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 cleaning turbine conpressors. BACKGROUND [ 0002] Gas turbine
conpressors are used in a variety of industrial applications. For

i nstance, gas turbine conpressors may be installed in aircrafts for
proving aircraft propul sion. They nmay even be utilized as stationary
power generators and/ or stationary mechani cal drive. Regardl ess of

t he application, gas t ine conpressors all consune very | arge

quantities of air. %R(? HE SAEECRARERSVASHIESs o fi r st
conpresses air, mxes_the corrpressed air wwth fuel, and then buns the
fuel-air mxture to create expa FIEER s expandi ng gas in turn

drives t rbihe conpr r and produces torque. The resultant

t or que rrgﬁeagg ?B‘EI pr‘?%& dgﬁ?i‘ﬁ‘ﬂl’ delaipy, tog? itpsppyfabisuintertied i wash unil enst mire
generators an g’ ot her Vi ces s ch as mechani cal punps. [0003]In
many t ur BRRHSUE, ﬁg? @SE%HSP%{BE |‘ET§§’PB vash wait Gentiggred Hos Bsedinsdersingduthisov e

(with the oSxee ion of an aircraft propul sion application), air inlet
f||ter|ng oy ﬁ[& oyed in an effort to prevent contanminants from

entering and hanpering the turbi ﬁ g ions. As can be
appreci ated by those in the art, m&g his type of filtering does
not alt og, gle reyent sm':ll_e 0coneceS r ations fgf cont anm nates_from
enteri ng ‘an adieét " hg t RERES 0L 158° PdrBrdhectdntsiiasapplicatiingd By instmess
smal | Mk o] vent aI I cunul on the conpressor bl ades
and decr %ase E ecoep lt"% 1tsln\]/aéfngss I?Etnhaércrﬁﬁ%tgégm‘”ﬁg girratherepulsiomt Theggac es
total ‘ al foydy b%vr\ftlﬁﬂ‘.q a gttaﬁ‘onaw }90%9 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 COTnpPressor
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 tirbine.
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power fromthe gas turbine. [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.
Routi ne cl eani ng of conpressors hel ps maintain turbine engine
performance, em ssions performance, and intended air flow at their
best. Maintaining the intended air flow al so assists in maintaining
an optinmal fuel to air m xture, which further inproves the
performance and |ife of conpressors. [0005]Existing nmethods and

equi pnmen ressors are described
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flowrate, atom zed droplet size,
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 pfessure side of the fan; a second
nozzle arranged at a second position relative thg 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 fhird 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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is prepared for each specific engine such that atom zation and nozzle
position are optim zed to achieve effective cl eaning. 100071Thus, the
i nvention disclosed in WD 05077554 is based on the insight that the
engi ne geonetry and properties of the fouling of different conponents
of the engine have different properties and therefore, require

di fferent approaches for the cleaning. As an exanple, the fouling of
a core conpressor may have different properties than fouling found on
the bl ades of a fan. One possible reason for this discrepancy in

foulin [ rti de eraLure
much i gnep et BEeR Npo-UE.ERe e o BB sl o o BB PR GR
tenperatq{ m%tﬁgggegggﬁgessor results in fouling particles becom ng
"baked" e co or's surface, thereby naklng renoval of such

t eper o Lt LU L B A nan bRy s BB e g
not b eCO %’egld éﬂ?ﬂ&t@g Ilflrthenﬁﬁpnrﬁe(?fsdlﬁ’&m& %e&lb&%&s ?I‘a‘le e gine @19\7&. dlg?rané
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collecting device at the rear of the engine. [0009] The” system

descri bedoinBrebsdd £Edakd, %@éby'?ﬁ&ktdg(}%bﬁ[‘omm %Qlﬁééz&%ég’» mxuubemﬁéiﬁn

nobile by the introduction of a nobile vehicle. I'n opération, the

washi ng dgades; Bowsr, iR teipstBlR s Quck Asvek.| AR Q! Be %Jmag qf {hQ‘fﬁadd&@ﬁJt
a motor driven cart, a notor vehicle (e.qg., smal | truc

l'ike. 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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[ 0010] Anot her exanpl e of a waste water collecting device is described
in International PubliCation No. WD 05121509, titled "System and
Devices for Collecting and Treating Waste Water from Engi ne Washi ng",
and its corresponding United States Published Patent Application No.
2006/ 0081521. As disclosed therein, collected waste liquid is punped
into a tank where released fouling material is separated fromthe
collected liquid by an appropri ate waste water treatnent process. The
treated water is then used for either washing additional engi nes or
is alternatiyvel d int sewer. [0Q11]The above nent.ioned
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cleanlng process, a punp to el1ver water/was urds‘to e
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and a collection systemfor capturing use :
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turbi ne conpressor cleaning systens, for exanple, are typica

posi t i ongeiivaly RehpRRNBAblsywd?] aced skid and require siting of
external resources such as a clean water source, power to heat and

del iver qb@EENI NTheMbiM mBitiondd syRstiPand YRISHS thilcIfhfink ¥Sfinds BRY/& SRR nd
sol ution, and permanently nounted nozzles within the gas turbine

inlet to r@?@ﬁg abel vehsHiRE LiquidhGor &4 @ARErsB0d Atfd PBetivk CRAZALMEN IS thaf\@n bé gD

costs and limted annual use of such a cleaning system however,
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 systers requires, to some extent, some form of
external resource.
[0012]  To illustrate, conventional aerc-engine (and/or mechanical drive unit) cleaning
systems typically require an external source of clean water, (preferably less than five (5) parts-
per-millien (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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sonme gas turbine operations, (e.g., typically peaking or portable
rental units), do not site a permanently nmounted skid and forgo
routine cleaning of their gas turbines. As can be appreciated by
those in the art, forgoing routine turbine cleaning can reduce
machi ne output by up to one-percent (1% per accunul ated nonth of
operation, depending on climate and site. This type of loss to
efficiency typically results in higher than optinmal em ssions
performance. Al though this increased em ssions perfornance may be

Wi thi n pg[n% Eys E‘lvt‘ta)ld%h\!re?kl'}e c%cam% (ghrﬁ%n,e%HdSSI %ﬁ%t%%no@g%%;;gzgﬁeg%thpgﬁee}?g
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S Uld

exenpl ary transportable wa unilt may conprise a el'rvery

system f gpodehdavshad iVie bref dottlofhs bibhfe H,mer&&nwg% %guéa%%ﬁlhé)&l{tpugf,y

power supply for “providing power ) conponent s t'ranspor

washi ng upidcneperddit {196t chﬁlﬁtﬁﬁteJ Rbntl QFHpEIQJLAd e dﬁrch m{eﬁnc} stlte.f gll;ts

conponents of the transportable wash unit; and a nD

mobi | i zi Rge tdTelods! BNEREEH SRR ih -bighBRIE oQEx%QR&RIéQE'
DRAW NGS (00161Fig. I A ic?lb%gtarﬂgt es severlg(zl1 i sonetric vi elvvs @%ﬁme'

exenpl ar WithéwR SRR héarbdsed ieiseigfAb@brmance 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 bave 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; & unit confroller for controlling one or
more components of the transportable wash unit; and a mobility unit for mobilizing the

transportable wash unit,
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wash unit; [0017]Fig. 1B illustrates several isonetric views of an

I npl ementation of the transportable integrated wash unit illustrated
in Fig. IA [0018]Fig. 1Cillustrates a line diagramof the exenplary
transportable integrated wash unit illustrated in Fig. 1A; [0019lFi g.
2A illustrates an exenplary inplenentation of a transportable

I ntegrated wash unit; and [0020]Fig. 2B illustrates a |line diagram of
the exenplary transportable integrated wash unit illustrated in Fig.

2A.

BRIEF DESCRIPTION OF DRAWINGS
[0016]  Fig. 1A illustrates several isometric views of an exemplary transportable integrated
wagh unit;
{60171 Fig. 1B illustrates several isometric views of an implementation of the transportable
integrated wash unit illustrated in Fig, 1A;
[0618]  Fig. 1C illustrates a line diagram of the exemplary transportable integrated wash unit
illustrated in Fig. 1A;
[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 vebicle. 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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DETAI LED DESCRI PTI ON [ 0021] Di scl osed herein are systens and net hods
relating to a transportable integrated wash wunit for use in cleaning
gas turbine conpressors. Mre particularly, the present disclosure
descri bes systens and nmet hods wherein all necessary conponents of a
conpressor cleaning systemare integrated on a transportable vehicle.
Such an integrated systemallows for great flexibility and diverse
applicability. For exanple, the systens and nethods di scl osed herein
may be inplenented to effectively wash conpressors of free noving gas

systens 295 2Fe: Aot 3RS IB RO Bbbgt ?% “i‘?ﬁéj’eaﬁglg LIPS P s
COSt - e { PN | Qe Sl kST sERIPLES 0L 30 06 LR O0RLY

gas turbines, inc ose t
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(e.g., external water source,
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conpressor units. further detail e Syst ens
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such as one to five bar, although nore effective working pressures

may be Utgid dr&6d dislo@es q“o‘i’i aRGRcWMnidhatiflRl RILESBEA NO! WH 2084833421 entitled
|nstance I'nt ernati onal Publication No. WO 2004/ 055334 Al’; ent|1

"A Met hOdAQﬁet@cﬁMi&ﬁm% abalidRAGY% TeRSine! Uﬁlpbﬁﬁné‘bbératgﬂ’s 'cﬁwk}ses pressur

per ation", discloses pressure, droplet size, and air velocities t hat

may be utd gleiﬁﬂa , 51 2 GleRAHieWatdRs bk Wil Br MBintsk oot ARRRIERE
transportable integrated wash unit disclosed herein conprises severa

el enent s [003BCh The fraishdiRbledtb@hte® daddOln@ WiscldBed HRfeif SnGRREs %aghl 'eI&I’ngnthe
of several systemgroups. A first elenment of the transportable wash

uni t may whihas figheodegilsd below] rﬂ@ﬂie deyGizein®N gk RE s earlyabR ronfd. A @rst
power the wash process. This engine-generator set may be controlled

and over sksenthy tentransjostghlaivash whiti thaycofipfi!d @E or fiedel facRdAl fgind-EenbiStor
noted that in applications utilizing a stationary gas turblne wash

syst em emttodpoventhe wash ropaweThie beirenkndi@y saGhayte BReMed andas e R@WBY aiTay
be provided by a stationary plant |ocation, for exanple. [0024] A
second elirgepeandtd wifit coteoliag Fbr axmmpie NE)s mphdtS@appnmﬁaﬁs wlizig b SRR gas
t anks for
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

COIMpIESSOLS,

PHIL113861686.1 7



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 conbi nati on of water and/or vvashing

el enents, and/or any other liquid suitable for use in washing

turbi nes and/or turbine conpressors. [0025]The one or nore reservoir
tanks may be sized as desired, such as for holding enough fluid to
conpl ete one or two wash processes. The tanks may be equi pped with
sensors for indicating water/ wash fluid | evels, tenperature,

quality, {Oﬁf‘ﬂ Ot RRIGnB et ﬁ@ﬂe?es@%@mse&% ¢ KR4 Lmegﬁéagéuicfws ﬂ@hcﬂ&ﬁ%ﬁoﬁ%ﬁ

b .
the tank sensor(s) may be conmmunicatéd to an integrated contr

uni t for kg Qo khnAAB bho bt WADwaGSHbARS, TR ankd hby b 8QfiiHRY witles
processes, a%d é@c. [ 0026] A thf@d el ement of tﬁg tr%ﬁ%ﬁo??ablﬂmﬁégh

uni t  mayingaRAMi AerAwadkPINIY 16BRNEmb&atfire M%Lﬁﬁ OHEotd R palSrhekef e kD
wat er and/or washing fluid to a manifo %. e manifold nmay be

por t abl ejnffatithGathbre€ bR A8 G sSRENS) nR) bARhBinléhtd RS intBratRLERRORP Il
fixed for use in cleaning stationary turbines. In either

i mpl ementoatiée@i contrbMingRBdr b EnkELY, hidlied, Wilth R6Rs, aldt@ nozzl es for
atom zing and directing washi ng fluid to an area desired to be

cl eaned. (008§ SURMRM @G oNTRY tRBspSBROVASR uEE by S6mMRS B shpply Fhedl (@.%Jy
desired pressure, including pressures designated by OEMs (origina

equi pmenupaRpim@y fod delieringWatN aridgor twaptingaiilid/ tde kaged. OMee fdgifoRIEay beve
(5) bar, or at even higher pressures. [0027] A fourth elenment of this

di scl osupetahiaforoeahi tisamiigholileas ato audine, pop@mirmegti fixdn®i lidedh Yleaning
equi pnent such as hand tools, air conpressors, etc. These ancillary
t ool s nuastativaary sebinest @ cieheaimpllamentation) the panidold miay toiud€orfet MBStz AG for
(e.g., renoving covers and/or other obstructions), for re-assenbling
(i.e., rabmizingngd ticcctmpewashingfiid ©andied Hairgd tibe cleaned] Mae Qupply nicamB) NQ
process is conpleted, and/or in the case of a conpressor, for purging
wash manbd sitedgo delitérowask dlgidrat enyt desireinmpaseurd, lindwding padssieesidest pypted g tOBMY Y
leak into the engine during its next use. [0028)A fifth el enent of
t he tr an®@penaladahipmerthangficturasnwhich ip typsdiyabeveter on¢ (10 ahddine (Heanr 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, ete. These ancillary tools may be nsed,
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 flnid quality (e.g.,

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

wash unit of the present disclosure may reuse the treated fluid,
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for treating used fluid (e.g., water, washing liquid, etc.) to
achieve a desirable fluid quality (e.g., less than five (5)
parts-per-mllion (ppm total dissolved solids). Once the fluid is
treated, the wash unit of the present disclosure may reuse the
treated fluid. [0029]As noted above, these and other elenents of the
transportabl e wash unit disclosed herein nmay be categorized into one
of several system groups. These categorizations, however, are

provi ded for purposes of illustration and should not be interpreted

as |im tipeo] [ 0A3GhAd fabbwl t1RYSIRMIEALRAGY offfhe RrabHRARPROLAAME MBSRA
unit may be described as a wash fluid delivery system As its nane

i mplies, HeR@h ki 6d daBodied tikth SnS¥SLRM :sﬁtehpgngﬁﬂs' Viise WaB orzhtibng] hB\QTv@r

desired washing location. In an exenplary énbodi nent, the wash fluid
del i very a5d/sibadedTa)pufiRBaRof ARistrakiBi andSRGHR Rt biRRrpRted WifhidHgSer voi r
tanks for storing washing fluid, a manifold, in communication with
the reserjugso] t anfickissysterh adbidtly SNrafipoHIOvARAR 48t R8y bddesHbbE 5t Wih SIS
washing fluid to a desired washing |ocation, and a supply punp for
del i veri niglienesys@mhindits datiedmbli®@hé RAcHRASTRMO bystebrPB KL 8ivEOndsh uid to a
mani fol d. [0031] Each of the reservoir tank(s) may be sized to store
any desi rdedred Glashiey BEations Th Ag chdnpldly embediniehi, Be whehr fleX ﬂaﬂrb%s f&k wRen
ei ghty (80) and one-thousand five hundred (1,500) liters. er tank
si zed mayofagrise} fo iexameblé, ona G atottarRERvon thikks tihest@ingSwaihing ifel @ swab old, in
according to the , particular inplenmentation. In addition, each of

t he resercommunitaiok (dth tivargser ot tardhés), haein® bner®d hRraRages Hr dﬁrelamg&em@hﬁlﬁ)
may be used to provide information regarding the fluid stored in the
t anks. Tdluid tousitsied e/ashinpclostios and s juppipyuhp farglelibetins ha diadaizdiufd ftngithe
paraneters such as fluid level, fluid tenperature, fluid quality,
etc. As fresetvhiefankig) tailieaabnifeldow, this type of infornmation may be
provided to a unit controller for use in setting/maintaining

oper at i ndo@d} anmBady o tbd resdrecit tapk(sipoayt lebiized wa stbrelany Wesidedi kbltu@s of wikBing
reservoir tank(s) nmay be equi pped with one or nore heating el enents
for use ifhidéghiling fonstamplelbadwet eigbly (0@)tahd netthensareisfive \hondred @SREdYers, As
known to those in the art, heated wash fluid is typically nore

ef f ect i veOthdrdenknsized neayt edutilizsdh inf hogordancd Wwith ,the present disélosgrecdceording & thay
be configured to heat wash fluid to between fifty (50) and eighty
(80) . particular implementation. In addition, each of the resexrvoir 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) inay 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 (30)
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degrees Cel sius, for exaniple, or to any desired tenperature
appropriate for the particular application. [0032] As expl ai ned above,
a manifold in communication with the reservoir tank(s) nay be

provi ded for delivering wash fluid to a desired | ocation. This

mani fol d may be one of a portable or a fixed manifold conprising a
desired nunber of nozzles for directing the wash fluid as desired. In
a stationary wash system application, for exanple, the manifold may
be stationary. Alternatively, a portable manifold may be utilized in
aero was t e [ LN kL ' dinozzl e y
be confi 3 ﬁg:%‘% %ngf gA i 7 e %ﬁé %f/véds Enﬁﬁ%?r%& g%ﬁc{a&g%g@g@r%%e#é %% P%ftsﬂcél E’?
[0033]Th%mﬁggﬂ%y punp for delivering wash fluid fromthe reservoir
tank(s) to the manifold may be configured for exanple, to deliver

from bet w6 t hpe @xﬂéﬂed%gvet, Wa?i'fﬁg&i h%mﬁnﬁﬁfc%io@%é@;l&%%e&&?%cﬁ& tglkaésg’g?ap be

fluid per mnute at pressures of between one

bars. |1t paRidh b B&ivBSH oHash HRIEY § HesirbREatiBh PRhY mBHER they Ki%ne bt %g/ﬁg% to

t hese operating paraneters. To the contrary, the supply punp

confi gur ed atfxed glahifd cwﬁﬁﬁbiﬁgl yiaekiad n@fber 48 5bs-R4 f&aﬁi.{‘:'e/cﬂﬂ{rétgﬁ Wash Aaid as

appropriate for the particular application. A control ani sm such
as, for QUAERIIEa sttibiaBAWBMCYsteth iaySlicHEy, Be k!ﬁgﬁé, R eI Qhay!HdStationary.
operating paraneters of th?% sup%?y pynp.e[o 34] A sepong&gystg&?m?
cat egor y AfernhtiRly! £ fRGPRMIATHIE mMAgSh ufiRed inFBs Wash Q«_@t%ﬁrab%lﬁgﬁcf?ﬁ. R afiditdd
treatnment -system As its nanme inplies, the function of this systemis

to treat theseditvanbesfes tiag be tdhEipaaY toRfaitel ROwish Buivas i phiBdstihdrthfBgthS €
the fluid. In an exenplary enbodiment, the fluid treatnent sys%en1nay

conpri se (038 eXagbsly pamp Srldeipletiio Witk MRRITEGH he esato@eaM@DNo fHe HiatifA®
it exits a washed turbine and a holding tank for hol di ng and

suppl yi nepay e casdigired éut ekamplel 1 delivbefrini batvemthres (33 aMwolKin@dd Fdry @0)
the fluid treatnent systemmay be configured to treat potable water

whi ch, aditeksudwast finid posEniia att fhasiBéstof betwednwele §l) wad @ghtd (38) b£HTE Abilg be
wat er treatnment chem cals and/or mnerals such as chlorine, for
exanpl e. ndid, hoWesat, tiraesupply faepdesdt diatitbdtol thes@otAihg Oxtahdterd/aTH thd Rbrtrary,
i npl enentation, or in inplenentations in which water is provided from
a sour ce tliehapply puept vanat configud toadtivannidsh iflublehf alyedgired wdir@suaker
is provided fromthe stationary plant).
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
freatment 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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[ 0035] The fluid treatnment system nmay be configured to receive the
used wash |iquid/potable water and process it at a rate of one gallon
of fluid per mnute, for exanple. Such a processing rate may be

achi eved via a punping system (e.g., a supplenental punp described
bel ow) and filter(s) configured to punp and pass fluid at the one
gallon per mnute rate. Alternatively, the treatnent system nmay be
configured to process fluid at a faster or slower treatnent rate, as
deened appropriate for the particular application. Once treated, the
used wash_fl uid/potable ter .may_be. returned 1o usabl e sh fluid
cont ai ni ABPPRETRRSE o oot 2Bich Haret R Bttt fam g ooy Bt sierihm
o oo ORI HRE . Db S D9 D SRRl ety e L0

treat nent sys Se, or “exanp as carbon

fi | | ' ' | Qri fiber. fil |

bol 1 oy nddEst 7 2He Al LRELA ol blo Pl Shillfen 1P e b by R Bb R

t her eb : ; | 4
ereby rvﬁ:t%ei" Bl GeeMB & 7 rt\?\%soh o?f%ﬁ:[lgﬁbﬁ ﬁﬁ% %Fg Igmt%u?é’ & @%aén%%l%] 3§%ﬁ tat%g’g‘?s Sine

useful intreating use ion, t i

t i i t j t ed
ohoh T ke RAPRE b IUAPHAIBRE BueR VR, § MopHBEnpl ol M0 SE AR
00371A | . j
003711 LS SUBEMERLEOR0Rl 06 d SRIARGIAPHEWISSD. Wik BE
of this $USIEMs\Serh ) QVIAGRONES prbQsd BGd UK QS o?'sr%g@ﬁﬁémgém Heneg?s

transportabl e wash unrt. As hoted above, a power supply system

not al wayseke aglﬁlgw@ k- thd aa&ieﬂ?dredaam%ni WBige ‘M@&E:ﬁ:tﬂe Lig vsagﬁﬁ@g@t;&@@' &

wash unit Is u I zed for stationary cleaning applications,

exanpl e, waRyRhy FE%uRRAY 2L HAM Al cohlaRidg QR of nb fidlel %olids 8RS e kN
an exenplary aero wash unit, the power supply system may conpri se,

for exan@W@g)@ﬁngp@kme-generator set. The engi ne of the power supply
system may be a reciprocating diesel or gasoline fired engine for

driving tuscoenesals®in trebhify B0 UéeA SialPNuil ShM rSUh @ ssRiiy/ @&, for
generator at a voltage of between four hundred (400) and four "hundred

ei ghty ( e4Qle, \eRintesitsaduch Niks I datbod MEIREE for AbmdVHEERAInRARS hdP OMBHine, fiber filter
Al ternatively, the engine may be configured to drive the generator as

appropr i aleeitqpolidhirgavi, ideddridingp@hbreatiiles for tiLoVHRNBAPInA thefaBY rdd@ning
configured as a fifty (50) or sixty (60) hertz capacity generator.
Al t er nat iwaet 16, a fidiRalghNaidAirQby DHyr denddoukiupidrteatimSsee&hRta PihQRdilicy e
for the particular application including, for exanple, for handling
t he conbitrdhidieatheenofysteimem Sndoipeisavbsipletidntal p@ugfor uedh WRaRing @BatddMAkh
and forty (40) kw). [0039]A unit controller for controlling each of
t he abovduidésckib HednsysheaBsserasitiahl(g) described above.
[0037] A third syétem 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. Asnoted 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]  Inan 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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el ements therein, may be included in the transportable wash unit.
This controller unit may be, for exanple, an automated controller
which itself is controlled by a programmable | ogic controller (PLC
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 exenplary enbodi nent, the unit controller may
conprise a reading device that recognizes a particular engi ne type,

wash appl,l i kol d. . et b - nit.iqn

calls (pgrgh%ﬁltééb %g egggésgér% thrc‘)"n atﬁ? fengﬁ%rr'eggigg[rl%&n}é% \ﬁ%gﬁﬁ%rglg%té%lgrr“g tth’ﬁat

. O . . . . . ¢

o £ comPEEHLE g R ML RS S e EODAUE P ot
rotecti npgg i s - L,z REYSIAS } , S

\I?vi t hout gﬂpass%}%da) fr%c:pr%? geg%oggs'i ﬁg&?aﬁig%ég% Y&l er “uni cto.(]h%ugedc}(r’\tgwe fe

exenpl ar 46 ab b O8kia -uni i j t
Cont ol | r o e 07 R Rl i, T ocha®l maf bE e W

engi ne- 9eReNe) QF sitGi6® et LPaditg etV ARk vely] @Q%@rleg?érin%?j%'e 'cé(nﬁ[gﬁxj&?
y | ud f e -

controller unit may include a menory for stori'ng data, equdi pnen

speci fi ¢ ak REABpOPiatd R thiS Rt Rk nfiRdatitR ThUEHSh P ?&C&QH;EIF,%% h¥ting the

exanpl e. These user-defined " washi ng procedures my I nc

control | @pmeiadd naais%fﬂ@@ﬁﬁr@e;gsh\m&@ég.,raﬁwebﬁte@mzmqﬂmd@bﬁg&)! y or
remotely. As noted above, these routines may be called in response to

corrppnengmsp]e. gA, udBBéritlie fof RehthflingElaeh Jof I8 B Ve AbscHELOGRHeAS ardVind
readi ng device. Once a washing procedure routine is calléed, the

cont r ol | @feméit thedH, uﬁﬂ Be drthded it thOirsspdABbIY HadhOMst. CIONRRARALS wif mby &,
wash unit so as to achieve the call ed washing procedure. To this end,
the unit fe@oftample) ek auRhatciByniadiet WhichOitieieds tontmatd S Ya ?ﬁ)@famﬂﬁfﬂie nede
"perrnissives" (or conditions) such as fluid quality, fluid quantity,
fluid terpefodéruPEC), refesorali dombiited, or YR Sikefl |Aletha® @RS, H@UdoairbIRP unitRdy bhe
like prior to allowi ng a wash procedure to commence. [0042] The
t r anspor tnahhatly wastollethiie, fof examplepi esolier display oitife.,Pyuch| s6r@en) B&lfigtled a
nobility neans for nobilizing the wash unit. This nobility nmeans may
i tsel f bdorcaliiegpateihed nbsh jrbedira nsparekakyley enbddiniait! thatslt idhaellef may
nobilize the wash unit, or it may sinply facilitate novenent of the
wash uni teomfiiise ialréadiigrdaties thhtrecogmisds apatticulabyhgine typel eashapbpittatival MAardfold,
trailer or truck bed which is itself nobile, or the wash unit may be
mount ed etet, and baged respibist @bdgeitioki clllwidradnables moteritt sell)f a poddbtbrmitad twash
facilitates novenent of the wash unit.

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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[ 0043] Addi tional features of the transportable wash unit nmay include,
for exanple, one or nore reels of hoses, each of which may be used
for conducting washi ng procedures, transferring fluid between
conponents of the wash unit, electrically grounding the wash unit,
provi ding a conpressed air supply, etc. In addition, one or nore of

t he above-described wash unit el enents may be interchangeably
attached, thereby facilitating nmai ntenance and repl acenent thereof.
The transportabl e wash unit nmay al so conprise one or nore protective

panel > | Sl AR LB R SR 28 A E o
o GRS, A AR I 3 B Ak 250
U1 1 EARASeE U o PP g LD TR TRE
7 S el o B SSRERL Ty o ST
12 19 0! S HOA0 ARG SRS 16,00 RS B oA

I .0 it 4 1L I
corpLe o hHR430 R e SRR BB 1U50, 6 R R

may be incorporated I'nto t

l e, ) i . i . ACl US| .
exanpl e Bﬁéﬁugfgﬁxﬁﬁ’ te\qﬁgrgl'gu?é RdsL0b:0 S AR ARG Ic&ﬁf%*l[?‘{lﬁl% E&fdﬁgf A mﬁ:%} @ q{lc%mf

washi ng proceédure i r to renove excess

pot enti al, Lyl dlrP i bokiRn&N9i ne during the engine's next use, for

exanpl e. P%%J%?%urnlng now to Figs. 1A-1C, an exenplary transportabl e

i nt egr at gfha¥S Ml rdnsgdabl@ wash unit of the present disclosure may also include a mobility
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 component;s of the wash unit, electrically grounding the wash unit, providing a
compressed air supply, ete. 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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use on a nobile or aero gas turbine system(e.g., an aircraft engine)
is shown. Figs. A and 1B each illustrate isonetric views of a
transportabl e wash unit 10 nounted on a transportable skid 13 (Fig.

| A) and nounted onto a truck bed 11 (Fig. 13). The exenplary wash
unit 10 conprises a power engine-generator set for supplying power,
for exanple, to a fill punp for filling the unit's fluid reservoir
tanks, to heating elenents for heating wash fluid within the
reservoir tanks, and to the unit's wash delivery and fluid treatnent

cystem. o5 SRRL0 BSIELE s SEL TR COIGEL 508 BnPofiFEthe ya.
st 1 U BRET, ERRLEIPRLRLAES BHEoBE s SR, B
e ey o YGRS VR 0 e SOREPAL Sl o i
o CoeGur e T uBO bl A5 N3 AL B RANARD

Fig. 1B, th 0Blea kY, f unit 10 may be nounted onto a trailer for
use as apnngpﬁgﬁwaéﬁ g?g??on. Alternatively, the integrated wash unit

10 may beygagunt fohdlod a%n ratﬁ(ﬁﬁaQP {&Eﬁtﬁﬁ@fﬁpfkgbog Ei}ajglge ié&ié)%m%ﬁééi into the wash

facilitating novenent "o e wash unit 10 vi a,

atrail €lynit. 2 doﬁﬂfegsogeﬂay %tiglsadF ?%g%ll}@?&% rphf%i\gegf.{vnfag\ifﬁhgandl gfgin@s fla]ti e

di agram of the wash unit ol ed i'n 'A"and 1B I"s shown.
The exenpbifutiondslwiBink phitedde InUFES e bedxNRY Bifid thad ;ﬁfiry tidfy 18k finto

inlet. Water entering the water inlet iIs passedlto a l"'ow pas ose
reel  (LPuRRhgi\RiriBg ite chSn®¥ RSEiNel RE&aRME. Passed to a series of
filters (DPI, BF2, 'BB F1-F3, D). Once the water is filtered (i.e.,
once the [d@bpl issehy@do b1 0S16,Mn oREnpIRS RinshoraBlb ilﬁe%giﬂéi w&f uhi€YElo) -
the water is provided to reservoir tanks (Tank 1, Tank 2). In the

tanks ( Tagkonla mdRkr 2o gﬁshﬁrb\lﬂts?é’terﬁ Ee.él%ﬁ%ﬁ&aﬂin?giﬂe?&%ﬁ&&ﬂ.vﬁ NeALIHB
el ements. Once the unit controller (not shown) determ nes %hat t he

wat er i s efth iBusts isoRtric STENSI o aWalsportddR WiBh Shit |G mBiAM ElEfuAsRIraliOfa
punp, where it is punped to a high pressure hose reel (HP RL) for
di spensi ng@atia) andifGintedbnwwastuck bttt (B, (8. The ex@MpRBTWash i1 0MB8mprises
engine). [O0050]Air input into the exenplary wash unit 10 passes

t hrough arpoival @iginkigbitegstor(detJor 3Meplying 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.
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through a vane air conpressor in order to renove any water therefrom
The air is then filtered via filters (PF, OF, DAD, OF) and provided
to an air hose reel (AIR BR). The AIR HR then di spenses the
conpressed and purified air onto, for exanple, the aero engine to
purge any excess water from conponents 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-28, an exenplary transportable integrated wash unit

20,0 R[5 A 1828, LRSS b MRl Pstr o,
bi | t : i L) t. ] di f th h

o0 eSS . Z 591550l L0 Sl AP Rl

oLt onai GBS ASETBY LELINE ASSEIEAL ARV kel 2

used i n PEAKL AR MR B&NGEat i on application, or those used in a
mechani cal ‘drive busines$, for exanple. Rental gas turbines are

typi cal | Yodagi's el c@Rink ha& 19 kgl 1@id fife cft}’a?ﬁ? of R wssaaaagﬂlfl@mu@@&!e& mrﬁigg%l y

only consi st of equi pnent essent| perate and for transpor

Vater washy By R, Ahe ekefiplar@hvhh oRH § f8ifdd F@gﬁ%g&binie?ghgﬁh alt S Water

Simlarly, nmechanical drive systens often or war anni ng and

are not designBdwher inhg idigiRsed N IRE peabke 5465 BMHR)- Akt Afis emfzfe'a agsh

systemresults in fouling buildup on the turbines;, which fesults In

sub par QR@EPbIaRerdIRF HiRESBHIACBF], BESIOOES, B4 nce bR Whdidd & MMeEdad & RonEAe
cause turbines to lose up to one percent (1% or nore of their total

out put  caqabiidséIvddaslidsin QS Ak i€atBRRred Sk the Fhtedts %ﬁwﬂd%d & R&hREfhks
herein, can be used to service both rental and nechanical drive

systems, (TRereyni i W Bé BEkd assk Of TARM,ALETRACLisORMSE Yiad¥spedGh heating
fouling build-up. [0053]Unlike the wash unit 10 illustrated in Figs.

1A-C, thelewosh Utick (ROt chit@Ber &bt FholAE AetbrBlines QPR the Nater is at a desired
engi ne-generator set. Power is instead provided to the reservoir tank

punps, hemipengre HRRRE: & prévidhd QpRen puas wheRiit is Eﬁnﬁ‘eﬁ RPORENSSssire Rose QL
exanpl e, an on-site power source |ocated at the stationary |ocation

of the t @HPROEfOSYiSHRIThg drito & Gesit€l w2k 100008 VeSS, antabia turBife 83GHej)€- gener at or
set may be included in this exenplary wash unit 20 w thout departing

from t he {8030) i t Atfinfudéntprins erinpRADEEHNRRTLC 2000 4rSighi dndhlet Hlted (IF)WRd

source, the wash unit 20 of the present illustration nmay or nay not
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 coml;resscd 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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i nclude a dedi cated wash fluid supply. In the instant illustration,
for exanple, wash fluid is provided froman external source, such as
froman off-skid supply or froman on-site supply source. It is

not ed, however, that the wash unit 20 may nonet hel ess be equi pped
with a fill punp and fluid treatnent system thereby enabling the
wash unit 20 to treat and re-use used wash fluid or potable water.

[ 0055] Al so included in this exenplary wash unit 20 is a controller
unit configured to oversee pernissives of the unit's 20 washing

d Th ] terf
R Ay A T BT o ok S 47,
2A, th h. k {. t f | t {at
R ey

wash- un Ir#éﬁaj’{lggg er Q&%f pgxf 2%) dccﬁlﬂﬁ t D880 OB kimHn:%l a9 plk g%%?s %ﬂ' FHALP qﬁed

for exa n a“cer I ghway tra| ranspor nit

20 from gilg ggsotu[% el %Qﬂﬁé’an& QLD &n E‘ﬁcttog trailer beds, for example, and typically only

consist of equipment essential to operate and for transport. Water wash systems are typically
omitted from such rental units. Similarly, mechanical drive systems often lack forward planning
and are not designed to include a water wash system. Lack of a water wash system results in
fouling buildup on the turbines, which results in sub par operating performance. In some cases,
fouling build up can cause turbines to lose up to one percent (1%) or more of their total output
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 2 power source, the wash unit 20 of the present iilustration may or may not
include a dedicated wash fluid supply. In the instant ilIustration, 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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[ 0057] Referring now to Fig. 2B, a line diagramof the wash unit 20
illustrated in Fig. 2A is shown. The exenplary wash unit 20 includes
both an external water inlet and an external power source. Water
provi ded 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 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 may be punped and mi xed with the
wat er . The ter ent_ m x then rovi ded 't

out i nauL L Eferlert miRhy beleh) P ek bt Bt d it et?ge‘ﬁbofﬁa&
IS prOV|dedn%? Hﬂg wash un|t froman external power supply (e.g

power sup 56t he pl ant). This external pomer is |ntroduced |nto

h h he N h
eer s o084 VAR il 8T Srortyfily NeM WA 2B H Q?ﬁ%ﬁ\ﬁa P iritigp o
t k \ L. .
{ GoSo] Al CrestiareiSiy ok ot R8s 26 vfasm%&em@%al‘e' "THBFTERT o i on
h f I f t it
uﬁggtgtoggHEHJ@ﬁQEEH%#B&£ H%pébg aﬁgﬂl e é%tlfﬁatoPhel sLZcific
nbod h d tituted.fo
enoo! TEfSGENOND A G55RE) ?ém%tet@ﬁt B bl ol Rhafudl B2 A

from theg g &EHSH oftthgwgghetﬁﬁtnzt{) §u9|¥ én' Orgol?xl-g aﬁerdjl Ogé‘j % \'Jvifhmlr]]itt entcfsd

to cover an apt atrons or varlatl ons l,rrent S | SCU sed
herei n. business). Further, the wash unit 20 may be mounted, for example, on a certified highway trailer

for transporting the unit 20 from site to stationary turbine site.

[0057]  Referring now to Fig. 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 ouflet 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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CLAIMS 1. A transportable wash unit (10, 20) conpri sing: a wash
fluid delivery system (PLS, FP, FM2, HP HR) for delivering wash fluid
to a desired washing |ocation; a power supply system for
provi di ng power to conponents of the transportabl e washing unit,

a unit controller for controlling one or nore conponents of the
transportabl e wash unit including said power supply system and

a fluid treatnent system (BF1, 8F2, BB FI, BB F2, BE F3, FS, FP) for
treating used washing fluid, said fluid treatnment system conprising
means for ' Ly i.d sh.ft.luid delivery system
and oot kbl BRG] jlof sl B Syt ik hal Bl e

t ranspor %@@&%ﬁfg@@@ﬂ@@@%@%ﬁm %@%@@3&8&&9&@ Hline 78 WARHon,

fluid deliver
This disclosure is intended to cover any adaptations or variations of the embodiments discussed

herein.
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sai d power supply system said unit controller and said fluid
treatment system (BF1, BF2, BB FI, BB F2, BE F3, FS, FP) is fully
integrated in said wash unit (10, 20), wherein said power supply
system conpri ses an engi ne-generator set. 2. The transportable wash
unit of Claiml, wherein the fluid treatnent systemis configured to
receive and treat used wash liquid and potable water. 3. The
transportabl e wash unit (10, 20) of Cdaim1l1, wherein the wash fluid
delivery system conpri ses: a manifold (HP HR), in

conmuni cation with reservoir tanks, conprising one or nore nozzles
for directing the washing fluid to exdesi red washing | ocation; and

1. A transportable wash unit (10, 20) comprising:

a wash fluid delivery system (PLS, PP, FM2, H? HR) for
delivering wash fluid to a desired washing location;

a power supply system for providing power to components
of the transportable washing unit,

a unit controller for controlling one or more compo-
nents of the transportable wash unit including said power
supply system; and

a fluid ireatment system (BFl, BF2, BB F1, BB F2, BB F3,
FS, FP) for treating used washing fluid, said fluid treatment
system comprising means for supplying treated fluid to said
wash fluid delivery system, and

a mopility unit (11, 13, 30) for mobilizing the trans-
portable wash unit,
characterized in that each of
- said wash fluid delivery system (PLS, FP, FM2, HP HR},
- sald power supply systen,

- said unit controller and

- said fluid treatment system (BFl, BFZ2, BB Fl, BB F2, BB
F3, FS, FP)

is fully integrated in said wash unit (10, 20),

wherein said power supply system comprises an engine-

generator set.
2. The transportable wash unit of Claim 1, wherein the
fluid treatment system is configured to recelve and treat

used wash liquid and potable water.

3. The transportable wash unit (10, 20} of Claim 1,

wherein the wash fluid delivery system comprises:
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a supply punp for delivering the washing fluid fromthe one or nore
reservoir tanks to the manifold (HP HR). 4. The transportable wash
unit (10, 20) of claim3, wherein the wash fluid delivery system
further conprises one or nore reservoir tanks for storing washing
fluid. 5. The transportable wash unit (10, 20) of Caim4, wherein
at | east one of water and wash fluid is provided from an external
source. 6. The transportable wash unit (10, 20) of Caim4, wherein
the reservoir tanks conprise one or nore sensors for indicating
information conprising at |east one of a fluid |level, tenperature and
fluid quality ofa kWagiwmshi(ng Hhyi dni cfbn&@bdc&ﬁr&ﬁsmﬂaildsb&fr@rmti on
bei ng provided to the, unit control g trans ortagg% %h uni t
orr

(10, 20) of-2Bf& HBPHiFE%eRE e cﬁ‘°6? *%‘h“%ﬁe Br “HOFE-1s fanks
is configured fbuist opea hxsweed veisghty kwdtdowe- tamdusand five hundred

liters. 8. The ] %9@%@@' Bo Rl bl 1o Alhifh H34Mlon WhET eI N
the reservoir tanks e one or heati ng ef ements for heating
wash fl ui dong %t%@nrﬁeﬂ{“’?lan“cﬁr@qugh?yt’%g‘ﬁéé%oléeﬂg?d‘sﬁ) 9. The
transportable wash unit (10, 20) of Claim8, wherein the manifold is

one of portabl e g i xed manifold gontjoysd g aon] zg, the vash

wherein the wash fluid delivery system further comprises one

or more reservoir tanks for storing washing £luid.

5. The transportable wash unit (10, 20} of Claim 4,
wherein at least one of water and wash fluid is provided from

an external source.

6. The transportable wash unit {10, 20} of Claim 4,
wherein the reservolir tanks comprise one or more sensors f£or
indicating information comprising at least one of a fluid
level, temperature and fluid quality of the washing fluid in
said tanks, said information being provided to the unit con-

treoller.

7. The transportable wash unit (10, 20} of Claim 6,
wherein each of the one or more reservolir tanks is configured

to store between eighty and one-~thousand five hundred liters.

8. The transportable wash unit (10, 20) of Claim 7,
wherein the reservoir tanks comprise one or more heating ele-
ments for heating wash fluid to between fifty and eighity de-

grees Celsius.
9, The transportable wash unit (10, 20) of Claim 8,

wherein the manifold is cone of portable or fixed manifold

configured to atomize the wash fluid.
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10. The transportable wash unit (10, 20) of Cdaim9, wherein the
supply punp is configured to deliver between three liters per mnute
to two-hundred forty liters per mnute to the manifold. 11. The
transportable wash unit (10, 20) of Claim 10, further conprising a
vari abl e frequency drive for controlling the supply punp. 12. The
transportable wash unit (10, 20) of Caim1l, wherein the supply punp
is configured to deliver wash fluid to the manifold at pressures of
bet ween one and eighty bars. 13. The transportabl e wash unit (10,

20) of CAaim2, further conmprising a fluid collection system said
fluid collection systemconprising a collector for capturing used

wash fluid %d ahol; %gg?(;lzsacryg’%%ma%zhg]w&&n%&up&l M%?ﬂn the captured

fluid the fTuid treat e transportable wash unit
(10, 20) acevr@ingthe sanylbfpwnﬁelf)r%@éagwdcrtau %ll‘ﬂﬂ/ﬁe}?%ﬁ‘*i?eﬂ"he fluid

treat ment systeRM i Se G0REL GRE et B0 PHRCAESIRRE reaty) QR teds T3 Bi- of
fluid per mnute. 15. The g§ansportable wash unit (10, 20) according
to any of t%%gﬁPeEgﬂﬁﬁﬁlg? ‘ms, wherein the fluid treatment system
(BF1, BF2, BB Fl, BB F2, BB F3, FS, FP) is configured to return

treated f l uj P tOTﬁ%t C}:tlaﬁgpgi'éa%gl V@Qs %&Hgs(iloevgb OcIf 8'1}5%% t §1élpa| m

mllion or ess ransporta Ie wash “uni
15, mherelntm¢n3CbmnwxﬁuﬂSeatTﬁﬁﬂ?bé?sfﬁﬂﬁPFEFM”dﬂBﬂz CBECPPtr4§31F2

the supply pump.

12. The transportable wash unit (10, 20) of Claim 11,
wherein the supply pump is configured to deliver wash fluid

to the manifold at pressures of between one and eighty bars.

13. The transportable wash unit (10, 20} of Claim 2, fur-
ther comprising a fluid collection system, said fluid collec-
tion system comprising a collector for capturing used wash
fluid and a holding tank for holding and supplying the cap-
tured £luid the fluid treatment system.

i4. The transportable wash unit (10, 20) according to any
of the preceding claims, wherein the fluid treatment system
is configured to process one gallon (4'107°m') of fluid per

minute.

15. The transportable wash unit (10, 20) according to any
of the preceding claims, wherein the fluid treatment system
{BFL, BF2, BB Fl, BB F2, BB F3, FS, FP) is configured to re-
turn treated fluid to a total dissolved solids level of five

parts per miilion or less.

16. The transportable wash unit (10, 20} of Claim 15,
wherein the fluid treatment system (B¥Fl, BF2, BB Fl, BB F2,
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BB F3, FS, FP) conprises a supplenental punp for returning treated
fluid to the one or nore reservoir tanks. 17. The transportabl e wash
unit (10, 20) of Caim16, wherein the fluid treatnment systemfurther
conprises one or nore of a carbon filter, fiber filter elenents,
polishing resin, and a de-ionizing menbrane filter. 18. The
transportable wash unit (10, 20) according to one of the preceding
clai ns, wherein the engi ne-generator set conprises a generator and a
reci procating engine driving the generator, the engine being one of a
di esel and gasoline fired engine. 19. The transportabl e wash unit
(10, 20) of BRI, nF18,FRWheeminiselea gewelanartalspone fofr fefumpiaad sixty
hertz capaci iy Janefd@loto AR ohBeot MRRSPLELARLE: WafksuUni t (10, 20) of
Claim 19, wherein the engine drives the generator at a voltage of
bet ween four hundred and four hundred eighty volts at thirty anperes
aCIt t hree mms.e p@m@rtraaipoﬂ-ﬁ’%lbrﬁﬁl lapeuﬁ:ﬁabtm,waeh miguaixaas,lzP) of |
aim1, erein the it.controller is an.automated controller an
s cont ol | B oRE® of P4¢ TS AR BT & e Bh SO Sr oS SF
personal comped ef systmon RRiteTfhefibandpotealilemswish wolisibg, 20) of
claim 21, m@ggﬁ;’na;,gea %Lﬁo&%ﬂnﬁ%éﬂﬁaﬁggﬁﬁ@%@ a nmenory for storing

user -def i ned washi ng procedures "as ca e routines and
equi pnent - specific information. 23. The transportabl e wash unit

(10, 20) of 1€l ai Mme2:ranesbeidbileh@asmidnieonia,okberaddartibes @oBREI ses a
readi ng devi ge confi%%[ ed tf I ecog\qi ze at | east one of wash

appl i cat i onCaAnd e RGFREICGpET 2 W5 4 PELOGN B SHISRERITIG*0%2r ¢ 0 cal |

and i npl ementmeriseedetgEneirater codr esparigrngaviaghepyioeeduteirdfa chea
file StOredng%JJ%%r?“%Hé’%h&%ﬁe'ﬂ%@B&ybne of a diesel and gasoline

fired engine.

19. The transportable wash unit (10, 20} of Claim 18,
wherein the generator is one of fifty and sixty hertz capac-

ity generator.

20. The transportable wash unit (10, 20) of Claim 189,
wherein the engine drives the generator at a voltage of be-
tween four hundred and four hundred eighty wvolts at thixty

amperes at three phase power.

21. The transportable wash unit (10, 20} of Claim 1,
wherein the unit controller is an automated controller and is
controlled by one of a programmable logic contreoller and a

personal computer system.

22, The transportable wash unit {10, 20) of Claim 21,
wherein the unit controller comprises a memory for storing
user-defined washing procedures as callable routines and

equipment-specific information.
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24. The transportable wash unit (10, 20) of Claim 23, wherein a unit
controller is configured to satisfy perm ssives related to at | east
one of fluid quality, fluid tenperature, reservoir fill, and wash
fluid configuration. 25. The transportable wash unit (10, 20) of
Claim 24, wherein the unit controller further conprises a display
havi ng touch screen nenu for use in calling a predeterm ned wash
procedure. 26. The transportable wash unit (10, 20) of d aim 25,
wherein the unit controller is an integrated unit controller further
configured to nonitor and control the engine-generator set and
reservoir tahk fFh¢ trapgpormaglereasdponitblld wash afnFlaim@2,20) of

G aim 26, waesRin @c&%ﬁtt&br&h&m teuGORd ¥ QJolmghée% Legid ghgdgyi a a
password protection nodule. 28. The transportable wash unit (10, 20)

of daimil, V%F@f‘ﬁl%"r’?&dnﬁ%l‘leicf’?mcﬁﬁ £t iqastigne 0f acBupi i29B3ig~ | east
one of a tl‘aﬂﬁ'p@hﬁa@‘lﬁnsktﬂae( 13} id arelcbghl eiron( Bﬂébl:@@duﬁaﬁsr "wekeded

(1), 29, The 30e8or LabLe BBl Lol 1000l 0 Gl by Lur Lher

conpri sing one Of fore 0SEs each
sai d reel bérewy augetk istoged [i@ashe ormrtgblbandeobing washi ng
procedures, transferring fluid for washing, electrical grounding the
transportable wash unit (10, 20), and providing a conpressed air
supply. 30%4TheTp? atr’r’s?‘ﬁéP?}éftﬂbéevvé%‘-’rP grtE (Mo, 2gb)0fof31€}na|2|%:1 wher ei n
one or nor eweQPANeNIrS tobodh®10as hi dirich £{dhed20) afteskptRrghangeably

attached. ¢ DEIEPY.L AR Lhal NULIB BLURNER AN LPRL2ORENY (B, i
perature, reservoir fill, and wash fluid configuration.

25. The transpoxrtable wash unit (10, 20) of Claim 24,
wherein the unit controllexr further comprises a display hav-
ing touch screen menu for use in calling a predetermined wash

procedure,

26. The transportable wash unit (10, 20} of Claim 25,
wherein the unit controller is an integrated unit controllex
further configured to monitor and control the engine-

generator set and reservoir tank fill.

27. The transportable wash unit (10, 20) of Claim 26,
wherein access to the unit controller is regulated via a

passvord protection module.

28. The transportable wash unit (10, 20) of Claim 1,
wherein the mobility unit (11, 13, 30) comprises at least one

of a transportable skid (13}, a trailer {30}, and a truck bed
{11}y.

29. The transportable wash unit {10, 20) of Claim 1, fur-

ther comprising one or more reels of hoses (LP HR, HP HR, AIR
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31. The transportable wash unit (10, 20) of Caim1l, further
conprising one or nore protective panels for securing the
transportabl e wash unit (10, 20) and for providi ng weat her
protection. 32. The transportable wash unit (10, 20) of daiml,
further conprises one or nore ancillary tools for use in preparing a
surface desired to be washed. 33. The transportable wash unit (10,
20) of Claim 32, wherein the one or nore ancillary tools conprises
one or nore hand tools. 34. The transportable wash unit (10, 20) of
Claim1, further cog$r|3|angne Or npre COonpressors for use

purgi ng excBes Ga%h SPLHi B°%r GRS t17°Hi he EmgPAgt £nG &t n%’i’idFS'Pd‘g

washing procedures, transferring fluid for washing, electri-
cal grounding the transportable wash unit {10, 20), and pro-

viding a compressed air supply.

30. The transporteble wash unit (10, 20} of Claim 1,
wherein one or more components of the wash unit (10, 20) are
interchangeably attached, thereby facilitating maintenance

and replacement of said components.

31. The transportable wash unit {10, 20} of Claim 1, fur-
ther comprising cne or more protective panels for securing
the transportable wash unit (10, 20) and for providing

weather protection.

32. The transportable wash unit (10, 20) of Claim 1, fur-
ther comprises one or more ancillary tools for use in prepar-

ing a surface desired to be washed.

33. The transportable wash unit (10, 20) of Claim 32,
wherein the one or more ancillary tools comprises one or more

hand tools.
34. The transportable wash unit {10, 20} of Claim 1, fur-

ther comprising one or more compressors for use in purging

excess wash fluid from a turbine engine and a manifold.
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