert bRl A Suablf callgcting
Vi g4iRg it R sSPILRY iReaft HREBAAtIbARDAphlieAtiFRPCTY SEL2.

The waste wash liquid emanating fromthe engine is |
coR0e4y 0008221 Whereir ¢hie mgndent o saidiapplichtiondagredly is

IR SorFIE LB, 198 gl Bl SRy ko

231 lfg g’tafag@cﬁnwmfw&m elrsit BAr witebé lthé el sedi foallirgy material is
separateg from the liquid by an appropriate waste water treatment
process. The treated water will then be used for washing of next
engine or is alternatively dumped into a sewer. While the waste water
is being treated the operator may move his vehicle 32 and other

equipment to the next engine for set-up for the next wash.

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

embodiments discussed herein. Consequently, the present invention
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device is described in the international application
PCT/ SE 2004/ 000922, wherein tl22 content of said
application hereby is 15 included herein by reference.
The waste liquid is punped via conduit 118 to a tank
in wash unit 31 where the released fouling material is
separated fromthe liquid by an appropri ate waste
wat er treatnent process. The treated water will then
bejsusdthd P byvdehvbedialstithe Spgémdedclditns and equivalents
alternativeyy dunped into a sewer. Wile the waste

e@f) is being treated the operator nmay nove his
vehicle 32 and other equipnent to the next engine for
set-up for the next wash. Although specific
enbodi nents have been shown and described herein for
purposes of illustration and exenplification, it is 25
understood by those of ordinary skill in the art that
the specific enbodi mrents shown and descri bed nmay be
substituted for a wwde variety of alternative and/or
equi val ent inplenentations without departing fromthe
scope of the present invention. This application is
i ntended to cover any adaptations or variations of the
preferred 30 enbodi ments di scussed herein.
Consequently, the present invention 22 is defined by
the wordi ngs of the appended cl ai n8 and equival ents
thereof. 5 10 23 dains 1. A washing systemfor
washi ng a gas turbine engi ne, said washing system
bei ng arranged on nobile vehicle conprising a spray
devi ce including a substantially ring-shaped nmanifold
arranged symetrically about a body, said manifold
i ncludi ng at | east _



one nozzle adapted to inject liquid into an inlet of

said engine during a mashiﬁg operation; a wash unit

adapted to distribute said Tiquid to said spray

devi ce; a positioning device adapted to nove said
ClaigRray device in three dinensions, thereby enabling a

positioning of said spray device in a washing

operation position in said three dinmensions relative

saj i [ | : 0 h .
132 e Bt o et ihe S BRE R i inE  Sa R iR pine
esystamdreingaraanged onasijobste vekiclpaomprsigd sai d

spray device, in three dinensions relative said engi ne
inlet by means of said positioning device 2. The

washi AgSppst dewigcdochiding » subatantiall wibrgishapead dnanifold

pPQsLtiond i C [l Sses a robptic.armingl udin
P SR S RGVICARLCOERI £ B0, SRR LS ML URTutig &t teast
- san¢ nduze atlapteditorinjed:liqhir]l ashimmisy st eficrengind #gring a
to cI[]al m 2, wherein said robotic arm includes a
I I%QPP@%%’&ppi c part. 4. The washing system
- accor givpgsh Andl Adaptkd W8Tsetibuseisdi E B d%vs!ag&s r
further conprises ‘an optical sensing vice a aplpe%yto
no@€Y§E; a washi ng operation of an engine. 5. The

was hi | | ' ' :
oo PRI AMEEDISL b e sREEY B8l n e
: paiiﬂlcmdfls,i thezéby amaplieg a-@o]rcséﬂid)nfgrg ef Eaia:ll\splfa}sdédice ina
engipe. inlet to an operat.or of sai shing system at.
o Wannidsr oPgratia AgstipRAssAdShse dimansicns relalive spid
- orerfginstiale withdiud cerithcebetsede tide sPeyy deviedmhidsee éngine
caner a.
a control panel adapted to enable an operator to adjust the
position of said spray -device in three dimensions relative said engine

- inlet by means of said positioning device

2. - The washing system according to claim 1, wherein said positioning
device comprises a robotic arm including joints enabling a
- movement of said spray device in said three dimensions.

3. The washing system according to claim 2, wherein said robotic arm
includes at least one telescopic part.

4.  The washing system according to claim 1, wherein said spray device
-+ . further comprises an optical sensing device adapted to monitor a
washing operation of an engine.

. 5. The washing system according to claim 4, wherein said
- optical sensing device is connected to said control panel and
is
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7. The washi ng system according to claim4 or 5,

wherein said optical sensing device conprises a fibre

optic device. 8. The washing system according to any

one of preceding clains 4-7, wherein said spray

device further conprises a distance neasuring device

adapted to neasure a di stance between said spray

devi ce and sai d engi ne. ' The washi ng system

according to claim 8, ﬁ%erein sai d di stance neasuring

device is connected to said control panel and is
. agagiced tb Actickt ¥S¥Fiewadf saidi éix:guh@ injef td A8 FPeFARPOF said washing

bet ween sai d spray device and said engine, thereby

i BYemi @ mandpler at or of a present di stance between

said spray device and said engi ne by neans of said

itor..10. The washi.ng system accor di to claim38 .

6. Mg, WegTIRRISHSUER ACCHIIEN I ClABha it g™ B said;oRfical sensing

Uls¥ite © iss€hshi@rfevi ce conprising a transmtter

adapted t0O emt a sound beam and a receiver adapted to

recei ve said beam wherein said distance is estimted
7.b¥he hevashmg diyftear encerdiog @i clabmad forof) wherkin said optical

transmtter to said receiver. 11. The washi ng system

TSI MY 1EOCUPRIIEHA %E’TQJQP%@?@F% sai d di stance

nmeasuring device is optical neasuring device

conprising a transmitter adapted to emt a |aser
8.pEhervashingasyséersiageprding jo enyianerafquesedingi claivesity 7,

BRI B S S IEE e P Bt P Py
rastapitedbto mkasurkhve distaidenoetsseeneaichaspray devige tand aaid argéne.

of preceding clainms 7-11, wherein said distance
measuring device further conprises an al arm neans

9. dhlap trvadhing erstémaivcatdingisiciaial 8 wheadid sapddintetce
di st ance decr eases bel 031 a edet erm nfd Hal ug. 13 i
TRESSHILNE AEVice dy SAMRSRist dp Aatdh conirg) rams] and 35 adapkedgo deliver
cineindicakionl 8f the\iRERIde betMe@n SRIAYPEAG\destcd siid BSd engine,

C ises illumnation neans. ; )
- thete y 1n§0rm1ng an operator ofa a present distance between said spray

device and said engine by means of said monitor.

The washing system according to claim 8 or 9, wherein said distance
‘measuring device is an ultra sound sensing device comprising a transmitter
- adapted to emit a sound beam and a receiver adapted to receive said beam,
- wherein said distance is estimated by the time difference for said beam from
said transmitter to said receiver .

The washing system-according to claim 8 or 9, wherein said distance

. measuring device is optical measuring device comprising a transmitter

- adapted to emit a laser beam, and a receiver adapted to receive said beam,
wherein said distance is
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14.

15,

14. The washi ng system according to any one of clains
1-13, wherein said spray device conprises a nunber of
substantially ring-shaped nanifolds each having
different dianeters and being arranged symmetrically
about a body, wherein ab | east one nozzle is arranged
in each manifold. 15., Z washi ng system for washing a
gas turbine engine said washing system being arranged
oestimbicdeby thu filne diffepsricei fog saidshean fEamisadd tragfmitt&e® said
at | east one pipe arranged at a body said at |east one
pfS5&1M&i ng arranged with at | east one nozzl e adapted
toinject liquid into an inlet of said engine during

a washj tion. a wash. unit adapted to distrjbut
said I THEARARR b Raing ocard G50 STt st clatts -1,
deherdn adiptptarice mexsursdt desiveaurhey cbmprivesAheflarm means
di rensions, .thereby enabling.a positioning of said
sﬁ%e%éwaﬁt AR aﬁﬂl@v&lﬁﬁi&h gtn e measyred distanesdecreasgsbelow
t@hggdé@éﬁﬁ%ido\;ﬁ?ﬁel ative said engine inlet wthout

c

oht act between the spray device and the engine ; and
26 a control panel adapted to enable an operator to

30 05 RO 3 Bl PR A B BB 1- 12
- S@héreRPSald 9htalUeded ﬁﬁ'the}‘éon@ri&? ey eqh
[ g@l ? onprising a cﬁ-{/’fghl e

serving a g ur bi ne engi ne

according to claiml and a liquid collecting unit
conprising a collecting device adapted to coll ect

wast e Meswashingisystenraatording tooany aing ofesiginme1-dd; whgrein

- GRS BRI Ghina ) A O sn bty WiFped

' .cmlagia[i)ﬂdmgac}uh:irt]tilng&iiffgmﬁaiiahiﬁeertsQmail beink drginggtdor i ng
sai St e, na i qui,d. 18. .T nobi | e system .
SuBriTR AL 30w 4. POaY owheiein 3F LFRF anE aiizls furapeed in cach

caobh#otld.ng unit is connectable to said wash unit.

A washing system for washing a gas turbine engine said washing
system being arranged on mobile vehicle comprising a spray device
comprises at least one pipe arranged at a body said at least one pipe being

- arranged with at least one nozzle adapted to inject liquid into an inlet of said

engine during a washing operation;

a wash unit adapted to distribute said liquid to said spray
device;

a positioning device adapted to move said spray device in three
dimensions, thereby enabling a positioning of said spray device in a

- washing operation position in said three dimensions relative said engine

inlet without contact between the spray device and the engine ; and




16. .

17.

18.

19.

- 20.

19. The nobile system according to claim 16 or 17,
wherein said tank is connectable to a said wash unit.
20. The nobile system according to claim18 or 19,
wherein said wash unit is adapted to treat said waste
wash liquid, thereby allowng said treated waste wash
liquid to be used in a washi ng operation.

26

a control panel adapted to enable an operator to adjust the position of
said spray device in three dimensions relative said engine inlet by means of

said positioning device.

A mobile system for serving a gas turbine engine comprising a
vehicle according to claim.1 and a liquid collecting unit comprising a

~collecting device adapted to collect waste wash liquid emanating from said

engine during a washing operation of said engine.

The mobile system according to claim 16, wherein said liquid collecting

. unit is connectable to a tank for storing said waste wash liquid.

The mobile system according to claim 16 or 17, wherein said
liquid collecting unit is connectable to said wash unit.

The mobile system according to claim 16 or 17, wherein said tank

is.connectable to a said wash unit.

The mobile system according to claim 18 or 19, wherein said
wash unit is adapted to treat said waste wash liquid, thereby allowing said

treated waste wash liquid to be used in a washing operation.




