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WD 2005/ 121509 PCT/" ; R2004/000922 System and devi ces
for collecting and treating waste water from engine
washing Technical field 5 The present invention
generally relates to the field of washing jet engines,

articul arly using washing liquids such as )
gﬁ}gpﬁbﬁwgor wat er only, anF nore specifi cal ﬁ#mm@nm&z
system and devices for collecting and treating the
waste water from engine washing operations and a

[ t [ ;
Sy 1, 48l ot L BEfo BHA L Tt PN BN WP HHIERAS Woshing

aircraft engine conprises a conpressor conpressing

o anhj air, a conbustor burning fuel together with
Eﬁw&%ressed air 15 and a turbine for driving the

conpressor The expanding conbustion gases drive the

e and al so resul use for
Theyatesal T phfiet sfera Y e o Rt ofd@Pire; SidiR,priutary
usirgOinsshivey licrddpes et Mateesnmﬂetargent é)t Wwale nhm BAd niops epapifically
particle nformcloh a}'@rososg ‘ﬁ tpart| | es
to alglen PO FeuiPerd e B ea8ho UiH Mot BLe: Fat Ragine
washihg dpRr&fdnkYanafa hbbildedrt t&h@%tﬂ%&uchf@byﬂmt he gas path

t hrough the engine and exit with the exhaust gases.
However, there are particles with propertles of

Bacﬁ&ﬂoﬁhﬂBgth%ﬂn\f:&ti%ﬁﬁponentS in the engine's gas path
changing the aerodynami c properties of the engine and

nor e partl cularly reducing engi ne performance. Typi cal

A g%sgllﬂ[‘ S Fxé w{s‘i?éflf%g sl & ﬁgﬁuhé’ggﬁxp DR TERbrRESr

sec endl ne ex I ng engi ne
conmr%siﬂwiweaf &0 rmcmnsng btUnmng fured U&ethﬁlwr@dhe eompesssed air

S . 4 .
and 3l Br gl oSfffegters 3 <RSI BT Yathy B o
turbithesnd alberesoh iratrund nissd ﬁirlpo:dmaﬁgwgdhe wocdinponents in

the engine gas path cause fouling of 30 the engine.

The consequence of gas path fouling is an engine

Alr opathinig mgcHiesslilef jti engimds. conWmhb Iztal’ge quedtitidsi afrair Air contains

effici foII e Ss econgmc _to
fore I O SE5PRE P e PO woh Tk SHipe (e Sneibe
withitRe Eﬁ%ﬁ‘eélﬂ?ﬂ'hé‘ Mdjdily bpth@%aﬁldéﬁ will %uoapﬁhta@elsrgﬁath through the
engine and exit with the exhaust gases. However, there are particles with properties of

~ sticking on to components'in the. enging”s gas path changing the aerodynamic

properties of the engine and more particularly reducing engine 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 sea, chemicals coming from aircraft de-icing and airport ground material such

as dust.

The contaminants sticking on to components in the engine gas path cause fouling of
the engine. The consequence of gas path fouling is an engine operating less efficient.
With the reduction in efficiency follows that the engine is less economic to operate and
has higher emissions. Fouting will result in.more fuel having to be burnt for achieving
the same thrust as for the clean engine. Further, an environmental drawback is found

with the higher fuel consumption in form of increased carbon dioxide emissions. In



e

10

15

- 20

25

30

the same thrust as for the clean engine. Further, an
envi ronnental drawback is found wth the higher fuel
consunption in formof increased carbon di oxi de
em ssions. I n WD 2005/ 121509 PCT/ SE2004/ 000922 2
addi tion, nore fuel being burnt-results in hi{gher
WEWHEIAres in the engine's conbustor. W PHUPHACEH000922
foll ows high tenperature e%<posure to engi ne hot

addifseg tricoa fust baimgrtemmtsresmtsén hidipeeten mfeir@t inrtee exgiog'ar es

comiflssor, S HEToAR: b SepdfBult eSS R dtpng B RHOIET
compiDentshiTbh highey ¢é¢mperatot beposensd wdi mhenemlthailifa\mhmﬁf ﬂ;d engine.
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anotmmmnbmaem@dd:mmwaek InetieEirg e opbetariorld fﬁ@le@ mgmte@mers

e therefore.a strong incentive keepin i ne
 fromepdied HBTIA NFliRe SR oPFELa AT GS PRGLERED! o

emiswols.  ThecaiMbatopkpitbisthve Shdrefond s RirbA§ inceRBVd Ree piMtitk R8gine
can be practised by directing a water jet froma

Cleal'{;arden hose towards the engine inlet. However, this
met hod has limted success due to the sinple nature of
the process. An alternative nmethod is punping the wash

It hag b%ﬁn wund tintdhe aniygepsoprBlewayHo copet fauling js fogsash the

I
engirth, W%ﬁ'@'g; J:%Y\@ée Fag?x%‘% ySl:r%bgtng% ﬁé&e{)ﬁ?ﬁ"he Ehe a,:agg'ntggé wards
the epgingrinleh &loweyendhis meathobieg lmitetlisuosgss diee (eilbie simple nature of
t
e RSLELAP RN HOUEALE b S BeB g By 8 g wi
special aodaieb dﬁ;eciétbtowaﬁisomelangmetuaietface nteomanitdie wolulf the

temp B BHERPUET HAE R FalET RortFa b St BWERARG 5 wosr

' operﬁt@nnemlmrebugym@prmg‘ theavashing lalandm{/vlarcasthe ripgineiimer,

o ok SRR R B A Sk B S S AT

- the vigeh re®IXIHy16S rhafmmumbv@ﬁeﬁtyrm it rotaticRQIMBAE the wash

t urboshaft and m xed or un-m xed turbofan _engines.

iquidgip sprve Ques Breaier siash apga as wall as arbancineinyish aerelrptipa nto
the irR@RricE E@eﬁ{j{né‘ﬁr&hﬁﬁﬂ%éﬁé ﬂﬁver?@uédé@&fut 8§ RSP Baé {uetthéljet

exits the engine at the engine outlet. At the engi ne
enginpattyras sush agdurpoiats quibepms iuseeshil anduaiee of ugwised torkofan
engxﬁ@@.ste lirquid may | eave the engine outlet as a

- 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 fiquid may leave the engine outlet as a
stream of liguid pouring to the ground. Alternatively may the waste liquid be carried
with the alr stream as fine droplets where the air stream is the result of the rotation of
the engine shaft. This air bome liquid can 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 large surface area, typically more than 20 méters downstream of the
engine outlet. It is not desired to spread waste liquid on the ground. It is the purpose of

this invention to provide a method and apparatus to collect the waste liquid exiting the

engine.
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streamof |liquid pouring to the ground. Alternatively
may the waste liquid be carried with the air stream
as fine droplets where the air streamis the result of
the rotati on of the engine shaft. This air borne
%fld can be carried a significant distance before 30
2% the ground. It i.s shown from act JATT/SREY 00922
operatlons that waste liquid will be spread on a
| arge surface area, typically nore than 20 neters
The RS T; 1N not., desi
hees readd%gat“gﬁ? f%ﬁ?n ?ro%gétt e H{gloun 'Slt%?fltﬁ% Waﬁgqﬁﬁ'dr?g’geémg the
englafs togather wikvielrased fauting matqarcm conmigiskion salit$, eppareatosand

R gy T R

As 8@>@Xtamt?§e tehelysingif matartcolexséd frgmeambisil Mrsm@fer@mé WasHing
onerbh i S SR B8 35 LSBTt oL 65 e

ng materi
coatmgﬁbatnealce@esmdmrmgamaimg aratativd. Caehifimtis @ﬁ\ﬂ%eﬁﬁauy very

be h
senchllerenliahii kLTI SRR R i it S e iigihsoul

haveviasindegyo togatmahi fonse @R ihRz6RBLA CAmMPBHGRHY Bofcld Bein
um cones from conpressor blade coating materia

d'Sp?S&%égéégc?W&[rrl ng washi ng operation. Cadmiumis
environnentally very sensitive and can not be all owed

be disposed to the effluent. This waste |iquid
Gas %MS‘BRPB a‘rﬁ%@r@@eﬁ (@B § & diflesenidynestsyich ge sabajsts furbbprop,

turbohaed SHUSIxe @PQH%&&;{ RESS %l? eﬁﬁh@g Pese eﬂhﬁm@gfbgger' dlafye

sewer Gas turbine aircra I nés can

perfogpanes Enge epf drayseninpriss of @ﬁm!‘émslgn wiekeois ibypifferent

mamffé'ét@%ssﬁﬁ'&taﬂgﬂ%e@f&%dd hel gemwéee% &#g%@f r%i it @‘8 dﬂ‘ﬁe&e%y

hese engi nes over a ar e
alfCF&fUﬁﬁflqlfﬁi@tUﬁ-‘rl 's hifsftbe dasigal eétr@mumeafmmcsltmngimés‘ ria@Varyl Burther,

f s for def i servijce
the o B T Ml AL VRS Soploiol Rrsai sten wve.
The iangammmsgmw oftdfl@mealc?‘faﬂafréft ?/Dé? bhg fr@ﬁgtﬂtﬁér%nﬁﬁi)‘craﬁ
[ a n act urer
manuer TREUR A Rebhi P 4t oFRened peaem R bolacyipe and
treatirthef Wastgevash mqu:ﬁemhtm§mé@any éppn@ébtsr&gmb%?w%ea'aﬁr&‘aﬁf bs

|fferent aircraft nmanufactdurers

. from
5,890,235 ¥finay. oF-SE5GIQSEF apremsinenvash reeaviVisreem thakis dimited to

smallbay p@ﬁldu%@lﬁ(&tﬁkﬁo?rﬁﬁ e%@:nte& %@tﬂ'\é‘ 80:95[h\§@§§é?1 l\Aﬁ@Q Hv’eﬂﬁ'&rﬁs not
F\ ener al appl i cabl'e to nost w nhge
appllcgg e to the axr flows emana ing from e g large turbo-fan engines.

Collecting waste water from engine washing may be accomplished by hanging canvas
like collectors under the engine nacelle. However, any operation resulting in anything
being hooked on to an engine has the disadvantage that it may be subject to engine

_ damage

SUMMARY OF THE INVENTION
Thus, it is an object of this invention to provide a method and apparatus ena‘b!ihg

- collecting and treating waste water from engine washing for a large range of aircraft

types including the largest aircraft types.
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5,899, 217 to Testman, Jr. discloses an engi ne wash
recovery systemthat is limted to small and
particul arly turboprop engi nes as the contai ner used
in the invention is not applicable to the air flows
emanating frome.g. |arge turbo-fan engines. 25

Col I ecting waste water from engi ne washing may be
| i ke coll ectors under

. acc | ishe hangi ng canvas |
Itis %ﬁ&ggﬁahﬁg G PresenHEYRRHAN odigvidp eratihomn and saperatitp for
remolihgathd A cofid@nRorks hoRatR \@é‘teﬁ‘ﬁ%%edigﬁgsiﬁ%ﬁ
di sadvantage that it may be subject to engine amage

30 SUMVARY OF THE I NVENTION Thus, it is an object of
It is dnldRiitidhee BbjeBNuiltQe Efé%%hgiﬁvéntmtﬁ oﬁ@? a \,\‘%ﬁé‘?taﬁ? gpparatus for

enabling collecting and treatind was

colledingi anel Ypafingrpste waterlfeany engine geasbingdiavingaid phytsjusé sontact
bem?é}{:{ﬂédé(mgcﬂopge‘!ﬁg% gﬁ%tgn jrcraft types. 4 It is a

urther object resent invention to provide a
met hod and apparatus for renoving hazardous

tis YEPARARETS gl Ml P S h e % peSi e S el RS ot for

- enablhosleaie engineohedhtiansl apparatus for 5 collecting and

treating waste water from engi ne washi ng havi ng no
physi cal contact between the collector device and

Theseeagd pther objects sretachizobd eteartiCb thé pFdienfin98Rith by providing
d and apparatus for

- inyentiqgn t yovj d met , )
devicds T biegBh Bafing fof FratuBs it e emesgoaiapipenBreferrod
embodin® s sredeninghinh ewedepiRentiigend o t he present

i nvention by providing devices and systens having the

features defined in the independent clains. Preferred

' fi i dent. ins. 15 .
pecor SRS o6 8L 0 o, FREE ISR i e
and treaiiag avaste lisuisiirets @ngine yetsbimgfaomprisinges tolgtingdévice for collecting

ste i §a4LA i Ui r ngi.ne_washi ng _conpri si ng:.
vasto 811 4S5 ol floh oI BAS1E S5 ILDRG BRI hShEHang o
pluralityof cogpanems [l vf whisbraae free obamaphysivgl eenreaiish to any portion of said
engineS@ld . , urality of. .
omeCRrnGthe PEsAIRY bESRSATIHARURE Sl SR piyienegpt a distance a
from ag gnileied said enginengait bquid separhtos deiig cenfigured thivccsige Waehing liquid
. Laa. ti LAcC in liquid separator,. . .
en.tra!r‘l\ggzlf] ?ﬁ%‘rﬁgggé'? égﬁlﬁp g?@néggmae Kitlefand B separa saig washing liquid from
said air stream; and a liquid collector arranged to collect separated liquid from said liquid
separator and liquid exiting the engine resulting from the washing operation; and a treatment
device for treating waste liquid collected during said washing operation, said treatment device

including a filter arranged to remove particles and ions from said liquid; said treatment device

-being connected to said liquid collecting device such that waste quﬁ]id is directed from said

liquid coliector to said treatment device for treatment in said filter.

. According to a second aspect of the present invention, there is provided a collecting device for

use with multiple engine types and sizes of engines for collecting waste liquid from washing of
an engine while the engine is being cranked, wherein cranking of the engine creates an air
stream through the engine, thereby entraining the washing liquid into the air stream, and with

- the air stream having a velocity that ranges anywhere between low to high velocities according
- to the engine type and size of the engine, the collecting device comprising: a liquid separator



ao froman outlet of said engine, said |liquid
separator being configured to receive washing |liquid
entrained in an air streamexiting said engine outl et
and to separate said washing liquid from said air
stream and a liquid collector arranged to coll ect
separated liquid fromsaid |idd@ d separator and
I|qU|d exiting the engine resulting fromthe washing
peration; and a tre t ment PeV|ce for treatin

posiPeH Al SBpeCReaaraEr THG SaPulaMALTIAG REFAGIBHY Sangor being

conftbﬁr%ﬁﬂ@%ﬂew@%sﬁﬁ;gﬂﬁuldr‘éﬁtﬁéﬂ'leﬂgn anfairls&r@amasrxrtmg e ér@;me outlet and to
enove particles and igons from said

sepafaiE 3o T BEVAEE Taersig S oHRet: 8 o doudcaldq g Hogiioned ata spaced

sepa?&liohq?l@irﬂ e éﬁgmle%d%l ¢hildohaéparatst ﬂithtj g@hdsdis Inﬁiludﬂ eepttor and liquid
m saj d % collector to sai r eat nent

ex't”\g&Pe fhe/ae ﬁ%srﬁ‘!t Bﬂfoé‘%ﬂ"@ W@%W'&Opeﬁﬂ%‘r Hf‘ﬁf&'r} bty S@'Qﬁ'\éHG’ separator and

said Ri€6dllcelor bherdy @ﬁ:ﬂi%lcalfbbﬂﬂéd:t% to bh? [:)Srtlbﬁ opﬂﬁ\/ér@ﬁﬂz during a waste
coIIectln% device for W t pl e eng|ne

liquid.galiectioppertiopnyherely F%‘F’ hawmssewamj a\naﬁﬂ@ I tﬁilﬁoae%/fgbﬂﬁe operabie

to ack@BmoBstehultipld eAGIng We@%n‘d’@de@ of BRGIREY 12RA a rfan§ebNgr stream
¢ranked, wherein cranking of the engine creates, an ai

Ve'ocgteﬁégﬁﬁar‘ﬁdo%fﬁeteﬂemsﬁﬁpﬁag Crankee 599%}%%%5 RENEie type and size of

engintB&idivathg (bW WeRcitiBs, higheeldditiesSdrideaeldtitids Webhteent 1BR adidmigh
stream having a velocity that ranges anywher e between

velooftigy t 0 hi gh vel ocities according to the engine type
and size of the engine, the coIIecting devi ce
conprising: a liquid separator 4a positioned at a-
spaced separation froman outlet of said engine-said
l'i qui d separator being configured to receive washing
liquid entrained in an air streamexiting said engi ne
outlet and to separate said washing liquid fromsaid
air stream and a liquid collector positioned at a

' spaced separation fromthe engine and to collect

separated liquid fromsaid |iquid separator and liquid
exiting the engine resulting fromthe washi ng
operation, wherein both said Iiquid separator and
said liquid collector are free of physical connection
to any portion of the engine during a waste liquid
coll ection operation, whereby said |iquid separator
and said liquid collector are operable to acconmnobdate
mul ti ple engine types and sizes of engines, and a
range of air stream velocities generated as the
engi ne i s being cranked dependi ng on the engine type
and size of engine, including | ow vel ocities, high
velocities and all velocities between | ow and high
velocities. 5 The solution according to the present
i nvention provides several advantages over the



exi sting solutions. One advantage is that hazardous
particles, substances, or other types of content,
such as rel eased fouling material, conbustion solids,
conpressor and turbine coating material, heavy netals
and oil and fat products, can be renoved or separated
fromthe waste liquid resulting froma washi ng
operation in an efficient apnd environnentally
friendly manner Another advantage is the inventive
devi ces and systens can be used with different types
and designs of gas turbine aircraft engines, such as
Thd sollrajredceording ojhe gpesdntinbentichabridan devaraleadivantages over the

.yn-m xed turbofan engi.nes, .and,.' noregver, wth
exigliip ol Dps dPRe PArAn oG O SAGTHRUY GRS CRFoR TR o8P cpfother
typSBSitoats i KB hRGaIsSeed fiiintpiiatsil, MothitigBoessideptompressor

accurately adjust eg to .a S{C)eCi fi,(:%_]c)eijnf Lne or, aircraft.
andptgmqjq:q@ng’m tﬁ@alp gy petais Andrsil % BRPOHELS, §a4) beyremoved or
sephffidd ﬁbﬂaﬁhews&enefmd FdsBrihg ok ARG oPBROH St BFefiRfent and

be used for all types of engines and aircrafts, i.e.
envirpemppliadefitendiweati®n provi des for a collecting and

treating of waste wash liquid generally applicable to

nost winged aircraft. This also entails cost savings
Andilss sadyantage isthe invantisefevisssarehsysteme ban be ciaed with different

o A Syl LbbPRon, e
shaffGht Plized4f 000ERR] tubbotart endihes, aadvaotenyer, ivitht dii¢retihairoeaft
typasyanh Tl SRR R AR e Prush e Gkl Ed prtamS oan
be &RUIIEG aBfRtdPloaY QI itfid-engineldr atratb Aecdr8inglil the present

. advantages of the present invention wll be discussed
invantipprraydessona yRe igleapgiee ¢f Aydkiliy sincranesysigr egn be used for

all e%?'e'ﬁéln%'a% aTnféFaf@ﬁ.“éNﬂ%eBéﬁtf iﬁ%%ﬁi_@n%ﬁ&’éﬂ%%%o@é?ﬁng

Invéntion W1l now be descri in'greater detail
anditieting tOweeleerasidiguidgansesllcpelieabis longosh winged sircrafi. This

alscf el o ouBOT g oBa and B e St oAl inolucing
the bysterdamibe wsedtfot dibtypes ofl ergihetsiandaifceattsengi ne dur i ng

washing 15 thereof. Fig.3 shows the waste liquid
col | ecting device according to the invention.
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Fig 4 houE a paste

Fi g. 4a shows a waste liquid treatnent process prior to
di sposal in a sewer. Fig. 4b shows an alternative
waste |iquid treatnment process prior to disposal in a
sewer. Fig.5 shows the waste liquid collecting device
and treatnment device installed on a !5 nobile cart
WO W'@?| cal use in serwfl ng aircraft at 2i¥yfoptges
Fig.6 shows the nobile cart with the waste water
A furber pevantagp gdhiaidberania nopépsioal m:bntadiebétmepmé tolleoed dbate

o EEHAES, PR3 R BB St

and treatnment device positioned for serV| ce of a tail

an _epbodj men
rurtGPBRER R Bnieak? of Beipleaery fefRaE M Gscsnesoto by
mearts @emllfwmg 2000dikeht)9 PCT/ SE2004/ 000922 7
DESCRI PTI ON OF PREFERRED EMBODI MENTS The i nvention can
be practised on several engine types such as
BRIEFIDESGRIFTION OF 0o DRAWINGSIr boj et and ni xed/ un- ni xed
multi shaft turbo fan engines. The invention can be
practi sed on under-w ng nounted engines as well as
Prefeir@l lenibudivh gk @ SHeNBSerdidn Wil h6\R be d%@%d iA Fé&eﬁd%gfiw;th
1 shows a cross section of
referﬁfr\?g6‘6#&?%‘%’@?9@@)"”%@%‘”’@%|"P|@’hl0§' of a, 10 conmmon type
‘ found on e.g. large aircraft in passenger service.
Engi ne 1 conprises of a fan section 102 and a core
Fig.1 é‘f’@’i"%é cEQaStSegHon ofan wi-mixddoibcalien dasdinbitteeghdine. ar r ows.
Engine 1 has an inlet 10 where air enters the engine.
The air flowis driven by fan 15. One portion of the
Fig.2 phoves hew wastd fiquidimayexit éte unmiEdeurbenfanrengipenirinb arashing
theredfN€ inlet air enters into the core engine at inlet
13. The air to the core engine is conpressed by 15
conpressor. 17.. The conpressed air toget her with fuel

Fio 6780, BB QIR b ST Sl L1

hot conbustlon gases expand tomards core engine

et 12. X sion is done in twy stages. In a
"HHE’ t&%ﬁ‘ﬁﬁ@& RIBrPSyAY 08 tudlisppsa! ine sewWer.

i nternedi ate pressure
Fig. 4b shows an alternative waste liquid treatment process prior to disposal in a

sewer.

Fig.5 shows the waste liquid collecting device and treatment device installed on a
mobile cart for practical use in servicing aircraft at airports.

- Fig.6 shows the mobile cart with the waste water collecting device and treatment
device positioned for service of an under-wing mounted engine.

Fig.7 shows the mobile cart with the waste water collecting device and treatment

device positioned for service of a tail mounted engine.

- Fig. 8 shows an embodiment of the separator profiles 6f the droplet separator shown in

Fig. 3.
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| COMPERRSPY
. comﬁhét%afm?%uﬁwP inh p@éb&nie@%cﬁ @bmbaawnrgeas@ytﬂ%t prédsited hot

while driving turbine 18. In a second -stage the
conbusti on gases expand towards 20 anbi ent pressure
while driving turbine 16. Turbine 16 is driving fan 15
via shaft 14. Turbine 18 is driving conpressor 17 via
a second shaft 19 where the second shaft 19 is in
wormsob1se9 coaxi al to first shaft 14. |n Fi g PET{SR0+/000922
engi ne described in Fig.1 i’s subject to an engine

wash. Simlar parts are 25 shown with the sane

refer € I FEi Fi shows a side vie
DE%ER'ZDHEﬁﬁeOP%E%%%ﬁDE%&QwéﬁﬁéérW| ng eng: ne"VI "

install ed under wing 21 with support 22 where wng 21

is part of aircraft 2. A |f0|{j fgnot sho for
Thejipyaaéen 8 kR SFAGIEeY PO FEHCTLENGINR BRPY Stch 75 LHIOsYAK: teboprop.
turbbﬁk 8hd AikeRfureRGicagndit shBR wirBe kdroéshitel qfﬁe m@hwraéad be

nozzles 24 1 n position upstream of v%
praq@aa@ou Nﬂﬂe'ﬂ‘#@s rRoiiR] CRUIRPS 28 WRA SR faslgnpwaaﬂ ensioes as further
shkoﬁ'irPF‘ Jge,e 24 formng sprays 25 directed toward

n and Core engine air inlets. The liquid cleans
the gas paths of the fan and the core engine. To

Fig. ?QR & g ct&% Sﬁ‘% . %‘?uﬁ—h{e%‘t} tu?%ar?@@tﬁ‘@ Tglﬂ,a%t@n@fs%f a.

cran engine’'s starter
com@ianigp® t,pumﬂ dnrfegslbgeta;rcmfahﬂl w@semr setyiged Engingdvaemprises of

nd h
o o R RS DO RO el 105 A A IDARSES y o
Engﬁq@ ahad émWIéMOZKJ}%é bR En0ds RETEgHR0 T hd/e0r f@ﬂ.gisZ:lrﬂen By fan 15.
oneS b el R ot RS 1 rFRsh g My R
ente®Xirkd fH@ dohe engige aemua 18a%he alr lttﬂthed‘,oré_émlhei isnddrhprexédd by
t he en%éne in at %st f|v

d herpoprRyesseomietopinet wib Frel iat Ao spybusted i

ai r bor ne ets. dropl ets that make up stream
comppgtioay gosgs @épmcbf@waﬁiﬁ féf@eteﬂémé@g'ﬂﬁfe%yTh%@cn%ﬁOBﬁﬁ depe in

two Eﬁ%g qﬁﬁrﬁm Aid &Hb@b?ﬁ?g@%eg} an®iEaMid&nediate pressure

rises of plets -w sl ze range where
white Hevidg turbineriS. m@pe@ndﬁta@@meamm sfigregases expand towards

amb %géﬂ{s%gfe I&|ecc§rlwng;i%rlﬁﬁ?% eﬁIrbzngr‘l%% ﬁxtl\ﬁn%ranem A5 QRLEY S,

rcall evaporat e

Turhiime this drivirgndringessairm 7asa afset:dn'ei shaﬁﬁiﬁ Wh@“Bzhae s@wplséaaﬁ 19

han 3 e therefore not so much of
is 'néqﬂbgé%c?%'? ﬁ@%&g@a} V\%ter col | ection process for
reason of the evaporation and that they represent

only a spal| volune of the waste liquid. T e Iargt‘qr
in Figrlhesnginefescribed in Fig. 1 is subject to an engine wash. Similar parts are

- shown with the same reference numbers as Fig.‘!. FFig.2. shows 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 is
installed in 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 sprays 25 directed foward 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 are 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
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stream 201 are droplets in the size of raindrops, e.g.
2000 um si ze. These droplets are heavy and will not
evaporate but fall to the ground by gravity. Droplets
greater than 30 15 microns but |ess than 2000 microns
will be carried wwth the air streamand fall by
wQRreiizngedt o ground 23 typically up to 20 nePEFSEISRHIONAG2
the engine outlet. The seond |iquid category, stream
carrynﬁ@'ifhe Iﬁmitﬁio&ﬁaﬁd%e%n’gidégﬁjﬂ@f héric@Uigticaxt «Qk h’f’er eﬂgﬂ{egﬁt the
ks. of quid. “Stream 202 quickly falls to
rear. 'd%‘ar?é‘t'ﬁ'g “Pﬁ/e@@‘a‘%ist\y%tq’ﬁ@“'ﬁhl rd liquid category,
stream 203, is liquid pouring as a solid stream out of
the core engine outlet 12. This 20 |iquid pours
Liquidy yiliexih fhaenging ingaflleast five difetantwags agHesdribed tm Figiy i first
[
liquid 889 ¥redth PR Ui toorb eﬂy.gg 1D &%qrﬁé ABdis
The dyapiets et makeap sjresoma0bare gﬁneraﬂecﬂ frisidei tge edgmatbggbe motion

of the%ﬁfﬁ%@%?gﬂ%{&b:hégﬂfagegrﬁ%%npgq.ﬂﬁorggﬁée%gc%fdé?p%‘?ﬁ & a large

e engl né nace
size rangguiitere $hef @ﬁe%d@p&ettslxes bevddifecant chlaracieristidsy €he smallest

dropief i B0 RRR 166 A ckhy' I el bR e RERES it o
ambieekalt angf thi semy i s, momag ¢T]ssttﬁah B0 nﬂugni aad:ﬁh@re'iq@hmt\/sa
much B SeheStEl 6, pERE Wiler e BC el pP e G [4soPh" INvesAppesion

and that thel aeprpsarit SnBr £siaBPWHutietd] tidWasidMguiteTrs %‘i’@é?st droplets in
Coll ector 3 consist of a et

stroar dBD RIS drpBigts in 3¢ $igeghrabeahn 2. MDD Bmadize. Twse Kapnlels are

heavy%mtw.mgottmp@ﬂw Bt Al tSthe eRGm Dy Qr%w‘ﬁ? Eﬁgﬁl&%‘bréé@mh*ah%o

rrier air_in droplet separator

m'Cfowtéﬁﬁu brn 2R00micsens Wil be C@ffﬁ@dmﬂ’z@@ alsstresanandialidyd
grawtg,ﬁtbrge&m@.@ﬁtﬁfcﬁnmﬂ) E)oeﬁé Rkt bEFFHE ?I})é”gg%ng Bﬁ%ét' ﬁﬁ%geécond |

emanat i n |'et separat or
"qU'd %@Q@E-tsé@amﬁqﬁh 6aagisis6f sinoge oDisjul and oer large chunks of

o STSTEMGERIEC 3, 02107 R e

streans%(pi’aﬁsaﬁqgﬁd paurimgsasansolinl sitcafremd cﬂﬁxe:lwre ehgitletontar tix msr

i 5 ORI M 15 o RRBEAAS ) o,

liquid paurieg oliaicem 31&;) falrtﬂmemuﬂeﬁ s hEhldﬂnqu%!lszcﬁd%ﬂfaﬂ? Qé&rtiadlly t031
The ui ed | n separator
grOU“GE%S ﬁ'ﬁf@%v%&&#ﬁ% Sif"&g i ‘%&1@3 "PPRIBYOF sﬁwnnga the

. bottomadfties engins haelieh TR 8burds e teS ligSiBRMfReRamaik thPeBRIbBbtor

separator 31 consists of vertically arranged separator
drain val[vgg glbg open. According to the invention a meéthod and apparatus is

disclosed for collecting waste liquid exiting the engine as described in Fig.2.

Fig.3 show a side view of engine 1 and how waste liquid is collected during washing
according to the invention. Similar parts are shown with the same reference numbers
as Fig.2. Collector 3 consist of a droplet separator 31, a trough 36 and a chute 302.

Liquid exiting the engine as stream 201 is separated from the carrier air in droplet

separator 31. Liquid exiting the engine as stream 202, stream 203, stream 204 and
stream 205 are collected by chute 302. The liquid emanating from droplet séparator 31
and chute 302 is collected in trough 386.
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feo JFaPLOLUN S, Ridcl it 4l 82 48 1hOTIRE iR o

(see Fig. 8 in a frame. The separator profiles
deflect the air stream As a result the nonentum of
the droplets causes themto inpinge onto the profile
surface. The droplets coal esce together and form a
liquid film The influence of gravity on the fil]
waused215¢e |iquid to drain to the bottom of HHeE
profile and exit the dropl &t separator at face 34 as
Droisl"er mﬁﬁr 3\ashwsts ioqal framst eredosi86drbplet sejmratpr guafilgs. Droplet

sep@rla t r Ou%glpf% fqﬁeg%l Eecgeggg\pg G%:angsgtroe%i %‘Ftaéd % é)%ﬂet face
33 oﬁi’p@%é fodinketdtei X strban 29 patat ity dmiptet Isepalatmtrab pileitface 32

04/90(!9”2

e bR ST QB Fopau B B s o

50 tﬁe&@%@ﬁmom@fssému@fr@e frafT mmedﬁerrpasainglﬂhr@ugahrmmg
for an air ow t roug

sepa@IaCdt QFO%@%‘%@P@%O@H@O&FIS%%%@% arfﬁag%ﬁ%r?%gtpf profiles

(seeé‘hbow Hoa framd frﬁé' b@pé?ﬁtd BR)fIHsQiéﬂie@t the Wirf Aeend. disfd Rdult the
i tS way downwar ds &lawt 8 shows a cross

monaebioH th deoplete Caléﬁeé &P 1 E‘ﬁfﬁ?%? evtﬂah%Prqﬁé%Serﬁ% e
dropfé%tg 'Ebai%%\!@to@%ﬂwe?% YRR S naFLm@ fiph. eﬁh@ﬁmﬁ@b% gpmp Iolneeh@ﬂm

as snown I n about the md
causbsstharhqeldﬂb omin tretneé:@tibmgofé@g @rqfrbe anchexit tﬁﬁldr@agfesqﬁﬁrator at

or colTectn e su e 81
Dr opl ets 84 are carried with the air streamln bet ween

t.h
Dro;?lﬁgs ﬁﬁggg 85 és‘g(% gég [‘rg ! O(—Ier{c'}ogss 9 t#ljagffe??%ﬁan&gz gﬁﬁ lng
showlﬂt@é te}clﬁnﬁ;ibte If}d'ﬁ’@parat{n@ Iamggd?é djn;eqnlte:‘tsaw:th $he eqahof matagbr profiles.
n 0 i
TheitigefanShe af suPaRaS sHoTR bk SPhs b bl sEFaBldrepdies are
arrahg% tﬁ‘l psegﬁﬂe! éﬁcﬁmgltf%chﬁ?ﬂ%mmmg@w e s@pafatd)re TRé& dadplet
i nue
sephrpist Pralay ey Fiata o preb g SorBuhL e el

surf?éé tosﬂr{dqmﬂ@@&nv@é}% 8§ grdvity. Eigld shows Sltrotls 8§ctldﬁ1tcﬂ three
uid trap In liquid trap 82 the |

drofefi qe@a[q@oramgﬁlpg mokw@m?ggve W eéqv&n\).ygrgs aig@p[gt éegarator profile

81 1s°‘ Q %“& mﬁrﬁ% Pi u@ﬁt%\ alf;%@lt Hﬁ%qﬁfdd%rtﬂétﬁﬁcelfmﬂ’ddé %a%ﬂ'?g edge to

203, 204 and as shown in
the ﬂén!@d@e ot‘:thﬁ mroﬁleza figigd &rap B8t fasmed3s eampkat f%gﬂii%q&ag Higuid on

the %Nh fo cg grro E%g?ggrop%i #A?‘ al%oc%ntf%d)@gﬁ itﬁéeeéif bﬁ@érjrﬂn Eétg}é%ﬁ the

Font “en an rear
dro;ﬁétche@&attbmoﬁlbut jasids thmndparﬁdr thehedr is n!eﬂecrtad ae theofesult of the

geonpe#'y kP 8%‘ @V\%{)Jg%lzeluro ?{c\gw dngecgon is r\é\g e%%%/g% tg ;igtoﬁlow the droplets
to follow with the air. The inertia of droplets 84 then aflows the droplets 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 frap 82. In liquid trap 82 the fiquid will build up and pour downwards

by gravity.

Fig.3 shows chute 302 installed under'engine 1. Chute 302 will collect liquid 202, 203,
204 and 205 as shown in Fig.3. 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 is inclined. The inclination of chute 302 will allow liquid in .
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10 the chute to flow fromthe left to the right in
Fig.3. 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 enbodi nent,
chute 302 is incorporated in trough 36 and tank 302,
W@ PUFBHYO% or mi ng one single unit. 5 The Ilqdfﬁﬁﬁﬁﬁﬁmm9”
exits the engine during wdshi ng contain water,
the chiad & mmﬁ}o&ntﬂleﬂ@ﬂt & Hi8 righBib{Fey.3. ﬁ.@& én@TSB i@hl?adéﬁbh&i ab&ve
s and ions ol ved jn the wat
woughde o8 Ritleu G Tou” Bt Shge o2 Jhtod b dpraetingsro”
Accorawgatalamrm@emnd%n%a@nwme 862 isSRSRBoraS R, tﬂﬁ:gﬁ@%rhnd
qgﬁ was | ast conducted the environnent in which
tank ?tol?ret %?m@émm dsetidlednitet c. Further, the waste
I|qU|d may at one wash occasion contain a high anount
solids while at another wash occasion be | ow on
The hgléﬂﬂ ithaf exdp the airgipe duiing waghing contginiviiemyetergent endderpign
mattePAtRTORI RRNEH 1 iR it BRI Bhs LRISVER fheater. what
comes Rt oftthe efgive @t weapseilic meah pecasiaydenendavsta menber of | lssues

sch § G840 5 B A 08 A P AR
operaigasete. haitieer, theeaaste mqmdyrﬁye’nodesrmhbmdamun Ebgtaitea Rigbws

:amc:wﬁtfb‘ic Sf%ﬁg?ﬁrﬂ r%q}qqugas gosc?ﬁ%&% %? o\nrf g'g gﬂjéé 0 onﬁq{% hg waste

liquid yely st ode M&hembamme abmtainta sigh emmuni di!'ﬁoss:hﬁn@ at ahdiheg whsh
schenmes where

occas G herla¥ia i i SaHEs i Fat SBES Gt Fadfeargauom mist be

- flexibié Ghiengssigmgo el tfﬁeﬁﬂi@hﬂ’}apﬂréﬂﬂafé 88 hI 88A by %@n&jctéd@t each

ion, 20 There may wash _occasi ons where t

occasipge T b Wats Weler HEHIHAI LI Seopibai /o R s shges the. |

compdHePELERd Prbcb8Sing saéata;hg ol ofaFas e SARROIH 14& 3%% the

be unnecessary. The non-hazardous waste
same EpBROMRNIE YRk tﬂlff@rcmt%rﬁ@mt éﬁffemw‘am%o@@mm 1@4@ ﬁatb Fig.4b

are exbh%l&%ﬁ&% ssle §(9‘Fen‘:€%'\ﬁhéré?aﬁg§rled§§g|ed i@or e L5 a8 1’? r

go further treat I'Sposa
additiangl wecﬂn@omwt@emam witiin the, objéntivepef thedmvemtign.condu ct
atest. A possible test for this purpose is to
nmeasure the water electric conductivity. This test
There aldydwswhsh ocetasionstwieers it walste msitaris hon-hdizardlotis.dh spasal

case proce%s‘?l%‘qlgr re%ova'l l V%zfalg oufs.%om?)onents woulid be unnecessary. The
non-hazardous waste liquid may then be directly drsposed off info a sewer. To enable
the operator of the unit to decide if the waste water should undergo further treatment
before disposal or to be disposed off directly, the operator may conduct a test. A
poésib!e test for this purpose is to measure the water electric conductivity. This test
allows for an on-the-spot decision for direct disposal to a sewer or allow fof. further
processing of the waste water. A small portable and battery powered conductivity

meter may be used. According fo this embodiment, the test procedure would then

include sticking the measurement probe into the waste water and record the
conductivity reading. The recorded values would then be compared to a table of

. acceplable and not acceptable values representing experience gained from laboratory

analysis of waste waters from engine washings. The use of a conductivity meter for
measuring the electric conductivity is an example only. Depending on the engine type
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processi ng of the waste water. A small portable and
battery powered conductivity neter nmay be used.
According to this enbodi nent, the test procedure woul d
then 30 include sticking the measurenment probe into
t he waste water and record the conduct|V|t¥ rea
WR20438¢b6PHed val ues woul d then be conpared tF6F QE?QH%@”Z
of acceptabl e and not accebtable val ues representing
anddipenviemoeeng & whidh thioendirbopatimsthe aperbics insayofindieltermative
hings. The use of a conductivity

wat ers fr.om engi ne
teStr%‘?tE?ésftgrbe Wﬁ‘fgﬁﬁqrﬂ@'aﬁ%e el ectric conductivity is an
exanpl e onI y. De endi ng on the engine type WO

RS AR a%t%’é‘féa% et sttty 14 g

~ opeﬁﬂng &f Rt hotm bﬁﬁéugﬂi&;@lﬂa bt Itlfaudmﬁersétéﬂf 9@3 i Rfeawadte liquid

i (o S0P RIS SPHS BSOS BRI ot hapcil BiRide. Faricles
thatth%%' Gmtgﬁﬁsr ‘i:l@ﬁsrtﬁﬁhﬁ whatdd Wl]ﬂs&mh@ﬁtstottﬁ%m% of tASk Y63 trexrticles

in tank is allowed to settle for sone

I qu
thatﬁym@llyww%mﬁw ﬂoéae befiem agoiue] $lidaesidyes, cpkedBYdrpeaipons,
mm@?éé%oxafoﬁgr?ﬁ{atéi{%i‘ %n%)gk@ %rﬂ@é@htﬂels& déﬁé’ﬂ Bh \Ja‘l?er wxll float
tom 4 ank Particles pi cal [
to swéatierdlftof diee WﬁetetilawoﬁaﬁmeSftfmtym@llww!i @@atd@uﬁw swﬁﬂce@re
b f.

oils, Eé(tgr [9&%'?1 ﬂ@é re% déﬁ(gets ffbll‘lll bﬁ]@s ésfébm@%aﬁ'nke?m b?twi%ﬁ the
botitro ssdiniexd end@f?e sxirfatolamatas&le tha \qastel qutﬂ?dmamtcmam imaettal ions

and B0 dartlies ek @ttna SebPBop ki b8 SPidhvas 1Bt itpt Blidace.
and alike. In between the bottom sedi nent and the
cant ain

. t t te liquid
Fig. 730508 HF WEpsSuia i AR EErEet hap T Rt Sulfhdgous
liquidl Q0L 408oF ek @V3fdlloatwdste Wher saletitia@ond it £2.0Purd@ 43 pumps

the (R soROHL R Vool 41 ThRoH Bl gk Sk flsad Adater 47

is a %duﬂ\éhmﬁé ﬁ[tefr&ifercdimn%am%/ hVaiRBRAYHE. This filldy NI SehhateRSarse
iquid in conduit 42 to condujit, 41. The |i qui

i d
and wny|fmfeweﬁt%ﬁftﬁu@ltrawf in[fitar 4 f1the liguidicentinges ingogduit 48 to

fi!ter%%? lsrﬁfglf‘%g Fsyepﬁlté‘r'f&t seer aPdtioR of A1 rcSHsaHI%r 8y @é¢ BBISifey Pe-

ter wl arate coarse ver I ne
congiading iof bed of metad particultateamamai maften. ifee rrmtaltnaéti quiajeintktter is
i i} ilter 49 j
chosgA:p B PaGEREblratih ffot Dolhbaig uda ooy ilphf o
the visstawhidrneatal jomnii entaatri@h ebndigehsobr sgirdngoas toixidakian end
redup;%a 1on reac%uons wi h Fthe m&ai 1ont aIlhe n?erattal géjrligl}lgle r{s?ptet f‘ﬁ{erliss described in

US 4,642,192, After filtration in filter 47 and filter 49 the waste liquid is now depleted

~ from particles and metal ions. The waste liquid continues in conduit 403 for disposal in

a sewer or to a tank {not shown) for later disposal in a sewer.

~ Tank 303 is open at the top. After tank 303 has been drained from wastie liquid, the

material floating on the waste liquid surface together with the setiled material at bottom

. 406 of tank 303 can be manually collected by wiping it out with a cloth or similar
:operation. This material is then allowed fo be disposed off in a safe way.
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chosen from netal s having favourabl e redox potentials
relative the redox potential of the waste water netal
ions to establish conditions for spontaneous oxi dation-
and reduction reactions with the netal ions. The
nmetal particulate type filter is described in
W0 286821502, After filtration in filter 47 ar’i’éFTfSFi"‘i"é(P(’(’?Fé
the waste liquid is now dépleted fromparticles and
if the miﬁi;uahs hom&af&hmy\mm ot |rieqe&séncwm theyerscaéasingoaddeerided
osal .in own). for
above afher it Serguctubtipdis Bave Hopine o B o SERen SREP TRl Yo
400.top. After tank 303 has been drained fromwaste
liquid, the 30 material floating on the waste liquid .
surface together with the settled material at bottom

The sﬂ:%m@fm F@“&a@%;ﬁ%ﬂnaﬁé f&%?éééésﬁg%ét@ﬁétﬁ@% RiviMé BiHigh | t

or simlar operation. This nateri al

- amour& of %ﬁsaﬁim i haseussidssosatliing tankifer solida pad WP, religying

the 10%9%‘?/&%%%%% fiﬁgriﬁ%é)@ﬂ/sﬁg\gg 24 altét%a{r\fre éc!F%rﬂé @4hd skfeme in

on-hazardous it is not necessary w pr ocessi ng
Fig.4adndiégdb aback 3ebiswsed Besioisne tmnzé@roﬁs@r@g waﬁadmwﬂw%é

prdre%isﬁlgo%ﬁgsagmé At ﬁg itﬁ&&%; gﬂatgfcg'rﬁra&s\éﬁlg\(ﬁasté fi ld @wtﬁh&m or

cessin
moddratqmotid;s mnlentg[nd:igﬂgmmmﬂs aod shyoyn wigh thesgama Oﬂeﬁef,lce

oty P g B AR R oo Rl 20 el g = pumped

by pusiposinasonalilt d2nEte kplic islagespirop #Bén soitkitet 1. AfteFsigiilda.

In Fig,4b t 3 d
procespigpihfii4d,and gt fa apsbbwr i £, Megetid @hipkEh i qqpoui
403 t&tﬁGﬂ{‘BmBI $h@l3:§ui@ Bhicfihg thrik 308 iemeﬁﬁdemtm&bm (iarmulaiemrahdil
1Q moderate solids conte

ions. ARk 02 14l ERYSATOLRAH SS0E RS & Spiageraak Sl i pEbpBhate o

releadd s S0k iffo% Lver I, ﬁqdldi fishdseavithd deev 6 0§§nlﬂ§ valve

stream 304 is punped by punp 43 in conduit 42. The
409. [iquid | eaves punp 43 in conduit 41. After simlar
processing in filter 47 and filter 49 as shown in
Fig.4a, the liquid continues in conduit 403 to tank
The meproamsimg gureptmenineingdandidesios ang thepliesiieremethad 2
i I
coliec@ﬁhtgggt i:&‘:;fgﬁggo ﬁa %l%g %tr"i‘gég‘lﬁ ?ién %tu'siaﬂ fhdtepbﬁdent!y of each
otherappropriate to release its content into a sewer. The
liquid is disposed into a sewer by opening val ve 4009.

Fig.5 shows the collection device and the water treatment unit installed on a mobile

cart. The installation of collector 3 together with the waste water treatment unit on cart

. 50 allows the invention to become practical in servicing aircraft engines at airports. As

one engine is being washed the unit collects and treats the waste water. After
completion'of the engine wash the cart is moved to the next engine of the aircraft, and
so on. The installation on cart 50 as shown in Fig.5 is an example only. Anyone skilled
in the art can design the cart differently and yet remain within the objectives of the
invention, Similar parts are shown with the samé reference numbers as Fig.2, Fig.3
and Fig.4. |

Cart 50 comprises of a frame 51. Frame 51 rests on a chassis (not shown for clarity)
equipped with wheels 52. Droplet separator 31 is supported by supports 53 installed
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The post processing or treatnent nmethod and devi ce and
the collection nethod and 20 col |l ection device
according to the present invention can be used
i ndependently of each other. Fig.5 shows the
col l ection device and the water treatnent uni
PRAGRES on a nobile caEt The installat |P8|WS}8?004’000)22
collector 3 together with he waste water treatment
on feame SbrClude 80224500 (abl shwyntipreclariye fankod0d, putiedisndlier 47 and
ﬂteﬁé‘%!e uﬁ&%ﬂéd“oﬁﬁé?ﬁg ”Hc@ér&ﬁggé fhi éﬁ%&&%eﬂf }aﬁk@@%%%a
e unit collects and
vo[utrreea‘tfé)otll’ﬁleswé\ﬁ:eew@ﬁem eashtleft and dghilséde ofifhe fart peevents air

vorF 48 3T Y0550 bl S SR R OB
pullebosidied biyrs ¥ehple i s an exanpl e only. Anyone skilled

in the art can design the cart differently and yet
remain within the objectives of the 30 invention.

. Fig. @sﬁ%\w@barm aﬂfg&c@ﬁﬁagﬁb mnnveﬂtbntmememmr eperatiog ef an under-
‘ nu as | r ses
wingPSRIE] shaing 1-AR cambd srep BEre Iyl BveieaLeoract baMRArTER 50

and ti aifdraft] IDtﬁb}l)let eepHraped1 v Adusiase irshdight 4 ia@itated by arrows by
separ at or is supported by supports 53 installed WO

me@@@@ﬁ@@ﬁ@@mﬁ@ﬁ' e T RIS TPIE, C@L’Bb%ﬁ‘ ydEauiicsneumale o chain
drlvépamt t'\"}‘i’é@ﬁ]uétﬂﬁm ﬁlh‘%tht ‘Pﬂr le@Ebiarhior BAMRaBE3 thdPEdFPto be

[ter "47 and arelnstal ed on frame
pos@qnedamdﬂr dengingef the @@&%J@ereéimstmamn Behheldrgplet separator
31 e\‘u%lﬁ?‘fhé)éaé%obé %éercﬁﬁr differthl ﬁﬁﬂaﬁ gfpgg iRt Girbeht ai?&gft

e of the cart prevents bor ne wast e
anufaqnturarst andewiingiferent emgined. desordingtia ol emiBsiimentothe paséion of

e Gt SR 3 e P S Bt VELL G, B,
or lateyal dippetiat.i on of an under- wing installed engine 1. As

can be seen there is no physical contact between cart

50 and the aircraft. Droplet separator 31 is
Fig Ashaued ﬁif@l i 50 étﬁ.iugieﬂ vath & Bdmﬁmﬂlﬁd?lﬁgr Iﬁﬂﬁgm\ﬁnbw ]1610 posmon

ans o ust i n s, [ or, exa

for CRUAHREMAELS WHEG s VEDIELF1 A TP ST 7 1~ AR ding to e
emb8dinte rfﬁé‘z:oétﬂol’ﬂéf tﬁaifraﬁfe slr 6401 198 agesan aélativethe @NGMEES in a

the cart to be ositioned under the wing of the
vertiggly E@rwtalaméatatﬂl diseaiient ThencatkpQmay sardpirise a motor for

drtvn?ﬁ?? Qt;gﬁ’étm HefR30 B d‘i‘&ﬁet%ﬁlélgﬂ& e sbRSor lift 73. There is

|rcraft types f ferent aircraft

- no physical contact between cart 50 and the aircraft. The use of the scissor {ift 73

enables the cart to be used for different aircraft types from different aircraft

manufacturers and with different engines.

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



manufacturers and with different engines. According to
an enbodi nent, the position of 15 the dropl et
separator 31 can be adjusted relative the engine 1 in
a vertical, horizontal, or lateral direction. Fig 7

shows the cart 50 equi pped whih,a scissor lift 73 for
l[ifting frame 51 into positTon for collecting waste

ter firo hi of a tail. nounted ine 71, .
Soor g EE BhcolgaAHTRE Wartk DIpdaTem SReigk wehing
frame 51 can be adjusted relative the engine 71 in a
COmpri§@et i cal , horizontal, or lateral direction. The cart
50 may al so conprise a notor for driving the
adj usta cofestngrievico fort doflectingphaste S@pddatins a Yhstanglopdigtion of an
scissor |ift 73. There is no physical contact between

engine 8@l lcof&tiaB detib@ cAhpEdiAf & gluﬂlﬁy BB&nHonkh8, ALHSHREh hie fee of

enabl es the cart to be used for different aircraft

73
s ifferent aircraft. 25 manufacturers apd
any ph N SorePli o ah o B Bpking Ao RE e P ikisBeRien
. .have been shown and descri bed herein for purposes of
including,| ystration and exenplification, it is understood by
those of ordinary skill in the art that the specific
enmbodihgnidsepiraton pasitontdst nidistahcerfipnban suiles bf said edzificraid
a wde 30 variety of alternative and/ or equival ent
liquid sepgphtefBeh@tomrad tohessvedeRding 1Rgid &iddagn a8 6RREBeAh exiting
the present invention. This application is intended to
soid enGi Bl Na RFGBRle B Rl RO LBl iy g
present, invention is defined by the wordjngs of the
appenai}&“ 19 %O%W%£FW%%¥P¥E@§%F¥d fl(ﬁ’l‘aisﬁé liqyid sgparator
_systemfor collecting and treating waste liquid from
and liquieh gkitiag Weestmiging resdtig freme washing drecationgantbvi ce f or
collecting waste liquid during a washi ng operation of
an eagefteabddlicabl RE4tingOvAaMidifd 6818fed Buiidg Baid washing
plurality of conmponents, all of which are free of any

o AL SHLAEFL Ol gl ons

ation,
d L sgparator positioned at a distance froman outlet of
SaldlqULi d engine, said liquid separator being configured

to receive washing liquid entrained in an air stream

exi t i mid tregiingntedeyiogdeingtdoanectaddotsaiddmpid etllectag device such that

washing liquid fromsaid air stream and
waste liquid is directed from said liquid collector to said treatment device for treatment in
said filter.

2. The system according to claim 1, wherein said collecting device further
comprises:

a liquid storing component arranged to collect and store separated liquid from

said liquid separator and liquid exiting the engine resulting from the washing operation

collected by said liquid collector.

14



a liquid collector arranged to coll ect separated
liquid fromsaid liquid separator and |iquid exiting
the engine resulting fromthe washing operation; and a
treatnment device for treating waste liquid collected

aur i ngTRALH MRS REne RPLA | QherdRisBdltfcqRldIR Pévigeefﬁ. G

including a filter afranged to renpove particles an

. ions from. said |liquid: sajd eat nent devi.ce ing .

includdsiid g Ratiplet lingS s ealef g e o Tl b dic e
waste ljquid is directed fromsaid liquid collector to
<hi d t Thatyrsm ageydipgtordsim | whereimtaid hquid separaten inelpdes
2. The system according to claim1, wherein said

separatop plodidesi angn geehvtiocleflbatthdr straaeniprardaso sepakite) thiedirsglets iofithe
conmponent arranged to collect and store separated

waste lidea el theBir seadel | 1 qui d separator and liquid exiting
the engine resulting fromthe washi ng operation

'l ec ' 1guid.colleactor, . 3., The syst
32 cor at ol RsBrdin W iy, ARL sqid ot sf 0y Plols are
further includes a liquid storing conponent arranged
arranged o e ee“é’@qhﬂﬁ‘&{j W PERng i a%%qe Sueelgd pgaiast pydfiguidgiollegfor.
- The system according to claim1 wherein said |iquid
$epar atloy sysieol asdeslingstopdaimt lo whereid sdie §iltar coamgisds:t o
deflect the air streamin order to separate the
dr opl etfistcAilter Bﬁandg&&b eerhdviiattidlésomarh REiddiqhids kh@am 5.
The system according to claim4, wherein said liquid
separ gt rf. hge.said liquid
o an oaeaiile b0l rAGEINRROE SMUBRIET " | ol o
ol l ector. , 6. The.system according.to claim]1,
er of HIeSPgTF 4P IginEsg ﬁgﬁlm@e giherciq o fre@fmeﬂﬁevaqerfaﬂgféd
to renmove particles fromsaid liquid; and a second
compriges jatpaimpegrranged ¢ nuony bamd &oimoseed Hewihstaing chingoneht oF from said
_ The system according to claim1, wherein said
liquid colleadm@ihidddwirce further conprises a punp arranged to
punp liquid fromsaid liquid storing conmponent or from
aid WeTHT aj [ : % AT
£ o IS SRLLARA0 b A A g TSSO
conpri
a

il element arranged to collect separated liquid from said liquid
separator; and
a guide element arranged to be located below said engine during said washing
operation in order to collect and guide liquid exiting from said engine to said funnel element.
9. The system according to claim 8, wherein said funnel element is a trough
arranged to direct liquid entering an inlet opening to said liquid storing component.
10.  The system according to claim 8, wherein said funnel element is directly

connected to said pump.

- 11.  The system according to claim &, wherein said guide element is a chute having
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a funnel elenent arranged to collect separated |iquid
fromsaid liquid separator; and a gui de el enent
arranged to be | ocated bel ow said engine during said
washing operation in order to collect and guide
a frontleh8dhd a @ gh(ﬂ%aifdrﬂ;ﬁ?i‘t SRl BeifP el Qreﬁi%h?y fli%ﬂ%}qh%said rear end,
. al )

el enent . he system according to c erein

. ald.funnel el nt, 4 s rough arranged .t o, direct .
said re?ri edl(éibgln(,grﬂrrél}l %cg ar{gﬁldiﬁ%ﬁlrée? G%B‘lee ngtﬁ?tohaélgcf 801[6:'(:5:8 ibéf said chute is
i storing conponent. 10. The system according to claim -
directeg to §Hd L dementt ynnel elenent is directly connected
to said punp. 11. The system according to claim8,
wiZer ei hhegisttnyaricdalieg ®mbaim 6, sviwrahsdie fina\filtegis aldedanent type
front end and a rear end, said front end being
filter. arranged vertically higher than said rear end, said
rear end being arranged at said funnel elenent so that

l4i,qui d ig. [ L rec . Sal
3nel TA oyl &oBinel Subll, il dn sl B fisih o
. ﬁggre'n sgjd first filter is a sedinent type filter
particulpte beg tupeiltete 1y according to claim 6, wherein said
second filter is a nmetal particulate bed type filter.
14. THéesysiereacerdiog de olgin ¢, Birtheneoinprising dwpbile cart with a
conprising a nobile cart with a wheeled chassis for
wheeled ehassRJoederdng b engihl duithetn WEHM\EhePRRI BT sAR effing Aafll system
engi ne, said system arranged on said chassis, and an
. | .
arrang Bnald Ba LU E o BT cE T QUL L bBRGBH offn bRESAe of
...and said liguid.stqri conponent . rel.ative to sajd )
said iqgfisefatbpesaitliind [l AR R P HoHR & omadon st fo seid
~ said adjusting device is configured to adjust said
engime.position in at | east one of a vertical, horizontal, or
| ateral direction. 16. The system according to claim
14, wiThe eysiers atdbrding ¢laine parvilieddin issid AB SAGLdevddt is configured
supports arranged on said chassis and said adjusting

to adjusg S¥it BsitiSn R 18]st Snd WAy it ho?f%gtgfﬁﬁgi* [:agergirlﬂregﬁ

st | n
riven unit. 17. The system’accor claim 14,

\f\g.e re iTﬂe g’)?siteq"n gg .oy 11t15|g Pogclgi?ﬁ/ | &ewlileﬁeig sasiﬁili%ﬁ%rseparator is arranged on
supports arranged on said chassis and said adjusting device is one of a hydraulic, pneumatic
and chain driven unit.

.17. The system according to claim 14, wherein said adjusting device is a scissor
lift arranged on said chassis.

18. A collecting device for use with multiple engine types and sizes of engines for
collecting waste liquid from washing of an engine while the engine is being cranked, wherein
cranking of the engine creates an air stream through the engine, thereby entraining the

washing liquid into the air stream, and with the air stream having a velocity that ranges
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lift arranged on said chassis. 18. A collecting device

for use with nultiple engine types and sizes of

engi nes for collecting waste liquid fromwashi ng of

an engine while the engine is being cranked, wherein
0 BB IR FERRNER (R PhEnE KR A SE R e engine
e air stream and with the air stream having a

the collle%fio tdhvw :
veroert VT iatP Pilfges 16 anywhere between |ow to hi gh
velocitjes according to the engine type and size of
t he erfgidied separptorgositioned sq wasadsspaatign frammg: outlet of said
liquid separator positioned at a spaced separation
enginefspidriqant spalaet beingsanfigured i reecisaivdsHingliddd sepanat @ran air
bei ng configured to receive washing |iquid entrained

streamieRitAg s@idlengiie 0BAGN MY td b&arSetHd GAARET QU Rfn 83 afk Qream; and
separate said washing liquid fromsaid air stream anélIl

a liquj#d. ¢ [ | ti.0on at, .a _spac separation
Fr om cHiGEbOIRES haRRGA] 1 REacBh BB RBR Gy oo
said |jquid_separator and |iquid exiting the engine_ .
collect 3eaagated ﬁ@mg fismm S%@EQMWW%%%W%W%@w&namsé@swltmg from
said liquid separator and said liquid collector are
the washirgomsfatiphy si cal connection to any portion of the
engine during a waste liquid collection operation,
wher elpheréi@béthlskidUighi eparatir@nd MM 1:3@idkollestdl Ste free of physical
coll ector are operable to acconmodat'e nul tiple engi ne
: ' i , . f ali ream
comecl Y BRI AR RN Mie B8 ol 09cBon Sbbiali 3Bty
.. .. dependi on t engi pe type and size of engine,_ . .
said liquigt§eqreioy i fingiditollertor s gperave foeseomenoismiitiple engine
vel ocities between |ow and high velocities. 19. The
types agdsirescifiengines and e range of dirstyeany veloaitins d@erdtert asthe engine is
conprising: a liquid storing conponent arranged to
being cemkbddépeadidls dh dicerpaypé a4l izl dhgineOtludmigdotiv@ldcties, high
separator and liquid exiting the engine resulting from
velocititf1fyd BRI ARRKALIABy AiROTRStiRY, Sai d 1 1 aul d
collector, said l1quid separator, said liquid
Ilector .and said liquid storin oponent each
Eg'i ng%%‘? 8@?68gn%a§/“ﬁ1 prding t@&gaﬁ’é‘c]t%i 5 CYBPESIRKgi ne.
20. The coll ecting device according to claim 18,
wher ef Hquidistpringgomposep arangad to icoli¢ct ded stergreparated liquid from
profiles arranged to deflect the air streamin order
said lighid seepavede] idigd dtidng elesenghie réd@ingBdR thd Waiking spnatidae
air stream
collected by said liquid collector, said liquid separator, said liquid collector and said liquid

storing component each being free of any physical connection to said engine.

20.  The collecting device according to claim 18, wherein said liquid separator
includes separator profiles arranged to deflect the air stream in order to separate the droplets
of the waste liquid from the air stream.

21.  The collecting device according to claim 20, wherein said liquid separator
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21. The collecting device according to claim 20,
wherein said liquid separator 17 profiles are
arranged to guide said liquid to an opening in a face
directed against said liquid collector. 22. The
profile§ Bel BGhEdiGo $8McGRidAGRR Bl AbeRingliRh [F%c%%lfirewag 68difke S8k Fiquid
liquid collector conprises: a tunnel elenent arrange&
collecth? coll ect separated liquid fromsaid liquid
Séparator; and a guide elenent arranged to be | ocated
bel ow _sai d_engi ne during said washing operation in
Fder Ths colestingrdenise agaordiag fq ¢aim | xyhereip sid diguigkgodiector
engi ne to said funnel elenent, said funnel and guide
comprie¢senent s each being free of any physical connection to
said engine. 23. The collecting device according to
cl ai Ma2dnneMeRhifhParsitiedd {0 dtMRLt RbAIRAUIGLR! Fom shidYRRid
arranged to direct liquid entering a inlet opening to
_ i,dystoring conponent. 24. The collecting device
Semﬂmgggg?ding to claim22, wherein said guide elenent is a
chute havjng a front end and a _rear end, said front )
end béi%’fﬁieaﬁ?‘?f%‘ﬁ’é agangsete balqcptcd bgloat saienginediring syl washing
_ end, wherein said rear end is arranged at said funne
operatien wnder tggoll¢rhnnd gujde Hqwidlekdimgdtbm kaid sagide theaidfiingel element,
directed to said funnel elenent. 25. The collecting
said fuglRY bk Ad€ elesheMty chéh B fReldk ank/ Phidied c6RNRLbS 10 HiPéhgine.
adjusting device for adjusting a position of at |east

9§e Ofrys @J.)ﬁjeclti.hg géﬂcé fo%@f(ﬁ'ﬁngot:?rcgdg?l %9% el Il 4 g%:gllei 8&h8)kt is a

relative to sa engl ne | acconid
i nes. 26. The

nul tipl e,.engi.ne types and sizes of eng
trough SinebR i HECRALOT e Mo h dHlAGPEBEA A SioT ngise R PP R d
adj usting device is configured to adjust said
- Posi t Tbacoliecting Heviet acoarding toalaiera?, wdiereiheaid gade alement is a
and lateral direction. 27. The collecting device

chute haxin®s GioAgeridoandlacriesn 626, sa difrbitedind Geifipdrh @ Ferti®lly!hesher than
cart wth a wheeled chassis for serving an engine

i S0 0 0 RS 0 ) cott
| by said 81(1)1|1t!3 & iz%rcteg%ii ga%d %.rlnrn{ilepglgr(iiler?tr.1 said chassis. 18
25. The collecting device according to claim 18, further comprising an adjusting
device for adjusting a position of at least one of said liquid separator and said liquid collector
relative to said engine in order to accommodate multiple engine types and sizes of engines.
26. The collecting device according to claim 25, wherein said adjusting device is
configured to adjust said position in at least one of a vertical, horizontal, and lateral direction.
27. The collecting device according to claim 26, further comprising a mobile cart with

a wheeled chassis for serving an engine during a washing operation of said engine, with at

least one said liquid separator and said liquid collector being arranged on said chassis.

18



