DEVI CE AND METHOD FOR COLLECTI NG WASTE WATER FROM TURBI NE ENG NE WASHI NG
TECHNI CAL FI ELD [0001] The present disclosure generally relates to the field
of washing aircraft engines, particularly using washing |iquids such as

wat er and detergent or water only, and nore specifically to a system and
devices for collecting the waste water from engi ne washing operations and a
nobi | e vehicle conprising such a system BACKGROUND [0002] A gas turbine
engine installed as an aircraft engine conprises a conpressor for

conpr essi ng anbi ent ai DEVAICEANDMBETHODFORCOLIECTUBIG t oget her with the
conpressed air, and a turbine for driving the conpressor. The expandi ng
combustion gases drwXSTENRATERFREMATURBINIDENGESEIWASAIKGr ust used for
propelling the aircraft. [0003] Air breathing machi nes, such as jet engines,
consune | arge quantities of mlﬁﬁﬁﬁﬁchﬁghauﬂs foreign particles in the form
of aerosols or larger particles ICL then enter the engine wth the air
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properties that, cause adherence to co nents in the engine's gas_path,
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particul arly, reducing engine performance. Typical contam nants found in the
avi at itord system arshdeicesnfay collgstingighe paste M@ epgine ewashingsepsrationg agd e
exhaust, |eaking engine oil, hydrocarbons com ng fromindustri al

act i viniobils velsiele comprising sichamystear by sea, chemicals comng fromaircraft
de-icing, and airport ground material such as dust. [0004] The contam nants
adhering to conponents in the engAMKGROUNE h cause fouling of the engine.
One consequence of gas path fouling is an engine operating |less efficiently.

Wth t[ﬁ'(ﬁ)Z] A gas turbine engine installed as an aircraft engine comprises a compressor for

compressing ambient air, a combustor for burning fuel together with the compressed air, and a
turbine for driving the compressor. The expanding combustion gases drive the turbine and also
result in thrust used for propelling the aircraft.

[0003] Air breathing machines, such as jet engines, consume large quantities of air. Air
contains foreign particles in the form of aerosols or larger particles which then enter the engine
with the air stream. The majority of the particles may follow the gas path through the engine and
exit with the exhaust gases. However, there are particles with properties that cause adherence to
components in the engine’s gas path, thus changing the aerodynamic properties of the gngine and,
more particularly, reducing engine performance. Typical contaminants found in the aviation
environment may include, for example, pollen, insects, engine exhaust, leaking engine oil,
hydrocarbons coming from industrial activities, salt coming from nearby sea, chemicals coming
from aircraft de-icing, and airport ground material such as dust.

[0004] The contaminants adhering to components in the engine gas path cause fouling of the
engine. One consequence of gas path fouling is an engine operating less efficiently. With the

reduction in efficiency follows that the engine is less economic to operate and has higher



reduction in efficiency follows that the engine is | ess economc to operate
and has higher 1 em ssions. Fouling may typically result in nore fuel being
burnt to achieve the sanme thrust as for a clean engine. Further, an

envi ronment al drawback fromthe higher fuel consunption is in the form of

i ncreased carbon dioxide em ssions. In addition, nore fuel being burnt
results in higher tenperatures in the engine's conbustor. Wth this foll ows
hi gh tenperature exposure to engine hot section conponents. The higher
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The higher firing tenperature may result in increased formation of NOX,
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foul ed engine suffers from reduced engine lifetime, unfavourable operating
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However, this nethod has |imted success due to_the sinple nature of the
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mani fold with special nozzles directed towards the engine inlet face. The
mani f ehginemylhi chighenfwingrtemperatuse alaly adsudtnint inereasadiformation] of ANOwnwhick iefefi ne
shaft bullet during the wash operation. Sinultaneously with spraying the
was hi agothérgetivirohmentall drawback. erigi suemary ethe dpeeat@ngfl nefosleafdngiteysulfferscframked by
the use of its starter notor. The shaft rotation enhances the wash result
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Washing may be achieved by directing a water jet from a hose towards the engine inlet. However,
this method has limited success due to the simple nature of the process. An alternative method
involves pumping wash liquid through a manifold with special nozzles directed towards the engine
inlet face. The manifold may be temporarily installed on the engine cowl or on the engine shaft
bullet during the wash operation. Simultaneously with spraying the washing liquid towards the
engine inlet, the engine shaft may be cranked by the use of its starter motor. The shaft rotation
enhances the wash result by the mechanical movements. The shaft rotation allows the wash liquid
to move over greater surface area as well as enhances liquid penetration into the interior of the
engine. The method is proven successful on most gas turbine jet engines types such as turbojets,
turboprop, turboshaft, and mixed or un-mixed turbofan engines.
[0006] A proper wash operation of a gas turbine engine can be confirmed by an observation that
the wash liquid exits the engine at the engine outlet. At the engine outlet the wash liquid has
become a waste liquid. The waste liquid may leave the engine outlet as a stream of liquid pouring

to the ground. Alternatively, the waste liquid may be carried with the air stream as fine droplets



the wash liquid exits the engine at the engine outlet. At the engine outlet
the wash liquid has becone a waste liquid. The waste liquid may | eave the
engine outlet as a streamof liquid pouring to the ground. Alternatively,
the waste liquid may be carried with the air streamas fine droplets 2
where the air streamis the result of the rotation of the engine shaft. This
air borne liquid may be <carried a significant distance before falling to
the ground. It is shown fromactual wash operations that waste liquid wll
be sprdwret tha air straamyds the résabtenf alieemtatioy pif tled dnginesheaft.t Tais aiObored Bqwd deawrtst r eam
of the engine outlet. It is not desirable to spread waste |liquid on the
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turbine aircraft engines may be of different types, such as turbojets,
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being disposed in a sewer.

[0008] Gas turbine aircraft engines may be of different types, such as turbojets, turboprop,

turbo-shaft, and mixed or un-mixed turbofan engines. These engines cover a large performance

range and may comprise of different design details by different manufactures. Aircrafts types for a

defined service may be offered from different aircraft manufacturers, thus the design of the aircraft

and its engines may vary. Further, the aircraft manufacturer may offer different engine options for

the same aircraft type. The large combined possibility of engines on aircraft types and from

different aircraft manufacturers results in a practical problem in designing a system for collecting

and treating of waste wash liquid that is generally applicable to most winged aircraft.

[0009] Collecting waste water from engine washing may be accomplished by hanging canvas-

like collectors under the engine nacelle. However, any operation resulting in a component or

material being hooked on to an engine has the disadvantage that it may be subject to engine

damage.



and treating of waste wash liquid that is generally applicable to nost

w nged aircraft. [0009] Collecting waste water from engi ne washi ng may be
acconpl i shed by hangi ng canvas- |ike collectors under the engine nacelle.
However, any operation resulting in a conponent or material being hooked on
to an engine has the disadvantage that it nmay be subject to engi ne damage.
3 [0010] Thus, it is desirable to provide an inproved nethod and apparat us
for collecting and treating waste liquid exiting the engine froman engine
was hi rj@otjer ahugrit isodesirabie o psovader e &fiprovédy method iand lapparags tiroselebing agl an
exhaust located in difficult to reach positions. SUMVARY [0011] In one

enboditrRiihg wakte HARRY Xty heTengRk ! R =af @n¥iAS WRASKIAE BperhliHTSH RARIAE HMREIMAL i ons
performed on aircraft turbine engines is provided. [0012] In another

embodi Rt in @i ftﬁb%&’h&’xfin%&ﬂéﬁ%ét’l‘&a{eh%hﬁrl TR BodifiGy t he exhaust of an
g a washi ng oper at

ai rcraft turbiné engine durin operat1 on, ere the exhaust is
| ocated on the air craft at a pos%l ' l%‘gat is not easily accessible, is
provi ded. [0013] Further scope of I%W% ility of the present disclosure
wi Il beconme apparent fromthe detailed description given hereinafter and
the adf8¢Hdanyh oge afréaﬂlmjgt,m apRaraius fey collecting wase gfater; fram slcapiB AReBHPYS  and
thus not to be considered limting. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014]
Enbodipeefatmsedin dircrafijuuneengines isptovidedyr eat er detail with reference to the
acconpanyi ng drawi ngs, in which: [0015] Fig. 1 is cross sectional
repr eqeot2yt i dmandtharembodimengch methbdbdhcvligeting liquid araareatigp fiom the@AA4lst & an 2
illustrates the exiting of waste liquid fromthe un-m xed turbofan engine
dur i NGircraft turbine engine during a washing operation, where the exhaust is located on the air craft at a

position that is not easily accessible, is provided.

[0013]  Further scope of applicability of the present disclosure will become apparent from the

detailed description given hereinafter and the accompanying drawings which are given by way of

illustration only, and thus not to be considered limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Embodiments will now be described in greater detail with reference to the

accompanying drawings, in which:

[0015] Fig. 1 is cross sectional representation of an un-mixed turbofan gas turbine engine;

[0016] Fig. 2 illustrates the exiting of waste liquid from the un-mixed turbofan engine during

washing thereof;

[0017] Fig. 3aillustrates a waste liquid collecting device;

[0018]  Fig. 3b is a schematic illustration of the working principle of a droplet separator;

[0019] Fig. 4 illustrates one embodiment of a system according to the present disclosure;

[0020] Figs. Sa-c illustrate the design of a liquid separator frame;

[0021] Fig. 6 illustrates mechanism for tilting the liquid separator frame;



washi ng thereof, [0017] Fig. 3a illustrates a waste liquid collecting

device; [0018] Fig. 3b is a schematic illustration of the working principle
of a droplet separator; [0019] Fig. 4 illustrates one enbodi ment of a
system according to the present disclosure; [0020] Figs. 5a-c illustrate
the design of a liquid separator frame; [0021] Fig. 6 illustrates nmechani sm

for tilting the liquid separator frame; 4 100221 Figs. 7a-b provides
details of the mechanism for side-ways novenent of the liquid separator

f rame;[0022) 23 Figsi Ja-bgpriovides detaile of thee meghpatsat by sideewayl myvementhef the disjuskur e
in use during cleaning of a helicopter turbine having a rear exhaust;

[ 0024]sepdrgtor Ramé;l ustrat es the apparatus according to the disclosure in use
during cleaning of a helicopter turbine having a side exhaust; [0025] Fig.

10 i | lged3)at g5y tBISPRS Mk WPpAaES a6ldiding %o tHREdisHISaOmUNR ddﬂingscqfe_aqhhrgi dt%
cl eaning of a turboprop aircraft turbine having an exhaust facing

down eﬂ(?éptérqa%gx!er}]lgln?gaél‘%aerieklladﬁtlrat es different nodes of operation of the

appar atus ‘accor 'S¢l osure; and [0027] Fig. 12 illustrates a
fl owc for.a et hod of collecting Liquid emnating fromthe. exhayst of
oo (0020 Figd o TaBe the SRerrS Al reclRRShIOR isclbing igting o
enbodi nent. DESCRI PTI ON OF &REFERRED EMBODI MENTS [ 0028] The di scl osed
appar delicopsssdurhinehayingayidsexhaust i zed on several engine types, such as but

not limted to turboshaft, turboprop, turbojet and m xed/ un-m xed nul ti
shaf t [00Sbof &ie. dAgilnssratesiihe apraratysaaccordingate the diselosiire éc usedduring alespingi afta
hel i copters and turboprop powered aircraft. The discl osed
turboprop aircraft turbine having an exhaust facing downwards;
[0026] Fig. 11 illustrates different modes of operation of the apparatus according to the
disclosure; and
[0027] Fig. 12 illustrates a flowchart for a method of collecting liquid emanating from the
exhaust of an aircraft turbine engine during a washing operation, according to an embodiment.
DESCRIPTION OF PREFERRED EMBODIMENTS
[0028] The disclosed apparatus and method may be utilized on several engine types, such as but
not limited to turboshaft, turboprop, turbojet and mixed/un-mixed multi shaft turbofan engines, but
in particular it is directed for use with helicopters and turboprop powered aircraft. The disclosed
apparatus and method may also be utilized for cleaning of fighters.
[0029] Fig. 1 shows a cross section of an un-mixed turbofan engine, which may be found on, for
example, large aircraft in passenger service. Engine 1 includes a fan section 102 and a core engine
section 103. Air flows are indicated by arrows. Engine 1 includes an inlet 10, at which air enters
the engine 1. The air flow is driven by fan 15. A portion of the inlet air exits at outlet 1. The
remaining portion of the inlet air enters into the core engine section 103 at inlet 13. The air to the

core engine section 103 is compressed by compressor 17. The compressed air together with fuel

(not shown) is combusted in combustor 101, resulting in pressurized hot combustion gases. The



apparatus and nmethod may al so be utilized for cleaning of fighters. [0029]
Fig. 1 shows a cross section of an un-m xed turbofan engi ne, which may be
found on, for exanple, large aircraft in passenger service. Engine |
includes a fan section 102 and a core engine section 103. Air flows are

i ndi cated by arrows. Engine 1 includes an inlet 10, at which air enters the
engine 1. The air flowis driven by fan 15. A portion of the inlet air exits
at outlet 11. The remaining portion of the inlet air enters into the core
engi nepressarized hotl @@ntaistiomgasts &xpand toavasdsrcotaengire outletr 2. €hltfi expassiart iscond 3 i s
conpressed by conpressor 17. The conpressed air together wth fuel (not
shown)two Sstapestb Us taefirst Stagg)rdhel sbmbustidn, gaseSexdphndghto anpikRBAediate giedsae while
conmbusti on gases. The 5 pressurized hot conbustion gases expand towards
core epEid¥erufbihed €8. 18 -a I8nP¥iARE)thOBomBustiBR Fabdd expRl BHWAEHSambienprbisuid
stage, the conbustion gases expand into an internediate pressure while
drivi 1 Uk Bi. i a n t e I g . eX rds
anbi enfhis, SO wbing; 18, “TABGRCHS B Aifine WE1S R PSP TATTRRGEIRRUAAC T
a shaft 14. Tuyrhi.ne 18 is drjVi onpressor. 17. via a second. t 1
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Fig. 2 illustrates the engine 1, described in Fig. 1, during an engi ne wash
operat1i4on. Simlar parts are shown with the same reference nunbers as in
Fig. 1. Fig. 2. provides a side view of engine 1. Engine 1 is an
"under[00k0hg &rgyi2nidlusirates thiel angingnld edesaaibad i Figi I, Wluging porengite, washespsratishng 21
is part of aircraft 2. A manifold (not shown) for injecting washing liquid
may beSimilad prts @tk showntwith the gamerefértie nithberds as igFige 1.1 Figl Deprowided bide nigw be
configured to hold a plurality of nozzles 24 in position upstream of the
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washing ITquid through nozzles 24, thereby form ng sprays 25 directed toward
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in the engine inlet 10 of engine 1. The manifold may be configured to hold a plurality of nozzles
24 in position upstream of the fan of engine 1. A wash pump unit (not shown) may be configured
to pump a washing liquid through nozzles 24, thereby forming sprays 25 directed toward the fan
and core engine air inlets of engine 1. The liquid cleans the gas paths of the fan and the core
engine. To enhance the cleaning effect, the engine shafts may be cranked by the use of the
engine’s starter motor. Cranking of the shafts enables the liquid to move around inside the engine
to achieve an enhanced cleaning effect. The rotation of the shafts results in an airflow carrying the
liquid towards the engine outlet, hence liquid will exit the engine at the rear. Liquid exiting the
engine is waste liquid.

[0031]  With respect to Fig. 2, liquid may exit the engine in at least five different ways. The first
liquid category, stream 201, may exit the core engine outlet 12 as airborne droplets. The droplets
that make up stream 201 are generated inside the engine by the motion of the compressor and

turbines blades. Stream 201 includes droplets with a large size range, where the different droplet

sizes have different characteristics. The smallest droplets, i.e. droplets less than 30 microns, may



engi ne. To enhance the cleaning effect, the engine shafts nmay be cranked by
the use of the engine's starter notor. Cranking of the shafts enables the
liquid to nove around inside the engine to achieve an enhanced cl eani ng
effect. The rotation of the shafts results in an airflow carrying the
liquid towards the engine outlet, hence liquid will exit the engine at the
rear. Liquid exiting the engine is waste |iquid. 100311 Wth respect to
Fig. 2, liquid nmay exit the engine in at |east five different ways. The
first typically qhickyt @@aponte is thecamibi® hir domyo their smalheize.oDeopdetglenethanBl eficrdis as
ai rborne droplets. The droplets that nake up stream 201 are generated
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Stream 201 includes droplets with a large size range, where the different

dropl eetvap%?éﬂo?ls Y&atlel they ¢ es%ﬂ@ﬁlﬂ?taegﬁlﬁ 'vSﬁ%fnmihé Rt Rbuidr Oples ?gest'he

droplets ess t an 30 mcro typlc qU|ck evapor at e

nmbi en i.r.due Q
©her erbpdes of et 2Bl Bt g3ER Sclgnthgﬁ%e P foh P empi? MRS sPhcess
for regson of the _evaporatio because they represent only snal
vol unelispe opletirre deavycand demayrHely apb@éapora&r%ué%t%adi fall 3o ﬂga&aomg&lg@vayom ets
in the size of raindrops, for exanple, 2000 mcrons in size. These droplets
are hdXepletsrgteaterythpn B8 nyicrass b@txé@@btlane?%gtmlpms axy likely be gamring vjthothackioy
gravity. Droplets greater than 30 m crons but |ess than 2000 m crons may
| i kel ystrb@am and falldxy gravity to Ilgeouad 23 tyticalig p am20 meters tmhinglrthe erigind autlgt.ound 23
typically up to 20 neters behind the engine outlet. 100321 The second |iquid
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fan dl{:%%e gllé}nleeotutlet 12. This liquid pours typically vertically or near vertically to ground 23. The
fourth liquid category, stream 204, may include liquid pouring out from the fan duct outlet 11.
This liquid may fall basically vertically or near vertically to ground 23. The fifth liquid category,
stream 205, may include liquid dropping or pouring from the bottom of the engine nacelle. The
source for this liquid may be, for example, the combustor drain valves being open.
[0033] Fig. 3a provides a side view of engine 1 and collection of waste liquid during washing,
which for purposes of illustration and without limitation, is of the type in an exemplary
embodiment according to a system disclosed in WO 2005/121509, the contents of which are
incorporated herein in its entirety. Similar parts are shown with the same reference numbers as
Fig. 2. Collector 3 includes a liquid separation device 31, a trough 36, and a chute 302. Liquid
exiting the engine 1 as stream 201 is separated from the carrier air in liquid separation device 31.
Liquid exiting the engine as stream 202, stream 203, stream 204, and stream 205 are collected by

chute 302. The liquid emanating from liquid separation device 31 and chute 302 is collected in

trough 36.



This liquid may fall basically vertically or near vertically to ground 23.
The fifth liquid category, stream 205, may include |Iiquid dropping or
pouring fromthe bottom of the engine nacelle. The source for this liquid
may be, for exanple, the conbustor drain val ves being open. 100331 Fig. 3a
provides a side view of engine 1 and collection of waste |liquid during

washi ng, which for purposes of illustration and without |imtation, is of
the type in an exenplary enbodi nent according to a systemdisclosed in WO
2005/ 103809, Liqual sepatation deviée Shhastanainket face 32 djyected wolvalndsr &t stréam 2G1sandrani r et y.
Simlar parts are shown wth the same reference nunbers as Fig. 2.
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302. Liquid exiting the engine 1 as stream 201 is separated fromthe
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stream 202, stream 203,” stream 204, and stream 205 are collected by " chute

302. i qui d: t i ng i Qui ' ' e.302 is
col | ectmgpiol eficE IR en T S SR ARZREL b, 0t 38 fosBRE Qb
face 32 directed towar ir str.eam 201 and.an_. outl et face 33 opposit.e

| i ot TANBespatan B 951 “bin Bhud Ao A iGe R Y BHUE el HeneeH ot
face 32 and exits the |iquid separation device at outlet face 33. The
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essentially free fromliquid after passing through the 1iquid separation
devi ceir3trearitheAd a gesult, thepaomentam afebe¢ depBis cauges theinudampérgei angd the mofilenged
separator profiles (see Fig. 3b) in a frane. The separator profiles may be
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[0035] Fig. 3a shows chute 302 installed under engine 1. Chute 302 is configured to collect
streams 202, 203, 204, and 205, as shown in Fig. 3a. Chute 302 has a front end 39 and a rear end
38, where front end 39 is positioned vertically higher than rear end 38. As front end 39 is higher
than rear end 38, the chute 302 is inclined. The inclination of chute 302 allows for liquid in the
chute 302 to flow from the left to the right as shown in Fig. 3a. Rear end 38 is positioned above
trough 36 so that liquid will pour out of chute 302 into trough 36 as stream 37. According to an
alternative embodiment, chute 302 may be incorporated in trough 36 and tank 303, thereby forming
one single unit. Streams 35 and 37 that fall into trough 36 may then fall by gravity as stream 304
into tank 303, positioned below an opening in trough 36.

[0036] The liquid that exits the engine during washing contain water, detergent, and foreign
matter. The foreign matter may be in the form of solids and ions‘dissolved in the water. The
matter being released from the engine at a specific wash occasion depends on a number of issues,

such as when washing was last conducted, the environment in which the engines operates, etc.

Further, the waste liquid may at one wash occasion contain a high amount of solids while at



[ 0035] Fig. 3a shows chute 302 installed under engine 1. Chute 302 is
configured to collect streans 202, 203, 204, and 205, as shown in Fig. 3a.
Chute 302 has a front end 39 and a rear end 38, where front end 39 is
positioned vertically higher than rear end 38. As front end 39 is higher
than rear end 38, the chute 302 is inclined. The inclination of chute 302
allows for liquid in the chute 302 to flowfromthe left to the right as
shown in Fig. 3a. Rear end 38 is positioned above trough 36 so that |iquid
wi | | peotiier ovetsh @kcastont ke [3020n nélalst rSimilarldahasvaste rigaid Bidy af\ono madsingcdasiomn
alternative enbodi ment, chute 302 nmay be incorporated in trough 36 and tank
303, thidigAYhifPaMbig ofd6Es Whik h€aroftick wash becs®n Pe 18Wbn3ibns.Ndhud,ahd waktk 0
trough 36 nmay then fall by gravity as stream 304 into tank 303, positioned
bel o ' kBt i L EHAl i i

dr i e e e P Ao e (B s i el afptbirdud REURBR AL, 01
mattep, u&&i&%@&p&:2§5§10f solids and ions dissolved in the water. The
matt er bel ng release romthe engine at a specific wash occasi on depends on

a nu of jssyes, such as whe shj.n s |last conducted, the

vt D Th MR et ioongiitecs b pRnciined abete Wih HgsreRold. Fighdawiehes fqui d
may at one wash occasion contain a high amount of solids while at 8 anot her
wash Gesesnelasing draplgt sepasator geofilesi nfFigath ghowshide igebnigup ifeiusaparatipg gir ke wash
occasion contain a high amunt of ions while at another wash occasi on be

| ow odropletsswithTtha sise ofsepavast profileat dhe tiredipnmefithesjrstream ii sshdbemi byadotowsf Thxi bl e
inits design so that the nost appropriate treatnent can be conducted at

each @RS k&paratckQRSflks hitcartanged th pBIN allowihgdBy ke airFlow HR6Wdh thedembaye W th
respect to Fig. 3a, includes a frame enclosing droplet separator profiles.
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separator profiles. The directio f the alr streamis shown by arrows.
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separator profiles looking from above and downwards. Droplet separator profile 81 is shaped as
shown in Fig. 3b. At about the middle distance from the leading edge to the tail edge of the profile
81, a liquid trap 82 is formed as a pocket for collecting liquid on the surface of profile 81. Droplets
84 are carried with the air stream in between the droplet separator profiles. Inside the separator,
the air is deflected as the result of the geometry of profile 81. The air flow deflection is rapid
enough to not allow the droplets 84 to follow with the air. The inertia of droplets 84 then allows
the droplets 84 to travel un-deflected and impinge on profile 81 at point 83. As liquid continues to
build up on the profile surface, a liquid film 85 is formed where the air stream shear forces will
carry liquid 85 into liquid trap 82. In liquid trap 82, the liquid will build up and pour downwards
by gravity.

[0038]  With reference to Fig. 4, a water collecting system, according to an embodiment, is
illustrated.

[0039] The water collecting system, according to an exemplary embodiment, is a type of mobile

vehicle, such as a cart 40. The cart 40 has a frame structure 41 and is provided with a water tank



The droplet separator profiles are arranged standing vertical allow ng for
liquid on the profile surface to find its way downwards by gravity. Fig. 3b
shows a cross section of three droplet separator profiles |ooking from
above and downwards. Droplet separator profile 81 is shaped as shown in
Fig. 3b. At about the m ddle distance fromthe |eading edge to the tail edge
of the profile 81, aliquid trap 82 is formed as a pocket for collecting
liquid on the surface of profile 81. Droplets 84 are carried with the air
st r earRifor deringeeatert that hohs bpdnadollsetpdidaingra washing opsratibnsideatt40 isdpdesatdoip, t he
air is deflected as the result of the geonetry of profile 81. The air flow

def | eghh @8, wisich &b Ge g@ﬁﬂtjﬁﬁa Beedi theadnke/ 1é be cléaalsBtas tddolleat ﬁ«?lidi ehat ¥itsh t he
air. The inertia of droplets 84 then allows the droplets 84 to travel

un- defd Geiedngine af HRINEE. BecRisRiorhiR s@z]eucf}{c?nlféﬂki% §§§becﬁ?séér%{gﬁieg dFRti BigES to

build up on the profile surface, aliq | 5 1S where the air
stream shear_forces will carry liguid 85 into.liquidtr 82. .40 likquid
trap 850 et ReE Ry Hidte g ' 2hhomon R st tiof an BB a0, ¢ bl
Wth reference to.Fig, 4, a water collecti system accordi to a
erbodiekiERged ROSiioR i1 which dieudfip R GRProwes uiTEm U frags ﬁtw&ug%f@w e ng
to an exenplary enbodinent, is a type of nobile vehicle, such as a cart 40.
The carm. dbenlsip pantd3dtelfsaoconding to aplenzhodiment,gneashiged. by h-Sam kength/widthk 9 42
for storing water that has been collected during a washing operation. The
cart 4#Ditabiy theddrip pand43 {3 releasableSromtthecéart 40 aral e heosaded amettie lgervad} in dakss
engine to be cleaned so as to collect liquid that exits fromthe engi ne at

the owiHeRithe BREIAIS Spak beMAtlSthg Qiréthft @06 BEMIN & A0EmRREAL HR GNe apstodi ffer in
size, there is provided for sliding the drip pan 43 froma retracted

posi tirGgyopn blﬂqh&ﬁr{ 404%%%5 r@lg{)n'gl'deded%taﬁﬂ%ggargﬂﬁ\k/mcﬁ Rad Be é\f‘é ggﬁq} E%}g,rdép. pan

43 protrudes out om structure y as much a rip

F?g nggp}é\%&s gll[ ttfl‘ulf f%%Pe? ij i\NrPlﬂ:htc%n X t&@!%%‘iic ynéXtenr(Tiggl% Ldrrlcﬁsshgwg). b¥helar?n |4£' may be
pivotally linked to the frame structure 41 of the cart 40 at a pivot axis 45. The arm 44 can thus be
raised from an essentially horizontal position to an upright position by means of e.g. a
hydraulically actuated linking arm 46. Of course, other means can be used for moving the arm 44,
such as pneumatic, mechanical gear systems, and the like. Actuation may easily be achieved by a
foot pump or alternatively by suitable electrical pump means.
[0041] At the other end of the arm 44 is mounted a liquid separation device, which for purposes
of illustration and without limitation, according to one exemplary embodiment comprises the
operating principles of which have been described in full in the previously mentioned WO
2005/121509. The description is given below with reference to Figs. 5a, b, and c. In general
terms, the liquid separation device 47 comprises a generally rectangular frame 50 housing the
active components, referred to in WO 2005/121509 as separator profiles, for separating out
droplets from air flowing through the engine that is being subject to a cleaning operation.

[0042] In a particular embodiment, shown in Figs. 5a and b, the frame 50 comprises a lower

frame part 52 (shown in detail in Fig. 5b), configured as a hollow container for collecting liquid
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Suitably the drip pan 43 is releasable fromthe cart 40 and can be placed on
the ground, in cases where the avail able space beneath the aircraft is too
smal|l to accommbdate the entire cart 40. [0040] On the cart 40 there is also
provided an arm or bar 44 which can be of a fixed length, as shown in the
figure, or which can be tel escopically extendable (not shown). The arm 44
may be pivotally linked to the frame structure 41 of the cart 40 at a pivot
axis 45. The arm 44 can thus be raised froman essentially horizontal

posi t iseparited Byrthediquighieparatior deviteldy, mdansuppér feante padt 53 yEheaohtainet Isyprévddadat ed

|l i nking arm 46. O course, other neans can be used for noving the arm 44,

such aggpaaUsRbhe drarrmg%@b&a‘% SAgSH diddhd l'@nd &oh thRohiakiRr td\6 lstbddeORediBY
easily be achi eved by a punp or ter natively by suitable electrical

punp g dr{cvgé]dn t@h rﬁ(ib?lip Q:tanetfn \%HQh Qlfle Enﬂﬁ‘ rf} 15, ullRRY ngﬁ qh&? ﬁlln'o?éﬂngnt

separ atl on I Cce pur poses I on an

limtagi C r ng to one | ar rise i ng
br | nc i paBed At ik O fhetse rséﬁﬂ%xaaéé@rméan% ‘? errwefrwaﬁﬂ‘é B35 *;P?ﬁgh‘?ﬁ oned
WO 2005/121509. The descrrptron is given below wth reference to Figs. b5a,
b, andhglowenfraagpemion 5¢ @t eaners ferqof. qgﬁephgéghﬁhs@rwglew%gsﬁ %S HBES: §u,r§1 a
gener al I& rectangul ar frane 50 housing the active conponents, referred to
in WDas &beQBOQS@,stB@lpmnnﬁtbc lignid e the stordgettankepar ati ng out droplets from
air flowng through the engine that is being subject to a cleaning

oper at[0®43] [ A34hbwhrin Figaic itteeudeparatiorh deliceea js prooidad iwithFa gsllarsa ftange 155, t he
frame 50 conprises a lower frame part 52 (shown in detail in Fig. 5b),

confi gﬁ'ét&qb Binae b0 kitber, gmg@rmmé PArtsCOM he Gide Takind b hfcraft QxBRBAIBHeREIAY t he
liquid separation devi ce 4 and an upper frame part 53. The container is

provi dads sq}‘cgiygr fhde 87 rut¥ef nflid A& ?1%'8} e lﬁﬁ B%Engﬂsfh%bvﬂ' ifl ¥i eé 'SgthcﬁJdom the

Cﬁnt ai ner storage neans, “sui tab I"dcat ed on t nmobi [ €' cart ch
e e S RS B eﬁ&cﬁ%aﬁlv e R Sepﬁef%gr%m of

50 is brought near the aircraft body, the collar 55, which may preferably be resilient, will prevent

the aircraft from being scratched by the frame 50 of the separator 47. Another advantage of
incorporating the collar 55 is that it will, at least to some extent, provide a seal against the aircraft
in the area around the exhaust, and forms a funnel like structure, such that the liquid to be collected
more efficiently is guided into the separator device 47.

[0044]  With reference again to Fig. 4 and Fig. 5a, the liquid separation device 47 is attached to
the arm 44 via a cross-bar 51, extending between the upper frame part 53 of the separator frame 50
and the lower frame part 52. The cross-bar 51 is attached to the support arm 44 in a pivot point P1
at or near the center of the cross-bar 51, thereby allowing the liquid separation device 47 to be
turned/rotated around a horizontal axis, i.e. it can be tilted forwards and backwards. The cross-bar
51 is in turn attached to the liquid separation device 47 at two pivot points P2 and P3 respectively,
at the upper and lower frame parts 53, 52, respectively, allowing the liquid separation device 47 to

be turned around a vertical axis.
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the I ower frame portion 52 at comers thereof. Attached to the drai nage

openi ngs 54 are tubes, such as flexible tubing 56, for draining the liquid
to the storage tank. [0043] As shown in Fig. 5c, the separation device 47 is
provided with a collar or flange 55, preferably nade of rubber, along the
frame parts, on the side facing the aircraft exhaust. The collar 55 is

sui tably nmade from rubber tubing or sheet rubber, the latter being shown in
Fig. 5c, attached to the frame 50 such that it provides an inpact

pr ot e[o043]n. AdwsiondTahe chs-bhsil tb aRpartkd tquill rsap@aticnOddvicebdDirgtte vigiats t he
aircraft body, the collar 55, which may preferably be resilient, wll

pr eveditectibtiCcanl bE by HydtduPie! &S InSiCERWRN F t3Y aﬁ}h 8thef 30@abRO a&haﬁdgeméﬁ@ar at or

47. Another advantage of incorporating the’col'lar 55 is that it will, at
I
o AP EHL b A 4601 M SRR PR b IR,

to be coIIected no dciently is QUIded into the separator device 47.
[0044?‘%?'9“?8?‘@1%?\{6@6 hv‘ﬁs to Fig. 4 and Fig. 5a, the liquid separation
device 47 is attached to the arm44 via a cross-bar 51, extendi ng between

the ul9p#8l f rlneae pabedimgntothempninitgsian &f the ligpishsepaationedeyicerdd in dwdackwaide par t
52. The cross-bar 51 is attached to the support arm44 in a pivot point Pl
at oranddarwardsedirsetiors referfred tosasdiliongsofithe dévige, tshashieissd by Whatiinbereinareferrgdital
separation device 47 to be turned/rotated around a horizontal axis, i.e. it

can hg d fikihgdcthaomaevike. aSudh iadviva) gimerallp @esipisat 6Qrin tielembodimerit showaid ached
to the liquid separation device 47 at two pivot points P2 and P3

respegihi § odpris@dta ikt@r HRARAGT, 3% dsA\Rfew HAVE PRIHELY, 23Ihreded rB@g RRGASBIE iy
al  owi ng 't he I|qU|d separation device 47 to be turned around a vertlcal

axis. héﬁgl;é%ﬂ‘%%ﬁné?éd%étrbﬁ{é ifliad Qxfo&t%?ﬁx%e B3Iy, eyr’%.eérﬁ dg%‘écg?ﬁﬂ‘& Lélﬁ'rﬁd%sa ation

deV|ce vari ous |rec ons can b I'c nmeans (‘not®shown)
o OB B R TR S g AR U R, v
threaded rod. Inside the outer tube 62 there is an inner tube at the lower end of which there is a nut
attached, e.g. by welding. The nut is threaded onto the rod, and thus the inner tube, having an outer
diameter slightly smaller than the inner diameter of the outer tube 62, will be guided inside the
outer tube. At the upper end of the inner tube is an actuating arm 66 linked to the inner tube by a
pivot axis 67. Thus, when the threaded rod rotates, the nut on the inner tube will move on the rod
in the longitudinal direction, and thus the arm 66 will either push or pull the separator 47
depending on the direction of the rotation. The actuating assembly may be located on the upper
side of the support arm 44.
[0047]  The actuating arm 66 in turn is coupled via a pivot point P4 to the cross-bar 51 on the
liquid separation device 47, the pivot point P4 being located off-center on the cross-bar 51 such
that when the rod is expelled out of the tube 62 the liquid separation device 47 is tiited forwards,
and when the rod is retracted into the tube 62 the liquid separation device 47 is tilted backwards,

the entire device pivoting around pivot point P1 (also see Fig. 5a).
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to mention a couple of alternatives. [0046] |In one enbodinent, the
mani pul ati on of the liquid separation device 47 in the backwards and
forwards direction, referred to as tilting of the device, is achieved by
what is herein referred to as a tilting actuator device. Such a device,
general |y designated 60, in the enbodi nent shown in Fig. 6, conprises a

| i near actuator, such as a screw drive. Thereby, a threaded rod (not visible
in the figure) is actuated to rotate inside an outer tube 62, by neans of a
cr ank [#M48E oupheabave embgdianent isearthpan sxanfpleysind as mensiomeyl 6530 easilpibe frepladedg t he
cranki ng novenent to a rotary novenent of the threaded rod. Inside the

out er by other §ed dfdinear sstuator imeokanismsbe at the | ower end of which there is a
nut attached, e.g. by welding. The nut is threaded onto the rod, and thus

the i tup& dfAMh 9 EheafdsiRidh OF thediqaitPdeBhratibd 8dVidey47SiNBd di@dwdyatt édbﬁ iqner
di arre!ug? of theal gﬁt e%l teﬁﬂt?g 62 Wle @ eegurladed in5|delt é “gbyt eretube At the

upper rStht (%tift a}mdﬁn%&}%gr\}\% oatﬁ{a Yidid ﬁgﬂg (3 t%g i Ly lﬁ?qefE ﬁrggdggttl\%(r}ae%ht ube

by a p|v axi's hre tes

i nner on the in the |lo |tud|n direction, and thus the
arm 681 qnfsnbls?%@ "yeﬁl%% T3 png, |qanpﬁgsqge%e£]egﬂgtde%n atetandi ng on the direction
of the rotation. The actuating assenph | ocated qn the upper S|de of

the s{#58k¢ Tays aushoppom¥iesTireanddy aeldlp&gtrlag%ﬂ?een nare previded Qnotids ragts

pi vot point P4 to the cross-bar 51 on the |iquid separation device 47 the
pi vot 7gdiohtherzaniefhgf thedmuiskiseparbtioedevice 4 Thveside pasts-Bar 735 camett witththe when
the rod is expelled out of the tube 62 the liquid separation device 47 is

tilt etbweoandupgper frama gand1§) 58 respectivelys so e toaoimptbted the dratiees0t ube 62 the |iquid
separation device 47 is tilted backwards, the entire device pivoting around

pi vot Fmrsupt Phe &ARSOTBER’ Fhbh in2@ide 1&@[7@047&} prBEdéber the t BN44 irSthenl y an

exanpl e, and as nentioned it can easi | y be repl aced by other types of

i Neaf, s E‘éé%n%e@ﬁ RAD| LOHE the arm all the way down to an operator position at one end of the
cart 40. A friction and/or clamping locking device 75 may be provided to secure the strings 72’,
72’ in position so as to lock the liquid separation device 47 in a desired position.
[0052] Pulling the right-hand string 72°° will cause the separation device 47 to pivot around the
axis defined by pivot points P2 and P3, such that it turns right, to a position indicated in Fig. 7b,
and vice versa.
[0053] To operate the apparatus for positioning the liquid separation device 47 at, for example,
a helicepter exhaust, first the arm 44 is raised by actuating the raising mechanism. When a desired
height has been reached, the cart 40 is moved in over the aircraft body to a position in the vicinity
of the exhaust. Then the tilting mechanism is used if necessary in conjunction with the mechanism
for sideways positioning to set the liquid separation device 47 in a correct position for the
collection operation. Thus, the operation can be said to be an iterative procedure, or alternatively,

if several movements are performed at the same time, it can be said that the procedure operations

are simultaneously performed.
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[ 0049] For adjusting the position of the liquid separation device 47 in a
sideways direction, i.e. rotating it around an axis perpendicular to the
tilting axis (to the right or left, respectively), a nechanism shown in
Figs. 7a and b, can be used, generally designated 70. [0050] Thus, as shown
in Figs. 7a and b, pulling strings 72', 72" are provided on side parts 73",
73" of the frame 50 of the liquid separation device 47. The side parts 73",
73" connect with the |ower and upper frame parts 52, 53, respectively, so
as to [0as#pl etOf cotrse theanechafismf AEkdiibedTdbeve hreiontysexéiiplary @mbbodiments, gidi iignyl oops
74", 74" provided on the support arm44 in the upper region thereof, and

al ong dike teiofhdtudting detMeH@Wbrinfechihi §RE4R HOssiNOS EkéRMadt medhani8ctorld Behe
cart 40. Afriction and/or clanping | ocking device 75 may be provided to

secur LA NGS, 20 i 2 | tg : t kot f;:quj ration
dovi cant Pt 3%s Foy-sick b G Ib YsEfieRR Brtifife DG pibnier S,

wi || cal eit e se%ar ta!lc nat(():Ievi 2 47 {h?dﬁiygte around tt he aﬁxi S. def, nf by

pi vot nbo At 92 SR YR 1hae M Qe imgonf%sgopgsotl?rg}g iﬂ?%‘ ed in
Fig. 7b, , and vice éﬁ$sg.,%005%l To operate the apparatus for positioning
the | iTgnirgd peyitoning ohiheigyidgepeatal  for exanple, a helicopter exhaust,
first the arm44 is raised by actuating the raising nmechanism Wen a

desi r d0055hei Btprovidingdlip veryaigrsetle manépulation mssibi!sityngwé'mum\sepwreﬁort dryicgi4cr af t
body to a position in the vicinity of the exhaust. Then the tilting
mecharhs be ipssitieed at outiets dms havwe praviomsly beant inameessitild) ifehet oreonhthaiaironafifbody,

si deways positioning to set the liquid separation device 47 in a correct

posi t ippéterably fbifing 60 hhdI€ with theXttdy AF 1 0180° drfihisre gbrital BRATR90°0N can be said to
be an'iterative procedure, or alternatively, if several novenents are

pertor J at E&QfﬁFl%é‘HFchg ?ﬁglad.ahggsazi}g g@é{?ﬂgbt%rgﬁ;ﬂggﬁ]?ﬁa{ fhelhdve s%eeréﬂﬁdsgps

are sinul taneousty perf : e nechani sns descri bed
above lgcragedocréln%al?yxgn c;pa(rﬁy the %tl)r‘c’r%”c?o%ty,s or \%Hf(:jre B ¥xhaust is at an angle deviating from

perpendicular, as shown in Figs. 8 and 9 as helicopters 800 and 900.

[0057]  Another example is the C-130 Hercules transport aircraft shown in Fig. 10 as aircraft
1000. This aircraft has rear exhausts on the underside of the wing which renders them inaccessible
with previous systems mentioned above.

[0058] In Fig. 11 two different modes of operation of the water collecting system, according to
embodiments, are shown, namely transport mode (Fig. 11a) and service mode (Figs. 11b-d).

[0059] Fig. 11a represents the transport mode, in which the arm 44 has been lowered to an
essentially horizontal position and wherein the drip pan 43 has been retracted to rest essentially
entirely over the frame 41 of the cart 40. The liquid separation device 47 has been tilted
downwards.

[0060] Fig. 11b shows the service mode at the minimum or near minimum service height of
about 1.2 m, for example. Here the liquid separation device 47 is essentially vertically oriented

and the drip pan 43 has been extended to be located beneath the liquid separation device 47.
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ot her types of actuating devices and/or mechani snms are possible. Exenplary
mechani sm coul d be the provision of a "joy-stick" type device for

el ectrically controlling hydraulic, pneumatic, rmechanical or solenoid
actuators, acting on the novabl e conponents so as to bring about the
required positioning of the liquid separator. [0055] By providing this very
versatil e mani pul ation possibility, the liquid separation device 47 can be
positioned at outlets that have previously been inaccessible, i.e. at or on

t he ajooerjaf tFipody . reprpseifsgedideyat b fiftiniign aineanglirtmoht Keigh @ubwheteiafthe B or
nore generally of 0-90. [0056] Exanples of such applications are for

hel i cQphifisn diiedy i9fik&tolddaRSo hRuSIG HRafX PaiiRis | ocated centrally on top

of the aircraft body, or where the exhaust Is at an angle deviating from
per pep@isul af: h i . Fi | i . : 1| 0057]
ot nSPe . ipalf? BRI dhdhuihPBersRe B0 B AR WAL Brieatofictiiant O70 L
aircraft 0. JThis aircgraft.h rear, ,exhausts on the undersi.de of the w ng
hi Crok 896 B PRI b aising the A 48 B R o7 o8 s R icirciooti: dbave.
[0058] In Fig. 11 two different nodes of operation of the water collecting
syst empde@gdin dherdyin pan Brisadetetracied. dpsomp6ws itveHetill beexteagest deparding o g. 7|

| a) and service node (Figs. 1l b-d). [0059] Fig. 1la represents the

t r anshwy tthavenigine jontlethis cdonfipered,r whighh dansvane enbstantiell e detweenraircedis types and y

hori zontal position and wherein the drip pan 43 has been retracted to rest

essenibddls.y entirely over the frame 41 of the cart 40. The liquid
separation device 47 has been tilted downwards. [0060] Fig. 1llb shows the

ser vi gaeIPdertnuhlbRrs e RLAYM &hié@l@é‘n%ﬂﬁam STEBLRE by CRehBlaBMindOt is RRGME d- 2 M
for exanple. Here the liquid separation device 47 is essentially vertically

|Oir iqﬁinécfggte tggggstiérglﬁ', éi/e{i%grgﬁg,?éﬁ%z@ﬂ& AERLoFIEARARS nBbldf higfRt&0icRaRGALN the

[0064]  With reference to Fig. 12, a flowchart illustrates a method of collecting liquid emanating
from the exhaust of an aircraft turbine engine during a washing operation. The exhaust may be
located on the aircraft turbine engine at a position that is not easily accessible.

[0065] At 1201, a liquid separation device, such as the liquid separation device 47 described
above, is provided. According to an embodiment, the liquid separation device is attached to a
support arm and is movable in horizontal and vertical directions about respective pivot points. The
support arm is attached to a support structure and may be operable by an actuator device
configured to raise and lower the support arm between an essentially horizontal transport position
and an operative position.

[0066] At 1202, the support arm is raised from the transport position to a level at which the
engine subject to cleaning is located. At 1203, the liquid separation device is moved in the
horizontal and/or vertical directions. The raising and moving operations at 1202 and 1203,
respectively, are implemented to place the liquid separation device in front of the exhaust of the

engine. Moreover, the raising and moving operations at 1202 and 1203, respectively, may be

performed iteratively and/or simultaneously.
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[0061] Fig. | Ic represents service at a mninmum or near m nimum hei ght but
wherein the liquid separation device 47 is tilted to adapt to an angl ed
exhaust position. [0062] Finally, Fig. | Id shows the service node at a
fully or near fully extended service height of about 3.7 m for exanple, by
raising the arm44 as nuch or near as nuch as possible. In this node, again
the drip pan 43 can be retracted. In sone cases it will still be extended
depending on how the engine outlet is configured, which can vary

subst 86T]al | At 1288 weqd &i qodlectéd duryngeswashcbperatide dth thO@g8dpriftely plandskliquid
relating to service height are of course only exenplary and it is possible
to astpplatibihédevitesi gn by, for exanple, providing a telescoping armfor
enabl i ng hi gher service heights. [0064] Wth reference to Fig. 12, a

fl owcipass] | | THeSfofgbmg XafBleS At Soviaed hRedly Pt the BikipdseoBaPldnaGon AddOsRe té,he

exhaust of an aircraft turbine engine during a washing operation. Th

exhau e t i i j byt J hat is
ot cla Y e ons AR o Wil e LAl (b WA RGN e R e RRAL 120
the |iquid separation device 47 described bove, is provided. According to
- entagiHiEsit 5% WardR oy eer ot anf o caPP Hap L af fighhon S8R 2F
and is novable in horizontal and vertjcal directions about respective pivot
poi nt dthoygls refeigne, 1@ pPaFtpuias meansc Materials, and (Fhodiments arg shevmn@erealy Be
operabl e by an actuator device configured to raise and | ower the support

ar m bémiiggon tarthepartieulatsidiselased heromt aRatheraths porbodimesist ¢xtend taredl %mctt;meﬁ}at ive
position. [0066] At 1202, the support armis raised fromthe transport

posi t équivalent sinicaired, mathodkliaalh usdsgsuck agarm evithitbihe séope of tHeappéndgd chitocat ed. At
1203, the liquid separation device is noved in the horizontal and/or
vertical directions. The raising and novi ng operations at 1202 and 1203,
respectively, are inplenented to place the |iquid separation device in front
of the exhaust of the engine. Moreover, the raising and novi ng operations
at 1202 and 1203, respectively, my be
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performed iteratively and/or sinultaneously. 15 [0067] At 1204, liquid is
coll ected during a wash operation with the appropriately placed Iiquid
separation device. [00681 The foregoing exanples are provided nerely for the
pur pose of explanation and are in no way to be construed as limting. Wile
reference to various enbodi nents are shown, the words wused herein are words

of description and illustration, rather than words of limtation. Further,
al t hough reference to particular nmeans, materials, and enbodi nents are
shownCLARESe is no limtation to the particulars disclosed herein. Rather,

t he enmbodi nents extend to all functionally equivalent structures, nethods,

and useg, suchAmsprtfusot BollkcliffewastORetePfromitRaninp@peatotl prifdEmedlén CLAI M:
. An apparatus for collecting waste water from cl eani ng operations

per for ”%ﬂcﬁﬁtut@iﬁe%ﬁ?imsﬂc%gﬁég@g engi nes, conprising a frane structure; a

support armpivotalTy atta to the frame structure; an actuator device
configured to r@i se tzriuncgul,ower the support arm between an essentially
horizontal trah ?J'B?? P Ftion to an operative position formng an angle in
the range fromsaid transpqrt sition_ to said operative position of

flly atdshegio h

bet ween 0 and VPR A BYBRLY aft the, fpms SiE¥ciires and a 1i qui d separation
devi ce adapted to be positioned at the exhaust of an aircraft turbine
engi ne, the |iapActhatsgdayige caviigaeedite erisgianddayyer jhessupperhan be&wesneansupport arm
so as to be novable around both a horizontal and a vertical axis.

essentially horizontal transport position to an operative position forming an angle in the range

from said transport position to said operative position of between 0° and 90° with respect to the

horizontal; and

a liquid separation device adapted to be positioned at the exhaust of an aircraft

turbine engine, the liquid separation device pivotally attached to the support arm so as to be

movable around both a horizontal and a vertical axis.

2. The apparatus as claimed in claim 1, wherein the liquid separation device is mounted
to a cross-bar at the end points of said cross-bar in a respective pivot point and wherein said
cross-bar is pivotally attached to the support arm in a pivot point at the center of the cross-bar,
thereby providing for turning the liquid separation device around said horizontal and vertical

axes.
3. The apparatus as claimed in claim 1, wherein said liquid separation device comprises

a frame housing active components configured for separating droplets from air flowing through

the engine that is being subject to a cleaning operation.
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2. The apparatus as clainmed in claim11l, wherein the |iquid separation device
is mounted to a cross-bar at the end points of said cross-bar in a
respective pivot point and wherein said cross-bar is pivotally attached to
the support armin a pivot point at the center of the cross-bar, thereby
providing for turning the liquid separation device around said horizontal
and vertical axes. 3. The apparatus as clained in claim1, wherein said

| i qui d separation device conprises a frame housing active conponents
configur4d for Thepppasdtusas oaimpd @t daifir 3)whetein fhle dvsimegohiptioesghlowehfrarr@igi ne t hat
is being subject to a cleaning operation. 17 4. The apparatus as clained in

cl ai m 3, poMien &nfighked af b AGBoW CHMAINEEST @olle@t\hfgrlic{u'icﬁ arafdiblyitROliGRdEdparatienl as a
hol | ow container for collecting liquid separated by the |liquid séparation

devi ce, i i i | : ] : ral: nening for
dr ai ni ngéﬁ%hlgdgd]&?‘lrdg%rtbggﬂg@ g%\{?('iae:&‘é)lg?xez?cl)é’&gtt éshegir%{g%%ﬁ)égﬁgg f(%.ﬂfﬁ@ggaglgr atus as
cl ai med h_n gl ai rr}4 Y\,hertei n said container is provided wwth two drainage
openi ngs an We‘fotn augr 19, Pfa§ﬁ558nﬁ’n a bottom portion of the container at
conmers thereof. 6. The apparatus as clained in claiml, further conprising
a drip pan on the frane structure configured for collecting waste liquid
emanating fromthe turbine during a cleaning operation; and a collected
wast e | igui d silbe apparategas ohrimed ue‘galcrﬁ,yéietm saadreondainerds prosidpd withitwosai d
drip pan. 7. The apparatus as clained in claim®6, wherein the drip pan is
conf i gurdrdinhge sfenibgs fdinowtricallp esartged in asbatoai portion ofthe owsbieet atsematsi al | y on
the frame structure to an extended position

thereof.

6. The apparatus as claimed in claim I, further comprising

a drip pan on the frame structure configured for collecting waste liquid emanating
from the turbine during a cleaning operation; and

a collected waste liquid storage tank provided on said frame structure beneath said

drip pan.

7. The apparatus as claimed in claim 6, wherein the drip pan is configured to slide from
a position wherein it is located essentially on the frame structure to an extended position

wherein it protrudes out from the frame structure.

8. The apparatus as claimed in claim 1, wherein the frame structure is part of a transport
cart.
9. The apparatus as claimed in claim 1, wherein the actuator arm is actuated by any of

hydraulic, pneumatic, mechanical or electrical means.
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wherein it protrudes out fromthe franme structure. 8. The apparatus as
claimed in claiml, wherein the frane structure is part of a transport

cart. 9. The apparatus as clained in claim1l, wherein the actuator armis
actuated by any of hydraulic, pneumatic, mechanical or electrical neans. 18
10. The apparatus as clainmed in claim1, wherein the |liquid separation
device conprises liquid separator profiles arranged vertically adjacent
each other in a franme of the liquid separation device. 11. The apparatus as
cl ai med 10 cl aiThe dpparaing dsealaimedyor ¢lgiby vehereds thieilignid sepdrhtion devicachmgrises a
frame of the liquid separator device. 12. The apparatus as clained in claim
11, wher Bquid bdparatsrlpratiles srramgelbverficallybpcent éach otherid h@dmefof delllq@it i ng |iquid
emanating fromthe exhaust of an aircraft turbine engine during a washing
oper at i OgpatihisH &dvicesal d exhaust is |ocated on the aircraft turbine engine
at a position that is not easily accessible, the nmethod conprising the steps
of . providing a liquid separation device attached to a support arm said

| i qui d separation device being novabl e both in a horizontal and a verti cal

di rection abou ectlve ai n sai d support.arm ttached to
a suppor strutrlh B“E?pfé 1?5“8 Lmeﬁﬁ?‘m”‘ﬂ ?Eeé'l‘eetb‘f??]iabﬁgé dtga; i se
and | ower the support arm between an essentially horizontal transport

posi t i onfraiRgobthe ﬂ@ﬁé?ﬁa&@("b‘@é’icﬁ on; at least one of iteratively and

sinmul taneously: i) raising said support armfromsaid transport position to
a level at which the engine subject to cleaning is |ocated; and

12. The apparatus as claimed in claim 11, wherein the collar is made of rubber.

13. A method of collecting liquid emanating from the exhaust of an aircraft turbine
engine during a washing operation, wherein said exhaust is located on the aircraft turbine
engine at a position that is not easily accessible, the method comprising the steps of:

providing a liquid separation device attached to a support arm, said liquid separation
device being movable both in a horizontal and a vertical direction about respective pivot points,
said support arm being attached to a support structure and operable by an actuator device
configured to raise and lower the support arm between an essentially horizontal transport
position and an operative position;

at least one of iteratively and simultaneously:

i) raising said support arm from said transport position to a level at which the engine
subject to cleaning is located; and

ii) moving the liquid separation device in said horizontal and vertical direction as

appropriate,
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ii) noving the liquid separation device in said horizontal and vertical
direction as appropriate, 19 wherein the raising and novi ng places the
|l iquid separation device in front of the exhaust of the engine; and
collecting liquid during a wash operation. 20

wherein the raising and moving places the liquid separation device in front of the
exhaust of the engine; and

collecting liquid during a wash operation.
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