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Air breathing machines like jet engines consume large quantities of air. Air
15  contains foreign particles in form of aerosols or larger particles which then enters the
engine with the air stream. The majority of the particles will follow the gas path through
the engine and exit with the exhaust gases. However, some particles have properties that
cause sticking on to components in the engine’s gas path. Buildup of particles changes
the aerodynamic properties of the engine and more particularly reduces engine
20  performance. Typical contaminants found in the aviation environment are pollen,
insects, engine exhaust, leaking engine oil, hydrocarbons coming from industrial
activities, salt coming from nearby oceans, chemicals coming from aircraft de-icing and
airport ground material such as dust.
The contaminants sticking on to components in the engine gas path may cause
25  fouling of the engine. The consequence of gas path fouling is an engine operating less
efficiently than normal. With the reduction in efficiency, the engine is less economic to
operate and produces higher emissions. Fouling will result in more fuel having to be
burnt to achieve the same thrust as a clean engine. Further, an environmental drawback
is found with the higher fuel consumption in form of increased carbon dioxide emissions.
30 In addition, more fuel being bumnt results in higher temperatures in the engine’s

combustor. With this also comes high temperature exposure to engine hot gas path

engine components. The higher temperature exposures can dramatically shorten the life
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25  before falling to the ground. It is shown from actual wash operations that waste liquid
will be spread on a large surface area, typically more than 20 meters downstream of the
engine outlet. It is undesirable to spread waste liquid on the ground behind an engine.
Thus, a method and apparatus to collect the waste liquid exiting the engine is desired.
The waste liquid exiting the engine at washing consists of the wash liquid
30 entering the engine together with released fouling material, combustion solids,
compressor and turbine coating material, and oil and fat products. The waste liquid may
be hazardous. As one example, analysis of water collected from actual turbine engine

washing operations have been shown to contain cadmium. The cadmium comes from

compressor blade coating material released during washing operation. Cadmium is
2
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liquid storage A’%?Qémrﬁ{ @k %6vd e Eded pe is disclosed in International application
WO 2005/121509 (owned by Gas Turbine Efficiency AB). This system comprises a
liquid separating means and a collecting device for collecting waste liquid during a
washing operation of an engine. It also has a treatment device for treating waste liquid

25  collected during said washing operation. The system is provided on a mobile vehicle to
service an engine with a washing operation wherever the engine may be. The vehicle
comprises a chassis provided with wheels and there is a means for adjusting the position
of the liquid separator and/or the liquid collector and/or the liquid storage means relative
the engine.

30 The above discussed system may not be readily usable for types of aircraft having
their exhausts located at a non-perpendicular orientation with respect to the aircraft body
or being positioned centrally on the body. The system may also not be readily usable for
collecting the smallest droplets in an airflow exiting the engine outlet during washing

operation of an engine.
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DESCRI PTI @ rftheltlEariRAYY PésSturbine engines. The method includes providing a duct that is
privotally attached to a support arm and moveable about the horizontal axis. The duct
has inlet and outlet ends. The support arm is attached to a frame structure and operable
by an actuator device. The method further includes raising the support arm and moving
20  the inlet end of the duct to a position proximate the engine exhaust and collecting waste
liquid from the cleaning operation.
BRIEF DESCRIPTION OF THE DRAWINGS
For the purpose of illustrating the disclosure, the drawings show various
exemplary forms. It should be understood that the disclosure is not limited to the precise
25  arrangement and instrumentality shown in the drawings.
Fig. 1 shows a cross section of an un-mixed turbo-fan gas turbine engine.
Fig. 2 shows the un-mixed turbo-fan engine of Fig. 1 with waste liquid exiting
the engine during washing thereof.
Fig. 3 shows a waste liquid collecting device according to the prior art.
30 Fig. 4 illustrates a first embodiment of a collection system.
Fig. 5 shows a first embodiment of a mechanism for tilting the inlet end of a duct.
Fig. 6 shows the collection apparatus shown in Fig. 4 in use during cleaning of a
helicopter turbine having a rear exhaust.

Fig. 7a-b; show further modes of operation of the apparatus shown in Fig. 4.
4
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flow ng through the inlet exits at outlet 11. The remaining portion of the
inlet air cticels The emadveing prsicanyitheindgt agiogngert mitetthe core engine at core inlet

15  13. The air entering the core engine 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 pressurized hot combustion gases expand towards core
engine outlet 12. The expansion is done in two stages. In a first stage the combustion
gases expand into an intermediate pressure while driving turbine 18. In a second stage

20  the combustion gases expand towards ambient pressure while driving turbine 16.
Turbine 16 is driving fan 15 via shaft 14. Turbine 18 is driving compressor 17 via a
second shaft 19 where the second shaft 19 is coaxial to the first shaft 14.

In Fig. 2 the engine described in Fig. 1 is subject to an engine washing procedure.
Similar parts are shown with the same reference numbers as Fig. 1. Fig. 2 shows an

25  outside side view of engine 1. Engine 1 is an “under-wing engine” installed under wing
21 suing support 22, where wing 21 is part of an aircraft. A manifold (not shown) for
injecting washing liquid is installed in or adjacent the engine inlet 10 of engine 1. The
manifold holds a plurality of nozzles 24 in position upstream of the fan. A wash pump
unit (not shown) pumps a washing liquid through nozzles 24 forming spray 25 directed

30  toward the fan and core engine air inlets. 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 for achieving enhanced cleaning effect. The rotation of the

shafts results in an airflow carrying the liquid through the engine towards the engine
5
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washing according to the prior art system disclosed in WO 2005/121509, the entire
contents of which is hereby incorporated by reference. Similar parts are shown with the
same reference numbers as Fig. 2. Collector 3 has a liquid separation device 31, a trough
30 36 and a chute 302. Liquid exiting the engine 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.



20 liquid pours typically vertically to ground 23. The fourth liquid
category, stream 204, is liquid pouring out fromthe fan duct outlet 11.
Thi s |i quwa 2bali1ss4basi cally vertically to ground 23. Thecfiuseérilorgar d
category, stream 205, is liquid droppi ng or pouring fromthe bottom of the

engi ne nacel | e. ource f thl idis for exa t he conbhust or
drain val ves beFI%ngJSb Cl}ﬂ&{%gb%] 1{ &' X' os ngg)?rerﬁ‘?]ﬂﬁﬁﬁ%?ﬁ quid
appar at us %4g3, Z@ﬁlz@@laﬁéqufgrsh&% rfep% RO (Wakt 2 hAW @oﬁ@nw@@anmere@ln&dne as
described in Fig. Fi g. ows a side view of engine 1 and how

wast e | i quiSdwhee @@ht@tﬂt@dls@usltln@pmmaﬁg hagheo thdinmeprteod BRe Aprirant ead B9 sy st em
di scl osed ,i. 2005/ 12 e entl ont ent .of whj. ch i b

oot por adtighed thaiorat it at e et g fed otbE clinglionl B Sttt Sed S0 Blper ence
nunber s agignidin tRe chidtk !t AT frém RS 1edt fol tHéFidhSiBNAE 33,1 RBardeMi 386is $bsitidndd ough
30 36 and a chute 302. Liquid exiting the engine as stream 201 is separated

fromthe c&pr¥¢ &pugh PO ish thatdigugl wepaee 9w ref gbviect)23mto rpyghi 30 expirdany 3¢ he
engi ne as r 0 r .l ect ed
by chute d%t’f.o ?ﬁ{%% %l' al?e;dr[agﬁg]ﬁé}%dl e}nr 'om e%gllgﬂlggﬁé)gag?&qn@%g\% i3§eal gang(nd
chute 302 303, mefelbgcfcb@dng Bnd mglglnn% WO 2011/ 119545PCT/ US2011/ 029337

Fig. 3 shows chute 302 installed under engine 1. Chute 302 will collect
liquid 202, 203lhearid fbntogysts 48e SAFRR @ﬁnsﬂ@ash@g iR 3OErhCEeRT Kt end
39 andpa r Al I

than rar SaEBls RoFeiLh ARl Rk Sy RARLLITIER UREhEhh e Vakire 1 <
i nclined. Whaat doincls ionadf the emglne:hlm ez wushlocedslcmwl@elhdsqm dnumbdrhvg isshest e t o
flowfromthe leff to the right in Fj 3. Rear .end 38.is sitioned above
trough 36 88 HRathen Garting Vi BUFoBiEtBE BRIE 0B Dnin WhGudF S0
stream 37.,pRGGA" 8icNFubtRerd heal 487 @l YyeR BREWABNbecabiBH EnB3R% high amount

i ncorporated in trough 36 and tan 302 thereby form ng one single unit.

The |i qui dftsklds while ot tamh@rmgaslieocw@mornge\lxmmnrﬂ@hd@ntSanmlwvélneewastdélqeldgent

and 1Q _forei matte The tter is.in s.and ions
i ssollged Th Prdeuthioc g SoEHEE nErSont Retolh gt Lendfis s ARl
occasi on depewdsh iofs. aTHiYIRRIts &f thabGE SmseUShtciBBethen sk Mgt WaFlekasd in

conducting, the environment in which the engi nes operates, etc. Further,

the wast e Ifsidgsiga serifiat die raers ApRIoATiYe Hsaimsnt edresionducted ieaghoerasions sol i ds
while at anot hel@ ﬁ‘gsi‘th&% @ShQhh Bee l»? np %B{Ho ﬁn n§'o?‘a'v9a{térycfouéélﬁ> V@g&@
a e at

liquid 15 may e Wash Gccasi on anoun I ons
anot her wasbordhga®i e Ihesdno\ﬂmlbsumns Thd mOHecfteﬁlui;Ls&:m s dbdgnddngs wasbllenat er
t r eat nent s¥stem must be flexible in its design so that the nost

appr opti atehicieedt nbht Mebe KB AR MY RS B MEIPIJERSE PORAVE IS OWN poyeri g 4
there 1S SAAMBIONE nENCIRAAY RRAAMARRIy R & WRIRL CPhe RIObIIOTCAYR! AN

according to e pre I scl osure. The collection systemis signed as a
nmobi | e 20 previded with@. waibietanio B2 fer st@hlg\kzaeﬂtmanw Heen aoldeatad, duwrmgedwashaig er or
have its own exanpl e conp ot her sujtable types of

Vehi ol es. SRR NG SFER A0FherRds At GO w T et baniee #92gred
storing WedeREath Rt epae Qe@enclealehes%ta@c{o@ B liguidRhiit OGrs GREK M QfpincFhdt he
vehicle 40 there is a drop pa . The drip pan 43 is to be positioned

beneatZd t Helletogiards the gtpand) @ame sbthadangeeize of bawne cngiogsi apdtbseguserigises r om

the engineg di fr:]r%I in size, the drop pan 43 may slide from a retracted position on the vehicle 40 to a

fully extended position in where the drop pan protrudes out from the cart chassis, in

some cases about 10 feet. The drip pan 43 itself normally measures 8 by 5’

(length/width). The drip pan 43 may also be releasable from the vehicle 40 and can be

30  placed on a the ground, in cases where the available space beneath the aircraft is too
small to accommodate the entire vehicle 40.

On the vehicle 40 there is also provided an arm or bar 44, having a first end 48

and a second end 49, which arm 44 can be of a fixed length, as shown in the figure, or

which can be telescopically extendable (not shown). The first end 48 of the arm 44 is
7



25 falls towards the ground. Because of the |arge size of sone engines and
because engines differs in size, the drop pan 43 may slide froma retracted
position wo2bhet1v&hicle 40 to a fully extended positi onPCh/Usb@n®2438e dr op
pan protrudes out fromthe cart chassis, in sonme cases about 10 feet. The

drip pan 43 itsel.f nornally neasures. 8 5. (length/w dth). The drip pan
23 oyl ovasuTy Epgadh B g e ekl Py kAt cn 16 8 Aaadalt th o

the groundyisbdreaSESe MR8y HGZ8Ma1 AR t%%clﬁ)rgﬁf]%@'sti@oﬂ be nRlah g GRhtasias t 00
small to accommobdate the entire vehicle 40. the vehicle 40 there

is al so priodiagéidalynacimatedtinkiag agm, 46haOf ngurse Hihes meemdcahgbeanstddos ewong end

49, which arm 44 can be of a fixed |ength hown ip the fi whi ch
can bo ¢ ol BEaDp Harty S bislks TerbTan s SR  Betdfer bRl arm

44 is B \Hhik0ddlbyld 8bA DRap! SSARINbI0AG DT kuRhblOtREh K all pudketlei. t he chassis of

the vehicle 40 at pivot axis 45. The arm 44 can thus be raised froman
essential |y horA g8¢t¥) hpdsg en snettendar angrangippogiissuticbpnhy2. nemeynsdetithas a
hydraul i cald ¥ RS E4d ikl ge Al itbendlio CGURS ul BT TRARR, S0 BE 455

or noving the armZ44, such as pneumatic, nechani cal gear system etc.
Act uat i on wafprieigid harBau&aehy evedriby 92, Wielo thepbamBiructread It exteraling/ loyndyt
suitable electrical %rrp nmeans. A duct 50, having an inlet end 51 and
an opposi tgshdtRat Olethd BEUNTEeRfsUdt BE g P RP< thariae Ferixieting YR t he
SeCO”‘ioe”%ir%Qm?%eﬁé%%f%éﬁ‘nfe _eff('}lﬁ% ﬁfe ﬂ%%ctsﬁtppﬂ{etbaﬂm&ﬁmﬂ thd et Qﬁ%artat

structure 91 and ring 92, wt ar structure 91 extending aro
| east a pafitiseftadhheé tcihe cupdoer ancéd of a piket pdimd 19 hearty dlloeving thg 912t @it dndi ng

around the 10 circunference of the inlet end 51 of the duct 50., K The bar
atruct ur e A iifustad e gy Bured aeund L henahotly iira bRt R | n a
pi vot poi NfndRadkwarifleS 8BV uabd QW DD thR duel 80) 8l aBf dhB8editgtconfedi@ be
turned/rotated around a horizontal axis, i.e., it can"be tilted forward and

backwar ds.to 8 Wastutiqud sempesnkod2. sai d duct (50) is renovably and sealing

connected to t waste li.quid storage.tank 42. 1 r) t he.engi ne cl eani ng
operatton. ¢ he DI e sueids EpRppaPdTiGT B 6 s3TrY LR SES R F Bhghel
exhaust . Ldt et éhgnd &:dhagst! NeqEaExitgate shiigamy 20dani SEE (JekFig.3) ib Sokkddect ed
together with the carrier air by said inlet end 51 of the duct 50 and

{r ansf er r desatberowit tgoanraen dig by doidtpleaged St o uas 1 & yarsissesride oM t he
ansf err daEale v iy guistiaicaged Sk yasbesed o ¢ he
ator age A G UAg el B8k F RS Tocal ST EBUE e P ol R P

Fi gs. 5 arwktife) sydieaposeshnied. SEiedwaid liqud ketag8QakodBis prevideabwith ah alriogued
spray and contam nants entering waste liquid stor a%e tank 42 fromexiting

the aiff) outd ¥ 18T Sirees Fleped 284 61 Sisprssditpedtd it otkh 3P iip &f [REPUIALIHHY t he
LT, 0, Sk AL L0 AR AL AUl Lol i
wi t h chanrf®) sThadites Bbwn pravidedewith gariels) endifavimggthe interior of the waste liquid
storage tank 42 and an outlet end facing away from the waste liquid storage tank 42.
Further, the filter 81 is provided with channels (not shown in the figures) running
25  through the filter in for example a labyrinthine pattern so that airborne droplets following
the air stream leaving the waste liquid storage tank 42 are trapped inside the filter 81.
Hence, the stream will be essentially free from liquid after passing through the filter 81.
The influence of the gravity on the liquid trapped inside the filter 81 causes the liquid to
drain to the bottom of the filter 81 and eventually fall by gravity into the waste liquid
30  storage tank 42.
At the inlet end 51 of the duct 50 there may be provided a flexible duct
connection 70. The duct connection 70 has an inlet end 71 provided with a strap or an

elastic rim 73 around the opening and an outlet end 72 for removably and sealingly

connecting to the inlet end 51 of said duct 50 via the ring 92 of the duct support 47. The
8



25 through the filter in for exanple a |l abyrinthine pattern so that
airborne droplets following the air streamleaving the waste |iquid storage
tank 42 awe 2riappad inside the filter 81. Hence, the st Peamsadiiiozdza7
essentially free fromliquid after passing through the filter 81. The

i nfluence of th ravity on the |i d tr srdeth filter 1causes
the. |1 qut dnieb <8 Aok ey e sorinesiionr 1 P RPS Seh e die k| SRR by
gravity i nggyitify gaf\@at egdmauhéim%&ﬁrtor@gehttaa%n smallest d!st)retshﬁl thelaﬁtloand 51
of the duct 50 there nay be provided a flexible duct connection 70. The
duct connemanoingomahe argineédiaugnslgwidepimgyihdedetni® h a strap or an elastic
rim73 around the opening.a n qutlet.end 72 for ab and sealingly
connecting to t‘& lilcﬁwljetln gah%ng’l%&ef 83%{ idélsuBItOV dv‘iwahtahgq%f %’?ggf% ﬁ%r duct
suppor 5 47%xahpR, M@@ﬂ%@@&%ﬁg%lm%&SpgﬁéﬁYg |"I'ﬁ1§t:olﬁiﬂ@5]§-s@fabl adiuCt
connection 70 is placed ti ghh@ébar ound t he engi ne exhaust, providing a seal

agai nst t rf@ralrrbheaﬂtbmg picthee e it Eache P et oRenENA oftthe imet and Hi 9ff | ow
t t
e ar RSP AEATANS SERHS i B Syl o G Bhel v e

made of r whpikk, Talue, nghetnhtﬁe linfletedndes1cofIhe apardiorg broTtlghSnaae kHeadircddit badys thet abl y

made from rubber tubing or sheet rubber and_ is attached to the opening of
the inlet SHar X1 which torﬁé%ra%ts rglienj oyl praient the girgipftderm Saing ppigiche Pbtﬂéectr on
wher e hhe I{rl%aggge 55 engages an engi ne. Thus, when the inlet end 51 of the
duct 5 is Brought near the aircraft body, the collar 55 which of course is
resilient wll Acteatentofttivedwai suprpafttd 7fto omvieehagples endid t bé theldpct FlecabOreitng 92.
Actuation of the duct support 47 to m)v the.inlet end 51 of the duct_.50
can be by MYERLEIMEN ARG D CHBRATY Sy Uifigle GRS digaabl Phevath ng

means. By é&ﬁﬁﬁp&f PRXAARIE sy sRARUBRIL BeSYsed BwaP Yl GhdBai8A U8R \Weivkn 38ar
nmechani cal or driven gear nmechani sms as wel | as other options knomh to

t hose ski Imheddhanigms hewal s otht epteme keotyo ti thest skillddeindbnagpul ati on of the duct
47 h of, the d 50,,.i t
oS de ana " Mia PR3 ek e SRR o o bue Rt 7, 81 teled Mats en

51, is achhrvesl PyofaaduétSher @ bakiei L84 &l fodwas dirkdtlonl Rgert tdas @iltirdevi ce.
Such as devi ce, generally desi gnated 60, in the enbodinent in Fi g. b,

conpri ses & spidrialet e Lids aehigigerbyasha ishereyy reterigd fo pna slfbl ashagrtsisuicent , a
t hreaded rs%ga(aggéw Hérﬁ Qesttél‘?atrﬁio%d i IH& ﬁ)mﬂc?%%rﬁ&{tlfﬁ‘%’ﬁagf st QOﬁgﬂS%E% 138 de an

outer tub 4 cou 0 a ge
t r ansf or maggaldr mﬁ¢}d& ahsmsw dgve5S)n dubk as Iéﬁfbbdllﬁganm\/tﬁf&déd itod (AotrvadiBle)in iy ement
of the threaded rod. Inside the outer tube 62 there is an |nner t ube at t he

| ower 28nd fEUIGHP AFURAS Furqtate NS anagiterciHBg 2é9¥gmew qter Ygo+ qore!
threaded cgaalorrte Rarfi @8 tral gt@nh gsml(iftte haﬁﬁr 2?‘1 éﬁ e QA Qtagifyt

slightly sma ant e 1 nn I amet er er t ube 62
gui ded | nsnd\@mdneobthbehretdﬁldeo@Znslért tltehzelteumﬂm&eﬂldreoﬁ af frmei hipe rat thabewt:mer e

is an actuat,i arm 66 |inked t the i nner_ tube a .pivot, K axi s hus,
when o 1R GRGEROT e i g aietEe BY Red Hartd BRI Beang. the
l'ength of #hehdsafle trﬁhet hdel 1R dbna! dlgfhét@Pﬂlg(hﬂy sﬁﬂﬁeﬁﬂﬁ%tﬁehﬁné’%ﬁﬁ@n@&eﬁ“ I
ei ther push or pull the duct support 47, and inlet end 51 of the duct

50, dé&pendifrihe ontet hbedd; evtlibgngwded: inside dh%t’@ll‘@h .tube 02. At the upper end of the

inner tube there is an actuating arm 66 linked to the inner tube by a pivot axis 67. Thus,
when the threaded rod rotates the nut, the inner tube will move along the length of the
rod in the longitudinal direction, and thus the arm 66 will either push or pull the duct
support 47, and the inlet end 51 of the duct 50, depending on the direction of the rotation.
30  The actuating assembly is preferably located on the upper side of the support arm 44.

The actuating arm 66 is coupled to the duct support 47 at a pivot point P2, such
that when the rod is expelled out of the tube 62 the duct support (47), and hence also the
inlet end 51 of the duct 50, is tilted forwards, and when the rod is retracted into the tube



30 The actuating assenbly is preferably | ocated on the upper side of the
support arm 44, The actuating arm66 is coupled to the duct support
47 at a pwoavipadis P2, such that when the rod is expel Pet/usat1108938he t ube
62 the duct support (47), and hence also the inlet end 51 of the duct 50,

is tilted forwards, a n the rod is retracted intq the tube WO

2011/ 1165 ABPENTOBIE A 088 FPnn 8st i s og gt ifd e e el Bk i
end 51 of JinemduatireRyvick HiddinbathRapkwrpeme pM th the entire device pivoting
around pivot point P 1 . The above enbodi nment is only an exanple, and

as nentioned byltetdbere eypedineht is ordarn zstmaleorndres meniigneddanotbersiybss ofepl ace

it. 5To aﬂiust %%ﬁ positi.on of th@ ineL opening of the duct 50 in a
si deways R PRSP G B P! J&' 2 nect i on 70 may be used. The

flexi blse duct crNaBEstitNpAkRidhadT tB@silétopeink Wi Mdd e sdesl 2 Yledawndir&divhr i ght
so as to place the inlet end 71 of the duct connection 70 in a correct

posi ti on ftbe flexiblecdict exmegipnoffemay ibe fsedrolspldexdlble dppfecoaperaioatif<can gasily

posi tioni } t,.en . uct . el i .
naust. e bFRRl Bl BEIIRE S rfecng 1 bF R OBELon
When a desi(riad dogaieghiositias fheda colérebedpdrigon/ehi cl e 40 is noved to a
position in the vicinity of the exhaust. Then the tiItiBg%nechanisn1is used

to tilt the inlE ORFiCHAC BPARS tIPOSIHONING IR B Paikhiarag. SOryree. a
adj usg'Ong Heth[RQSE!X&le?S@, tﬁ% gltng@4 kW8T raRRE 'Bg 'agtugﬂ(iné fie rgglﬁg rﬁ_%gh%ﬁgrﬁ V@{eﬂ%\'\ﬂ and

in sideways direction, uct connectidn 70 1I's used as expl ained 15above.
The mechaniesimeddiexs ghiti Hae dearb canehddsthe rvehieleettplsanyveentoadpevitinin iantle wamyityodther

(ypes of ogluating fe! cesand Lot techan SR 31 hostole) N, st 1
el ect ri calfhyy£a0bF BhdiwagdshY s 2atihGing RRE YBBEDS of %Cﬁ?é?io%@ﬁingrofstﬁ)é 8nqQi b
actuators, acting on the novabl & conponents so as to 20bring about the
requi red poth vpdaivngangf int ideways elireetieh, She diictt ¢rmngdeteon BDis used as explained

15 above.

The mechanism described above is one exemplary embodiment and many other
types of actuating devices and /or mechanisms are possible. One exemplary mechanism
could be the provision of a “joy stick” type device for electrically controlling hydraulic,
pneumatic, mechanical or solenoid actuators, acting on the movable components so as to

20  bring about the required positioning of the inlet end 51 of the duct 50.

By providing this very versatile manipulation possibility, the inlet opening of the
duct 50 can be positioned at outlets that have previously been inaccessible i1.e. because of
their position at or on the aircraft body, especially those forming an angle with the body
of 10-60°.

25 Examples of such applications are for helicopters, which often times have side
exhaust located centrally on top of the aircraft body, or where the exhaust is at an angle
deviating from perpendicular, as shown in Fig. 6.

Another example is the C-130 Hercules transport aircraft. This aircraft has rear

exhausts on the underside of the wing which renders them inaccessible with the prior art
30  systems mentioned above.
In Fig. 7 two different modes of operation of the system according to the present

disclosure are shown, namely transport mode (Fig. 71) and service mode (Fig. 7b).

10



By providing this very versatile mani pul ation possibility, the inlet
openi ng of the duct 50 can be positioned at outlets that have previously
been i nacwoseiliesss. e. because of their position at or @aTiUseoldioewssaf t
body, especially those formng an angle with the body of 10-60. 25Exanpl es
of such applicatiaons are for helicopters, j often times have side
exhaust |ocate 1%.%@%@;«3}1% eltr&BsPBFtprPﬁ ’ %pﬁ?]ge YOy fl%f‘;’{’ee\mgor‘%er? © B haust
is at an aR@nealeHbALIM [dsAIBNDSAP S Gy iRy driﬁ‘?m% RaWhs i Beefirftrackd to rest

Anot her exanple 1s the G130 Hercules transport aircraft. This aircraft has
rear exhalessentiolly entaelyrader die danmgfoftthevehicig4hi ch renders t hem i naccessi bl e

with the prior art..3Q systens nentioned above. In Fig..7 tw different
modes of bper ati b yehE e b hifordy RET A b e b e SLEF B o
shown, snangipypdnraBn&ER®eén A x(entied tofte) loadted B&evihcBe MMIEl&n( A Bf tHdduct SWO
2011/ 1195458 / US2011/ 029337 Fig. 7a rg{gr esents the transport node,

in which tHe dfipnppn Adss padended T edracted fepesdibptarahpy Her Puairg Dutlgfoss ti on,
and wher ei . ri 4 ; ntially entirely
over the fcggﬁgﬁg&, ‘%lﬁg?\é/‘e Y% gﬁf@gﬁgﬁ\é{)& Sgg%lgé\%gﬂ? eegéltéc} gli%?gls'rmde at whi ch
the arm 44 has Thebhablaits eshbldRighert eevicdhelphtp iPBIpodIblbas abgenhd ddsigh €xt ended
to be located beneath the inlet end 51 of the duct 50. The drip pan 43 is
ext ended d¥ ReYidHEHaleRPEHM gnIRS Kotk thhdud ippiquidse il hedlowoyirrchi g,

whi ch jgan jakl - al t Pq\ggg To be

19 b\égz{b‘ée %gié%%ﬂgr@h _VM‘ICH%B 15%)&915&%& ani%P Gc’)? ¢ Oecggnggith%r when, the,

able to ena service heights 1t is possib t he design
e.g. by promiisiraugc@dt el escopic arm In this case the duct is provided with

c el Lo ST LR IR AR5, P kenat en, IS AT L2 igrded
purposes of illustration and exemplification, it is understood by those of ordinary skill in
the art that the specific embodiments shown and described may be substituted for a wide
15  variety of alternative and/or equivalent implementations without departing from the
scope of the present invention. This application is intended to cover any adaptations or

variations of the embodiments discussed herein. Consequently, the present invention is

defined by the wordings of the appended claims and equivalents thereof.

20

11



Al t hough speci fic enbodi nrent have been shown and descri bed herein for
purposes of illustration and exenplification, it is understood by those of
ordi nary WRi2bi1/iips4she art that the specific enbodi nment spsiasrolaned3descri bed
may be substituted for a wide 15 variety of alternative and/ or equival ent
inplenent§®;§ﬁ% Wi thout departing fromthe scope of the present invention.
This appli ™ is intended to cover any adaptations or variations of the

embodi ment;s di acusiResbpelats FEPASIRAUEN Vhte 1ith8s ROBSASnidJWRM RN i S
defined by the wordings of the appended clains and equival ents thereof. 20
CLAI MB: 1. A cdletfeonedon asippalt atrbmefeogines itheeappiragnswastpeisingqui ds f rom

cl eani ng operati.on perfornmed on aircraft turbine engines, the apparatus
conprising: a PF%HJ@ sglf”?'iﬁl&’ure; a support armhaving a first end pivotally

attached to sah @léﬁﬂoﬁtrﬁi‘nﬁl’_iarvﬂfgt A8t aittbioPpR hitRhs@ A fade s@udt@staad! i qui d
storage tank; a duct having an inlet end adapted to be positioned at the

exhaust of an air epResite sas@ndandpposi te outl et end adapted to be renovably

and sealingly cONREG! %?dgtgra?é){ain%pnt al axis; and an actuator device adapted
to enabl e raising and 1 ower ng the support arm between an essentially

hori zont al tr aasipertHavp@sintinleneddoadapted pebapositonedsit the@had) aCandirdrdte
aircraft turbine engine exhaust. 2. The collection apparatus according to
claim 1, wherein 250 ppRositeapflegendadapted e Pe ramayabhcHdepingdy gepectstppor t
pivotal ly attachegq, tp.{hs.56860RA end of the support armof at |east one
pivot point (P1l), pivotable around at |east the horizontal axis. 3. The
col I ecti on appan attustordodredidapteti to edahlennaisingiinerlewarindiéa stppersarpport armi s
LD he operative postt) SMessemtan MriSonhl daepoit ostion &'a operad PR pSAGIT" & Y
adjacent the aircraft turbine engine exhaust.

2. The collection apparatus according to claim 1, wherein the inlet end of said duct

is attached to a duct support pivotally attached to the second end of the support arm of at

least one pivot point (P1), pivotable around at least the horizontal axis.

3. The collection apparatus according to claim 1, wherein then the support arm is in

the operative position, the angle of the support arm is approximately 60-90°.

4. The collection apparatus according to claim 2, said duct support comprising a bar

structure and a ring, wherein the bar structure extends at least a part of the circumference

of the ring and the ring extends around the circumference of the inlet end of the duct, and

wherein said bar structure is attached to said support arm at said pivot point (P1).

5. The collection apparatus according to claim 1, further comprising a flexible duct

connection, having an inlet end with a strap or an elastic rim around the opening to seal

said inlet end of said flexible duct connection tightly around the aircraft exhaust, and an

outlet end for removably and sealingly connecting to the inlet end of said duct, wherein

said duct connection (70) is bendable both up/down and sideways.

6. The collection apparatus according to claim 1, wherein said waste liquid storage

tank includes an air outlet, with said air outlet including a filter disposed therein for

restricting the passage of liquid spray and contaminants from said waste liquid storage

tank.

7. The collection apparatus to claim 1, further comprising:

12



4. The coll ection apparatus according to claim2, said duct support
conprising a bar structure and a ring, wherein the bar structure extends at
| east a paiot2oofiivdse circunference of the ring and the riPag/usSaenes3ar ound
the circunference of the inlet end of the duct, and wherein said bar
structure is attached to, said su t armat said pivot point (P1). 5. The
col |l ection appélr%fﬂﬁéanaﬁf‘ctg? PR fP’E‘POg]Ire g Wastg BH?IHEFF%B%%ﬁ?Wﬁ& éiﬂTl?“éxi bl e
duct connegqbieRurilaYicRanAB O';pgllaggn'end with a strap or an elastic rimaround
the opening to seal said inlet end of said flexible duct connection tightly

around t he.ai r chhefaollestlvarpparatmdcenmdingtté elnine ddwhereinrseidowadtd hiquiddtosagal i ngl y

connecting t.o e inlet.end. sai uct rei.n said duct connection (70)
o bendabraiEgehtPadihoare boaEuy R wntJR B3Rt on appar at us

accordi ng ¢.0 clBiemollectifr@ipphratus Atebriias t@clairflTi $h&trtBYerip pAKisidn@hpees an
air outlet, wth said air outlet including a filter disposed therein for

restricti iy stideblpdegnyposifion logaipdiesspitely sidhe ama firmeimiedo fh 6xesddd wast e
liquid stq 298t %-{hlditz'ou-ml%n%ﬁllelfﬁ%é on apparatus to claim1, further
gd P a Cﬁ’l p pan on at :

conpri si ng: e frame for collecting waste liquid
emanat i ng 1for omTHeeolledthinn@p&agis Aecdiding ngclain Il eahérdg thp @ameiiopart offa The
col l ection apparatus according to claim7, wherein said waste liquid

st orage t diespabyehideprovi ded on said franme structure beneath said drip

pan. 9. The Cgfﬂeec%gwfbn?a@g%fa%fs USc RG0SR § ,Owﬁér@i'nrfhg actHi6F @évﬁ’ﬁetig'e drip
pan is arranged to be sli e froma~position | ocated essentially on the
frame str uctuated tyangof dxdrnile gnposatid, oreclmnital odelagricaltmdanem t he frame. 10.

The col |l ection par.atus according to claiml1, erein the frame is part of
& tr anspor c: verTERAIECHR PRt gR T dn Sah 4r S0 Sdisdie fyCHoel af 1.
wher ei n t henactkyphRIchEEN BE op&iREsURE BletRYiddRYheQfuchydraul ic, pneunati c,
mechani cal or electrical nmeans. = 12. The coll ection apparatus according to

claim1, fl#t heThecmecrtiogliamgaratm@s¢driii@gﬁo cleim a2, WB3¥inghe edhe s madetdie openi ng
of the inlr\%b end of the duct. 13. The collection apparatus according to
claim12, W& ein the collar is made of rubber. 14. A method for

col | ecti nganast & nlektpdi fr ERAIIES RALE NGuidFRIMAEIcOiIAg Bg@_rﬁ@éﬂs’qﬁrf@ﬂn@d éeraf t
turbi ne engi nes, the nmethod conprising the steps of:
aircraft turbine engines, the method comprising the steps of:
providing a duct having an inlet end and an outlet end, said inlet end being
pivotally attached to a support arm and thereby movable about at least a horizontal axis
and said outlet end being removably and sealingly connected to a vented waste liquid
storage tank, said support arm being attached to a frame structure and operably by an
actuator device adapted to facilitate raising and lowering of the support arm between an
essentially horizontal transport position and an operative position;
raising said support arm from said transport position to a level at which said
engine exhaust is located;
moving the inlet end of said duct, so as to place the duct in front of the exhaust of
the engine;
collecting the waste liquid from said cleaning operations in said vented waste
liquid storage tank capable of receiving, storing and transporting said waste water.
15. The method according to claim 13, wherein the method comprises the steps of:
providing a flexible duct connection with an inlet end and an outlet end, said

outlet end being connected to the inlet end of said duct; and
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provi ding a duct having an inlet end and an outlet end, said inlet end
being pivotally attached to a support arm and thereby novabl e about at

| east a woizaomtigd4saxi s and said outl et end bei ng renovabiryusand/ogsat i ngly
connected to a vented waste |iquid storage tank, said support arm being
attached to a frane structur nd operably by an actuator device adapted to
N e et Bt B e A e e R
hori zont al gifer @RS REES tPAREL thO ThiARHd R (HRR|LALIMECRASIEIRINhe exhaust JFhS| NG sai d
support armfromsaid transport position to a |level at which said engine
exhaust i sngmeatrsd; moving the inlet end of said duct, so as to place
the duct in fronh qf t.he. %haust of. thetengine; collecting the waste
liquid from sai E?E§AFW5F‘HE¥ﬁ1W% PS8 d vented waste | i quid storage
tank capable of receiving, storing and transporting said waste water. 15.
The net hod according to claim 13, wherein the nethod conprises the steps
of : providing a flexible duct connection with an inlet end and an outl et
end, said outlet end being connected to the inlet end of said duct; and
noving said inlet end of said duct connection in an horizontal and/or a
vertical direction, so as to place the inlet end of the duct connection
around t he exhaust of the engine; and collecting liquid during a wash
operati on.
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