MOBI LE ON- W NG ENG NE WASHI NG AND WATER RECLAMATI ON SYSTEM BACKGROUND OF
THE I NVENTION (1) Field of the Invention [0001] The present invention
rel at es twoaoowior476 on-w ng engi ne washi ng system havi ngca/usedicloe7eani t f or

cr 11 ci anct S ars AEIE RS, BN Ram v R oR ity T e

engi ne conponents. Conpressor bl ades and vanes can suffer fromthe
accurrul ati on of hydrocarbon deposits, dirt, salt, and corrosion residues,

affecting their aerodynanbPRCRERPPVHENE cTHEhENEENEESYi t s can i ncrease

exhaustipas; Leapstatyeerahpdnf vgl, use and decrease the engine's surge
margin. [0003] Many operators report good success in performance recovery

usi ng "Rt wikte m@s@dme&vmtaqregwllartelﬁafos a mmm?m;?i\ag)ﬁﬁf
ol VESRRIL £, PSl 18 g e chp 0o L Large prpunts of ater gnd,
appr oxiraEth et ye 28 1 p& duri ng washing. Water wash procedures are currently
performed in fixed hangar installations where the wastewater is collected
and di sposed of. [0004] The effects of r?;ereﬁefroﬁggnPlg?!ﬁeogf{gﬁoio
?P?g;f&%éﬁ?ﬁg?géﬁgt?gfgrbginthazegpaéghesg Once a depoéited cont am nant
har denE0 @21 hdeaneugtineecedifis iexcdsesi wee treanckde deff eet ierenessinehtainwat er
wash qg%nqg%iﬂg%&gﬁxkégléﬁgsiglghe engine components. Compressor
blades and vanes can suffer from the accumulation of hydrocarbon
deposits, dirt, salt, and corrosion residues, affecting their
aerodynamic performance. These deposits can increase exhaust gas
temperature and fuel use and decrease the engine’s surge margin.
[0003] Many operators report good success in performance
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 amouﬂt of detergent. The
engine is motored at approximately 20% rpm during washing. Water
wash procedures are currently performed in fixed hangar
installations where the wastewater is collected and disposed of.
[0004] The effects of water wash are highly operator specific,
based on such things as operating environment, time prior to
first washing, and interval between washes. Once a deposited
contaminant hardens or the amount becomes exceggive, then the
effectiveness of a water wash becomes reduced or possibly
ineffective. Therefore, water washing should be performed
frequently (around 750 hours). The cleanliness of the

compressors may be noted during maintenance periods to determine

i1f the wash interval used is effective.



ineffective. Therefore, water washing should be perfornmed frequently
(around 750 hours) . The cleanliness of the conpressors may be noted during
mai nt enarwe 2p@vioods to determne if the wash interval u®ew/is2006/007677

effecti ve. SUMWARY OF THE I%‘ﬁfﬁl}%ﬁ%{?o@gé] Imgﬁ?f&h”g' y , it is an object of

the present invention to provide a syStemand a process for washi ng engi nes
whi ch [@idomls BegbReingEyAt 0tSsikoanl eBfethedbf ehgi pessenteifivenuionl yo
without significantly inpacting aircraft availability. [0 Qf%hl is a
furt h&rBHceCts SIS s entPLARRSAR T (GO tvghh & ss as
above ‘M%]‘Hé %ﬁié & S Ty el HOWING MG TP G- §5hRlmty Wikt 11

€ ! y ! .
conpl yi gl wth relevant environnental considerations and regul ations.
[ 0007]s idniifsi cstridlly anfpadthierg ahijmotafof aveel lgkedearnity . nvention to provide a
syste nd..process as_above whjch Eoe t require valuaple hangar tine.
[0008]r?°%r9e6]f ofbgbPng bBF EBEE SLéGS tﬁfnggewr_ ﬁ%ngyéPgﬁ? nd"th8 process of
the prRsatad Y eRtdim i) @Hoddb AGEDTHRALE wHildh tdigh WL sRIMEImeaNtdron, a
system for engi né washing and water reclamation is provided. The system
br oad Wi b sriinge snqbeides Hasthrepleardst i igiide efdilde, CamEEl T it r oduci ng a
cl eaning J.J.qy .l at_ | eas :)f/gq;-g | ntoyt nging while the engine
is being éa}ﬁgltga%enggyfﬁiéﬁgnr{% ecgrpesglnése or cnosi l'ectin Ltgthe ol eani ng liquid from
an exitoca oftthe engllbeaafndrthem uhdecheaththbepeagene in{é0tOdnFuoet her
in accordance with the present inventiqgn, a ., .

provide a system and process as above which does not require

valuable hangar time.

[0008] The foregoing objects are attained by the system and the

process of the present invention.

[0009] 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 cleaning liquid 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



process for on-w ng engi ne washing and water reclamation is provided. The
process broadly conprises the steps of initiating operation of an engi ne,
i nt roduciwg 2a06ctoegmqi ng | i quid contai ning at | east wat er PCHUS2a06R0BAYI Ne

whi |l e ; i IS rat ing, d i t ; i n I Q@ id 755 an
N e I
[ 0011reCerenceae haies adfs e imbbillikeorlwimegtengi ne washi ng and wat er
reclamati on system as well as other objects and advant ages attendant
thereto, are set forth in the follow ngdetail ed description and the

acconpanyi ng draw nggg ke peistriTipke oieber emge prameneg (§)depi ct |ike
el enents. BRI EF DESCRI PTION OF THE DRAWNGE S) [0012] FIG 1 illustrates a

nobi | 08420 NBI@ngl nel Washiageand welpble rertwhad | oROEHSt eashhngceBe dance

with th resent invention, [00Q13] FI S c i resentation of
a por%"'la%‘ﬁ oFeé:Eag!faTtllt? nt® tsrtceftLng%:Lnu]s?(g,\:goici:\rcli clg éég?le%%%?%ﬁ%ée ; [0014] FI G
3 il uskeat-esng di versi on ducting system which nay be enployed in the

systemof FIG 1 ; [0015] FIG 4 illustrates a, centrifugal separgtion unit
whi ch [08y38e TE@d ? nifhe SGREBATF W@eﬁel?t?*éb‘i%]oélﬁ SrHEPUSPt afBs an

| nert i.gle 1 3eRR AU dMIHC R IR Re S ed iFrd.he systemof FIG 1 ; [0017]
FIG 6 illustrates™n alternative énbodi nent of a nobile on-w ng engi ne

washi M§0ddd vBi@r 3 etllumitioresyst@hyenstonodustimy Gygten| usicht®sya spray
appl i gat or 90ReCLed 42 Bystem 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;

[0017] FIG. 6 illustrates an alternative embodiment of a mobile

on-wing engine washing and water reclamation system; and

[0018] FIG. 7 illustrates a spray applicator connected to a

support structure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[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 unit 12 on which there is located a source 14 of cleaning
liquid and a used cleaning liquid 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 wmobile unit.



support structure . DETAILED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT (S)
[0019] Referring nowto FIGS. 1 and 2 , there is shown a nobile on-w ng
engi ne wasbing/@ndewat er recl amati on system 10 i n accor gamas2evctoh7érhe

prese The, s em 10 include bj t |

is | ogétoégxf n]'ts}b r%]eeﬁlﬁl%%/ ]tcjr%%ﬁ?n%()‘lll %%I 334 grﬂgyaéélg%%{%l“é%%?ﬁgb gf\h%]glg%igere
col | eetd qatkrouahear watthl Wentppromgilate dBtersysicemThe aesergecitudes a
second nmobile unit 18 on which there is |ocated a water treatnent it 20,

a col cepprdmet ank 2Ritakd e dgEsECEndr FIWW oL Imdiia @55ower SO REHHHSE Wi | e
the tLana10R33,0CaRCS RO 133,061 RGN JIORIdR AN tbed ! 130w be

Iocate secon e unit on yet a mobi I e uni't. [0020]
The ckegeindg bingtthe swaefl@mpnmm weitreer, Brd.t sl foeorramavad .ni xed

wi th an appropriate detergent. The detergent .may conprise |tabl e
det er &ft CRAGR SN LiRE15 oiuﬁr”cgn}‘*smatyaﬁ%é“péfdﬁ o ft MRS oD %hé”;s)c 3 cul ar

type ?ﬁlm%et ar gl%grteg_segmdl fa &A%k .depends on the type of contam nants, dirt,
etc. é renoved. The cl eani ng liquid source 14 nprise a wash unit

with d08ad3, f&hme@;t@anu@@dlaqua@ksomg?l}élThé @@%ﬁ@é@leauﬁdsg%ﬁFé@nM is
g;nge%tg%gl&ator %l ut Ifglrcll a%%l IO%%t %1)5 ﬁ%rers]t iﬁ]\a n%ezl%rs myye asﬁ{oey Q‘H.ZZl es,

. tublng n one e I me present “i nvention, the
sol ut icaBiappliscatdr ok rRbdiE repratodd tate tﬁr@aamt afnv&rﬂjmphertdie s tool 30.

I n anoth nmbodi h
MHEURACLE R RGO R L

tool 30. In another embodiment, 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 elgewhere 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 liquidfinto the compressor and one or more nozzles
may introduce the cleaning liquid onto 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 may 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
starter 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 liquid to
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7 ) . Asuitable pump (not shown) may be provided in the source 14 or
el sewhere on the unit 12 or unit 18 to generate a pressurized flow of the
cl eani ng woquéadior4tsough t he applicator 26. [0022] The spcaysapmplodwat or may

have si.ngl e nazzl e or nmul tiple.ngzzle | f-_nozzl es _ar ~ One or nore
nozzl §§ &&%%Sﬁﬁ?joédcé?‘@hsn&l@ ni%%g lfll%&ui%gei AEs é (gjglcg@rrlf)i é’?ﬁ%r “and one or
nor e RREBHRSsHRY dddieduc erehelekhedmniong ikuddi eiant eakhe thawusgctinen. [ 0023]
The spray applicator 26 may be inserted into a portion of an on-wi.ng engine
32 t 0 <bé izlec gmad nePiatosy 4bley COMPESSFORY SEFFILOSa e oMot d&ie tIHAI ™ t hat
t he cl eani.ng I.iquid f] i, N .conpressor section of the engine 32. The
fan arseaCt& P%é’ érl% & Sri%mt?%gr%l%%y not be washed. [0024] In a preferred
enbodi[werzis ]of 1 &gn Phg sendul dvient dlonhas heassedntimohdglguide | enghne odaged i nt o
t he on-w ng_engine 32 while the engine 32 is erat,ing or torjng. The
engi n®e3Z hrdtdredhgr tERae: ¥sin§ gogﬁg'l‘:t%éron(aé’.o BN

rter 36 may
be a starieh nhoand d ke 3l elaldy HPaushowdzAlk MRY J¥e tid ashghd @4 he

&
mobile units 12 or 18. The engine is preferably notored by the starter at
about T2B%ckRduiThi38 didsows: i leiteds? Hgati gerestidise thygestld@dhrd he engi ne

32 intq the fan_.area and/or .t he _conpr or, i The £cligan ld qui d
will 63??%%3@@‘{ lé‘rd‘fﬂ rtglee% ioﬁltrg%f (r:‘%% tpﬁze%%gr?prrigs'sgﬁlesectl %9 tlhér glunghout
the t woiing G iMdhdaaH heeeXxiaidsie Sect i ddl02ht iGrearitigpd iy d whi ch
has passed through the engine may be collected into the trou 6 via a

col | edficdmdeofd FHVIB I RS FYHETa M &° eii’r?é(‘ﬁlstlrh e 40 of the

engi”%m%%h 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
system 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, gutters, 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.
[0027] 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 separatiomn.
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The conduit 38 has an outlet 42 that deposits the collected cleaning Iiquid
into the trough 16. Preferably, the trough 16 is positioned beneath the
engi ne 32v0Bh@/woi7becti on nmet hod may i nclude a diversi orCauustonamomyst em 50

such shown_iin.FIG 3 which_ capt aj I t Ak ar at es
t he d?gf‘il ePETFA8h FﬁBaEF‘%PPOWlBD}%\E}gis%%%ddtn%é,},\%%ﬁbrrg%%r gﬁ osggg?uﬁ% t he
air fhawtheougbparsenbasuaft” dhvehsianthel ares shéhsast hattt bhowat én
droplets inpact the plates 54 and fall _out of the air ,streggél ;ll,}gFéerSi on

Il

ducti F§C.i §-aSheihedlyl &BRI EePhgitiAelt PEP3LEbArR HEAT, . W _
dropl Ls EXibig t 06y diyerabon duakingusys! eabalaRakabensel keskadihn the
6 el'sewnere 17T

troug or or treatnment . [0026 here are nmany ways to
separ ahe wetesudhopkethatr ehotine iai FISt.r éans exiting the engine 32. These

ot her wa i ncl ude,. but , t limted to, filt , tt di ti I
ohangd00581 T iron it epid it orr (b st o HRTRRE of S (e O

separ abi-0R Yk i8R BS11RbtelNEawsnifWt 1tik@idr epbet $hby tebaghelisngot he
airflow around”a curved surface 60 as shown in FIG 4 thus causing the
dropl éhe wetempiceatmenturvds 20rf &c@oued CHERTHEMCION: d6V1CRe 48i Ma¥t r eam

[0027] In_an.alternative h L.yt i.gn | i i o : l:i,cat or 26
t hat sﬁggvﬁgﬁ"ﬁ} Pgnkglﬁdug%%p(rigsggr %9&? t:)%'i ﬁ?@ogg)?eeéoi@r%ts?}tl Eeé'ﬁ%i ne inl et
34 . EeQ28Ek Ref ekr icogneeweto tbl Bhe? genamraiter Ridalandr megntoe fusgdl toepar ati on

umi 53 ey be ueed Lo perform. iy Lvaler sgpaal on The JehlihoogRy At or

spray of cleaning liquid.

[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 liquid source 14 using a guitable
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. Generally, from about 30 to 60 gallons of
water will be used per engine.

[0033] While the system has been shown as including two mobile
units, 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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inertial separation unit known in the art such as that shown in FIG 5 .
Simlarly, the centrifugal separation unit, when used, nmay conprise any
sui tabl e wem)(rﬁvlfomgal separ ation unit known in the art sech/msomhate7shown in

Eggb63HﬁHL§52%%) en% gnhht%% Qa% nﬁ%q%a%%ﬂgﬁql R 1HP WIR- YR, for

Ehin |IC]UI fromthe 170 to the water

treat Mlllarbltll%@ /Sel@@t\ﬁr @insfinie etfifdie ideniyc eadb beayi nosrepsed dee 6o t he
unit 12 or unit 18. The power d| strl bl,éten device 46 is, connected to the
gener &8¢ Iresnentay isenidsd i qﬁ?ﬂﬁ&%4p§r‘f’(‘fle(?r”rtenézaﬁu (not

Showun), /o, GRNEIAI WG] RARRY Ak q 180 RBHiIG I HRAy, Theusatsr

treat ment unit MRy ~COMprise any suitable water treatment unit known in
the anmaluRidfeermbigar thsendtemar eaitqmmedmll‘tlfml,l éleudais tenf itakas 48 for

renovi solid particul ates he wat er t t al so
i ncl ué’ég’ ﬁtﬁr’é’étrwef%@qc%m?& SN Vi t""c")i %errr%r\;)el rystslo \/eg sol i ds.
[0031]reﬂz;eledd1ta9crl% angd J{iigated Matiey rics weathnidepand erdwctee ito t he
collection tank 22 . The reclainmed water in the tank 22 ma,y be E nped to

t he clusaniaig.nd qlﬁ@dfeglﬁhrcetfﬁl W LRP PEVTHdas & Rgenent
and u%.?q%qe a@%: hase Gl %@%éésqu' }{tQPB%]heTré%/é{%rﬂJ%&ftH@tﬁrodéﬁd to

cl ean g| he vari és ifie size and t General ly, from about 30

to 60 zpad learemanti oweitler dedilraie euseatapere eﬂtugreaat[laoaf&a]duﬂﬂd eltgparigygst em has

been shown as jncl udi ng, two m)bl I e
costs and improved quality
[0035] While the system of FIG. 1 has been shown 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 suitable
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 ligquid to flow into 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 has 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



units, it should be recognized that the system could be placed on a single
nobile cart or three carts if desired. The enphasis is upon nobility,

fl exi biliwg2bavioa7éari ety of engi nes, and i ndependent operatseana/00{60034] The
system and,_process. o he.present Lnyenti rayvideca dvant ages.
FirstYaﬁﬁaFEQHBpgﬁéF%r%agénwéﬁgéﬁ % éi?ghgﬁnggg ergffsggggﬁpﬁgbﬁ?thout
signi ghgapkly inpacting aircraft availability. Second, engine efficiency
can be increased due to nore frequent cleaning. Third, the cl eaning
procedure can be performed on-wing since it involves nobile technol ogy.
Fourth, valuable hangar tinme is not required. Fifth, the systemtakes
advant age of environnental friendly, waste water collection, and
re-circulation. Sixth, there is no water disposal costs due to recycling.
Sevent h, the system provides quick turn- tinme and a | ow i npact cl eaning
process. Eighth, the systemand the process are econonically desirable
because of greatly reduced cl eaning 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 engi ne
32. A collection duct or device 70 which is not connected to the engi ne 32,
as shown in FIG 6 , may be used to further collect the air/water exiting

t he engi ne. The duct or device 70 nay be provided with a suitable neans 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 allow ng collected
liquid to flowinto tank 14. [0036] It is apparent that there has been
provi ded wo 20@cior4fance with the present invention a nobiPCE&USRe06I0NTHE7TENGI Ne
washi pgiagng et gk vkechamati on system which fully satisfies the objects,
means, and advantages set forth hereinbefore. While the present invention
has been descri bed in connection with speC|f|c enbodlnents t hereof, ot her
alterpatives, nodifications, and varlatbpns wi | cone pargﬁg_to t hose

skilléd PnSYRESHE £oORafny IFEag eRact JP8 dpﬁgadgsdﬁlﬁFidﬁ Thigly, it

is inkended @ aMiApe-ilhese alternatives, nodifications, andvariations
which fall wWthin the broad scope of the appended cIainB.MHAT | S CLAI MED

S: 1. A systen1for on-w ng engi ne mashing and wat er reclamation, said

5yt em COTRLLEENG AN L0 Lo4ELNg.3 5 SpNLna iyl seontanning at

| east wate gine "wh sai I'ng ‘operare mobi

nean3wbeexcahltecemn@n§;alne eheael Bgild engdnkr om deiex bpelidtefd,sa:rm engi ne
and from underneath said engine; and neans for operating said engine. 2 . A
system according to clain11 , Wherein said cleaning liquid introducing

means CO”pFnb%‘:%%e”ﬁ%% @y %ﬁ@%‘é‘f:hﬂ% %a%kieé'i'e%&:_h'gqlill@lu%‘a”tf%'om g wat er
and detergent. . A systemaccording to claiml , "wherein said cl eani ng

I|qU|dxumteoduoﬁnqanéaﬁgga@ﬁpam§e§r@m vodstrneashs pedy woging ;. apd, A system
according to claim1 , wherein said cleaning liquid

means for operating said engine.

2. A system according to claim 1, wherein said cleaning liquid
introducing means comprises means for introducing a cleaning

ligquid containing water and detergent.

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

introducing means comprises at least one spray nozzle.

4. A system according to claim 1, wherein said cleaning liquid
introducing means comprises at least two nozzles, with a first
or multiple nozzles injecting cleaning fluid onto a compressor
of the engine, and a second or multiple nozzles depositing

cleaning fluid onto a fan section of the engine.

5. A system according to claim 1, wherein said cleaning liquid
introducing means coumprises a shepherd’s hook tool having a

spray nozzle.



i ntroduci ng neans conprises at |east two nozzles, with a first or multiple
nozzles injecting cleaning fluid onto a conpressor of the engine, and a
second orwoubad/preenozzl es depositing cleaning fluid ontotarstew/osmset i on of

t he epgi pe A cear di to clai , JWhareh ' : ikng
Iiquig'i%t?ggﬁgpnaaéégﬁgb%oggrggggmaeéhggﬁg%én ggﬁgog Eggﬁhﬁagkﬁg@g spray
nozzl enBrodAciygt esnaccapdprdste el dilaxiblewber €inedabsdppbeani ng |iquid

introducing neaﬂs conprisis a flexible or fixed support structure having at
| east SbhBC5PFay "RY#PPet7 ?aﬁtSQQFeﬁP58¥oP8?ﬁgeto claim1 , wherein said
cleaning liquid introduci ng neans conprises neans for causing said cl eaning
liquid to be ingested into at | east one of a conpressor section and a fan
area of BaFystay aeco8ding spstémiacdor vhegeto ehadnrleandher éiquddi d

collegkkgg means includes a gi%er%ion d%ctin% s%éteggi .1Aa%¥%tem

accor di'ng ?80&ngWan? WHEFEI R Eal'd e8I F8Et I 58 dn§%nclFudes™ad inert ial
separ ai gandsyst pa ihGeshedyshem aecoedsfigohe efabncdmprebesei Besdidn
col l ecting neans includes a centrifugal separation system 11. A system
accor 8Pftlg>t 6281 8FRR1°L #AFePRI4ARd col | ecting means conprises a trough
underneath said engine. 12. A systemaccording to claim21 , further
conprising neans for filtering said collected liquid to renove solid
parti8ul &t egshad eckerdihd. tA systiemlacwbedeng teidl apmlé&2tihgr tkens

Conpr5%5?gdggagsdgggrsion ducting system.
9. A gystem according to claim 1, wherein said collecting means

includes an inertial separation system.

10. A system according to claim 1, wherein said collecting means

includes a centrifugal separation system.

11. A system according to claim 1, wherein said collecting means

comprises a trough underneath said engine.

12. A system according to claim 1, further comprising means for
filtering said collected liquid to remove solid particulates and

oils.

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

treating said collected liquid to remove dissolved solids.

14. A system according to claim 1, wherein said means for
introducing a cleaning liquid includes a cleaning liguid source
mounted on a cart and said collecting means comprises an

effluent trough within said cart or within a second cart.

10



treating said collected liquid to renove di ssol ved solids. 14. A system
according to claim1l wherein said neans for introducing a cleaning |liquid
i ncl udes woch@arir4tg | i qui d source nmounted on a cart andpsaiub2@elobmct i ng
means conprises an effluent trough within said cart or within a second
cart.15. A system according to claim 14, wherein said collecting neans

conpr iises pa syekkacticedreanduico eaanacthad wWhevalith @il e 1efctsaid engine
and wherein said collection conduit has an outlet for allow ng collected

| i qui BeRBSf COWPLABESs & §odlpcldmn COHGFRE TONNRCEPS: &9 sedet ¢ €8l ai m
14, furt . C i S| a il I tal.nis for _t ti id
coIIegﬁeggﬁgqﬁgglg%dggdbo ggﬁgb%%fgh%gﬂigégﬁggygﬁgﬁggéb8?%%%glf%ﬁg%%in116,
f urt héprcaipbwiingg caljer ekol inmmidn g oc dllloerc tied oc lsed ki regf Alivguitd tirommhsal d
effluent trough to said treating neans. 18. A system according to claim1l ,
wherein said collecting neans conprises a collection duct not connected to

sai d eggi pesgadaphatebRadabd teolhestd aa  dyet-rhas %%ﬂ@&dkﬁ&%P%QHdﬂile
separation and an outlet for allowng collected liquid to flowinto an
ef f | uepitt conghiniog mepnscéss toeatnng vgidngrideowsshi dd qnid wadea
reclagg&hggti%%jga%&pcess conprising the steps of: initiating operation of
an engine; irntroducing a cleaning liquid containing at |east water into
said engine while said engine is operating;, and collecting said cleaning
liquid froman exit end of said , o

17. system according to claim 16, further comprising a pump

for moving collected cleaning liquid from said effluent trough

to said treating means. o

18. A system according to claim 1, wherein said collecting means
comprises a collection duct not connected to gaid engine and
wherein said collection duct has means for droplet separation
and an outlet for allowing collected liquid to flow into an

effluent trough.

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

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

introducing a cleaning liquid containing at least water

into said engine while said engine is operating; and

collecting said cleaning liquid from an exit end of said

engine onto a mobile unit.
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engine onto a nobile unit.20. A process according to claim19, wherein said
i ntroduci ng step conprises introducing said cleaning liquid into said
engi ne sowbhate/®ai7d cl eaning liquid flows through at | east/use@scodrcar f an

ar eam%d A PeiRlEE A &%E%IE N o Salith qra! nge.2hy, A il hnaeic il ding to

cl ai erein sai ucl ng step conprisés i"ht ucing a eanlng
l'i qui @te@nb@mm@ewah@mr@m@oan@ets@rlgmﬂaam@gsaud;ueira}gllmﬁo s2dd Angfieress
according_ to claim 19, further conprising_providing_an effluent trough

beneafR SHrd ERgNE1&AB188 & IBHicedting SHEPUSBNBL d68tadiing fciPediiitng
| qui dofXi 60 S althoXitsoend pf 133 Grenalite (dgsyader neath said engine to

flow into said effluent trough. 23. A process~-according to claim 22,
wherein said effluent trough prOV|d|ng step conpri ses prOV|d|ng sai d

ef flugnt trough on a cart proc ss accordi ng t, m.19,, further
compr P ngl PEPEERENGoCRrG o8l 1tocCHR L0l dani RGSReda Gotg AcrEtesmey

parti gt esmprd seigl §nt22duliROGE T 326G Hd lvﬂﬁdwa(Hdﬁﬂﬁrﬂingf%%k@%f
conprising treating said collected cleaning liquid to renove dissol ved

sol i d3nd2@. dateygrslm de&6r gpAgl ©8JENE-m 1 , wherein said engine operating
means conprises a starter.

22. A process according to claim 19, further comprising
providing an effluent trough beneath said engine and said
collecting step comprises causing cleaning liquid exiting said
exit end of said engine or underneath said engine to flow into

said effluent trough.

23. A process according to claim 22, wherein said effluent
trough providing step comprises providing said effluent trough

on a cart.
24. A process according to claim 19, further comprising
filtering said collected cleaning ligquid to remove solid

particulates and oils.

25. A process according to claim 19, further comprising treating

said collected cleaning liquid to remove dissolved solids.

26. A system according to claim 1, wherein said engine operating

means comprises a starter.
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