WO 2006/ 107476 PCT/ US2006/ 007677 MOBI LE ON- W NG ENA NE WASHI NG AND MATER
RECLAVATI ON SYSTEM BACKGROUND OF THE I NVENTION (1) Field of the Invention
-(0001] The present invention relates to a nobile on-w ng engine washing

syst em havi ngwo wodiofaé unit for reclaimng water used torcwesbsiob7eNg ne.

(2) Prior Art (6903 olelrfldinfeng’ hhehBRe 88 ﬁh@Eé%ﬁ%ﬁﬁf@gt%% essor

environmental contam nation buildup in the engine conporén (
bl ades and vanes can suffer fromthe accurul ati on of hydrocarbon deposits,

dirt, salt, and corrosion reshggsound beCtimdkRgirroyder odynan ¢
performance, These _deposits can 1 ncrease exhaust gas tenperature and fuel

use and dectdadéeifier Adiendn¥eriykqe margin. [0003] Many operators report
good succesoion] PELbOpPBACH: IHHERY By f&'aegs“@é%;.ra%iﬁe%ﬂ-cﬁﬂ;‘g{ Ehotne
regul ar basis, The washing process involves cyclic ma§h|ng or t gi ne
with | ar ge "25hoTHt &Y BEWAREL NG R] mebidei wakh fors ratla tmmgn wavbr deset gent .
The engi neaish AR iR ndt, approxi mately 20%rpm during washing. Water wash
procedures are currently perforned in fixed hangar installations where the
wastewater is collected and di sposed of. [0004] The effects of water wash

are highly (aperadisy asfpecific, based on such things as operating

envi ronnent J rior to first washing, and interval between washes.
Once a dep(ggPé%ﬂngBn?ré?ﬁ%ﬁfffﬁ‘éjr%‘ﬁsesoPrﬁh%e%ﬁ%infiuﬁe’é%mléﬁ@esstwle, t hen

the effectovemeismtdbnabual@ip RS RhbesamE LOABSSEhiY. RESSEDLYor
ineffECtiVglaaggﬂé%%pgghegaéég gﬁ%%gLr@&éﬁ“ﬁﬁedagguéﬁggéy;g?gf hydrocarbon
deposits, dirt, salt, and corrosion residues, affecting their

( aerodynamic performance. These deposits can increase exhaust gas
temperature and fuel use and decxrease the engine’s gurge margin.
[0003] Many operators report good success in prerformance
recovery using water wash procedures on a regular basis. The
washing process involves cyclic washing of the engine with large
amounts of water and sometimes, a small amouﬁf of detergent. The
engine is motored at approximately 20% rpm during washing. Water
wash procedures are currently performed in fixed hangax
installations where the wastewater is collected and disposed of.
[0004] The effects of water wash are highly cperator specific,
based on such things as operating environment, time prior to
first washing, and interval between washes. Once a deposited
contaminant hardgns or the amount becomes excessive, then the
effectiveness of a water wash becomes reduced or possibly
ineffective. Therefore, water washing should be prerformed
frequently (around 750 hours). The cleanliness of the
compressors may be noted during maintenance periods to determine

if the wasgh interval used is effective.



frequently (around 750 hours). The cleanliness of the conpressors may be
not ed duri ng mai ntenance periods to determne if the wash interval used is
.effective. 1 WD 2006/ 107476 PCT/ 1JS2006/ 007677 SUVMMARY OF THE | NVENTI ON
[ 0005] Accor diw@rope/107476i s an obj ect of the present invenptnosheoopiovide a

system and a process for washigifiuengidiesuhieindldopws engi ne operators to
clean their Oogl nes nore frequently without significantly inpacting
I

aircraft a\F& bi Pregrdimgos] ikt 1 omh oPlieehedt dBjcepreaent Havgnssentto
i nvention {,0ouREOVA %@s%em/&ﬁ@na @4}%@59% vﬁ%hi‘ﬂ@v&é’!‘ﬂe%hwﬁ%h be 1RGES or med

on- wing using nobilé technology, while still conplying wth relevant
envi r onnenEREIEe rRRSKAtATEoRE BHRRDY shelatansriaes] 0OOT | fuequestsy iwithguiur t her

obj ect of thenpresept, QMSQ&&% faqm.@aﬂ“ad;%l@aﬁyﬁ%n and process as above
whi ch does not requiré valuable hangar tine The foregoing objects

are attai nd89B§lt Ak &yt &wrdhart pleledsr o€ethe girasgatpieseniioonfent i on.

[0009] In geeeigdance weth 4he JHRSEH ad NURAL QRicR SYSHEMbéRforRiadbie
washing and water reclamation’is provided. The system broadly conprises

nmeans for BpBFAEFY HRPEHYI FRebeESEE  fE e AELBHWRIWRS vADg| B8l ng i qui d

cont ai Ni NgratetBasterabeindi s endmenvhihe thR1engbAg, i s being
operated, and nobile nmeans_for callecting the cleaning liquid froman exit

end of thel8RETheltat’ Fridrh anferthes Rbi ﬁ‘ét éHgithe. PYORty] 1pyprhesn ite
accor dancepybiidd he speesfnind PiREEONas &bove which doss not require

valuable hangar time.

(0 008] The foregoing objects are attained by the system and the
( procesa of the present invention.
‘ [0008] In accordance with the present invention, a system for
engine washing and water reclamation is provided. The system
broadly comprises means for operating an engine, means for
introducing a cleaning liquid containing at least water into the
engine while the engine is being operated, and mobile means for
collecting the c¢leaning liguid from an exit end of the engine
and from underneath the engine.
[0010] Further in accordance with the present invention, a
process for on-wing engine washing and water reclamation is
provided. The process broadly comprises the steps of initiating
operation of an engine, introducing a cleaning liquid containing
at least water into the engine while the engine is operating,
and collecting the cleaning liquid from an exit end of the
engine and from underneath the engine onto a mobile unit.
[0011] Other details of the mobile on-wing engine washing and
water reclamation system, as well as other objects and

advantages attendant thereto, are set forth in the following



proocess for on-w ng engi ne washing and water reclamation is provided. The
process broadly conprises the steps of initiating operation of an engine,
.introducing a cleaning liquid containing at |least water into the engine
whi | e the engwebsioeper at i ng, and col l ecting the cl eanp@ggdofdbbd;f rom an
exit end of [ nt unit.
[0011] ot her - aetst ReaFPRton ohlh LRE MRl Uy ARl I iR

recl amat i oneSsistremy nageveld depiothéikolsilesestand advant ages attendant
thereto, are set forth in the following 2 WO 2006/ 107476 PCT/ US2006/ 007677
detail ed description and the acconmpanyi ng drawi ngs, wherein |ike reference
nuneral s depict |ike el cRREIRE DEBEREFIIORSCRI PHE QRAGENBHE) DRAW NG S) [ 0012]
FIG 1 ill t i g e mat i on
cystemin SooEA cEE. A APaidId ROALIS ARSBLN%R ATy WBRiag ]
schematic wmzemlamabmmfsmtpmr i cm:ctgvﬁrdance effiludine preosgpt used [ n t he
syst em of fr})\%nt]l’ [0014] FIG 3 illustrates a diversion ducting system

whi ch may e enp oyed in the systemof FIG 1; [0015] FIG 4 illustrates a
cent rifugald&edarBiG o Gﬁl £ mmtlmyem@m@étmnt% sporsirefofiag 1;
[0016] FIGg dent“%% lgegﬂé asleys%ggaggtg.ﬁ\ ynit which may be used in
the systemo 001 FI'G 6 TlTustrates an’alternative enbodi nent
of a nobil éDOJdﬁ v@i‘lﬁb éngilhBsteatifiong aiteyaicsr dpesirgrety s Ts Y5 @mmagnd

be employed in the system of FIG. 1;

[0015) FIG. 4 illustrates a centrifugal separation unit which
may be used in the system of FIG. 1;
( [0016] FIG. 5 illustrates an inertial separation unit which may
‘ be used in the system of FIG. 1;
{00171 FIG. 6 illustrates an alternative embodiment of a mobile
on-wing engine washing and water reclamation system; and
[o0LlL8] FIG. 7 illustrates a spray applicator connected to a

support structure.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT (8)
[0019] Referring now to FIGS. 1 and 2, there is shown a mobile
on-wing engine washing and water reclamation system 10 in
accordance with the present invention. The system 10 includes a
mobile uvnit 12 on which there is located a souxce 14 of cleaning
liquid and a used cleaning liguid collection trough or effluent
trough 16. The system 10 also includes a second mobile unit 18
on which there is located a water treatment unit 20, a
collection tank 22, and a generator 24 for mobile power
production., While the trough 16 has been shown as being on
mobile unit 12, it could be located on the second mobile unit 18

or on yet another mobile unit.



[0018] FIG 7 illustrates a spray applicator connected to a support
structure. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) [0019]
-Referring nowto FIGS. 1 and 2, there is shown a nobile on-w ng engine
washi ng and water@®ed7amati on system 10 in accordance wetthusesoprsesent
I nvention. g Sy l.ncl : N | W e '

| ocated a s[%-ﬁ?%]e %gor%l]%négl i %g%?dsﬁﬁggggng‘l gﬁH l}}sggag?%ﬁan%% ihg}u%%éff
col | ecti ono¥reniglr ovxeflf vildntan eppughris-e Pesesgatem™he dpSerdsit] 0d¥s a

second nobj it i ' atgd enpnt t it 20,
a coll ect?%‘ﬁj#;gﬁk a%xg sg%%éﬁ%e;gﬁtg?g?%?ﬁ gﬁ#ﬂ‘q)glr Erﬁfo%l?? \éﬁtﬁo&'@r Qﬁgréggl&tgtb?!gn.

Whi | e the terergitrbsinas Beerrastidnnlas Baengfodeterdnintevgait 4D 2% coul d be

| ocat ed on n i ' ; a e I d&ndirdigt. 3 WO
2006/ 10747%‘&%%%%08%?8%%&“'f’%%%%j““%%‘et%& ﬁg%}‘hﬁﬂﬁf’? 2o, Ry

contai n watles dheanisgl Liqeid geuseend & derMCORPERS AP HEER BEEL dBitdr dent . The

detergent pmy, GORRLLSE, alys sUichaRl e detergent known in the art in any
suitable ‘concentration. The particular type of detergent used,_if any,

depends onl@¥rl}t yBee ofleesangnd Fants soyree, 1ot crnpeted sy 8dsol vy

cl eani ng | igu b3 66, 14udYasC ORBN bS ndkN@sRayiNhdz Nk By Puigse arheater,
and a tank. [0021] The cleaning |liquid source 14 is, connected to a solution
appl i cat ortPeinE#éh 48 S FRORBPENS RayhHfoPFRRERt BVERROLRr dP€ t ubi ng 28.
In one enbeghiwiEn abplhEattheeNtal, VEMdRRedl BE tifDluidi 68 apgidphatars26 may
be locatEdtgglt;B? %gdaggtﬁgfsgggggggégt, the solution applicator 26 may
be part of a flexible or fixed support structure 80 (see FIG.

( 7). A suitable pump (not shown) may be provided in the source 14
| or elsewhere on the unit 12 or unit 18 to generate a pressurized
flow of the cleaning liquid through the applicator 26.
[0022] The spray applicator may have a single nozzle or multiple
nozzles. If nozzles are used, one or more nozzles may introduce
the cleaning liquid_into the compressor and one or more nozzles
may introduce the cleaning liquid ontc the fan section.
[0023] The spray applicator 26 may be inserted into a portion of
an on-wing engine 32 to be cleaned. Preferably, the spray
applicator 26 is positioned so that the cleaning liquid flows
into a compressor section of the engine 32. The fan area of the
engine 32 wmay or may not be washed.
[0024] In a preferred embodiment of the present invention, the
cleaning liquid is introduced into the on-wing engine 32 while
the engine 32 is operating or motoring. The engine 32 may be
motored or operated using a starter 36. The starter 36 may be a
gtarter onboard the aircraft (not shown) or may be attached to
the mobile units 12 or 18. The engine is preferably motored by
the starter at about 20% N2. This allows the cleaning ligquid to
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tool 30. In another enbodinent, the solution applicator 26 may be part of
a flexible or fixed support structure 80 (see FIG 7). A suitable punp

.(not shown) may be provided in the source 14 or elsewhere on the unit 12
or unit 18 towgeneymtHsa pressurized flow of the cleani partdasslodhsthr ough

the applicator_ 26. ,[0022] - The.spr anppl i.cat h S | e nozzl e or
nul tiple ﬁ%z“zrll%esg.teldfg o@‘? ee§g§P§ g%el ) Ooﬁgeogg%%an%ié?(gg én%% i ntroduce

t he cl eani agmreptiod isatoidie Thenpl essiorg diduddeviorl pese hbrauds theay

i ntroduce the, cl eani,n iqui.d onto the fan I QR. e SP4

appl i cat or 26 - fayF nlgn%]é% etg’el AEOP & port i58§E% ﬁqca%r?o%%%\négr:\gﬁgengl ne%‘? to be
cl eaned. Psefieiabloy, thheeslipray sapplomator 26 is positioned so that the

cleaning liguid flows . into _a.conpressor secti ngi.ne he fan
ot ea of 't neSUHlor GE¥S ey Yo GRieR: Re SEGRe Bt e BEp ey o
enbodi nentbefcdNedieds énto itivent-bogh tderiacheanirgtiiogurdndwsiti 8 oduced
into the on-w n nging 32 while. the engine i S ,Qp I ga ring.
The engi nec%?%%?%bgo ﬁ% oT 8 8Pdo%%rea eaglsgs?%%zlée ?@a??g\%flg% nregméat.g(élrter
36 may be The stardudr dabosy cint hetbetr cdZafthagndepstidan rher cohledie@dat t ached to

t he nobil e_yni t. or. 18, _.The, engj | § £Pr thhRe;starter
at about v o S ek ER "G o B R At e e 74
PCT/ US2006p@9ita-rhedbbenerfdsittde bypgite 3Engithe S2liastdorhestlaf &v¢a and/ or

the conpr&ssQlyes §Cki 9BrsilHe cObeans NY, diqued ¥hdd RassotArougirdhg entire

engi ne fromthe conpressor section” throughout the turbine section to the

exhaust sev¥lridn captures the air/water effluent and separates the droplets
from the air flow. “Diversion ducting” refers to ducting the air

( flow through a series of “diversion” plates 54 so that the water
droplets impact the plates 54 and fall out of the air stream.
“Diversion ducting” is a method of achieving “inertial
separation”. The water droplets exiting the diversion ducting
syatem 50 may be collected in the trough 16 or elsewhere for
treatment. )
[0026] There are many ways to separate water droplets from the
air streams exiting the engine 32. These other ways include, but
are not limited to, filters, guttersg, directional changes, etc.
Centrifugal separation is also a method of inertial separation
but “spins” or “throws"” out the droplets by channeling the
airflow around a curved surface 60 as shown in FIG. 4 thus
( causing the droplets to impact the curved surface and then fall

out of the air stream.
{00271 In an alternative method of solution application, an
applicator 26 that washes both fan and compressor may be
introduced into the engine inlet 34.
[0028] Referring now to FIG. 2, an inertial or centrifugal

separation unit 33 may be used to perform air/water separation.
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[ 0025] d eaning liquid which has passed through the engine may be
collected into the trough 16 via a collection conduit 38 connected to the
.exit end or exhaust nozzle 40 of the engine 32. The conduit 38 has an

outl et 42 thawgoeppstdrs the collected cleaning liquid igtfutdechfeorgh 16.
Preferably, the trough 16 is. positiaone t AgLn ,

col | ect i on" Het'ASd i s?%%ﬁ%&é)gama%%ew seg-‘o%%gﬁéﬁ%g&g?g? g!ren %&355 ﬁ%%gg%eshovm
in FIG 3 inditdleicappargsidihendtrknaterirefcheuent andt sepbhalt esiowheidr opl et s
fromthe air flow_. "Diversi ducting: refers_to ducting the air fl ow

t hr ough aa}“yecfi es g'fhmgd?%r@?’si%glﬁ" cﬁ?eé’f%%ugf ggp?ﬁ%?l#htém\%\gt e‘?thendru Spl &t s

i mpact t hem} alcaprIdeamsly falilbablé eént:hifugal s¢pasnion” Dhvierkgicon ducti ng”
is a nethod of achieving "inertial .s ation". The water droplets exiting
the diverst ena(f%ctsluﬁ]@ a"cgfﬂaémg ﬁw%%/ngée)‘@dolél‘ect ed in the trough 16 or

el sewher e fopz29lt reted nientile[ QQRA6]12Theseaapenpaidy wayls 40 ssepapapwat er
droplets fromthe air streans_exiting the engine 3 T t.her _ways

i ncl ude, * cé’Pé’eﬁﬂinl?%]tegaeflo?i?ﬂj% s,lqaﬁgtf;ﬁosﬁf %gﬁ g%‘?‘?%lﬁé{% % anges,
etc. Centthd ugalersepastatdionunst a2 ®o Za peehodi gfritmérithaflegerartat nan  but

"spins" or_"throws" .out e_dropl et .chagnel L fhQws ground a
curved surta emg\g%gg 3 o%/\% ilﬁr:]lggl g %%ug: ac@:éﬁgﬂl@n%c}?%g g?%p 1etsltg% i npact
t he curvedisuideads aadcermmetedl to the gsmerhtoni 34 sindempy POOBER FA an

alternativ f SO [ ppl i |0 | irgat Q&nL26 i hat cnashes
both fan apﬁ#%%%?eﬁ%%‘? 4#;;?&1%2“’% Ehd G BB endif o Generc g e 0028]

Ref erri ng smwyt ofFkBeaingdigrédti al or centrifugal
[0030] The water treatment unit 20 may comprise any suitable

( water treatment unit known in the art. Preferably, the water
treatment unit 20 includes a filter 48 for removing solid
particulates and oils. The water treatment unit 20 may also
include means for treating the collected liquid to remove
dissolved solids.

[0031] The filtered and treated water is reclaimed and collected
in the collection tank 22. The reclaimed water in the tank 22
may be pumped to the cleaning ligquid source 14 using a suitable
hose and pump arrangement and used as the base cleaning liquid.
[0032] The volume of water used to clean the engine varies by
engine size and type. Gemerally, from about 30 to 60 gallons of
water will be used per engine.

/ {0033] While the system has been shown as including two mobile

unite, it should be recognized that the system could be placed

on a single mobile cart or three carts if desired. The emphasis
is upon mobility, flexibility for a variety of engines, and
independent operation.

[0034] The system and process of the present invention provide a

number of advantages. First, engine operators can clean their
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separation unit 33 may be used to performair/water separation. 5 WO
2006/ 107476 PCTI US2006/ 007677 The inertial separation unit when used nay
.conprise any suitable inertial separation unit known in the art such as

t hat shown i nwoRb@mo®zs Similarly, the centrifugal separapdmwszensiob7s7mvhen
used, My, gﬁw n L3Rl ey,eentd fMgal £ SeRanat iRPadidg kNQwRaEn the
art such a§9 figﬁré Yréﬁ%g 5(4‘.“’_[0029. %he nobi | %tjn?? 125%as a aunp 44,
such as a svaplgRidpLy- f%ﬁcqnﬁnvéygh@ec%ﬁ lederay cFBRACNFTRRAARE PPNt he
trough 16 t n&h&ggt ggg @eggﬂgj babihutd@nyrdevi ce 46
may be pr@é&cﬂ%?aggg%ﬁec%éﬁﬁyh 2 or unit 18 c The po&g} dlgtrlbutlon devi ce
46 i's conneetimed dhewieneviacer 1p4inid vegy moel i EECRBOL o FOUKER punp 44
and/ or t hevmgiﬂ(enﬁgnﬁgpvﬂ)h\ef QL H@Qefé&dl%dt he; 71301 @%eObyv ol SaRkREs! T qui d.

[ 0030] The water treatnent unit may” conprise any suitable water

t reat ment mwatntmsmfuwwmna!ﬁntabr%wwwy,ww water cetlesttdenrt a8t 20
I ncl udes a.{l éltx%fuﬂ@l&?r s.ﬁ%{mv' e 50! 40 noPREE L W kRS2 8NELAd FueThE wat er

treatment unit may al s i ncl'ude means for treating the collected |iquid
to renove r@nm@need%mmtdb the0s1§tem @TPVi fes citishd tEFRat a Rate? i s

reclai med aggd :LQ@IaIceCEannJ!I@ bk}@cQQél afidHen, t@m sﬁ%te%h@ndi eleaipredeyat er in

the tank 22 may to the cl eaning source 14 ysing a
suitabl e m@%@embaﬂgﬂaﬂe&ﬁg’é%ﬁtbwsaﬁé %Eéeactﬂé’ bgseeed &&ﬁrﬂﬁgwi qui d.
[0032] The yaldinmyot med®id Useditp. cl ean the engine varies by engine size
and type. General ly, om about 30 to 60 %all ns_of

[0035] WhHile the system of FIG. een chown as including a

conduit 38, the eonduit may be omitted if desired. In such a

( case, the air/water exiting the engine 32 collects in the trough
16 positioned underneath the engine 32. A collection duct or
device 70 which is not connected to the engine 32, as shown in
FIG. 6, may be used to further collect the air/water exiting the
engine. The duct or device 70 may be provided with a guitable
means 72 for droplet separation, such as a diversion ducting
unit, an inertial separation unit, or a centrifugal separation
unit. The duct or device 70 may have an outlet 74 for allowing
collected liquid to flow inte tank 14.

[0036] It is apparent that there has been provided in accordance
with the present invention a mobile on-wing engine washing and
water reclamation system which fully satisfies the objects,
means, and advantages set forth hereinbefore. While the present
invention hag been described in connection with specific
embodiments thereof, other alternatives, modifications, and
variations will become apparent to those skilled in the art
having read the foregoing description. Accordingly, it is

intended to embrace those alternatives, modifications, and



water will be used per engine. [0033] Wile the system has been shown as
including two nobile wunits, it should be recognized that the systemcould
.be placed on a single nobile cart or three carts if desired. The enphasis
i s upon nobi | MQ2006/10T4g6 bility for a variety of engi nes,PCEE20GsMFePendent
oper at i 0n.vdB@34bnd hgn S5 tre aRde P10 GesS bebad hexdPee 5ENEhE NieRINden provi de a
nunber of advantages. First, engine operators can clean their 6 WO

2006/ 107476-383¢F- US2006/ 007677 engi nes nore frequently without
significantly inpacting aircraft availability. Second, engine efficiency
can be increased due to nore frequent cleaning. Third, the cleaning
procedure can be performed on-wing since it involves nobile technol ogy.
Fourth, valuable hangar tine is not required. Fifth, the systemtakes
advant age of environnmental friendly, waste water collection, and
re-circulation. Sixth, there is no water disposal costs due to recycling.
Seventh, the system provides quick turn-tinme and a |ow inpact cleaning
process. Eighth, the system and the process are economcally desirable
because of greatly reduced cleaning costs and inproved quality. [0035]
Wiile the systemof FIG 1 has been shown as including a conduit 38, the
conduit may be omtted if desired. In such a case, the air/water exiting
the engine 32 collects in the trough 16 positioned underneath the engine
32. A collection duct or device 70 which is not connected to the engine
32, as shown in FIG 6, may be used to further collect the air/water
exiting the



engi ne. The duct or device 70 may be provided with a suitable neans 72 for
dropl et separation, such as a diversion ducting wunit, an inertial
separation unit, or a centrifugal separation wunit. The duct or device 70
may have an outlet 74 for allowing collected liquid to flowinto tank 14.
[0036] It is apparent that there has been provided in accordance wth the
present invention a nobile on-w ng engi ne washing and water reclamation
system which fully satisfies the objects, ( means, and advantages set forth
her ei nbef grgry¥Vi | € the present invention has been described in connection
with specific enbodinents thereof, other alternatives, nodifications, and
variations wll becone apparent to those skilled in the art having read

t he foregoing description. Accordingly, it is intended to enbrace those
alternatives, nodifications, and 7 WO 2006/ 107476 PCT/ US2006/ 007677

vari ati ons .whi éhsfatdm Vilthi fort ke -bBivadrgdoperasfhinbeaappatided clains. S
CLAI M5 11eé1§¥§%f§§,(;QQdféyétQQ'HEdB}ig' L ne washing and water reclamation,
sai d system conprising: nmeans for Introducing a cleaning liquid containing
at least water into an engine (32) while said engine (32) is being

oper ated; nobi g ARaNs (12)odiin6ok! &cdanRggSRidhial eami NG ihb 0k dfakem  an

exit end (40) of said engine (32) and from underneath said,
water into an engine {32) 'while said engine (32) is being

operated;

mobile means (12) for collecting said cleaning liguid from
an exit end (40) of said engine {32) and from underneath said

engine (32); and
means for operating said engine (32)

characterized in that said means for introducing a cleaning
ligquid includes a cleaning liquid source (14) mounted on a cart
{12} and wherein said collecting means comprises an effluent

trough (16} within said cart (12) or within a second cart (18} .

2. A system according to <¢laim 1, wherein said cleaning liguid
introducing means comprises means for introducing a cleaning

liquid containing water and detergent.

3. A system according to claim 1 or 2, wherein said cleaning

liguid intreoducing means comprises at least one spray nozzle.



engine (32); and neans for operating said engine (32) characterized in that
said neans for introducing a cleaning liquid includes a cleaning liquid
source (14) nounted on a cart (12) and wherein said collecting neans
conprises an effluent trough (16) within said cart (12) or within a second
cart (18). 2. A systemaccording to claim1l, wherein said cleaning liquid

i ntroduci ng nmeans conprises neans for introducing a cleaning liquid
contai ning water and detergent. 3. A systemaccording to claim1 or 2,
wherein said cleaning liquid introducing neans conprises at |east one

spray nozzle. 9 4. A systemaccording to claim1 or 2, wherein said

cl eani ng 4-i §uixktient pederding hAea iFoAPPT FesVAE tienstifwplefe2#Bes, with a
first or myhti®l€tRedstasy ebestingrebeaniindebbyid,PRbO- fes COARRESSOr Of
the engine, and a second or nultiple nozzles depositing cleaning fluid
onto a fafiggkt9omudtinte NOFgHAe. N eChiRy HEATRE T I AT P @ aim 1 or 2,

whelrei(n )S@ioﬁpﬁé@&ﬂi Bg thd q;lﬂligdnila]‘ltd’r@dCisétgarfﬂEalaSmﬂﬁﬂ]gﬂ_ESﬁcSzzal_el‘shephel’ d's hook
t oo 30 aving a ray nqzzle. 6. A system accordi to.claim1l or 2,
wher ei n 85F80%+%é%% ﬁggaT¥ %éu?ﬁf?gﬁuﬁi%élﬁ@gkéo%éﬁbFEge%F%fqﬂ'exibIe or

fixed support structure (80) having at |east one spray nozzle. 7. A system
according to any preceding claim wherein said cleaning liquid introducing
means conprises neans for causing said cleaning liquid to be ingested into
at | east Gnerofysremconprebioor teettdignlani 2a FaAT Wire&26f SkAadiefigi ne.

ligquid introducing means comprises a shepherd’'s hook toocl (30}

having a spray nozzle.

6. A system according to claim 1 or 2, wherein said cleaning
liguid introducing means comprises a flexible or fixed support

structure (80) having at least one spray nozzle.

7. A system according to any preceding claim, wherein said
cleaning liquid introducing means comprises means for causing
gaid cleaning liquid tec be ingested into at least one of a

compressor section and a fan area of said engine.

8. A system according to any preceding claim, wherein said

collecting means includes a diversion ducting system (50).

9. A system according to any preceding claim, wherein said

collecting means includes an inertial separation system (33).

10. A system according to any of claims 1 to 8, wherein said

collecting means includes a centrifugal separation system (33}.
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8. A system according to any preceding claim wherein said collecting
means i ncludes a diversion ducting system (50). 9. A systemaccording to
any preceding claim wherein said collecting nmeans includes an inerti al
separation system (33). 10. A systemaccording to any of clainms 1 to 8,
wherein said collecting nmeans includes a centrifugal separation system
(33). 10 11. A systemaccording to any preceding claim wherein said
col l ecting means conprises a trough (16) underneath said engine (32). 12.
A system according to any preceding claim further conprising neans (48)
for filtering said collected liquid to renove solid particulates and oils.
13. A systemaccording to claim 12, further conprising neans for treating

said col | ect ed ki giig aE@oE@ITfQ:}/%odE\ﬁ?%r\é%@ds?l% id$iml4wndreanstem according to
any precedlnqéﬁlalnl wherein said collecting neans conprises a collection

condui t (3B IEGARBR tEF BB IFeEXT t FRINGR( 40)) dFISETRR EhGRA® T2 Sand
wherei n saizh) .collection conduit (38) has an outlet for allow ng collected
liquid to flowinto said effluent trough (16). 15. A systemaccording to
any preceding claim further conprising a nobile unit (18) containing

means for treating said collected liquid and a collection tank (22). 16. A
system accpy din |_ai r i 4 I Vi ng
col | ected g{eangﬁ Ifﬁ%lgkéggﬁﬁg ggyép%%gg%%§CH%5ﬁ h { g)gf dn é% eating

means. 11 means (48) for filtering said collected 11qu1d to remove SOlld

particulates and cils.

12. A system according to claim 12, further comprising means for

treating said collected ligquid to remove dissolved solids.

14. A system according to any preceding claim, wherein said
collecting means comprises a collection conduit (38} connected to
caid exit end (40) of szid engine (32) and wherein said
collection conduit (38) has an outlet for allowing collected

liquid te flow into said effluent trough (16).

15. A system according to any preceding claim, further comprising
a mobile unit (18) containing means for treating said collected

liquid and a collection tank {(22).

16. A system according to claim 15, further comprising a pump
{(44) for moving cocllected cleaning ligquid from said effluent

trough {16) to said treating means.



17. A systemaccording to any of clains 1 to 7, wherein said collecting
means conprises a collection duct (70) not connected to said engine (32)
and wherein said collection duct has nmeans (72) for droplet separation and
an outlet for allowing collected liquid to flowinto an effluent trough
(16). 18. A process for on-w ng engi ne washing and water reclanmation, said
process conprising the steps of: initiating operation of an engi ne (32);
introducing a cleaning liquid containing at |east water into said engine
(32) while said engine (32) is operating; and collecting said cleaning
liquid froman exit end (40) of said engine (40) onto a nobile unit (12);
char act er ilSed? jyptehmascsaidingl sammy offi gld s At FoducivhgrsieEadonpri ses

provi di ng R190UE 68 ddhs Alonhreant ng Joh weak QR auBPbi1® G8E teorntéleand
introducing said cleaning fluid fromsaid source  (14) into said engine

(320; and SonsehateneRac pf oe$89f TR SeohpritdBS 1Y BVFHi MR &F2BFf | uent
trough (16)2bensatdiopacd ef@ira€iof 32k antbiaied €6t lLabivify SiApeeoaPri ses
causi ng cl.eanin iquid exiting_.said exit e 40) of said engine or

underneat&lggFﬁqﬁhghgg t%aiaPoeg¥%ﬁ?&nF5@§%1898¥fluent trough (16), said

ef fl uent trough (16) being provided on a cart (12; 18). 12 19. A process
according to claim 18, wherein said

18. A process for on-wing engine washing and water reclamation,

said process comprising the steps of:
initiating operation of an engine (32);

introducing a cleaning liquid containing at least
water into said engine (32) while said engine (32) is

operating; and

collecting said cleaning liguid from an exit end (40)
of said engine (40) onto a mobile unit (12}; characterised

in that

said cleaning liguid introducing step comprises
providing a source (14) of cleaning fluid on a mobile cart
(12) and introducing said cleaning fluid from said source
(14) into said engine (320; and in that the process further

comprises:

providing an effluent trough (16) beneath said engine
(32). and said collecting step comprises causing cleaning
liquid exiting said exit end (40) of said engine or
underneath said engine (32) to flow into said effluent
trough (16), said effluent trough (16) being provided on a

cart (12; 18).
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i ntroduci ng step conprises introducing said cleaning liquid into said
engine (32) so that said cleaning liquid flows through at |east one of a
fan area and a conpressor section of said engine. 20. A process according
to claim18 or 19, wherein said introducing step conprises introducing a
cleaning liquid containing water and a detergent into said engine (32).
21. A process according to claim18, 19 or 20, further conprising
filtering said collected cleaning liquid to renove solid particul ates and
oils. 22. A process according to any of clainms 18 to 21, further
conprising treating said collected cleaning liquid to renove di ssol ved
solids. 23. A dystemaceeedityprdonanye cflaghaldvs whereil Baigherein said

engl ne OperatlQgtgﬁﬁﬂﬁngogp&é%Qﬁm@i§&§&&ﬁ&od&éﬁng said cleaning liquid
into said engine (32) so that said cleaning ligquid flows
through at least one of a fan area and a compressor section

of said engine.

20. A process according to claim 18 or 19, wherein said
introducing step comprises introducing a cleaning liquid

containing water and a detergent into said engine (32).

21. A process according to claim 18, 1% or 20, further
comprising filtering said collected cleaning liquid to

remove s0lid particulates and oils.

22 . A process according to any of claims 18 to 21, further
comprising treating said collected cleaning liguid to

remove dissolved solids.

23. A system according to any of claims 1 teo 17, wherein

gsaid engine operating means comprises a starter.
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