TRANSPORTABLE | NTEGRATED WASH UNI T  TECHNI CAL FI ELD [ 0001] The present
di sclosure relates to a transportable integrated wash unit, and nore
particularly, to a transportable integrated wash unit configured for use in
cl eaning turbine conpressors. BACKGROUND [0002] Gas turbine conpressors
are used in a variety of industrial applications. For instance, gas turbine
conpressors may be installed in aircrafts for proving aircraft propul sion.
They may even be utilized as stationary power generators and/or stationary
mechani cal drive. Redd&ANSBQRIBLIKEINIEGRABEPINASERYML bi ne conpressors
all consunme very large quantities of air. In operation, a gas turbine
conpressor first conpresses air TEGHNESAIHIEEDnpressed air with fuel, and
then burns the fuel-air mxture to create expandi ng gas. This expandi ng gas
i n turoab1] vesTHehgrebdht biifttosuOrakites &0k t@dmSpd@tablituiiesgrited Gish uhltg ané Swdrt ant
torque may be used, for exanple, to drive propulsion fans, electric
gener at@figulaAPdPh PIREEBRY i€ add Ghash SurlfE EAATHFRAl fRWERSIn EICARR] tlrBingBNY
turbi ne conpréessor applications, including those discussed above (with the
except%gg?g%ﬁgp aircraft propul sion application), air inlet filtering is
enpl oye nan effort to prevent contam nants fromentering and hanpering
the turbines' operations. As can g reciated by those in the art,
however, this type of filtering égggiﬁg£“§ﬁ¢ogether prevent snall
concentrations of contam nates fromentering and adhering thenselves to
t ur bi ndO¥Bhpr ddasdrrbing cogpsessars gteaised) 3 varshrfindustnia) 3P lispHeRS, d1of nsBBE%nul at e
on the conpressor blades and decrease the effectiveness of the blades in a
manner gahidrbine deroprsssont mpy be installedviragitcrafist far provoguaiesthlt propelsionr dhey meygas
t ur bi ne.

even be utilized as stationary power generators and/or stationary mechanical drive. Regardless

of the application, gas turbine compressors all consume very large quantities of air. In operation,
a gas turbine compressor first compresses air, mixes the compressed air with fuel, and then burns
the fuel-air mixture to create expanding gas. This expanding gas in turn drives the turbine
compressor and produces torque. The resultant torque may be used, for example, to drive
propulsion fans, electric generators, and/or other devices such as mechanical pumps.

[0003] In many turbine compressor applications, including those discussed above (with the
exception of an aircraft propulsion application), air inlet filtering is employed in an effort to
prevent contaminants from entering and hampering the turbines’ operations. As can be
appreciated by those in the art, however, this type of filtering does not altogether prevent small
concentrations of contaminates from entering and adhering themselves to turbine compressor
blades. These small concentrations eventually accumulate on the compressor blades and
decrease the effectiveness of the blades in a manner that reduces total air flow and total produced

power from the gas turbine.
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PHI Lft3861686.1 [ 0004] One manner of preventing degradation and of reversing
the surface nodifying or fouling effects of contam nants is through proper
and routine conpressor cleaning, Routine cleaning of conpressors hel ps

mai ntai n turbi ne engi ne performance, em ssions performance, and intended
air flowat their best. Maintaining the intended air flow also assists in
mai ntaining an optimal fuel to air mxture, which further inproves the
performance and |ife of compressors. [0005] Existing nethods and equi pnent
utilizd8004h c|@epmapnaerfopreyriiting desmgatiossyrdsofraversgstbe| wedcq modiying 9
patents or applications, all of which are incorporated herein by reference.
For exdoying, eftacts sfuaintaminprte ss throughepnapergandyutine cempliesok edaadingn Routine
International Publication No. WD 05077554, entitled "Method and Appar at us
for O ebahing ol usrhpressorsdaedps midibiametufbig éngine pesbtdrics, ebtissi@sperfdintgcéant ed

St ates Published Patent Application No 2006/ 0048796. Disclosed therein is a
cl eani RgtetRdiaGe1GP aPheR b3S, aViBintidhg thé iRendbaZArl BSw AlsoaRAQd i hamtdTRRp he! d,
which manifold is releasibly nounted on the air inlet of the engine, and
wher e l.es. ar. I i i 3 j iquid in the
A o CRomREl GRS ARt Ak AR blES Sl B RO BB Sol osed
in WO 3@&7?55§§cq?ri S-S first. no thﬁ' a r.an%ed. at_a fi ristc |‘Fosi tirsonr

rel ati veOlal cenfPPE T8 HENEES AL cQHBRY Wilizhd i SICAPHE AT BEIRING M PRIGTd eHRnat ed
fromthe first nozzle inpinges the surfaces of the bl ades substantially on
t he pré@%‘ﬂi‘tb%‘? &0 AT PRIFRIST O PPPHCRLEED Al o EHish éreazflf%arét?ﬂﬁwrean ECBRENFOsi ti on
relative the centre |ine of the engine such that the cleaning [liquid

emanat di@r £xasmnle. henessuigl aemprssser elepring sxstase isbectpsed i Imltm@nalrﬂgﬁbihmﬂond@s t he
surfaces of the blades substantially on the suction side of the | ow

pr essurBOcHdp7 Exls entjtledrftMethod andl Appaalue fora€Cleamge duatofan Gas TdrhesEngings”
relative the centre line of the engine such that the cleaning liquid

emanat egd fits QBﬂrésJi)@ndihl% Unitbd Bk’ MdESRE PateRs Applidatibh Wolmemenstdee Ikasked and
enters an inlet of the

therein is a cleaning device comprising a plurality of nozzles arranged on a manifold, which

manifold is releasibly mounted on the air inlet of the engine, and where the nozzles are arranged
to atomize and direct cleaning liquid in the air stream up-stream of a fan of the engine.

[0006] The device as disclosed in WO 05077554 comprises a first nozzle arranged at a first
position relative a centre line of the engine such that the cleaning liquid emanated from the first
nozzle impinges the surfaces of the blades substantially on the pressure side of the fan; a second
nozzle arranged at a second position relative the centre line of the engine such that the cleaning
liquid emanated from the second nozzle passes between fan blades and impinges the surfaces of
the blades substantially on the suction side of the low pressure compressor; and a third nozzle
arranged at a third position relative the centre line of the engine such that the cleaning liquid
emanated from the third nozzle passes substantially between the blades and enters an inlet of the

core engine. A specific design washing configuration, including flow rate, atomized droplet size,
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core engine. A specific design washing configuration, including flow rate,
atom zed droplet size, PH GL3861686.1 2 is prepared for each specific

engi ne such that atom zation and nozzle position are optim zed to achieve
effective cleaning. [0007] Thus, the invention disclosed in WO 05077554 is
based on the insight that the engine geonetry and properties of the fouling
of different conponents of the engine have different properties and
therefqre, require different approaches for, the cleaning. As an exanple, the
f oul i nds BrEPae¢ fireragh ﬁlfﬁcgifsmglw%i% apmyifation gnd ;99673% ppstiian f“l‘?aﬂi’t‘f%@gﬁﬂg
found on the blades of a fan. One possible reason for this discrepancy in

f oul i ngelyevpdfeciiesclpayng. ncl ude, for exanple, that the tenperature is much
hi gher at the conpressor than at the blades of a fan. The high tenperature
at t he [8@)¥pr esHuors, the snviehtion disdlosediimdVRPas@77664 & tmsabon the ifidigit ¢tdit therengine he
conpressor's surface, thereby maki ng renoval of such fouling extrenely

di ffi clebmetty ahd@rdpeniies ifatle Joullhgveivdifferehh CorhpomRatsasfuhe engindUabe ldiffeeént As a
result, the fouling at the fan does not becone baked, naking it nuch easier

tocle el hB@fork O e AMPLER! appRRRds R thR1GhRBNIARIaP kL REJihEE
conpr eg’g%ﬂregneisn@l uﬂdes %rh’eg:g‘r o(|?)er1 rcolzilecti or? anclt di spoglgl ofawashilﬁg | i qui ds

used t cfolﬁlngzo'} 33;9?%69%%&99%%% Pﬂﬁiha\%']ﬂff&@%{t p%%%ﬁ%‘tﬂmoﬁlin%?dﬂﬂ%{gﬂ thd BR3P 2

aer o- engi nes’ eaning process. 0 environmen concerns, used
't er ndtT ot PR csrbitr (s Sinronas oyt pfiperied e nf B AR es. 1 o
Coll ecting and Treating Waste Water from Engi ne Washing". Disclosed therein
is an é@‘gh"eﬁglﬂ‘?@t%éh%hd‘émeéét Hﬁ’v‘ioﬁ‘{j’r%s%ﬁ‘%@f de bladesfffefrnat The Bighear
arrangenment for collecting used washing |liquids. Waste wash liquid
enanat itergpdratorn ah thegéamepressorc abdudtet ind fanlinghparticlsh | kespining déekede entotthe rear
of the cirrrllglrers]ir’s surface, thereby making removal of such fouling extremely difficult. At the fan
blades, however, the temperature is much lower. As a result, the fouling at the fan does not
become baked, making it much easier to clean fan fouling.
[0008] Another aspect of the cleaning aero-engine compressors includes the proper
collection and disposal of washing liquids used to clean the compressors, and any contaminants
removed from the aero-engines during a cleaning process. Due to environmental concerns, used
washing liquids may be purified and recycled, such as is described in International Publication
No. WO 05120953, entitled “System and Devices for Collecting and Treating Waste Water from
Engine Washing”. Disclosed therein is an aero-engine washing device having a collector
arranged at its rear arrangement for collecting used washing liquids. Waste wash liquid
emanating from an engine is collected by this collecting device at the rear of the engine.

[0009] The system described in International Publication No. WO 05120953 may be made

mobile by the introduction of a mobile vehicle. In operation, the washing device may be
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[ 0009] The system described in International Publication No. WD 05120953 may
be made nobile by the introduction of a nobile vehicle. In operation, the
washi ng device nay be PHI L1\3861686.1 3 nmounted or positioned onto a
hand-towed cart, a notor driven cart, a notor vehicle (e.g., small truck),
or the like. [0010] Another exanple of a waste water collecting device is
described in International Publication No. WO 05121509, titled "System and
Devices for Collecting and Treati ng Waste ter from Engi ne shing; and
s ComtBisdrRIPAGIORFT o &hapdiowsitharts h awptsArIYRR b MOHY VGRclegE. Shall

2006/ 0081521. As disclosed therein, collected waste liquid is punped into a
t ank wheiek), osbpdikeed fouling material is separated fromthe collected |iquid
by an appropriate waste water treatnent process. The treated water is then
used f d00Xd]t heanatberhéxampiad df i wantd wategicolecting deyiceais tdesaribied vie| Intechatipesd i nt o
a sewer. [0011] The above nentioned systens and nethods for cleaning engines
and/ or Publi¢asion INtg WO 12 £306¢ kitlad) “Siaan wad Dieniged fog L0 disctigoatiddBreutiigyWastesat i | e
and effective cleaning nethods that can be arranged on a nobile unit. These

syst e”WVﬁ’t@f’fr&WET%ﬂ%WQQn‘l@”?ﬁnd #d rRSontng Unifed|tted PERGR&AE BflerR A pplication
self-contained. I'n other words, each of the above systens requires, to sone

t t, f 4 | . To -i i |
exten N&Q@B?/gﬁifdl;%?. n%seﬁltsaﬁ&ﬁ th%;?ﬁao‘dél‘fe%ted[\%ﬂ@ehwﬁgdé k)lsllglié&{ 8 a t&rﬂp%ﬁ%' ona

aer o- engi'ne chani cal Ive unit) clea tens typlca
part's- THRpeR g meEath  corer e o Mo e B P ot 8% maigar ng
S R I T AT A
wat er/ wash fluids, and a collection systemfor capturing used wash fl ui ds
(i .e., alternatively dumped into a sewer.
[0011]  The above mentioned systems and methods for cleaning engines and/or collecting and
recycling used washing liquids provide very versatile and effective cleaning methods that can be
arranged on a mobile unit. These systems and methods, however, are not truly fully integrated or
self-contained. In other words, each of the above systems requires, to some extent, some form of
external resource.
[0012] To illustrate, conventional aero-engine (and/or mechanical drive unit) cleaning
systems typically require an external source of clean water, (preferably less than five (5) parts-
per-million (ppm) total dissolved solids, a power source for heating cleaning solution and driving
a cleaning process, a pump to deliver water/wash fluids to the aero-engine, a manifold to direct
and atomize the water/wash fluids, and a collection system for capturing used wash fluids (i.e.,
cleaning effluent) to prevent environmental release. Stationary gas turbine compressor cleaning

systems, for example, are typically positioned on a permanently placed skid and require siting of

external resources such as a clean water source, power to heat and deliver cleaning solution, a
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cleaning effluent) to prevent environmental release. Stationary gas turbine
conpressor cleaning systens, for exanple, are typically positioned on a
permanent|ly placed skid and require siting of external resources such as a
cl ean water source, power to heat and deliver cleaning solution, a

PHI LI\ 3861686.1 4 punp systemto deliver the cleaning solution, and
permanently nmounted nozzles within the gas turbine inlet to properly direct

the cl eaning solution. [0Q13] Due to the high costs and |limted.apnual use
of sucR"8P égsé%{ﬂ it gelLyre Eweﬂﬁ%ﬁg‘ﬂt}on’ %?fﬁ%e ‘%e“(“é(r'B?‘H‘ée‘g‘b%Zrzgﬁ i"Yiﬁ’é", tr}‘(ee‘é?‘@. :
typical ly peaking or portable rental units), do not site a permanently
nount e&rBiRe énlefiel Proped direst therdeaningsalulignof  t heir gas turbines. As can be
appreciated by those in the art, forgoing routine turbine cleaning can

r educe [¢H3hi ndusutopthe hilgh casps angl bmised emsishtise( dlfucher claaingreystans chavssern of
operation, depending on climate and site. This type of |loss to efficiency
t ypi cakbnie rgas tihrbiiei dpehitighsr(eighatypopily pedkirgTos poratde pattilouniahcdn notAitehaugh
this increased em ssions performance may be within permt levels initially,

the epbssnORE hdufted $Kid GRAAT forste rélﬂin@e@l@iﬂi% Jfahdip gONLAMRANNS eMANbE NUe to
build on conpressor blades over tinme. [001 Accordingly, it would be

desir ag#;gséi%f:&; gx Shade GO Be el ff&%éi‘ng Goutitid rtﬁt%ﬂieecleAélgg'!gf daﬁqgélf%;e/ Nefhinglo ﬁ@t Eg

system ing gas turbi onpr essors. tion , 1t wou

desi ragl ¢, 0., DAYe @Gl a0 AGISUPLETHADE OLOGESS S 80, (RN LY. SLeR0 g, such

t ur bi ne* conpriessor e utrlrzing num vorumnes wat er and/'or Wwashi ng
fluids, SUMVARY k%?lS% The, lesent djsg] sure rel ates to.s%gtegg and
met hod&PPeflatdshdo t BhAeReY, Y Jiputs iy @B?rafl@a QRYpAl GISSIONG, PEHIENCE
transportabl e wash unit may conprise a wash fluid delivery o
Although this increased emissions performance may be within permit levels initially, the
emissions rate will continue to deteriorate as contaminants continue to build on compressor
blades over time.
[0014]  Accordingly, it would be desirable to have a cost-effective, portable, self-contained
cleaning system for cleaning gas turbine compressors. Additionally, it would be desirable to
have a cleaning system and process for rapidly cleaning such turbine compressors while utilizing
minimum volumes of water and/or washing fluids.
SUMMARY
[0015] The present disclosure relates to systems and methods relating to a transportable
integrated wash unit. An exemplary transportable wash unit may comprise a wash fluid delivery
system for delivering wash fluid to a desired washing location; a power supply for providing
power to components of the transportable washing unit; a unit controller for controlling one or

more components of the transportable wash unit; and a mobility unit for mobilizing the

transportable wash unit.

PHIL1\3861686.1 5



system for delivering wash fluid to a desired washing | ocation; a power
supply for providing power to conponents of the transportable washing unit;
a unit controller for controlling one or nore conponents of the
transportabl e wash unit; and a nobility unit for nobilizing the
transportable wash unit. PHI LI\3861686.1 5 BRI EF DESCRI PTI ON OF DRAW NGS
[0016] Fig. IAillustrates several isonetric views of an exenplary

transportable integrated _wash unit:; 017 i illustrates severa
isonetric views of an i nﬁ%‘ﬁ@rﬁ%ﬁ%ﬂ?ﬁ‘g&@ﬂ@m@k@ﬁt able integrated wash
unit illustrated in Fig. IA [0018] Fig, 1Cillustrates a |Iine diagram of

t he exdfMlichry Kigahd pﬁlﬁﬁ%&'ffﬁ seyestldseragteel Vignsrefian exemplary srapgpogtable Antegrgted | A;
[0019] Fig. 2A illustrates an exenplary inplenmentation of a transportable

i nt egr avasldumgsh unit; and [0020] Fig. 2B illustrates a |line diagramof the
exenplary transportable integrated wash unit illustrated in Fig. 2A

DETAI LEODIESCRIETIEONIs6ied bevera ¢gdonsemic tiews of amliplemsintation ahthe mahipoaable
relating to a transportable integrated wash wunit for use in cleaning gas

turbinqmggqgaaﬁgpﬁﬁtﬂﬁ@ﬁggmﬁqﬁ¢py&arIy, t he present disclosure describes
systens and net hods wherein all necessary conmponents of a conpressor

nt cor APUATES SRR s REPA R tialfinfof AERRAMILS URPHERLE Bealh—luni

For eX?ﬂB%%md%PFg§¥§}ens and net hods di scl osed herein may

[0019]  Fig. 2A illustrates an exemplary implementation of a transportable integrated wash
unit; and

[0020]  Fig. 2B illustrates a line diagram of the exemplary transportable integrated wash unit
illustrated in Fig. 2A.

DETAILED DESCRIPTION

[0021] Disclosed herein are systems and methods relating to a transportable integrated wash
unit for use in cleaning gas turbine compressors. More particularly, the present disclosure
describes systems and methods wherein all necessary components of a compressor cleaning
system are integrated on a transportable vehicle. Such an integrated system allows for great
flexibility and diverse applicability. For example, the systems and methods disclosed herein may
be implemented to effectively wash compressors of free moving gas turbines, such as those used
to power aircrafts. In addition, the systems and methods of the present disclosure are applicable
(and cost-effective enough) for use in cleaning compressors of stationary gas turbines, including
those that lack a dedicated compressor cleaning system (e.g., peaking, rental units, and

mechanical drive turbine operations).
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be inplenented to effectively wash conpressors of free noving gas turbines,
such as those used to power aircrafts. In addition, the systens and nethods
of the present disclosure are applicable (and cost-effective enough) for
use in cleaning conpressors of stationary gas turbines, including those
that | ack a dedi cated conpressor cleaning system (e.g., peaking, rental
units, and nechanical drive turbine operations). PH LI\3861686.1 6 [0022]
Several advantages of the present disclosure includes the |ack of a_need for
var i oud0022kt er$rverat advnntages of thepresepbdisglomyre ingtudes dsnckeot pass: fos yainys,

etc.) and inproved performance and extended service intervals of

conpr esxteral resouiced (re.f exsemahwatef fawed, \powet supplya gtaveatitoieproved peanformance

di scl osure. An additional advantage of the disclosure includes reduced total
em ssi and extenttadcderdctdBitaminbe cenpressorsoresulthey fremtthé 2ffpctive dléavmgpaeth@istof ( 5%

of total conpressor output (on an annualized basis) as conpared to unwashed

conpr espOWistlkirs. A8 addftohar adiahtaid of telRWosurd nclsdés trefiiced tBtaMeinikeids, of t he
present disclosure may enpl oy conventional working pressures such as one to

Tive baghiclddd HAPh O il deSietdete 198 F0E phCER 35065 51 158 cBfiphsick bad: (of
accor danclce W tgh the pr Ié]ser??)%diescﬁl‘ggur el. glg%? I zstgnce, icntgr nat ioo%aﬁ b
Publ i cat i ! . 2004/ 05 4 Al itled "A.Net | a
srat onlBed MR AR CompReath B comniEisor (NS Ol SRR bEOW e,
size, and air velociti t hat be utilized for cleaning.gas turbin
uni ts. pogapmdmghpdseidhe PRSI A1 ey My S NRSIRYATOR URBEAIeSWRE
conpri ses several elenments which as further detail ed below, nay be .
cat egords 28¢/1q fiyebasrrdthgughsmorereffecivesaringnsessres may ibe yifilized in geeprdagee Witk
transportable wash unit may conprise a gas or diesel powered _
engi ne-thepreseat disclogee. Far ipssanse, Inteenatianil Rubbeation NoTAW @ 280dDH83¢vleentitlsd set
may be controll ed and overseen by an integrated unit controller, for
exanpl €A Method ofaCleshihgatStationapGaL AiubinesUnit During Ppedat®dhdt disvdesey pessure,

pl et

droplet size, and air velocities that may be utilized for cleaning gas turbine units.

[0023] The transportable integrated wash unit disclosed herein comprises several elements
which as further detailed below, may be categorized into one of several system groups. A first
element of the transportable wash unit may comprise a gas or diesel powered engine-generator
set to power the wash process. This engine-generator set may be controlled and overseen by an
integrated unit controller, for example. It is noted that in applications utilizing a stationary gas
turbine wash system embodiment, this power element may not be needed, as power may be
provided by a stationary plant location, for example.

[0024] A second element of the wash unit may comprise one or more reservoir tanks for
holding wash fluid. For purposes of the present disclosure, the term “wash fluid” may be used to
describe demineralized water, washing liquid comprised of any combination of water and/or
washing elements, and/or any other liquid suitable for use in washing turbines and/or turbine

COmpressors.
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turbi ne wash system enbodi nent, this power elenent nmay not be needed, as
power may be provided by a stationary plant |ocation, for exanple. [0024] A
second el enent of the wash unit nmay conprise one or nore reservoir tanks for
hol di ng wash fluid. For purposes of the present disclosure, the term"wash
fluid® may be used to describe dem neralized water, washing |iquid
conprised of any conbination of water and/or washing elenents, and/or any

ot her uid syitable for use jn shi t ur bi nes and/ or urb' e
conpregggﬁ ETF@BG%%%@”TV?“f@&ﬁgﬁygﬁénﬁﬂésg?“ﬁ%T%”ﬁé%éF nﬁgﬁwghnay be
si zed as de5|red such as for holding enough fluid to conplete one or two
wash pilgide®seamplata one AKavonagshharogessespp&be fanks nsaé/n'@,eo%nmd with gensqrsi feg

wat er/ wash fluid levels, tenperature, quality, and other notable

par anetelieting vater] masl fmid tvelgatempesturby quatiey, tand kothesadat(ls parsmgtebe  The
communi cated to an integrated controller unit for use in controlling

reser vaifomiatiok ghhbled byekd tank sensbigs) nuyoeaanynicitdd ©tan.inte@ad]codtrdller nnit
el enent of the transportable wash unit may conprise a supply neans (e.g

suppl y f@URPIn doptroliak rdBFoRdaefi B ety RashRobdstd, ddduiel to a mani fol d. The
mani fold may be portable for use in cleaning nobile or aero turbines, or

per man |6Y| f 'A“ﬁﬂ J AemyiCof! tﬁe ‘Eﬂaﬁ&%h ¢ nga ﬁhhf?'?ﬁa[yyc rRE S @ggl‘y}[‘;g?dn& Q@gm 2i ng

i npl e mani f ol one or nozz

means. 0 T %mﬁf?%ad“ﬁzsfra%l Fosef a€é§%rﬁ‘%eﬁ%ng g ‘?ﬂiab%%fif%@ PR ALY B, i g
pressures nated by, CE or| equi pnent factures), which is
t ypi caPPy? bi%? R iBisaging ng/f?mlefqrvaé IB%SF or @Frwef@vﬁﬁeﬁﬁﬁw i lauipg es.
[0027] A fourth elenent of this dlsclosure may conprise the presence and
power i K@gtiedary turbines. In either implementation, the manifold'may include one or more nozzles for
atomizing and directing washing fluid to an area desired to be cleaned. The supply means may
be sized to deliver wash fluid at any desired pressure, including pressures designated by OEMs
(original equipment manufactures), which is typically between one (1) and five (5) bar, or at
even higher pressures.
[0027] A fourth element of this disclosure may comprise the presence and powering of
ancillary equipment such as hand tools, air compressors, etc. These ancillary tools may be used,
for example, to prepare a turbine for washing (e.g., removing covers and/or other obstructions),
for re-assembling (i.e., returning to operational condition) the turbine once a washing process is
completed, and/or in the case of a compressor, for purging wash manifolds and/or engines to
remove fluid that could potentially leak into the engine during its next use.
[0028] A fifth element of the transportable wash unit may comprise a water treatment means
for treating used fluid (e.g., water, washing liquid, etc.) to achieve a desirable fluid quality (e.g.,

less than five (5) parts-per-million (ppm) total dissolved solids). Once the fluid is treated, the

wash unit of the present disclosure may reuse the treated fluid.
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anci |l ary equi pment such as hand tools, air conpressors, etc. These
ancillary tools may be used, for exanple, to prepare a turbine for washing
(e.g., renoving covers and/or other obstructions), for re-assenbling (i.e.,
returning to operational condition) the turbine once a washing process is
conpl eted, and/or in the case of a conpressor, for purging wash manifol ds
and/or engines to renove fluid that could potentially |eak into the engine
during its next use.a£0028 Afifth element of the transportabl e wash unit
may corfff2%e Anaeted abpveathgsptandwilies cloments; ofethe itiagsnesiabler washgunitedigclosedat er |
washing liquid, etc.) to achieve a desirable fluid quality (e.g., less than
five (3prepamay-bpeategdrizeddnto(quermf sevrrallsystemsgsbusd Bebé dafygorizateanst hewedveni d i s
treated, the wash unit of the present disclosure may reuse the treated
fluid aRprbliddBREPpoPOsds oF ilh3G2Pdn ahel shoilé docizaurerprethé selimitthgot her el enents of
the transportabl e wash unit disclosed herein may be categorized into one of

sever al [ooa()?t €M GirQ¥Pstem LRRES YT BASHoF@ble WASh uR@WRY B descdibed B #Whasheil or
purposes of illustration and should not be interpreted as limting. [00301 A

1St SHALEPLCALEIOYinOhark IHARSPAE FARLSE WFHs Wikén B BvBeses ed @3

wash fl ui very system Its name inplies, the function of this

systemjs t.o deliver wash fluid teo a esire shing | tion n an
xenpt SESSnutingeFacEh dm gttt entRplsh 2ESANAug SaSR swldh Ay,

exanpl e, one aor nore reservoir tanks .for storin masq%n fluid, a ni f ol d,
GO hEATIE TP ARG B TBaGEYolT ST 1, SR NESURe Tukd doPelahes. 1 or
directing the washin fluid to a desired washing | ocatign, and a supply
punp f semgunjcaden withdhereseixeir fagkes). hayingogenof mere pezzles fey diractpg ths)washinghe
mani fol d. [00311 Each of the reservoir tank(s) may be sized to store any
desi r edluidtomdeszéd washingipcatidnuant] a supplyuplinayfor fdelivesing i washires ihved firoei Gt y
(80) and one-thousand five hundred (1,500) liters.
reservoir tank(s) to the manifold.
[0031] Each of the reservoir tank(s) may be sized to store any desired volume of washing
fluid, including, for example, between eighty (80) and one-thousand five hundred (1,500) liters.
Other tank sized may be utilized in accordance with the present disclosure according to the
. particular implementation. In addition, each of the reservoir tank(s) may include one or more
sensors. The sensor(s) may be used to provide information regarding the fluid stored in the
tanks. To illustrate, the sensor(s) may be used to indicate fluid parameters such as fluid level,
fluid temperature, fluid quality, etc. As further detailed below, this type of information may be
provided to a unit controller for use in setting/maintaining operating parameters of the
transportable wash unit. Further, the reservoir tank(s) may be equipped with one or more heating
elements for use in heating wash fluid stored within the reservoir tank(s). As known to those in

the art, heated wash fluid is typically more effective than non-heated wash fluid. Thus, the

heating elements may be configured to heat wash fluid to between fifty (50) and eighty (80)
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O her tank sized may be utilized in accordance with the present disclosure
according to the particular inplenentation. In addition, each of the
reservoir tank(s) may include one or nore sensors. The sensor(s) nay be
used to provide information regarding the fluid stored in the tanks. To
illustrate, the sensor(s) may be used to indicate fluid paraneters such as
fluid level, fluid tenperature, fluid quality, etc. As further detailed
bel ow, this type of inforpation may be provided to a unit _controller for
use i n9&EEeS r%é,@wai fRraf -ofelCafihJlepEidalratperaturg sapprpriate; 5s\hE AU was h
unit. Further, the reservoir tank(s) may be equi pped with one or nore

heat i ngPpl&@ofent s for use in heating wash fluid stored within the reservoir
tank(s). As known to those in the art, heated wash fluid is typically nore
ef f ect i[§32] hamAnenpldieat sdveasmaiifeld dn cathmsnication witle diei nespredietmpkiss mappe be
configured to heat wash fluid to between fifty (50) and eighty (80)

PHI LI\ 3861&dGodddivetgy #ash sl 36 b desifedlocaanplis nnifbld maybdti ofagortable
tenperature appropriate for the particular application. [0032] As expl ai ned

above, R a"RRUdf ﬂhﬁifdl&'_c%ﬁfﬁﬁk‘iﬂ%cﬁﬁésﬁl@d Wulribet BE nbSIQT 1P idirel @YK (HS) waRYIRE as
provi ded for delivering wash fluid to a desired |ocation.” This manifold may

be one jf. 0 ' By e] | S . ' g of
ozl odoqish 7% tbey Meof ek ApRAGE o, BRI, Ty hafhiel sl be RUFIRES,
system | i.cation r_ex | e, .the.manifold e statignary. o
At er netRoat Gy b et D e ok SRR oo E bestin SidicaCRBG o g,
applications, In addition, fhe manifo]d/ nozzles, pay be cogfi ured to
at omi z&hg Man{phd/pozz]esimpyhe coptigred osatrmige therwash i as it pryses|therphreyglhl y punp
for delivering wash fluid fromthe reservoir tank(s) to the manifold may be
conf i gU®3] f or Thexaapply @umpdorid¢liveang maghilwidtfigae thetrpseswin @pk(ghie thevmanifeldr ed
forty (240) liters of wash fluid per mnute at pressures of between one (1)
and ei girtyybe(@@figinad $or dxampleotd delber from between three (3) and two-hundred forty (240)
liters of wash fluid per minute at pressures of between one (1) and eighty (80) bars. It should be
noted, however, that supply pump is not limited to these operating parameters. To the contrary,
the supply pump may be configured to deliver wash fluid at any desired rate/pressure as
appropriate for the particular application. A control mechanism such as, for example, a
frequency drive may be used to control the operating parameters of this supply pump.
[0034] A second system category of the transportable wash unit may be described as a fluid
treatment system. As its name implies, the function of this system is to treat used wash fluid,
thereby enabling the wash unit to re-use the fluid. In an exemplary embodiment, the fluid
treatment system may comprise, for example, a collector for capturing used wash fluid as it exits
a washed turbine and a holding tank for holding and supplying the captured fluid to the treatment
system. In addition, the fluid treatment system may be configured to treat potable water, which,

as known to those in the art, includes water that contains water treatment chemicals and/or

minerals such as chlorine, for example. This feature may be desirable in a stationary wash unit
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not ed, however, that supply punp is not limted to these operating
paraneters. To the contrary, the supply punp nmay be configured to deliver
wash fluid at any desired rate/pressure as appropriate for the particular
application. A control nmechanismsuch as, for exanple, a frequency drive
may be used to control the operating paranmeters of this supply punp. [0034]
A second system category of the transportable wash unit nay be described as
a fluid treatnment system As its name inplies, the function of this system
i s to tmplgmenigben, wadthimplementatiqnsdn stychayaen is pepvided figae B sawce thapisrextagepd t he
fluid. I'n an exenplary enbodi nent, the fluid treatnent system nmay conpri se,
f or examfhlesvasiaugivitbedeq:, Were watpt isprovidadsenn teshitibharyglans). it exits a washed
turbine and a hol ding tank for holding and supplying the captured fluid to
the tr¢@eo3spnt TiRyMiie reathniegdiein dly bd dumfiglned do feceiat trRNIsed Wastelquidiyothisie
configured to treat potable water, which, as known to those in the art,

i ncl udegrerahe ?races%t it §ONfa0d @tsc_)dé@%aﬂbn b BaldTRPiGNE ToE SlammAN dSRh a prob&EigS such
as chlorine, for exanple. Th eature may be desirable in a stationary wash

IS
unit i Ll 3&2& Red vidda Eﬂﬂk’@g%?ﬁg%{ q&g aogugk)ﬁgiemé g{ﬁ?ﬁtcﬁ:&r%@& bedw)ahg N

water is provided froma sou ext e wash unit’itself
(e'g'héﬁg re ter is provi?ed fromthe stationary . Iané%.ﬁi 03 The fluid
{reat miflea et Bafioa o BERE ShY ot L PLoF abe evlsm e B ks kPR e B abl e
wat er anqg%rocess it at arate of one gﬁé@ﬂn of fluid per mnute, for
exanpl &CABIFEHSKIGN RS’ AgNTiguERdetonRRPoss Peodesten & HOPEMBPHGoRY R (e. g.
a suppl enental punp described below) and filter(s) configured to punp and
pass f [de¢raedagprropriagh Eorgthk Ingricplar applingtien.r Lnse twatedr Higt yspéWash tféd/petaldat ment
system may be configured to process fluid at a faster or slower treatnent
rate, astercegrrede@mprdopnivatbde vash fikié cpaaiminguitéde omppdisoited snlidsGhereint(e.gat ed,
the used wash fluid/ potable water nay be returned to a usable wash fluid
cont ai Hivegs)lgpht drle®ky. No di ssol ved solids therein (e.g.,

[0036]  For use in treating the used wash fluid, the fluid treatment system may comprise, for

example, elements such as carbon filters for removing minerals and chlorine, fiber filter

elements, polishing resin, de-ionizing membrane filters for removing ions and thereby returning

water to a neutral ph, and/or any other element useful in treating used wash fluid. In addition,

the fluid treatment system may comprise a supplemental pump for use in returning treated wash

fluid back to the one or more reservoir tank(s) described above.

[0037] A third syStem category of the transportable wash unit may be described as a power

supply system. As its name implies, the function of this system is to provide power to the

various elements of the transportable wash unit. As noted above, a power supply system may not

always be desirable. In implementations wherein the transportable wash unit is utilized for

stationary cleaning applications, for example, power may be drawn from the stationary facility.

[0038] In an exemplary aero wash unit, the power supply system may comprise, for example,

an engine-generator set. The engine of the power supply system may be a reciprocating diesel or
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five (5) ppmor less). [0036] For use in treating the used wash fluid, the
fluid treatnent system nmay conprise, for exanple, elenents such as carbon
filters for renmoving mnerals and chlorine, fiber filter elenents,
polishing resin, de-ionizing nenbrane filters for renmoving ions and thereby
returning water to a neutral ph, and/or any other elenent useful in
treating used wash fluid. In addition, the fluid treatnment system nmay
conprise a supplenmental punp for use in returning treated wash fluid back

t o t he 233pding fireeh ergipe daiy dbying then RensyatefesEhe prRiInGHYebe adigpredator divedthgy st em
category of the transportable wash unit nmay be described as a power supply
syst emgengatpt gt mankagernd] iebsgent four humieed @0band fius hypdred wighty { 8@ walisdé power
to the various elenents of the transportable wash unit. As noted above, a
power shigtplayhpsies tae threemphase powat. WAlternbiévette She edplie mhap benphfgered &t divestheher ei n
the transportable wash unit is utilized for stationary cleaning

appl i cabh@tss ad MprEprdid k&, th® Pueicu R YpIRatiirAWIhd EeBrdthemay dkiconBgited achl i ty.
[0038] In an exenplary aero wash unit, the power supply system nmay conpri se,

for ex I g hne- i system
may be TGO g REIRHIHRRY Boncibr | ANEnaTRL Bt AR ARV S

for driyving the generator. The.engine. be,configured to drive. the
gener i e re LSRR HE 3t s s B AR AR 0B s Sem P B BRGe ci gie
( 480) volts, at tFi rty.anperes. at three pha power . ternatively, the
engi ne ABYINGL needs o ﬁ‘ﬁﬁéﬂretr@‘s[iﬁ‘f‘\; e-€h etwﬁ%‘ﬁté? Zﬁé@%@rﬁ’ APUE¥) ate for the
particul ar application. The generator may be configured as a fifty (50) or
sixty (8®P] herd unitageriraller fanepatralling gpehe oh 4he \pbpye-despibege pestcen s rangefic he
configured as deemed appropriate for the particular application including,
f or exatgpents thereinhanaglibierigcludesl ingberbramspdrizhde sashofinit.n@hisrontrellexamit naayi e, (e. g. ,
between ten (10) and forty (40) kw).
for example, an automated controller which itself is controlled by a programmable logic
controller (PLC), a personal computer, or the like. Alternatively, the controller unit may be
manually controlled via, for example, a controller display unit (e.g., a touch screen) configured
for calling predefined wash procedures. In an exemplary embodiment, the unit controller may
comprise a reading device that recognizes a particular engine type, wash application, manifold,
etc., and based on this recognition, calls (or enables a user to call) a predetermined wash
procedure that is optimized for the particular application.
[0040] For security, the unit controller unit may be regulated via, for example, a password
protection module which prevents non-authorized users (i.e., those without a password) from
accessing the controller unit. In one exemplary application, the controller unit may be an
integrated unit controller configured to automatically monitor and control the engine-generator
set and the reservoir tanks.

[0041] Optionally, the controller unit may include a memory for storing data, equipment-

specific information, and user-defined washing procedures, for example. These user-defined
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[00391 A unit controller for controlling each of the above-descri bed
systens, and the elenents therein, may be included in the transportable
wash unit. This controller unit may be, for exanple, an autonated
controller which itself is controlled by a progranmable logic controller
(PLO), a personal conputer, or the like. Alternatively, the controller unit
may be manually controlled via, for exanple, a controller display unit
(e.g., a touch screen) configured for calling predefined wash procedures.
In an &%ashipg arogedingomayniipiudetgentroligricallable raytings whighy maydippreresseddirestyiong
device that recognizes a particul ar engine type, wash application, manifold,
etc., amotblysedsamwtadinlbovee thegairvitings noayl be calbed enadsberseatougnmmponents -8) a
predet erm ned wash procedure that is optimzed for the particul ar

appl i catanifold, EREAE) letd-pEensS&t b rdcygnitddebyuniréadirpndevidel eOnema twastsiyig peocedgel at ed
via, for exanple, a password protection nodule which prevents

non- autrh\Aink 3£€h1168,808 cdrtrofler udinRF@tMridtOHirol8 tIRARBSIVRE EdmpdneAds oR eefsh gt t he
controller unit. In one exenplary application, the controller unit nay be an

i nt egr af 6d WnthieGOHe QUkEwSRRE leattet OrAHiOERE | Galhy dERRbIG udNglag Rt r ol
e anks. | Fy,

t he engi ne-generator set an reservoir t 0411 Optiona t he
control | ex unj inclu a, enory.for stori q?ta equi pment.- specific
ot or msproste ey Tt arf el VRERISGY By (3RS ifn S HURCE M 6
user - defi ned Q;ILI\3861686.1,1E ma%Si rocedur es j.ncl ude .
Cont r oFPEHIE A1 isTipeiTE: Tutvalh vty bondtetietion aap i RSP to plaiper y. As
not ed above, these routines may be called in response to conponents (e.g.,
mani f olagvask peficpdure g gommenisAsed or recogni zed by a readi ng device. Once a
washi ng procedure routine is called, the controller unit adjusts and
cont r ol[@042he VEhrei warspatabpowestt sniofof ttheepreseih disalosure spayaslso ondede 2 webiltie
cal | ed washing procedure. To this end, the unit controller unit nay be
means for mobilizing the wash unit. This mobility means may itself be integrated into the
transportable wash unit and itself mobilize the wash unit, or it may simply facilitate movement of
the wash unit. To illustrate, the wash unit may be integrated onto a trailer or truck bed which is
itself mobile, or the wash unit may be mounted onto a transportable skid which is not itself
mobile, but facilitates movement of the wash unit.
[0043] Additional features of the transportable wash unit may include, for example, one or
more reels of hoses, each of which may be used for conducting washing procedures, transferring
fluid between components of the wash unit, electrically grounding the wash unit, providing a
compressed air supply, etc. In addition, one or more of the above-described wash unit elements
may be interchangeably attached, thereby facilitating maintenance and replacement thereof. The
transportable wash unit may also comprise one or more protective panels for securing and
providing weather protection to the various components of the wash unit.

{0044] Further, the transportable wash unit described herein may comprise one or more

ancillary tools (e.g., hand tools and the like) for use in “preparing” a component (e.g., turbine
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configured to satisfy user-defined "perm ssives" (or conditions) such as
fluid quality, fluid quantity, fluid tenperature, reservoir fill, wash
fluid configuration, and the like prior to allowing a wash procedure to
commence. [0042] The transportabl e wash unit of the present disclosure may
al so include a nmobility neans for nobilizing the wash unit. This nobility
means nay itself be integrated into the transportable wash unit and itself
nobi l i ze the wash unit, or it may sinply facilitate novenent of the wash
uni t. TBEing) desiredhioche washedvaad foffrturiing asemponealbagkde aB ppgraional giatecnce? t r uck
bed which is itself nobile, or the wash unit may be nounted onto a

t r ans povashibg eragkiute ih cempletsdn Rreparingl of devigsigp | e, wished ieyi influde, der enpplent  of
the wash unit. [0043] Additional features of the transportable wash unit may
i ncl udeeméving eosanghmel/orostRerasbstrumioas L teslevice ho $eiljtate dshwashingh arhretlayinpe used
for conducting washing procedures, transferring fluid between conponents of

the washe d&ito badke®t il 6pérhtiodl QaRAmAY ihdi@deNASiksatibling BEvade Eida0the wasRIRBr essed
air supply, etc. In addition, one or nore of the above-described wash unit

el ement s, ..HRY hQsebdﬁHESﬁ? aygeably attached, thereby facilitating naintenance
and repl acenent thereof. The transportable wash unit may al so conprise one

or nor tective panels for securjng_ and rovi di.ng weat her.pragtection to
the et 8L comsdfuRRamfelRly REEH<bATs P PonRar Hief e TR i ASEbhan: o
wash unit described herein y.conpri se one or re ancillary tools ge.g. ,
hand t d8l's &PAPIERRITY F‘Iﬁ‘@fbef WWSUE‘E ei"r"lm'pEr EparEigha %Wg‘gﬁ%ﬁ? (eég.‘ﬁe.s, A @ebi ne
PH LI\ 3861686.1 13 engine) desired to be washed, and for returning a
c onponénptclydeoft awashingrrpeaduesialordar 4o eemmve exeess {nisihatgnayr priedighe 1qak into
conpl eted. Preparing a device to be washed may include, for exanple,
renovi g aguerdsriag theengmelsarexolst fouetampds of the device to facilitate its
washi ng; and returning

[0046]  Turning now to Figs. 1A-1C, an exemplary transportable integrated wash unit 10 for

use on a mobile or aero gas turbine system (e.g., an aircraft engine) is shown. Figs. 1A and 1B

each illustrate isometric views of a transportable wash unit 10 mounted on a transportable skid

13 (Fig. 1A) and mounted onto a truck bed 11 (Fig. 1B). The exemplary wash unit 10 comprises

a power engine-generator set for supplying power, for example, to a fill pump for filling the

unit’s fluid reservoir tanks, to heating elements for heating wash fluid within the reservoir tanks,

and to the unit’s wash delivery and fluid treatment systems. The engine-generator set may

comprise one of a diesel or gasoline fired engine. The heating elements may be configured to

heat wash fluid to any desired temperature such as, for example, to between fifty (50) and ninety

(90) degrees Celsius.

[0047] Also included in this exemplary wash unit 10 is a controller unit configured to

oversee permissives of the unit’s 10 washing procedures. This controller unit includes an

interface for enabling users to manually operate the controller unit.

PHIL1\3861686.1 14



t he device back to an operational state may include re-assenbling device
once the washing procedure has been conpleted. [0045] In addition, an
ancillary tool such as a conpressor nay be incorporated into the wash unit.
Conpressors may be used, for exanple, to purge wash manifolds and engi nes at
the conclusion of a washing procedure in order to renove excess fluid that
may potentially leak into the engine during the engine' s next use, for
exanple(y&0046 Turnln nowto Figs. IA-1C, an exenpl ary transportable

i nt egr 49 ghen i lm ig.0B, thisexeplagy wesh peit 49 mayrhs mainted PP aeradloe fogm
(e.g., an aircraft engine) is showmn. Figs. A and IB each illustrate

i sonet uscas/a ewbilofvash stators pAltemblielydbhintggrated dvastoumit ¢ nmy e moentehor aabl e
skid 13 (Fig. 1A and nounted onto a truck bed 11 (Fig. 1B). The exenplary
wash umdahspbfiatslogiidi1S&Big. aAp tovdhiciBaghgdaroganéit af the wash uhiirl 0swigbiyéxampower

for exanple, to a till punmp for filling the wunit's fluid reservoir tanks,
to heaangaQEQQFQQ§w§g&1Q&atlng wash fluid wthin the reservoir tanks, and
to the un|t s wash delivery and fluid treatnment systems. The

engi ne gr atI@err?lﬂ ng®¥to Fig”fﬁ 'asl‘?ne rQIfn G il 638l u nﬂf Tl? rht@& il nggdlﬁng' ne.

The he tin elenen may be coﬁflgure heat was to any desired
e e R R AR w0
oo oS B 150 50 BEEB HT Phhh rl  0
to manual |y operate the controller unit. PH L113861686.1 14 [0048] As shown
in Fi gpa%d ta heerigs efrfitens yBRAIFLME F1-§30RY). Hangesheweisr imfiliered €ieaiones the or
use as a nobile wash station. Alternatively, the integrated wash unit 10 may
be nourndtelddissolved solids in the water is at a desired level), the water is provided to reservoir tanks

(Tank 1, Tank 2). In the tanks (Tank 1, Tank 2), the water is heated via respective heating

elements. Once the unit controller (not shown) determines that the water is at a desired

temperature, the water is provided a piston pump, where it is pumped to a high pressure hose reel

(HP RL) for dispensing onto a desired wash location (e.g., an aero turbine engine).

[0050] Air input into the exemplary wash unit 10 passes through an inlet filter (IF) and

through a vane air compressor in order to remove any water therefrom. The air is then filtered

via filters (PF, OF, DAD, DF) and provided to an air hose reel (AIR HR). The AIR HR then

dispenses the combressed and purified air onto, for example, the aero engine to purge any excess

water from components of the aero turbine system (e.g., manifold, engine, etc.) that may

potentially leak into the system after the conclusion of a washing procedure.

[0051] Referring now to Figs. 2A-2B, an exemplary transportable integrated wash unit 20 for

use on a stationary gas turbine system is shown. Fig. 2A illustrates various isometric views of

the stationary wash unit 20 on a mobile cart 30, and Fig. 2B illustrates a line diagram of the wash

unit 20 illustrated in Fig. 2A.
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transportable skid 13 (Fig. IA) for facilitating novenent of the wash unit
10 via, for exanple, a dolly, a trailer, a truck bed, etc. [0049] Referring
nowto Fig. 1C, a line diagramof the wash unit 10 illustrated in Figs. IA
and 1B is shown. The exenplary wash unit 10 includes both a water inlet and
an air inlet. Water entering the water inlet is passed to a | ow pass hose
reel (LP HR) where it is pressurized and passed to a series of filters
(BF1, BF2, BB F1-F3, Enz. Once the water is filtered (i.e., once the total
di ssol W82k ol iAssknawn teethasg By thesar stagiorpsy igae furbidgemay ingladsythoss whichreyi ded
to reservoir tanks (Tank 1, Tank 2). In the tanks (Tank 1, Tank 2), the

wat er immibidt, suchyasaturtisg exstimeethhieare ipneyidead| asnant of a Qmitad bukinesgnihpsecesad ol | er
(not shown) determines that the water is at a desired tenperature, the

wat er ipsakingoivebe derergtioitappligation, orliee @sddtiniasnqehiaied diige Budinggh for &asplee hose
reel (HP RL) for dispensing onto a desired wash |location (e.g., an aero

t ur bi NRepRADEARENrbiddd QROTypally hBENeH onMtkaRtor MRilEIRIAR] fRF ¥xMASIE, dhai thpiddllyPaip es
through an rnlet filter (IFg and through a vane air conpressor in order to
remove ‘ r T, Lok $aod i | i Pt OF,
oa0, | ot s G oo Rr b and Tor P MBI st Rrgmegd el

di spenses,, t conpressed.and.pyrified air.onto, for a th er.0 _engi ne
o pur o Fork SEBSRGE IR FiBere mESHEEL B onlsR T Bk pre o B iR (oo
mani fol d, engine, etc.). that ma potentially leak into the systemafter the
concl uaTbATRt deiignss gnﬁdv%cw@?eé sl Ges{gm Répgk P agvaﬁ%vwasg HHGR e IB an
exenpl ary transportable integrated wash unit 20 for use on a stationary gas
t ur bi ndowding hapdypsonsthg kprbinep.gvhiginraspltyigtsub pasopesatingpsriceeanse r resametdsesof  t he
stationary wash unit 20 on a nobile cart 30, and Fig. 2B illustrates a line
di agr afiewdingtbndd wpshn cause tturBiies kd los¢ nptednd perédng (192 or Mprel ¢iltheiB8BdaBMEUL 15

capabilities. A portable wash system, such as is disclosed herein, can be used to service both
rental and mechanical drive systems, thereby minimizing loss of performance caused by such
fouling build-up.

[0053] Unlike the wash unit 10 illustrated in Figs. 1A-C, the wash unit 20 of Figs. 2A-B does
not comprise engine-generator set. Power is instead provided to the reservoir tank pumps,
heating elements, and other wash unit 20 components via, for example, an on-site power source
located at the stationary location of the turbine system. It is noted, however, that an engine-
generator set may be included in this exemplary wash unit 20 without departing from the spirit of
the present embodiment.

[0054] Similar to a power source, the wash unit 20 of the present illustration may or may not
include a dedicated wash fluid supply. In the instant illustration, for example, wash fluid is
provided from an external source, such as from an off-skid supply or from an on-site supply

source. It is noted, however, that the wash unit 20 may nonetheless be equipped with a fill pump
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[ 0052] As known to those in the art, stationary gas turbines may include

t hose which are immobile, such as turbine systens that are provided as part
of a rental business, those used in peaking power generation application,
or those used in a nechanical drive business, for exanple. Rental gas
turbines are typically housed on tractor trailer beds, for exanple, and
typically only consist of equipnent essential to operate and for transport.
Wat er wash systens are typically omtted fromsuch rental units. Simlarly,
mec hanidg@ fluigh treptmeny sy e, ‘gmebh eahbiRg therwash 4nib 28 hoFerf and seruserwed BieshiBeidgned
to include a water wash system Lack of a water wash systemresults in

f oul i n@rpotabldwyatasn t he turbi nes, which results in sub par operating
performance. In sone cases, fouling build up can cause turbines to | ose up
t 0 one [P@F5¢ent Alsd %nclodedrir ehiofexéhpglhry tvathalinio@0pista compaller luniti emfighrepant abl e
wash system such as is disclosed herein, can be used to service both

rental RededPemasyived! oftihe ighitSy 20 80Fshin ediiredl NTRisZdoRttollGSEniPlinchRIe§ @hmance
caused by such fouling build-up. [0053] Unlike the wash unit 10 illustrated

in Fi 9§neelpfveFor éﬂﬁliﬂ?@;@rsuteilﬁanagl}p(gspel‘zzitgﬁle cohiidfefl@g® not conprise

engi ne-generator set. Power 1s I'nstead provided to the reservoir tank punps,
heatin menj s, ,and ot?gr sh, uni t, 20 . onents wui. f or exanpl an
on-si 1 0Fsfer ASiEEN FdTh odRa i etstr B GHERDST 58 at el " i Bresc
system It is,notf&ﬁ however R&Ft an en ng-.ﬁeggrator set be inﬁluded
in t hi dreRsRoRation 9f hss¥rstirntt 2osush £hLE ‘H&?ﬂ r9ilg 3P (&8 BRE & Srash-pniprental e
present enbodinment. [0054] Simlar to a power source, the wash unit 20 of
t he pr &usiness).| Further, dq washriat 29rmapale meented, den axaaple, eed icerdified highway frailard
supply. In the instant illustration, for exanple, wash fluid is provided
f r om arfoetinspartihg theundt &0 fewe fiteats sfatiomarpurbing siski d supply or froman on-site
supply source. It is noted, however, that the wash unit 20 may nonet hel ess
be equi[pgszy W Réferinkinolw 0UFIP. 2B, a line diagram of the wash unit 20 illustrated in Fig. 2A is
shown. The exemplary wash unit 20 includes both an external water inlet and an external power
source. Water provided from an external source (e.g., plant water supply) enters the wash unit
20 via a hose reel. The water is then passed to a filter and onto a demineralized water tank. In
the water tank, the water is heated and/or filtered and output to a pump. Optionally, detergent
from the detergent tank may be pumped and mixed with the water. The water (or
water/detergent mixture) is then provided to an outlet hose reel where it is pressurized and
dispensed.
[0058] Power is provided to the wash unit from an external power supply (e.g., a power
supply from the plant). This external power is introduced into the wash unit via, for example, the
NEMA 4X enclosure, where the power is diverted onto the various components of the wash unit
20 (e.g., the various unit pumps, the tank heating elements, etc.).

[0059] Although 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
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PHI LI \3861 686. | 16 and fluid treatnment system thereby enabling the wash
unit 20 to treat and re-use used wash fluid or potable water. [0055] Also
included in this exenplary wash unit 20 is a controller unit configured to
oversee perm ssives of the unit's 20 washi ng procedures. This controller
unit includes an interface for enabling users to manually operate the
controller unit. [0056] As shown in Fig. 2A, the wash unit 20 may be
skid-nounted to facilitate transportation of the wash unit 20 such as on a
mobi | e specifi¢ emb@limenrts ghowmand desgribgdsthayibe substityted| for pygilosariety ofaltarpative t he
wash unit 20 may be nounted, for exanple, on a certified highway trailer
for trandpoequivaertt implementaiond mithowi depatting Stoat itlensoope it pesait tieen{i@057]
Referring now to Fig. 2B, a line diagramof the wash unit 20 illustrated in
Fi g. 2Ahissdiscésandis ifteadedxe kBlVerapty \wagiiatlons br ¥4idtioas ofids chdblindntsedionsseal
water inlet and an external power source. Water provided from an external
source peRif-, plant water supply) enters the wash unit 20 via a hose reel.
The water is then passed to a filter and onto a dem neralized water tank. In
the water tank, the water is heated and/or filtered and output to a punp.
Optionally, detergent fromthe detergent tank nay be punped and m xed with
the water. The water (or water/detergent m xture) is then provided to an
outl et hose reel where it is pressurized and dispensed. [0058] Power is
provided to the wash unit from an external power supply (e.g., a power
supply fromthe plant). This external power is introduced into the wash unit
via, for exanple, the NEMA 4X enclosure, where the power is diverted onto
t he vari ous conmponents of the wash unit 20 (e.g., the various unit punps,
the tank heating elenents, etc.).
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[ 0059] Al though specific enbodi nents have been shown and descri bed herein
for purposes of illustration and exenplification, it is understood by those
of ordinary skill in the art that the PH L113861686.1 17 specific

enbodi ments shown and descri bed may be substituted for a wide variety of
alternative and/or equivalent inplenentations wthout departing fromthe
scope of the present invention. This disclosure is intended to cover any
adaptations or variations of the enbodi mrents di scussed herein.

PHI LI 13861686.1 18 CLAIMS 1. A traft#dM%bl e wash unit conprising: a wash
fluid delivery systemfor delivering wash fluid to a desired washing

| ocat i dnA traaspmotable veashphif chmprigngivi di ng power to conponents of the
transportable washing unit; a unit controller for controlling one or nore

conponent s @fwdsh ﬂutdrca:nsa@rslt/@ah FoVR$ileritiyl wash fRiitHtoan deeidéd washinglbtatibay
mobi |i zing the transportable wash unit. 2 The transportabl e wash unit of

Gaiml, fupt %%r ﬁ@g@r fb?bﬂ&gid%éﬂd%eg td ERRPONERLS oBthe L@RIpoRAbIe WaSRhj Bt uSed

washi ng fluid. transportable wash unit of Claim1, wherein the wash

fluid delivery. i S a L ' glgm&:i ' .t h..the
reservoir t%n g,%x%;é(ﬁﬁr ?o??ﬁ%tr%ﬁ%g or Or%oqﬁcgr% ﬁgll?g?né%& O? or Oalr;l‘ F@ﬁ#%&v %@htéln{/t\ias hi ng
fluid to,a desired washing location; and a supply punp for delivering the

mashindmﬁluid fromthe one or nore reservoir tanks to the manifold.

a mobility unit for mobilizing the transportable wash unit.

2 The transportable wash unit of Claim 1, further comprising a fluid treatment system for

treating used washing fluid.

3. The transportable wash unit of Claim 1, wherein the wash fluid delivery system comprises:
a manifold, in communication with the reservoir tanks, comprising one or more nozzles
for directing the washing fluid to a desired washing location; and
a supply pump for delivering the washing fluid from the one or more reservoir tanks to
the manifold.
4. The transportable wash unit of claim 3, wherein the wash fluid delivery system further

comprises one or more reservoir tanks for storing washing fluid.

5. The transportable wash unit of Claim 4, wherein at least one of water and wash fluid is

provided from an external source.
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4. The transportable wash unit of claim3, wherein the wash fluid delivery
system further conprises one or nore reservoir tanks for storing washing
fluid. 5. The transportable wash unit of Claim4, wherein at | east one of
wat er and wash fluid is provided froman external source. PI1L113861686.1
19 6. The transportable wash unit of Claim4, wherein the reservoir tanks
conprise one or nore sensors for indicating information conprising at |east
one of a fluid level, tenperature and fluid quality of the washing fluid in
sai d t &nkBe transpertably washamitd Glaimyy wheesin the geseryoirrianks sPMPHERNCHI IMME 7. The
transportabl e wash unit of Caim6, wherein each of the one or nore
r eser vesensotsgpkindicatingiofriringtiorechniprisstemt éeaktaneoé a floidfavs), te@pyrabmelarskfiuid housand
five hundred (1,500) liters. 8. The transportable wash unit of Claim?7,
wher ei Ruilite of dgevaghing fludhikaidamks) skl iafeematiomieigg ploeiled ngthe eiresdt®libor
heati ng wash fluid to between fifty (50) and eighty (80) degrees Cel sius.
9. The transportable wash unit of Caim8, wherein the manifold is one of
portable or fixed manifold configured to atom ze the wash fluid. 10. The
transp j : I wher g I figured to
del i ve?/r'tr eétr%el@s n t%‘%rj‘ggéh(‘%t %C?éelms&pr\)‘glr m %ﬁ?éﬁc?% @%Pmﬁ%%?1333?5§‘€240)
liters per mipute to the mani fold. . 11.. The .transpor sh unit of Caim
0, °t ureBRs RSt Pty TRy B Gng el thahepe i EDRRAE) EEITET (Mg ¢ he
supply punp. 12. The transportable wash unit of Caim1ll, wherein the supply
punp is configured to deliver wash fluid to the manifold at pressures of
bet ween one (1) and eighty (80) bars. PH LI 13861686.1 20 13. The
t r ans pér Tapiranspersablawasgh upit cfiEaim 2 whetpin the resepiepripmiis gmarise erier &wire ect i on
system said

heating elements for heating wash fluid to between fifty (50) and eighty (80) degrees Celsius.

9. The transportable wash unit of Claim 8, wherein the manifold is one of portable or fixed

manifold configured to atomize the wash fluid.

10. The transportable wash unit of Claim 9, wherein the supply pump is configured to deliver

between three (3) liters per minute to two-hundred forty (240) liters per minute to the manifold.

11. The transportable wash unit of Claim 10, further comprising a variable frequency drive for

controlling the supply pump.

12. The transportable wash unit of Claim 11, wherein the supply pump is configured to deliver

wash fluid to the manifold at pressures of between one (1) and eighty (80) bars.
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fluid collection systemconprising a collector for capturing used wash fluid
and a holding tank for holding and supplying the captured fluid the fluid
treatment system 14, The transportable wash unit of Claim 13, wherein the
fluid treatnment systemis configured to receive and treat used wash liquid
and potable water. 15. The transportable wash unit of C aim 14, wherein the
fluid treatnent systemis configured to process one gallon of fluid per
mnute. 16. The transportable wash unit of Caim 15, wherein the fluid

t r eat medAt TheEanspariablecwshiugifod §1aiem 2, fusthgr porpprisigeailid gpHedtion system.gpiddi ssol ved
solids level of five (5) parts per mllion (ppnm) or less. 17. The

t r ans pdhuichéxd]lectivasdystami congpirisiBlgai ovlld@or fmheapgirimgtused Whshi fthid pecht helding$ankt em
conprises a supplenental punp for returning treated fluid to the one or
mor e r gsehioldihg akdsupplyinkBhe Taprured dukinhe flaidlteatvesbsystent. of Cl aim 17, wherein
the fluid treatnent systemfurther conprises one or nore of a carbon
filter, fiber filter elenments, polishing resin, and a de-ionizing nenbrane
filter. 19. The transportable wash unit of Claim1, wherein the supply is a
power u [ -0 tah T ' 0. The
trans pglgt g%ie%&{%gésrhdbﬁen‘?%%ﬁlg%ﬂ%kgl%ﬁfé’ %%@%ﬁgy? hl{g tf)eg{vf\{lleérn%gﬁgeg%% %@gﬁgﬁ%deér al to
the wash unit ., and c rises,an, engine-generator set. 21. The transportable
wash uﬁFCteIV(?fane]trﬁfr‘]tﬁ*S?cg‘,’r‘r’g%léqué? ?Pdt}?f’égoé%‘df‘%%-generat or set conprises a
generator and a reciprocating engine driving the generator, the engine being
one of a diesel and gasoline fired engine. 22. The transportable wash unit

of Claim2l1l, wherein the generator is one of fifty (50) and sixty
15. The transportable wash unit of Claim 14, wherein the fluid treatment system is configured to

process one gallon of fluid per minute.

16. The transportable wash unit of Claim 15, wherein the fluid treatment system is configured to

return treated fluid to a total dissolved solids level of five (5) parts per million (ppm) or less.

17. The transportable wash unit of Claim 16, wherein the fluid treatment system comprises a

supplemental pump for returning treated fluid to the one or more reservoir tanks.
18. The transportable wash unit of Claim 17, wherein the fluid treatment system further
comprises one or more of a carbon filter, fiber filter elements, polishing resin, and a de-ionizing

membrane filter.

19. The transportable wash unit of Claim 1, wherein the supply is a power source that is external

to the wash unit.
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(60) hertz (hz) capacity generator. 23. The transportable wash unit of Caim
22, wherein the engine drives the generator at a voltage of between four
hundred (400) and four hundred eighty (480) volts at thirty (30) anperes at
three (3) phase power. 24. The transportable wash unit of Caim1l, wherein
the unit controller is an automated controller and is controlled by one of
a programmabl e logic controller (PLC) and a personal conputer system 25.
The transportable wash unit of Claim24, wherein the unit controller

conpr i 28sThe tramapnripblegrashamiiof fdpimsle whegin the dowersHpply ipintrgea te the vepsh vaif | abl e
routi nes and equi pnent-specific information. 26. The transportable wash
uni t ofan€Ctanpnis@San eipgimeegametatar senit control l er further conprises a reading
device configured to recognize at | east one of a wash application and engi ne
type, said PFIIL1\3861686.1 22 recognition enabling users to call and

i npl enent a predeterm ned corresponding wash procedure froma file stored

i n the ¢ offd @k SdrtaBRMsY uni 6f CldHa 207 @Haeartra@a{g@newgeﬁeraw}ls&t QnpHséiaN 26,

wherein a unit controller is configured to sati sf permsswes related to
at lea f T wash
fluid Sgtg%‘%gggur a r!e&hﬂ;cg@?ﬁ éPﬁ{ynetJrri:?(n qgé ?%Fag&was hn%f ? ﬂ‘?% gifdrﬁll E erein
the unit rol ler further conprises a display having touch screen menu

for usé® mE Fﬁfdleﬁémﬁ predet ermi ned wash procedure. 29. The transportable
wash unit of Claim 28, wherein the unit controller is an integrated unit
controller further configured to nonitor and control the engi ne-generator

set and reservoir tank fill.
22. The transportable wash unit of Claim 21, wherein the generator is one of fifty (50) and sixty

(60) hertz (hz) capacity generator.

23. The transportable wash unit of Claim 22, wherein the engine drives the generator at a voltage
of between four hundred (400) and four hundred eighty (480) volts at thirty (30) amperes at three

(3) phase power.
24. The transportable wash unit of Claim 1, wherein the unit controller is an automated controller
and is controlled by one of a programmable logic controller (PLC) and a personal computer

system.

25. The transportable wash unit of Claim 24, wherein the unit controller comprises a memory for

storing user-defined washing procedures as callable routines and equipment-specific information.

26. The transportable wash unit of Claim 25, wherein the unit controller further comprises a

reading device configured to recognize at least one of a wash application and engine type, said
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30. The transportable wash unit of Cl aim 29, wherein access to the unit
controller is regulated via ‘a password protection nodule. 31. The
transportable wash unit of Caim1l, wherein the nobility conprises at | east
one of a transportable skid, a trailer, and a truck bed. 32. The
transportable wash unit of Caim1, further conprises one or nore reels of
hoses, each said reel being used in at |east one of conducting washi ng
procedures, transferring fluid for PHI LI\3861686.1 23 washi ng, electrical
gr oundirergenitien enablisg ysaraisl «all\iad fmplainent apiedeparaninedicagewording masks pigcedure
supply. 33. The transportable wash unit of Cdaim1l, wherein one or nore
conpondrinsa ffe stdred inathé cantraller memorynt er changabl y attached, thereby
facilitating mai ntenance and repl acenent of said conponents. 34. The
transportable wash unit of Caim1l, further conprising one or nore
protective panels for securing the transportable wash unit and for

pr ovi digROTNER{nEErtaBlOl £h /3 CBim 26N G hée AR dofitbBeri@Sdh fighited 10batichal m 1,

further conprises one or nore ancillary tools for use in preparing a

SUr T aCh SR Teh@d R 1BRDGIL ofFfia flMin), TRRPRALLARKE MRARIMIL bn®luad Al 35

wher ei or nore ancillary conprrses ~’one or nore hand tool s.
37. The transportable wash unit of Caim1l, further conprising one or nore
conpreé@%ﬁ@"g "use in purging excess wash fluid froma turbine engine and
a mani fold. PHI L1\ 3861686.1 24

28. The transportable wash unit of Claim 27, wherein the unit controller further comprises a

display having touch screen menu for use in calling a predetermined wash procedure.
29. The transportable wash unit of Claim 28, wherein the unit controller is an integrated unit
controller further configured to monitor and control the engine-generator set and reservoir tank

fill.

30. The transportable wash unit of Claim 29, wherein access to the unit controller is regulated via

a password protection module.

31. The transportable wash unit of Claim 1, wherein the mobility comprises at least one of a

transportable skid, a trailer, and a truck bed.

32. The transportable wash unit of Claim 1, further comprises one or more reels of hoses, each

said reel being used in at least one of conducting washing procedures, transferring fluid for
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washing, electrical grounding the transportable wash unit, and providing a compressed air

supply.
33. The transportable wash unit of Claim 1, wherein one or more components of the wash unit
are interchangably attached, thereby facilitating maintenance and replacement of said

components.

34. The transportable wash unit of Claim 1, further comprising one or more protective panels for

securing the transportable wash unit and for providing weather protection.

35. The transportable wash unit of Claim 1, further comprises one or more ancillary tools for use

in preparing a surface desired to be washed.

36. The transportable wash unit of Claim 35, wherein the one or more ancillary tools comprises

one or more hand tools.

37. The transportable wash unit of Claim 1, further comprising one or more compressors for use

in purging excess wash fluid from a turbine engine and a manifold.
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