DEVI CE AND METHOD FOR COLLECTI NG WASTE WATER FROM TURBI NE ENG NE
WASHI NG TECHNI CAL FI ELD [ 00011The present disclosure generally
relates to the field of washing aircraft engines, particularly using
washi ng |iquids such as water and detergent or water only, and nore
specifically to a system and devices for collecting the waste water
from engi ne washi ng operations and a nobile vehicle conprising such a
system BACKGROUND [ 0002] A gas turbine engine installed as an
aircraft engine conprises a conpressor for conpressing anbient air, a
conbustor for burning PEMCE g8t METHWR FORKOLEEHIINGsed air, and a
turbine for driving the conpressor. The expandi ng conbusti on gases
drive the turbine aWASEEIVATER HTROM RURBINE ENGEEE WASHBY bpel | i ng t he
aircraft. 100031Air breathing nmachi nes, such as jet engines, consumne
| arge quantities of air. Ar cdBCHMNEALJBLGN particles in the form
of aerosols or larger particles which then enter the engine with the
air stieen Tie prat idisglosdre tdeaerpily trélakeso iy fiehl bbwatlieg gérsrafiagrigines,
t hrough the engine and exit with the exhaust gases. However, there
are pakphicl@s Wirsghvahiapaglidesich hawateing detagBaroe Rarr bily CRtRMAEpesifitdlly
the engine's gas path, thus changing the aerodynam c properties of

the engi Raya&Al andAeAcRaoE ic&l_lb\:ﬁﬁéhthe WARARULABIO6N Wnpite RRKRIAE BP&EENS and a
Typi cal contam nants found in the aviation environnent may incl ude,

for examplievent® dodlprisihp SRALSyst&Rgl ne exhaust, | eaking engine oil,
hydr ocarbons comng fromindustrial activities, salt com ng from

nearby sea, chem cals com ng frogakiroap de-icing, and airport
ground material such as dust. [0004] The contam nants adhering to

corrpon%ﬁoil i nAt Qa@ tﬁ%engnggr?es irB@aElgH %?Lﬁﬁeaiﬁc%ﬂ ieH'@né)fcoﬂ'lE'r‘?ses 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



engi ne. One consequence of gas path fouling is an engi ne operating

| ess efficiently. Wth the reduction in efficiency follows that the
engine is |l ess economc to operate and has higher em ssions. Fouling
may typically result in nore fuel being burnt to achieve the sane
thrust as for a clean engine. Further, an environnmental drawback from
t he higher fuel consunption is in the formof increased carbon

di oxi de em ssions. In addition, nore fuel being burnt results in

hi gher tenperatures in the engine's conbustor. Wth this follows high
t enper amissenexPuding smay oypeally reulhie meefitl kemgdom anehiese the kendihglsess for a
tenperature exposures may typically shorten the life tinme of the

engi ne.clekhengdineg IRukthér| id argirbmngmes diawbeckifym the Sightr fuél conii@aseR in the form
formati on of NOx, which is yet another environnental drawback. In
SunMmar yof ihdt€asep earbbddioffdedenlisitned AN@dRdNS Hbfeefudl beiagnbuad uehds &0 Gigher
lifetime, unfavourable operating econom cs, and hi gher em ssions. The

ai r | i naeRReddleOmIhd @y etsROmBhstire WAththis @ Bws REARrhpetatir® eXRBRe tdhgine hot
engi ne clean. [0005]It has been found that a reasonable way to conbat
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water jet froma hose towards the engine inleéet wever, this net
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sprayi ng I ng FiqU| t ova € enginme in g
shaft may be .crapked by the.use.of its _starter, notor. The shaft
ot at | ORUBRFARLE O Yt B8 okeef HE RELFHFoal movenents.  The
shaft r iop .,allows . th sh liqui.d to nove over greater surface,
area adbUBl | *ass e st A wesAit P Brrerie RS nicopedt st ongive
engi ne._The nethod i s proven successful on nost gas turbine jet
engi nesVisyp8 may berchigved by GBpAEing a WalsF I5b FPws hoss fop@uin drerensimpinlsh klowevat
un-m xed turbofan engi nes. [00061A proper wash operation of a gas
t ur bi ndhigmgthed hanHmBed susaess duetp ty sElopaiwe pathcopiosasat Anplieiativg method
liquid exits the engine at the engine outlet. At the engine outlet
t he wadtvolves piraping yasidiswirthmwuging menifaldwith sperviabnaezalss dirgcied i vardetjie Erginee
the engine outlet as a streamof |liquid pouring to the ground.
Al t er nanlgtviatey  Therraanifalt may bejteimgorsily ibelaltedroni thelenginteteomher ai thesngina shafis
fine droplets
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



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 from actual wash operations
that waste liquid will be spread on a | arge surface area, typically
nore than 20 neters downstream of the engine outlet. It is not
desirable to spread waste liquid on the ground. [0007] The waste
liquid exiting the engine at washing may i nclude the wash liquid
enteri n%@;tqhe engi ne together with rel eased fouling material,

combus there thodir siseamds therressd of therrdiation ofi theengretshelty Teis eiribatme lignid nadyl be
and fat products. This waste liquid nmay be hazardous. As an exanpl e,
anal ysicerriod a siguificant distaeet hetbré fadlingde thegroundr biinshown diomeachas Washgpperations
operations was shown to contain cadm um The cadm um comes from
conpr esimowadit Hgled edhbd speeadmb @rlargd surateass dypibaly morahahihgetopeibahitaam
Cadmumis environnentally very sensitive and can not be allowed to
be di spbthedngine durlet. &f it hotaiesirablelo sprowistastelliqaidiod tagibhwhdhave t o under go
treatnment for separation of hazardous conponents before being

di spos¢ebo7n aTieemBte ligui0i@ingake dnginbian®asingGiiafihcl@iRghd@eshTRYidRtcBihg the
different types, such as turbojets, turboprop, turbo-shaft, and m xed
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range and may conprise of different design details %y di fferent
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fromdifferent aircraft manufacturers, thus the design of the
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any op%r.ati.on r(ﬁsul ting in a conponent or material being hooked on to
an engPFiB8 AROsthB A3F¥Sdyant age that it nmay be subject to engine
damage. 001Q] Thuys, it is desirable to provide an inproved mnethod
and ap[!)%ﬂé us ‘stotr‘"b(':‘tﬂ pieseaf] ﬁ‘@g“é?ﬁd“%yrléeaf’ﬁoﬁ‘gfeﬁi\?ﬁ%fyée% iSHEl & @05t JuibpRiop;
engi ne from an engi ne washi ng operation for nunmerous aircraft types,

i ncl udibe-tBsandraixpd gr awwsa%éu@fap SBgined Theseyemefries gver @ darge gerformance

positions. SUMVARY . ) ) .
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.



1001111 n one enbodi ment, an apparatus for collecting waste water from
cl eaning operations perfornmed on aircraft turbine engines is
provi ded. [0012]In anot her enbodi ment, a nethod of collecting liquid
emanating fromthe exhaust of an aircraft turbine engine during a
washi ng operation, where the exhaust is |ocated on the air craft at a
position that is not easily accessible, is provided. [0013] Further
scope of applicability of the present disclosure will becone apparent
fromthe detailed description given hereinafter and the acconpanying
dr awi nd@03@hi chhusr i igiesirablpyo wepyidgfanjimpreyed sethod and ppparaisdior lsoldechieg ando
be considered limting. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0014] Eeitogi wastet liquid kitingpoihe lsagide omi dseshging vgsking eperdmalot nwhdrbus aircraft
reference to the acconpanyi ng drawi ngs, in which: [0015]Fig. Hs cross
sect i ongles, iegudigpethdésathidng of exhaustieatediedifficriixofremch pasitionsir bi ne engi ne;
[0016]Fig. 2 illustrates the exiting of waste liquid fromthe
un-m xed turbofan engine during SUMMARY

[0011] In one embodiment, an apparatus for collecting waste water from cleaning operations

performed on aircraft turbine engines is provided.

[0012] In another embodiment, a method of collecting liquid emanating from the exhaust of an

aircraft 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. I 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;
[ 00201Figs. 5a-c illustrate the design of a |iquid separator frane;
[0021]Fig. 6 illustrates nmechanismfor tilting the |liquid separator
frame; [0022]Figs. 7a-b provides details of the mechanismfor
si de- vva&f novenent of the |iquid separator frame; [0023]Fig. 8
i |1 ust deR2E tKies. Jghapravides deteibsy ofi the meshanian Hirsideoytisanpyemgaieoitheligyid
cl eaning of a helicopter turbine having a rear exhaust;
separator frame;
[0023] Fig. 8 illustrates the apparatus according to the disclosure in use during cleaning of a
helicopter turbine having a rear exhaust;
[0024]  Fig. 9 illustrates the apparatus according to the disclosure in use during cleaning of a
helicopter turbine having a side exhaust;
[0025]  Fig. 10 illustrates the apparatus according to the disclosure in use during cleaning of a
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 I 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 11. 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



[0024]Fig. 9 illustrates the apparatus according to the disclosure in
use during cleaning of a helicopter turbine having a side exhaust;
[0025]Fig. 10 illustrates the apparatus according to the disclosure
in use during cleaning of a turboprop aircraft turbine having an
exhaust facing downwards; [0026]Fig. 11 illustrates different nodes
of operation of the apparatus according to the disclosure; and
[0027]Fig. 12 illustrates a flowhart for a nethod of collecting
liquid emanating fromthe exhaust of an aircraft turbine engine _
dur i ng peessusigtd nj copleystien gases expershtdivergs ease engirervdleli 12e fibe eRE8aR PHoGNn
OF PREFERRED EMBODI MENTS [ 0028] The di scl osed apparatus and nethod may
be uti Itwgedgen ey Ershistags ghtreomlyystien gasex bxpasd bnie amdntedniediateepressore while
turboshaft, turboprop, turbojet and m xed/un-m xed rmulti shaft
t ur bof alnivinpgurbme, 18buln 4 secpuad Stagey ltheer cantbustdndasescdxpghdf 0wands embiehh pressure
hel i copters and turboprop powered aircraft. The di scl osed apparat us
and netvigid damngalubinebi®. uTurbinz €@ ik deiviak eamil Higriaod shafighd, eMarbine 18 is driving
compressor 17 via a second shaft 19, where the second shaft 19 is in form of a coaxial to the shaft
14,
[0030]  Fig. 2 illustrates the engine 1, described in Fig. 1, during an engine wash operation,
Similar parts are shown with the same reference numbers as in Fig. 1. Fig. 2. provides a side view
of engine 1. Engine 1 is an “under-wing engine” installed under wing 21 with support 22, where
wing 21 is part of aircraft 2. A manifold (not shown) for injecting washing liquid may be instailed
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
liguid 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



[0029] Fig. | shows a cross section of an un-m xed turbofan engine,

whi ch may be found on, for exanple, 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 flowis driven by
fan 15. A portion of the inlet air exits at outlet Il. 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 conpressed by
conpr esypivaliy quickinevaporatsrie Swambient ait digde their smpll sizd. Jaopleisdess Shaowimnidrens
conbusted in conbustor 101, resulting in pressurized hot conbustion
gases. ahthereforesguni spbdarttiok canoerh i theowastpawater eollsetinah progwas &y rewspe of the
engi ne outlet 12. The expansion is done in two stages. In a first

st age, etdperationrhnd becausegihsye sepeesgarmaly atmalhvolunierfribelmaste lignies sTinelargest
while driving turbine 18. In a second stage, the conbustion gases
expand dipWay idSstradrdi2e D targpdrepists rie thehdieco fthaindiopg forueshinpie, 2600 hitrdaisrie sike.
is driving fan 15 via a shaft 14. Turbine 18 is driving conpressor 17

via a gaeRnfopdabie hbvy aﬂaaﬁ liey 5@ @OidrasdBtlinstAdifall totht @rotn@by Eravity.
coaxial to the shaft 14 0030]Fig. 2 illustrates the engine 1,
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make up stream 201 are generated inside the engine by the notion of

t he coriP#38k s oFigalprovidés nside Gibw @€ sngindt I swmoliertion nt ivasie Hquid dpringt washing.h
a large size range, where the different droplet sizes have different
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[0033] Fig. 3a provides a side view of engine 1 and collection of
waste liquid during washing, which for purposes of illustration and
without limtation, is of the type in an exenplary enbodi nent
according to a systemdisclosed in WO 2005/121509, the contents of

whi ch are incorporated herein inits entirety. Simlar parts are
shown with the sane reference nunbers as Fig. 2. Collector 3 includes
a liquid separation device 31, a trough 36, and a chute 302. Liquid
exiting the engine | as stream 201 is separated fromthe carrier air
in i q?ﬁ]@“kepblﬂ&lﬁisémfﬂ@v idewiced 1 hasjag iilet fesei 32 dingoted towardsiafretraam 201 erahan
202, stream 203, stream 204, and stream 205 are collected by chute
302. Treutletifagai3d opprsitarinien frce B nSiraauii0d enters shediquishseparstionalegite Ang idkifee
302 is collected in trough 36. [0034]Liquid separation device 31 has
an inl é¢ dndesit3thediquilciepdatiovdavits agiontls tface it 20He Bondd &ntrapped @t the dizgid
33 opposite inlet face 32. Stream 201 enters the |liquid separation
devi ce sgbratibn idedied 3T ac thaBRreamd30d X5 eseritially Ifiee diioth Baiihahdri passitkethiaugh de
outlet face 33. The liquid is trapped in the |iquid separation device
31 so fligaid sparglm ERikeil. eTheifiialstpardios elebic®B1 IhaJUinbluad VeticdligSHtanged
through the liquid separation device 31. The |liquid separation device
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an alternative enbodi ment, chute 302 may, be incorporated in trough 36
and t afien3ens end Adthe chute, 307 isdncdined. sThegin@ingtien of 0@9@@&%@“3‘58 £ diquid 1g fhet
fall into trough 36 may then fall by gravity as stream 304 into tank
303, pehite pehdlayefrem ththleB e Hierright # shewudhFigeda. [Resefdrifkis|osjtipned heie
exits the engi ne during washing contain water, detergent, and foreign
mat t er troqghe36 sorthatdiguidavitlerourrayt afshute 30 imtd weugh 36 as slréads 3Andcdopding to an
di ssolved in the water. The matter being rel eased fromthe engi ne at
a speciaftérnativa shbativersj dnteddp erapl be igogomniedietrough 36 ssdiesk 3¢y therehy fosining
washi ng was | ast conducted, the environnent in which the engi nes

oper at esg siagle uniFuBtrdass 35 tahe 3kt falllintg trovghn3tymat them talMeysdnavity @a stream 304
contain a high anmobunt of solids while at another wash occasion be

| ow on isotankl 803, positidnad bslow tah epenanptietrbughBibd may at one wash occasi on
contain a high anount of ions while at another wash occasi on be | ow
on i ong0038husThet lngidvikat exiwathe engdinecdiring nMaskiyg teitain Svae s databdny, {ndefsielpne
inits design so that the nost appropriate treatnment can be conducted
at eac &aﬁ@r@a'ﬁlleoﬂ?}reign 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



[ 0037] The liquid separation device 31, described above with respect
to Fig. 3a, includes a franme enclosing droplet separator profiles.
Fig 3b shows the technique for separating air born droplets with the
use of separator profiles. The direction of the air streamis shown
by arrows. The droplet separator profiles are arranged in parallel
allowing for an air flow through the separator. The droplet separator
profiles are arranged standing vertical allowing for liquid on the
profile surface to find its way downwards by gravity. Fig. 3b shows a
cross wder ashodecasireke Wropn ealidse Similterlyr the raste ligyid roesk atrapefwasmosdasioe
and downwards. Droplet separator profile 81 is shaped as shown in
Fi g. 3¢nntaixt a hlghamouhteofnioniivhilditsnatherewdsh oxeasioe bledemliongomsd gBhuss,othe aste
tail edge of the profile 81, a liquid trap 82 is forned as a pocket
f or coivhterctréatmgent $yteindis desitable flexibledn &s désigorsothal the 8dost dppayphiete sre@hesntroan
carried with the air streamin between the droplet separator
pr of i | Escondwsdddieedcheccasipmr ator, the air is deflected as the result of
the geonetry of profile 81. The air flow deflection is rapid enough
t 0 not [0857]ow Thb diqdidogebarhison8device F1plbsorbed 4bbvd Rethatspect TBFig. MR firictuded a
droplets 84 then allows the droplets 84 to travel un-deflected and
i MPi NG endddfdg! @ofldt s%faar@l@i_' Phofifed. P?%Sb isBd4bsTthe Qethhi U Sort sepdRating ChirUpor@N
the profile sur#ace, aliquid film85 is forned where the air stream
shear &r@{ul_@t@%ﬂmﬂtﬁé usk 8f ie)éarhﬂoﬂwoﬁle&ﬁﬁéﬁiﬁctﬁdnq}i”tﬂi A BB & shdwin by Setveh. tThap
82, the liquid will build up and pour downwards by gravity.
[ 0038] WA ' : i C '
to an Sepsdi e PEBIS A utnaf i PBECHARYE CEHLIR XA SRGSRELOD
accor di i j p 3 i€ vehi
uch alSabRePlaRiRRa SOAREE Ymghd Bk PloRing BR flfid T UE' fotie
provid it h 42 for .st gkl r t
co||ecﬁg%m%ﬁ%?%5W§B§g§%§ﬁ§”8%§¥£@%§ﬁzqﬁ%gﬂb%@§gﬁd&&%éfﬁgﬁéggﬁg?Fﬁmgén
43, which is ta, b ositioned beneath the engjne to be egned, so .as
o col 1zl piific kR oot AEve P owe sty (EPRT Sohdop ettt o Bediryas
of the_ size of gn engine an ecause,.engines.differ in size, there_is
ot ovi csiop Pl T ArgPoutandiR oy RERNRS o e g S ahe D SR PO e
cart 40 to a fully, extended pgsifion in which the drip _pan, 43
protr (o2 Vgt P 8 iscHnen s ebSet bt faleeng fiapig Oaéherfﬂ%ﬁ:egé prptilf 81y Rroplets
pan 43 itself, according to an enbodi nent, neasures_2.5 by 1.5 m
(1 engt Bt o semipd wahithepir Sireapeindeiysep iy dapletsepamtegyafilee fsigathensspaget
40 and can be placed on the ground, in cases where the available
space WhemEds Heflagted 45 tley wepylt Ptgthf« @eormate of nrefila 8k o ke @irt fbovt Heflestien isgapid
cart 40. [0040] On the cart 40 there is also provided an arm or bar
44 whi etoughaie nee alldw thefdropdets BétegioHow adthdhosin The ineréia of duoplets &rthenrallows
can be tel escopically extendable (not shown). The arm 44 may be
pi vot athe drdpletsdddo trovel he-deflevted agd inypingeron padfilo Bl stpeint §3.t Adlquid centipilasdo
axis 45. The arm 44 can thus be raised froman essentially horizontal
posi t i buildtup @nthe prafighsurfaosiatliquid fiyn dearernat vehegs tha alrystieam sheeafdrges will
actuated linking arm46. O course, other means can be used for
novi ngcdriydigaidBsdidio |Buihrapss2pie ligeit itap $Aehdhquid el Bekrupsand thewrsdowamards
the like. Actuation nay easily be achieved by a foot punp or
al t er npy grugityy by suitable electrical punp neans. [0041] At the other
end of the arm44 is nounted a liquid separation device, which for
pur pospm3s)t i Withisdférafidead BRM, W vivet bollebtifgt hteDN accafliY @i iJerhbudanat, is
exenpl ary enbodi nent conprises the operating principles of which have
been dggGfdidaed in full in the previously nmentioned WO 2005/ 121509.
The description is given belowwith reference to Figs. 5a, b, and c.
In gen ¢ i . . . )
fblq)g'é] efrhgﬁvatef' Q(ﬁlelff#%ggrg,ezﬁﬁ%g%l% gd"@[nﬂegtg%@gry%znbgmm ?Seastg]?e of mobile

general I'y "rect angul ar tiI've conponent
vehicle, such as a cart 40. The cart 40 has a frame structure 41 and is provided with a water tank



[0042] I n a particul ar enbodi ment, shown in Figs. 5a and b, the frane
50 conprises a lower franme part 52 (shown in detail in Fig. 5b),
configured as a hollow container for collecting liquid separated by
the liquid separation device 47, and an upper frame part 53. The
container is provided with at | east one drai nage opening 54 for
draining liquid fromthe container to a storage neans, suitably

| ocated on the nobile cart on which the entire systemis nounted. In
the enbodinment illustrated in Fig. 5b, there are two drainage )
openi nd3 f@4togipawater thatdiap heearcolerépddluring & weshingrapemtiorn. Thieart Hlvaeludesgrdsip
portion 52 at corners thereof. Attached to the drai nage openi ngs 54
are t ubwesd3, shich i telpositibied bendathrihe S@zinefto be dleariedismgs tolnelleat diguid thap exitse
storage tank. [00431As shown in Fig. 5c, the separation device 47 is
pr ovi dédmvthé énginecad tHeamntlerr Hekangef 156 sizppEdneagink yndrbateuse fengindsabiffer inkiaag
the frame parts, on the side facing the aircraft exhaust. The collar
55 i s s Blpryvideadier fliding the lalbie rpai B frugn arretedod tpositiib e thet daet 40atot £ tully
bei ng shown in Fig. 5c, attached to the frame 50 such that it

provi degemiad bogiditin phith €led driprpan ¥B potruids @it frdig theif@tHediro@panaboas huch®
50 is brought near the aircraft body, the collar 55, which may

pref er gbh Yy Thedrie pin 4Eielf, WebildinR 16 ¥€ Bhbddiferd] hedsakd 2 5. PRI (hgth/width).
scratched by the frame 50 of the separator 47. Another advantage of

i ncor pepadbly@e NP p&Pl3 A reoBsabR foRpthe ichrt Wh bhd cadlbel SRS oh eSHHTICH QG&s.
provi de a seal against the aircraft in the area around the exhaust,

and fo e@hef é&fﬁ%*a gl&%eﬁéa[hqﬁé ch?zgi %klﬁﬁn&h @ci]actc&ﬁml)éléﬂé"ihg ehte @ﬁ't 40
y I's guide t

coll ected nore efficClent Into e separator device 47.

00441 Vi . o . : oo

Separ adtoill (SPEUGERERINs i biodioad wPlih celh o Ghich B So 1Y et lngth, o

t endi b.

and t ng T At U AR Esn bb BBl Bielph b R SERTRE 196 gl e be
t. [ i vot int. . Pl _at . t.he. f.th

o200 b Bod i B o R S 150 8L DR

t ur ned/ r.ot aj ed around.zﬁ horizontal .axis, i.e.. Lt can b% tilted

f or war a@segnﬁo%a@kmeg?_ yTﬁcglze?talsgg%téﬂn to an uprlgt pOSItIOl’l Y means of ¢.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 ¢. 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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51 is in turn attached to the liquid separation device 47 at two

pi vot points P2 and P3 respectively, at the upper and |ower frane
parts 53, 52, respectively, allowing the liquid separation device 47
to be turned around a vertical axis. [0045]Actuation of the
cross-bar 51 to nove the |iquid separation device 47 in the various
directions can be by hydraulic means (not shown) or by any ot her

sui tabl e actuati ng neans. Pneumatic systens could be used as well as
purely nechani cal notor driven gear nechanisns, just to nmention a
coupl e sephratedtb thrediquidssparit@4i6yiced o aed ardppeti frapretparttSh e Thewringrineatsi poovided
the liquid separation device 47 in the backwards and forwards

di r ect maith,at leaftame dchitage aperting $4 fog dofinitd Bqudé Wiomethe icentaiodri te\aestbrivge miéwat,
is herein referred to as a tilting actuator device. Such a device,
gener alshiyabHelstgdadrethe Ghhbilk Rart be vehidhotle eRtire sgdianvis indurdtéd). [nGthe embpdinsss
a linear actuator, such as a screw drive. Thereby, a threaded rod
(not  Viilfisdt@ in'Fik.'ed, fHe@ldreiwd Sramaidigenilgd 64 fiamatrieally@iadgedan thibdtom of
tube 62, by nmeans of a crank 64 coupled to a gear nechani sm (inside

housi NgheGuer fhahRPOFHR IR AOcIAESs thEBSIK IAMACHER VEINE QfajraBe GpechRMizR 54/ arB RIS Bih
of the threaded rod. Inside the outer tube 62 there is an i nner tube

at the g ﬂé@@s;eﬁl@qlg%, fﬁ@aﬁmiﬁgfzﬁél@q&ﬁcﬁo@hé&&ag@&m@hed, e.g. by welding.

The nut 1s threaded onto the rod, and thus the inner tube, having an

out er géoﬁ\gﬂ le,&%ﬁ{ommg.%?lhggeﬁmﬂ detiBe 4P REroBHBIRAR  Qllad &%d&gé 8k,

t ube 62, e gui i nsi e outer tube. At the upper en
the in I S | L t .|
pi vor " By al ool AL ISR Thied oh WIS shehe Pl RO b
i nner be wi,ll ve on the rod in the longi inal directd.
hus. « 8 Rtk iRy Fo@ et b et Bebifpretifi e e BV 5 B s, A
on the djrecti of e rotation. The act.uati assenbl.y . b
ocat edo 1 T X e il Sy Aemeg) GoRFia o A% SF50H8 1l MparTer omg
arm66 .in turn is coupled via i, votL_pqint P4 t crass-bar. 51 on
The 1t i busp it g b0 49 ERESHROUM o meterh Dol oo et
of f-center, on the cross-bar 51 Eu%h that when the rod is ﬁép&hled out
of the t}l%%@fa@zfrf’ﬁebqngiﬁﬂc@é r[)"é(rt £ fframe PO\ picte Agparatory 47 ¢ Agoteyr yprfage of
and when the rod is retracted into the tube 62 the_ |iquid separation
devi ce inFprpomating theeallas 26 invkhatis will, igbleashtq someatent eroyidy ¢t seH geaips dhecpircraft
pivot point Pl (also see Fig. 5a). 100481The above enbodinent is
onl y arn tgareppiundihd exheusierndifoms@ funneblie ssughieysuplethaiethe Hawd tadie cotleread
types of linear actuator nechani sns.
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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[ 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 mechanism shown in Figs. 7a and b, can be used,
general |y 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 |lower and upper frane parts 52, 53, respectively, so
as to [0 etretubtien Hff dhaerdObar DOBIhdveeths tliquidgepai@ion deRite rlnnitie gatiode
| oops 74', 74" provided on the support arm44 in the upper region

t her ecdirectiond cah eyt hglradin méans (e shawyn)davby tty atheo pitablecdctyating triears.
at one end of the cart 40. A friction and/or clanping | ocking device

75 maypdeemaicviteiascduld beaed g wéltaspurelyngechd@cal motor driferDgat inbdhanisis, st
to lock the liquid separation device 47 in a desired position.

[ 0052] BiMehntidtfa dduplelof Bmamged string 72" will cause the separation
device 47 to pivot around the axis defined by pivot points P2 and PS3,

such t[*ﬁ@cfﬁy t Eﬁ SHebbligHaht, tHeMaRipR A8 41QhRe fiqhsk &B4r86br d2vick 87 in’tRe bRRWards
vice versa. [0053] To operate the apparatus for positioning the liquid

separ al it Afy idgs%f&z, Bferred R as fhe dRvib€lid %ﬁi%bé‘d W%@H&Sﬁmiﬁ tefetted ?ié‘e

arm44 i1s ralse y actuating t ral st ng necnani s en a desire

hei gh . , i ; i ai .
el 3 taosmgtﬁglie?cﬁagoﬁ%?ﬂ?? hSJCH% a%@fc&, f%g?rﬁiﬁh%@%)ﬁ(ﬂed @O,QIY % em%glﬁ{eﬁt? hﬁ'&vh in

body t evicinit aust’. en the tilting
A LN A RO P
o e B bSBubl ! B SEHEEL bR S R B SR B
several npovenent, re, perforned at the same tine, it can be said at
Che. prBEDRRITE BRes B BRES M ETLIFUN% L GBLRG MBUTIeg} (fekforary movement o th
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 [ocated 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 tilted 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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[ 0054] OF course the nechani snms descri bed above are only exenpl ary
enbodi nents, and many ot her types of actuating devices and/or
mechani sns are possi ble. Exenplary nmechani sm coul d be the provision
of a "joy-stick" type device for electrically controlling hydraulic,
pneumatic, nechanical or solenoid actuators, acting on the novable
conponents so as to bring about the required positioning of the

| i quid separator. [0055]By providing this very versatile mani pul ati on
possibility, the liquid separation device 47 can be positiqgned at

out | et 0¥ at Thegbovsreabodimentisgalyran sraeplecdd 3 eentionsd itgan sasilybeirpplaced
aircraft body, preferably formng an angle with the body of 10-600 or
nore gehethesitypes of lingargtyator meegi@ps®aml es of such applications are for
helicopters, which often tinmes have side exhausts | ocated central

on t opl08#91t hdonpdjestiag thetngsifion of theauwie separation deyipstd7iin a sidewpysalingstion, Le.
devi ating from perpendi cular, as shown in Figs. 8 and 9 as

hel i coptating i8@0unahah @09 perfpOdlict]atrto theetiltiog axipl(e the righieorCef3Gspistivaly)es
transport aircraft shown in Fig. 10 as aircraft 1000. This aircraft
has r emechaxibapshben anFigdhGa ambls i lbeused, gedeeallyidaggnateddl. r ender s t hem

I naccessi ble with previous systens nentioned above. [0058]1In Fig. 11
two di {obso]entThondeshodin i Pis.diaiadd bofullingatrings 22, 701 dre plovidgd siy sitieparts 73°,
according to enbodi nents, are shown, nanely transport node (Fig. 1l1a)
and seryi setheBd@e GFiofthe liquidsepbration@e®94 F7.9Theldé f=0191785 @BT Soiieet with the

transport node, in which the arm 44 has been |owered to an

lower and upper frame parts 52, 53, respectively, so as to complete the frame 50.

{0051]  The strings 727, 72”° run in guide loops 74°, 74" provided on the support arm 44 in the
upper region thereof, and along 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 helicbpter 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 simuitaneously performed.
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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 |iquid separation device 47 has been tilted downwards.

[ 0060] Fig. 11b shows the service node at the m nimum or near mninmum
service height of about 1.2 m for exanple. Here the liquid
separation device 47 is essentially vertically oriented and the drip
pan 43 has been extended to be | ocated beneath the |liquid separation
device 47. separation device 47 is tilted to adapt to an angl ed
exhaustl095dki t Pbepurseieontdbapisths gescritied abgve drestdiexemplarsembgdineentsp aied manya
fully or near fully extended service height of about 3.7 m for
exanpl ethebiypesofsicmetinehdsvizesandpr agchanisms are nvesible.aExempidry srschrmissi dlubl be
In this node, again the drip pan 43 can be retracted. In sone cases
it wi | [thesprdvisidoeofent Godadktiapendeviag ton diatricalie centgillives bydrbwdic, ipseumatic,
configured, which can vary substantially between aircraft types and
nodel s.mdchdd@3d] & eolensith ectsatore| Atinggn ttie sw@wvabile eonywingghts sa e tobriog dbse the
only exenplary and it is possible to adapt the design by, for

exanpl gequiptdpdstionBgaf thelliqsidegdatigorar m f or enabl i ng hi gher service
hei ghts. [0064]Wth reference to Fig. 12, a flowhart illustrates a

net hod [gs5F 0l Be piovidthg thid weid verBma triaRigulblichPossigilie X 1h8 Uighid QbpasdlioR déEéed 7
turbi ne engine during a washi ng operation. The exhaust may be | ocated

ggcéggic%:l g&ﬁ@ﬁtbnéélﬁttﬂuﬂ@ts%ﬁghﬂ% pbvidisRARhl in@fkebfil, ik SatRRbon ARSdilcYatt body,
preferably forming an angle with the body of 10-60° or more generally of 0-90°.
[0056] Examples of such applications are for helicopters, which often times have side exhausts
located centrally on top of the aircraft body, or where the exhaust 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. 1la represents the fransport 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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[ 0065] At 1201, a liquid separation device, such as the |iquid
separation device 47 descri bed above, is provided. According to an
enbodi nent, the liquid separation device is attached to a support arm
and is novable in horizontal and vertical directions about respective
pi vot points. The support armis attached to a support structure and
may be operable by an actuator device configured to raise and | ower
the support arm between an essentially horizontal transport position
and an ogeratlve position. [0066] At 1202, the support armis_ raised

f rom t 185X r akign blq represantsi seryice gt ymindipan op peagAinmumHeighhpyt dersighe iquid o
cleaning is located. At 1203, the liquid separation device is noved

i n t hesehwationslavias 4hisdilted tovadant e angled exapgmesitiodhe rai si ng and novi ng
operations at 1202 and 1203, respectively, are inplenented to pl ace
the |iB06Y s&palnthipridehiwsahd sericeontdect a filly arxbarfully eftendedseavies height
Mor eover, the raising and noving operations at 1202 and 1203,

r especdtfiabeityd.7 mafor eeamyde,f o msilg itheearant 44vas| guch rod hear as inmeh ta pessibiel \in this

[ 00671At 1204, liquid is collected during a wash operation with the
appr optode, edain th dripdad 4eandbesapatedt Irogondeuses &. will 0B 84 Fiended daggading on
exanples are provided nerely for the purpose of explanation and are

i N No N@Y tHeOergihe Coutist fsUG@Afigsred,i Whith 0gh vaisuBstantihiey & ert @irotaf it@ids and
enbodi ments are shown, the words used herein are words of description
and ilqhp®lgation, rather than words of limtation. Further, although
reference to particular nmeans, materials, and enbodi nents are shown,
there n{()lﬁG:ﬂO LAl drOR1atiRg I RrRRIHelghtidr@ bScddlse %h@%l%ln%ﬁl@{yeah@ it i§94s88k to

the enmbodinents extend to all functionally equival ent Structures,

g:s; mg;aaptaﬁ%eﬁ%g%y, SHEAMPR, AbGdNE b MRS SRIREnaE i M rePRANISights.
[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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1. An apparatus (40) for collecting waste water from cl eani ng
operations perfornmed on aircraft turbine engines, conprising 5 a
frame structure (41); a support arm (44) pivotally attached to the
frame (41); 1lOcharacterized by an actuator device (46)
arranged to enable raising and | owering the support arm between an
essentially horizontal transport position to an operative position
formng an angle in the range fromsaid transport position 15and to

an operatj.ve pqsiti.on of tp.90 or less with respect to th .
nor i oDl © aRaatd, Ly %estBsiesatige dsh anprafon vahdneaporopriately Paged Jigpie o
separation device (47) adapted to be positioned at the exhaust of an
ai r cr afePratiRdssice.and pivotal |y attached to the support armso as to
be 20npvabl e _around both a horizontal and a vertical axis. 2. The
appar atlé8las Thr foregaing sxapples greprovified esrely dorethe purmpss of epplaeation andiargiie e
(47) is nmounted to a cross-bar 451) at the end points of said
cr oss- mayay tg by constpreoasilipdting. VWhilgyslerancg pxaripg)embgdisnents aresshaws,gheiwords
cross-bar is pivotally attached

used herein are words of description and illustration, rather than words of limitation. Further,

although reference to particular means, materials, and embodiments are shown, there is no
limitation to the particulars disclosed herein. Rather, the embodiments extend to all functionally

equivalent structures, methods, and uses, such as are within the scope of the appended claims.
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25t 0 the support arm (44) in a pivot point (Pl1) at the centre of the
cross-bar, thereby providing for turning the |iquid separation device
around said horizontal and vertical axes. 3. The apparatus as
claimed in claim1 or 2, wherein said |iquid separation 30device (47)
conpri séslAMPane (50) housing the active conponents for separating
out droplets fromair flow ng through the engine that is being
subject to a cl eaning operation. 4. The apparatus as clainmed in

cl ai m 3,1.vhepppardtus #Oahle (BRctingmpasteesai®r fomercléaramg qperations (52)
configured, as a, hol I.owaﬂont 8i ner éSZ% for collecting liquid separated
by the IRGHEPCERRALTEE WEPIC RERFS: SUPRTSHE ai ner bei ng provi ded
wigh at | east one drai nage opening (54) for draining liquid fromthe
5container to a storage neans. 5. The apparatus as clained in claim
4, wherein t heRdrame stiigctyraihblge openi ngs (54) dianmetrically
arranged in the bottom of the container (52) at corners thereof. 6.
The apparatus as clainmed in claim1, further conprising a
drip pan (43) arsupgperf name(4@d pivdtally estdobetli toghedsamel (Hgyi d emanat i ng
fromthe turbine during a cleaning operation; and

10 characterized by

an actuator device (46) arranged to enable raising and lowering the
support arm between an essentially horizontal transport position to an
operative position forming an angle in the range from said transport position
15 and to an operative position of up to 90° or less with respect to the horizontal,

preferably 75°, more preferred 60°; and by

a liquid separation device (47) adapted to be positioned at the exhaust
of an aircraft engine, and pivotally attached to the support arm so as to be

20 movable around both a horizontal and a vertical axis.

2. The apparatus as claimed in claim 1, wherein the liquid separation device
(47) is mounted to a cross-bar (51) at the end points of said cross-bar in a
respective pivot point (P2, P3), and wherein said cross-bar is pivotally attached

25 to the support arm {44) in a pivot point (P1) at the centre 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 or 2, wherein said liquid separation
30 device (47) comprises a frame (50) housing the active components for
separating out droplets from air flowing through the engine that is being

subject to a cleaning operation.
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a collected waste liquid storage tank (42) provided on said

frame/ support (41) beneath said drip pan. 7. The apparatus as
claimed in claim6, wherein the drip pan (43) is arranged 20to be
slidable froma position wherein it is |located essentially on the

frame (4£t)Thoappemaiisfdcdaiped iR GHifher ehsrein theot pmgdS0baommr estehe

¢ : . . . Lo

whor i n \PHer FEmI R APRTH ot AiEUASE Rol Bl LA N i Bhing

appar at Uspud scharated bynttanliqpideseguiimiionl ddévige (8 sdid ¢dmapotrUsting ar m
46) is actuated. ny of hydraulic, pneu [ mechani.cal . or

Sl ont r aPviene Ratots S HEn Rbe o oBETE IR0 iEh CFREERS G Bl ghe

clai m vherginerttbey biogdidniepar ation device is a liquid separation

device (47), conprising liquid separator profiles arranged vertically

in the frame adjacent each other.  11. The apparatus as clained in
1 ached A REP Rl A ARAe FRTEIA AL Buet 65! AlcE s By Mol
12. The aapmangs (Bt)abanlcarineldly anragigadmltbe vdteomi of thleecorabirar (52) avde
of 5r Ubbc%rrhers thereof.
10
6. The apparatus as claimed in claim 1, further comprising
a drip pan (43) on the frame (41) for collecting waste liquid emanating
from the turbine during a cleaning operation; and
15
a collected waste liquid storage tank (42) provided on said
frame/support (41) beneath said drip pan.
7. The apparatus as claimed in claim 6, wherein the drip pan (43} is arranged
20 to be slidable from a position wherein it is located essentially on the frame (41)
to an extended position wherein it protrudes out from the frame (41).
8. The apparatus as claimed in any preceding claim, wherein the frame is part
of a transport cart (40}.
25
9. The apparatus as claimed in any preceding claim, wherein the actuator arm
(46) is actuated by any of hydraulic, pneumatic, mechanical or electrical
means.
30 10. The apparatus as claimed in any preceding claim, wherein the liquid

separation device is a liquid separation device (47), comprising liquid

separator profiles arranged vertically in the frame adjacent each other.
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13. A method of collecting liquid emanating fromthe exhaust of an
aircraft turbine engine during a washing operation, wherein said
exhaust is located on the air craft at a position that is not easily
accessi bl e, the nethod conprising 10t he steps .of: provi ding a
liquid separidt PBRREERS G PiTER 8 2 RFCSHPFE ¢l aHP n{ushecomgaisgne a
separ at i QRi{eY icefaP g5 atiRUAN & B frabit &f MY iRl dpAathiq4sed (48!
direction about respective pivot points, said support arm being
attached to a 15support structure and operable by an actuator device
(46) arr d enabl e raising.and.l owerj he.su rt._arm,between
an essenﬁ?gﬁjreygﬁ%ﬁazgﬁtaa a rﬁé%(g brgrc ?algiosi t ?Vonr%%l tahr? %gg ar ir{l/%de 2

posi ti orubbeer ati vely and/ or sinultaneously 20i) raising said support
armfromsaid transport position to a |l evel at which the engi ne which

is subject to cleaning is |ocated; and ~ i) moving the liquid
separ at i pf) MAeyite8didt SRR AL R arfitthy 8L €8E cdhAESE bORn AFrcraft
appropri ate, so as to place the [iquid separation

devi ce itmrbirenengihctchiieg hausshivg @srasorngheesinasadd caheast intpchielivd
during %h‘é’aaslp LRERY I(J)(Qsition that is not easily accessible, the method comprising

10 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
15 support structure and operable by an actuator device (46) arranged to enable
raising and lowering the support arm between an essentially horizontal

transport position to an operative position;

iteratively and/or simultaneously
20 i) raising said support arm from said transport position to a level at
which the engine which is subject to cleaning is located; and
i1} moving the liquid separation device in said horizontal and vertical
direction as appropriate,
so as to place the liquid separation device in front of the exhaust of

25 the engine; and

collecting liquid during a wash operation.
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