TRANSPORTABLE | NTEGRATED WASH UNI T TECHNI CAL FI ELD [00011The 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 [ 00021Gas 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 mechanical drive. Regardl ess of

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

quantities of air. |nTRINSRORTABEE PHEEGRATEDWVASHINITSOr first
conpresses air, mxes the conpressed air with fuel, and then buns the
fuel-air mxture to create expad@CRYIGHSFIELRi s expanding gas in turn
drives the turbine conpressor and produces torque. The resultant

tor que nadP0Rk udbe prepest disglasnst eclatesotoos tramsportablp ihisgrated fuesis uniel @6 tidre
generators, and/or other devices such as nechani cal punps. 10003]1In
nmany t ur BRHEEEmS astEagproapblt iintazrptehwashi mil ouifisered Hosessdin siasiag durbibov e
(with the exception of an aircraft propul sion application), air inlet
filterin§®PEENB oyed in an effort to prevent contam nants from
entering and hanpering the turbines' operations. As can be
appreciated by those in the art, BASRERIUNR his type of filtering does
not altogﬁhger re%%nt smal | concentrations of contam nates from
entering adHEY PRy CHBRRS B ate usesl in @ vigietieof dusiuptriel spplicatiing dés insfihes e
smal | concen%rations eventuaLIY accunul ate on the conpressor bl ades
and decr EXJUFOMR QOMpTEsSers mAY he dustalled iniscrpfisfaperoying sirovdiprepulsidnatTheyedac es

total air flomhﬁng totaIaProduced :
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 ar, 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
apprcciated 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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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, enissions perfornmance, 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 life of conpressors. [0005] Existing methods and
equi prent_utilized in cleani ng aero-engine conpressors are described
in vari oul8%%ht efin§ mANNE R Rrevepting degradation ond whrevprsiag dhe svelropdifvag or
herein by_reference, For exanple, one such conpressor cleaning _system
s di sol CoukE e oh AT BH 15 SR YSCRIPRCH ANANE IRACF QRS Slpaniag iRput@ad
"Met hod and Apparatus far C eaning Turbofan Gas Turbi ne Engi nes" an
its corr e@%ﬁg Pﬁﬁ“@ﬁ?i“éﬁ‘eﬁséiaéﬁal‘i?%ﬁﬁ"}eseﬁ%‘ﬂﬂ P&ERCABRISFeRstHeBprTRRFe, and
2006/ 0048796, D sclosed.therein i s a_cleaning device conprising a
ol ur al i ¢ yBReA 3 PUST Sk e HBHAn i BRe SRR HSG ST Of R giting an
rel easi bly .nmo d.on,the air .inlet of the engine, and where the
nozzl es & Emﬁw‘g%&éﬂ“mrﬁ@fé‘f‘@%ﬁﬂﬂmmv? & pegipinrs Ad lifepicompipsserhie aj r
stream up- eam of. a fan, of .the engine. [.0006] The device as
di scl os eﬁoﬁ?i V\O%?B%%‘%%o@o%r‘iqg’@?mg “It‘ﬁ?eé’t m P& PR EOMReSEPI ME st
osition relatjve a centre line of th ngi ne such that the cleaning
i qui o eriraPelinr RS ERlen oF apPisgions &l of pHih at oLt eieda i
bl ades suybstantially on the pressure side qf the fan; a second _nqzzle
arr anged Li%{ e S H%Suﬁg §?T?r8ﬁ°rr° Fure Véte?lﬁ%&ﬁ%cﬁ’f‘f‘é Iﬁ‘tf"ﬁ%“oﬂ?lept“g AN e
such that ni ng lhguid epgnated fr t.ne _second npzz|e passes
pet vieen 140 P ZASE SR NG BT PterE e ClenoE THGD g diroine Ehatnes
subst anti al, L the s i Si .of e l.ow. pressu ssor; and
thi rd riossy st fag bl Skl R bl RGN BRGRBTEIR: PBohrefe
of the engine. : he cleani ng |i.qui.d emanated,.fromthe thir
o7zl e panedf i BBl ter SR pARA Pl St e BB ARATeA ch Bl PR o
the core n(?a{ﬁgf%ﬂﬁ s rele ﬁl'o{n{tfd (gxetﬁé gpin%%en%gl%g,na;a P, ﬂe%gzziés Qé:el alflrgﬁgggj
flowrate, atomze oplet 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 2 second position relative th_e 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 presswre 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 optimzed to achieve effective cleaning. [0007] Thus, 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
fouling properties may include, for exanple, that the tenperature is
nuch hi gHepregared: faeeash spacdissaeing pugh thet atomaatisingnd sossle rwsitiomare Phigmikddgh
tenperature at the conpressor results in fouling particles becom ng
"baked" JGRtieyerfertvopEesor' s surface, thereby neking renoval of such
fouling extremely difficult. At the fan bl ades, however, the

t enper at UPW7] s Hyesnthe diveption discigsedar WQ 0507 64 fsdhased oy thet ingight thatthe ehgive
not becone baked, making it nuch easier to clean fan fouling.

[ 0008] AnGERFTY 288 dEgpegies of gheclorling; of flifiksens compfnaws ob thsragioe have; diffirentes
the proper collection_and dispgsal of washing |iquids used to clean
the conpPEREdes andyfhigrelys, redHieattiirramt ppioakes & the sleninge Agetocramplents
during a cleanjin rocess. Due to_environnmental concerns, used

washi ng 1408 gta g%‘é)wfﬁéﬂfifwéw%% expesries thap feyling found op ghsblaesedai n
| nt ernationa Publ.f'Ecati on N%‘ g%) 05120953, entitled "System and

Devi ces fOF ORf FOSUPIP Ao ehie Hiedipsrengnana devlipg propertissonavEingidte fnasamni
Di scl ose erein i s an_aerp-engine washi ng devi ce having a collector
arr angedq}éf’} t]]ettgm?eézﬁ'?re at F‘ﬁﬁbg‘ﬁgﬂt t rll‘}rcoﬁ‘BﬁeFSBE'ﬁhF‘ﬁ gt the blpdenedin 98 The)bighs.
Waste wash |iguid emanating froman epgine is collected by this

col | ecti ednpﬁg%%eat aﬁgt‘ﬁ’ﬂipf 0F SUlE A E‘?ﬂ & garticley degoring s?é‘ﬁ‘ém‘mm the
descri bedoi n SIsnlj;erzritati na PUQ] icati olg ﬂ}lo . 05120953 y .be made
mobi | e by "PHEPt FEFe FICERY S12n8 KgReRlof aeh fopiing sftemels dufisuln Atthgefan
washi ng i.ce may he . mounted or sitioned ont and-towed, cart,
A motor Lot 1B abe el B, 87 S Tafhife Ruliy bo e o

I ke. 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 contarminants
removed from the aerc-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

PIILI\3861686.1 3



[ 0010] Anot her exanpl e of a waste water collecting device is described
in International Publidation 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 alternatively dunped into a sewer. [00111The above nenti oned

syst ens JAPiFE Chpesiionerd onip a Amdigwedrertnerotandiven cerbal receri vebjcla feig., small

recycling used shing liquids provide very versatile and effective
cl eani nggtﬁ’éé)hﬁfdj\é’ﬁfkﬁat can be arranged on a nobile unit. These systens
integrated or

and net hods, however, are not truly fully | rat o .
self-conﬂ&%ﬁbd.ﬂ%ﬂiﬁiﬁ@?“#b?%%?mﬁﬁéﬁwadéﬁg%dBﬁWE‘%9@?@%@lnéﬁﬁmﬁéyﬂ
to sone ., Song f of external resource, [0012]To illustrate,
convent i ?(r'l’gﬁ&é@’r @g.ﬁf Q (ﬁségl%ﬁdtftlffj rEsteRaRddavicas fop Solissting and Trapting §Vaste
systens Lw i C Ilﬁ neq&i%gggn xt er nal SOUFCﬁ of clean water, o
(preferab &erl LR Y AT ’(a§§ it soriesnasing P pifed Sptes Syl shedoRatant Applissioped
sol i ds, rce for _heating cleaning sglution and driving a
cl eani ngq\ﬁc?g@@%o,%?%lpﬁﬁ)&ﬁ%"s Fhﬂ?g'r c?/{}&?tﬁ‘i Wgﬁ"s Paviq i Rygoed infg tank Where
aer o- engi ne nifold.t.o direct and atonm ze the water/wash fl uids,
and a cglr g@%??%ﬁﬁ%@f’tgﬂ?lf'we?@&fﬁﬁ fromage ﬁ‘ggﬁfe‘i’/vg%d gY @R @RPreRriafs waste water
cleaning effluent) to revgﬂgw nvi ronne tal.%%Jea %%ationary gas
S

e.
turbi ne CORPFEsRBFS%| EhniT ¥ dfrfien P el I‘@?Sﬁ’&géd Hyomak epeings or is

posi tionegd. an.a @%rtcadr}ﬁtr&t lszer aced skid and require siting of
ext ernal Tesources SUch as s cl ean wat er source, power to heat and

Sol ut 1 on DGR pEnER toffhond BUP BB Ry inehs A60ngp e nd

IR AR R TR R
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 illusirate, 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-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 sero-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
within permit levels initially, the em ssions rate will continue to

deteri or a't'fep %Yé*e@&ﬁtda'mehﬁﬁﬁ?a@%fqlw@ g PeAnetly morRAh pezBlsH itk Higemss
over tinmne. }4 Accor di n% % it woul d be desirable to have a
cost - ef f B’c“,tf & Blet 13 BRAPEIY Grect ?‘Fea@HﬁF%}Fﬁ‘Pé'd cl eani ng system for cleaning
gas turbi ress Addltlo woul d be desirable to have
a cl eani h@?gyst il ?ng E?gbcﬁ@%t% "“fdo mnalrﬂ; uge FAHehg cletfing tvsien: hawever,
conpressors While. utili |ng nlnlnu vol ynmes of ter and/or washi ng
LU e, SRR P B RHD (e PR S R Pl i e BoiSl dp dRbSerR]
met hods rel at i nsportabl e .i nt egr.ated wash unit. An
exenpl ar §° ‘?’?’é"ﬁ@%d‘?‘%"ﬁ%ﬂ @E(%ag'ﬁi %Pﬁ%‘} I9pgge 8 5 O thyir,gas Furbings. %Fﬁl"v@ y
system fgr e%%# \Eh ] %“V\ﬁ p‘J ui d totl si red washi n@l I ocatgl on;
power suPpfs 6P pr6Y I R Bleele 1§ E% SHTEE S AN HACF Mg ‘Efo‘?”ﬁ%ﬂb?ye
washi ng | L EosQn0t r or 4£oN ne o
conponenﬁghé?e?ﬁ%gkbéﬁQE%F %m%as uﬁPmeﬁﬁ%gaﬁﬁﬁﬁFwﬁ?yb ?wf¥ws
mobi | i zi t r . S ni. EF
oRaw NSTFB ST o 5 i ﬁ%@%ﬂ?‘?t S ol it D SEDPHCDRRE torgnce
exenpl ar Xiﬁ&u@ﬂ%ﬁgriﬂc@gﬁg& LR L&grmance may be within permit levels initially, the
emissions rate will continue fo 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 furbine compressors. Additionaily, it would be desirable to
have a cleaning system and process for rapidly cleaning such turbine compressors while utitizing
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 fo 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.
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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. 1A, [0018]Fig. ICillustrates a line diagramof the exenplary
transportable integrated wash unit illustrated in Fig. 1A; [0019]Fi 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
wash unit;
{00171  Fig. 1B illustraies several isometric views of an implementation of the transportable
integrated wash unit illustrated in Fig, 1A;
[0018]  Fig. 1C illustrates a line diagram of the exemplary transportable integrated wash unit
illustrated in Fig. 1A;
[0019]  Tig. 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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DETAI LED DESCRI PTI ON [ 00211Di scl osed herein are systens and net hods
relating to a transportable integrated wash unit 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
turbines, such as those used to power aircrafts. In addition, the
systens AWAZhet Royge! afvapiages 5i é?é%%se!audsselpman@lu%émalsﬁq ofcaitore fop apripus
cost - effectlve enough) for use in cleaning conpressors of stationary
gas t ur bitKegal esepicetiierfy PIREel WRRRIOUCECROWAT E1eBl c HE-» and BrpsTved aesformance
cl eaning s ste %£ g %eaklng rental units, and pechanical drive
t ur bi ne ?’ﬁff“id yvice ntseysls| b Eomeors SR HRG R tsrefiepitye slegripmetiods of

udes, t he_l.ac f a n‘f@ for varjous exterpnal resources

?‘53' ?Sgi‘f e(:l’f-Fiqsu’iﬁ;at%fi &w ady Bisglosugsy ockides yadycpg, fofa) epissions,

P o 1 ho I GRS e T Can A MR e TR
Sdde anodh s S BB TaeRE b rgeg gsrgﬂegg&ﬂggsgmgg@;ﬂ g e
el 8 RS A L St B R e AT e
SLCL“SSP%Sﬁén%FL A E0NR PR R o Pt ?@%‘ﬁbf 4P ppatass Wi
"ot ance HrkFE i80S HopRIEE e l-fhellE ‘P‘{R%Sg%ﬁg"@@@@@#%%”ﬁ PRy
Cper at i onf Mo T8RS @hinBR s tuRlee Ui buf"agn b Plores pisssupe o
may De Ubidolof Gk {ifan GlRERL M IRS b gﬂgﬂwﬁoggg i gad QRSRIIIC.

transportabl e I ht egrated was I SC COITDI’I ses several

of “sever A13{ 0, B dtbhchbic 2k ik Gah Sl oo A EREIRE Bl i "
uni t may WhORRE kR eBaed Qélmdlrﬁa?ai %\ﬁﬁ&dm{%r&b Bﬁs&&gﬁgygm o ?51 ,ﬁlm
engl ne- ro

power the wash process. This enerator set ma

and over sRg@ntRY ﬂf%’hah%ﬁ%l@%& dﬁﬁ'ﬁay%ﬁ};ﬁs@l ol f3E or 8ifdel Ei%,fg&lr ggmé éen!e or

noted that in applications utilizing a stationary gas ne- was

system e@&%’%y ahme vhalHh ro@é&Wh@la@iﬁ%ne@éf sBQhaydR c%ﬁ%@@md%@g@égﬁﬁ alRY

be provided statlonary pl ant” | ocation, for exanple

tsgﬁclz gdf glrnﬁs@daéd Wikt bRINRTE dtithple. "BYs SAlRhd: $LaPNiBhs (BiERg & SREIUS ohs

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

CONMPIressors,
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hol di ng wash fluid. For purposes of the present disclosure, the term
"wash fluid" may be used to describe dem neralized water, washing

| i quid conprised of any conbi nati on of water and/or washing el enents,
and/or any other liquid suitable for use in washing turbines and/or
turbi ne conpressors. [0025] The one or nore reservoir tanks may be

si zed as desired, such as for hol ding enough fluid to conplete one or
two wash processes. The tanks may be equi pped with sensors for

i ndicating water/ wash fluid | evels, tenperature, quality, and ot her

"ot abl e FaEATS! B o AAERGL R0 APANGEE, BY. L6 ank, Senger ()
control | hE tg%ﬁrﬁgl\é@c{ne ?%%e a% ropcg&E![ gg? efta\ﬂ?/\s; PHe %&LF ﬁ wﬁns%ns%%‘scfor

[ 0026] A t nment o BREpor uni

suppl y ”ﬁfﬁﬂﬁtu‘rﬁ fo r/ WA g&M 1B ? B'Ip%tufgehﬁa\ﬁg{, ta.ﬁ'chﬁ{@I Egtab%ﬂ'gg ete Stﬂxeng

fluid to mani may b e for I'n cleani ng
b oy g o BRSO S Y
i ncl ude @d?%se%camroﬁmg%&b@ftaﬁp@fn Mﬁgﬂaag% ygsegi'aﬁ@&él ng washing fluid

to an area desired to be eaned means nmay be sized to

deliver ymsé f! H'tﬁr@&letﬁé}ﬁf of 8RR o R RSHAR %mF ac? biqlg&g \%{?ﬁ%&‘l{eﬁﬁ e.g.,

de5|gnated by OEMs (original equiprment manu

typical | y }m@ fRMRlielihg #ARr bild/d? viash 5 niahisdiy e
pressures p?l[% 02 ?A foGrthgeI e?rent of tmhélogﬁmélltcgc og:uér?% ggé;bgﬁc}?r#iﬁirpg%be he

pr esencepatlicomekiifn dle@inRebild &raxmec%mem%erﬁnmt@%x&ﬁm u§eoi9|c§=am€ét
conpressors etc. These ancillary tools nay be used, for exanple o]

prepar e  gtafiddblyitiBinb) n SRR iniert Bitzbion, tHeQREAMAIA thal QRIS oW ke RIS or
obstructions), for re-assenmbling (i.e., returning to operational

condi t i opbmizrg shél EBéckity @B&nﬁlg&lnﬂhﬁ@hh@@a REREEHD el choakdINE b@Ally AR ALy | N
the case of a conpressor, for purging wash nani f ol ds and or engi nes

t o renovee itaditel déllvat wasa Wil fehedsired prissirs, atchidtpGrésh@escdtSioiRedtiy OXM
its next use. [0028]A fifth elenment of the transportable wash unit
may conp(drigidaloequiptreit marmdcail), WHRAS 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., retuning 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 potentiaily 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 dis'solved solids). Once the fluid is treated, the

wash unit of the present disclosure may reuse the treated fiunid.
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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 limti [0 first S I ransport abl sh
it oy B2%oo oy Eeg bER, oRCHBTERERARY ofhe Bl o BIRR SRR difee

i nplies, i . ] I 0 i flud,to a
dosi rod v e FiaBrBisd it Sut LR ek Pl 1B RS B B

del i very a?dp?&x@&gd?@r@@%%%ﬁﬁstrag&{ anf SR rf%f %pqgtlgwpertedrgﬂiﬁﬁtfn servol r

tanks for storing Ing flurd, a manifo comruni cdtion with

the resery@o]l t anktShsterd @ME%}%&%‘{%&Q{W{@E@»QQE@% 1§§y lgeoéesrgib&?é\stai% %\Bg

washing fluid to a desired ocat i on, a supply punp

del i veri rasn‘teggﬁ@ﬁh |Gt datedmbh @Mt hﬁcﬁoﬂsog?gfwrsﬁg%ﬁgk& &&ivérgvésﬁ ﬂuifi foa

mani fold. [O Each of the reservoir tan e sized to store

any desir, N shi - - i r , N
ei ghty (éigé)ilr eaﬁ%blgﬁge@tgaﬁigﬁsg%ggfefi%/n?lﬁjﬁ%%gﬂ%?%oggﬁl ?faéﬁémls ; %‘?ﬁﬁ% k

si zed mMaoRBridd! ok leZBihid, Bnd GF HoflAREBvom thiks _tf&est&{n%&%ﬁmg gl @S4hSold, in
according to the , particular inplenmentation. In addition, each of

the reseryintinibARK 6hth (KENMsel A& thite), HRAnPbne P HRrSRIA Br di%%g%ﬁéﬁ%ﬁiﬁg)
may be used to provide information regarding the fluid stored in the

tanks. Taluid thudbdiRé e,ash!sr(rjgao@@aﬁ Qad §§upﬁ@%5ur§§ £ QB ekil 1hE Fa@loSlufd Mnfhhe
paraneters such as fluid level, fluid tenperature, fluid quality,

etc. As freseivbetanklef@ieaghnireldow, this type of information may be
provided to a unit controller for use in setting,/maintaining

oper at i nqogaar anBud & B rebdieoif faﬁlf(?nﬁs_fyt iR WRgHre URY HesirEd VAIREGE of $/438ing
reservoir tank(s) may be equi pped with one or nore heating el enents

for use ifmhid)erliding feshmblelbdwah eichE (80)tafd SheltheusiRSRe h@idred @34 Sikers, AS
known to Those in the art, heated wash fluid is typically nore
ef f ect i veDthdramknded hest iedutithed i doddrdancd Rth thd presehedibdifgreelcei@ing & WBY

be configured to heat wash fluid to between fifty (50) and eighty

(80) . 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 fiuid 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 cighty (30)

PHILIGBA1686.1 [



degrees Cel sius, for exanple, or to any desired tenperature
appropriate for the particular application. [0032JAs 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. AIternativer, a portable mani fold nmay be utilized in
aero was t pRLI t he ni f ol d . nozzl es may
be. cont Gore CONArBin SBkieRe 2,48 fof Wikt 3ot BBt Bice i pIEHR
[ 0033] The, ﬁﬁﬁﬂky punp for dellverlng wash fluid fromthe reservoir

t ank(s) 8 mani fol d may be configured for exanple, to deliver
from bet t hr, ted forty. liters of sh
fluid pe\rlm hut égg’t“ﬁ%)r‘eed?g’g‘r’éé\é\%ow@g ’%A‘%é“rl?%é‘%n‘%“" ‘3‘8’)&%“8‘?‘6% ?“‘i@%}ay be

Dars. 11 a0k 8 081081 AR Sleb D AbaHPLY pRHRY 15, B LEMLEE

t hese opérating paraneters o the contrary,

conti gur ofl ol feAelahifal BRsHkid y'd&légnaﬁgfelr%?%%?eg ﬂ;raé fe Sufﬁ,sﬁ]lg&%

appropriate for the part ar applica cont rol rechant

as, for exaapliR. subief %ﬂlc%s&w gﬁm%ﬁ Ree m %_\-% S 19l dnasv tHe statlonary

operating paraneters of t supply puhp. secon

cat egory AermbfiRi § ABBRhARLE nY@%Q uﬁk%ﬁ TR% \Q@h t%ﬁlr g?ﬁ%&? i adél{’l ion

treatnent .system As its name |Inplies, e functlon I's systenris

to treat wseaiN@abzAd 'rHaSj bek ng@nbﬂ toed%{?ié tﬂgwésp ui Hs@ésttherré)ﬂlfo%

the fluid. In an exenplary enbodi ment, the f 85t ment sys?en1nay

conpri se,odgy emrmbﬁg pam$ @drld@mie Ahe £, SRR I Qesel%figtaiﬁ?@*}o gqle%aﬂufcﬁé

it exits a washed turbine and di ng tank for

suppl yi Ngnaly!be coiRtrea & ckhripiel tb @elhla@fr&ﬁ @%Q&%reé Y8 M. mma@g edrdyQ 240)

the fluid treatnent system may be configured to treat potable mate

whi ch,  asitdsiwast uid PRTEnktd « dﬁ%s@éstof bbta@énttﬂe 1y ued é'iéht% ool b rt% Qz'oﬁl§ be

wat er treatnent chemcals an m nerals such as c¢chl ori ne,

exanpl e. ndiad,Sowert, Wae supply fampde stttk tﬁesaoﬁe&a%g ?&a«fﬁ&erwa% tHé f&bﬁtm
|nplenentat|on or in inplenmentations in which er is provided from

a sour ce tiehaipply uapt BEN AL doRfiduRd WoddivetNivdsh I fluiP hif afyeddlired YRGH&sWALET
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
treatment system. As its name implies, the function of this system is fo 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

PHIL13861586.1 10



[ 0035JThe 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
below) 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

d h fl L.p t be. ret dt bl sh fluid
uoed v L ALR B B Bt Bk LR pSLe N LU

or eat moht? s%%%nﬁasyeﬁ@ﬁp?@éré%%ﬁe PR T e PETApa Tl oo carbon
bol i <y ngtBEL nEH s BLASER bl St t%a%%%‘lﬁﬁ‘ﬁ!é&%%
uset ot i e BN £ 18 r% R R R AR ?5&3@%
waeh 11 uie BB pfe 5%%" S SR TL%Jppﬂe«snawps%%zfggcm%@zwﬁ
[00371A il ss'c SNSAEAGNY, o' hd ARFRARG2 mmu{'arate mﬁ%ﬁggﬁt@? o

descri be wer s stem

of this ﬁXﬁ:{nQ{p v\)gﬁi‘urﬁ %nagiﬂvﬁlﬁ%ﬁ%r %E&ssl Bfla Yk QT ok I%fv y ean-{?écnt Le o

transporta ove, a power su may

not al wayg,R§ 4 ?ﬁéﬂ:ﬁa?éo thé ParidH Ong@ﬁ&ﬁh' %ﬁe%?ﬁgf't}ﬂe G_J@& waif BFRA Potab gbl e

wash unit 1s u |zed eani ng applications,

exanpl e, wBRIGRLy B¥uRRd @J @beé LRm ﬁJ‘aeco'ﬁIaﬁ‘id gﬁ&%@f nIa aﬁ;’;oh'feh ¥01de 9191%%] e, g n

an exenpl ary aero wash unit, the power su

for exanmyg5)ﬁﬁngngkye generator set. The engi ne of the pomer supply
syst em may %e a reciprocating diesel or gasoline fired engine for

driving {ivegenesakom: tremegbtﬁaggea%wm@%%ﬁﬁ ﬁaﬁegg?&gﬁgﬁéyou}n}aﬂ% fr

generator at a voltage of between four hundred

ei ghty ( e@fle, \e@hlefts aduch Nk rdadboR MRECHr HmdviHzCRINBARS SdPOG e, fiber filter
Al ternatively, the engine may be configuredto drive the generator as

appr opri are@eﬁtsglpomglgmm Id6-ininpBRgdhtr &8 il for TEHEovARZNEN P kheBBY redfning
configured as a fifty (50) or sixty (60) hertz capacity generator.

Al t er nat et 1, a deliRal GBNAH AL Qhy BB difnenORtbiuDi ReIRSsSLRIBGaD Ak ‘a@cﬁﬁcﬁt e
for the particular application including, for exanple, for handling

t he conbiediideesienodysthensniohbisesaPplentntal fignfor udeh YEBRRnE 88htdd Wdn
and forty (40) kw). [0039]A unit controller for controlling each of

t he abovd@uid®sdit e dnsyShareTeseradifiabl® described above,

[0037] A third sys;tem 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]  Inan exemplary acro 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,

cal1's { oeeahefida IBRL KR! dhvinf e penAle AR S Y B TR0 Biecne
e BB 5 Rl 5800 i B0BY) 5 AT ol
d i i.ch . i (i, e.,
Phose w T bighds O efBChiafs ek D RIAEOH Sp S Bl BRI 3l
| a passw ny . e

cont Fo | Sotar a8 dthftine RE eIl Bhciilel, eGPy bERTRRs 4
engi ne- gems (s oF si%t(soaﬁagn% asacﬁegrgs.{emrr Aﬁt@lﬂmely%gggén%g%'n%g?,% %@F@rﬁ'&

controller unit may 1 nclude a nory for stori ata, eq

speci fi c 4l i OnL: . : ) .
RS e S e s e T R

cont rol | ggmeiadd n@&is%fih@Hﬁtir@ﬁ/&h"l‘fﬂk%.,@%e&ﬁe@@l@%ﬁﬁ?ﬁpﬁggﬁﬁgl y or

renmotely. As noted above, these routines may response to

conponen g(ﬁﬁ_ﬁ]e - 9A, ulfBBédBlidh fofRPARAMIngCLabh bf I8N IRFe AbschiRA0SRkAS thnll Yind
readi ng device. Once a washing procedure routine is called, the

control | @embiité theRf, Hay Se %Fﬁd@iﬁttﬁ@t‘r&éﬁaﬂﬁbié’ FhdnOin, GRRRABEeSul mi R,
wash unit so as to achieve the call ed washing procedure. To this end,

the unit f&ofample) & abidbtelBYntRSleC Mich GEieds tohthld $§)a P@g{m@}@ﬁzb ngﬁdc
"perm ssives" (or conditions) such as fluid quality, flurd quanti

fluid teepeioBéUPEC), efeoMAidombithd or W Jite.l lAKeRlaHRRS krg%aﬁrélgnmﬁamﬁly the

like prior to allowi ng a wash procedure to commence. [0042] The
t r anspor nahbatly eaaiolledvit, fof exdaplePd emebller displey OEtle., TaYuch s&rBen) BeaEHEd @
nobility neans for nobilizing the wash unit. This nobility nmeans may

itsel f Dbéoricalliegpeticfied Wash fri@dire s pa ekadplRy Wabddimidh, tthaunkt doh&@lef may
nobilize the wash unit, or it may sinply facilitate novenent of the

wash uni tompkize i Iréading rdaties thhthrecogmisds ayntticulamsnciae tips) @gh apsidatA] Qardfold
trailer or truck bed which is itself nobile, or the wash unit may be
nmount ed efet, Gnd btised @ pthist igeitisk i @llstr chables Naoder its S8 2 PRBtrRIneld Hash
facilitates novenent of the wash unit
procedure that is optimized for the particular application.
[0040]  For security, the unit controiler 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 s for securia%aand ﬁr@' rotection to the various

conponent*@SHIE FpREItiE HAY, 1ie E{‘I[ g%?fgl]‘e\ég%{aﬁgrr‘?“%f"f?ewa?ha‘ﬁ@’plﬁﬁ“lcéﬁeé'%‘H or
hand tooFE S ERe TRV PRt Ray Bp g BB GRRPOIEsgos:
back To ARABUErEro CPs o SOG40 PP P F S Soth o
covers. anengs S5y S ssdFollE BnEaen) Rt Freoatus SPaeTeRt st T e
ol ude PS5 L S WS a0 ER BRI SR R s b PR 1B Ty be
may b | AR dp ol Blck el S REh b T P Blond G0N B e G G

exanpl e, 85811:; g8 te%%%?.g%?és%ﬁ!}igﬁll angd, Ay Ot hior Ql?%té?ﬁ%ﬁ{:?;%}t%%ﬂgvtinga

i
H C
washi ng procedure i 0 renove excess urd

potenti al i nt.o gi ne during the engine's next use, for
a[ 4% dird Eo cO né&d!

exanpl e. urning now to Figs. 1A-1C, an exenplary transportable
exanp ni-ng
I ntegrat ?61)4!‘?3 hﬂzﬁq{rénsﬂrg‘tafalg "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 frailer 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]  Additicnal 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, 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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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. 1B). The exenpl ary 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

tens. The.engipe- i - frud e
%E ﬁf %ff‘%‘?@?gﬁf’ﬁgf"n‘iﬁ?‘?&eﬁh% ’ %%daf'@f gtalfrifec E%Eéﬁejﬁﬁ‘gﬁfﬁ ri %ﬁs&gﬁﬁ@zﬁjﬁ ehda
et veen e PRt OE T GRHEETT PlsBiid PURC ool SHOTRar Grame,

i ncl uded :{:{H%ME covéts %{H?Jrao%ﬁ’e: \éﬁsﬁ'{lactﬂ)% ;)f t%%gé\a'?ce. 9 ?agﬂ%é) !tl wgz%spﬁxg,l a%nd returning

configure 0 “over See penni ssives 0 un

procedur Gtz dt;l:'nzfz $aGORt &0 l)%e??{tﬁ”gli sttaté ng# ?‘hgglﬁe genitisge%bﬁ’lé% %g‘]'elﬁffs ((JJrLCF' ) a\?f%\shigg

users to nmanua Iy oper at e contro uni

Fi g. 1B’phnﬁmﬁﬁ%g9&ﬁk%n B unit 10 may be nounted onto a trailer for
use as a nobile wash station. Alternatively, the integrated wash unit

10 b i i ; f .
Fact )1 att gt o addfiof oA PP ot forbihol e Hekpacfla it gyt
trail : 4 i 50, .a L
i g am ST e RS ey B Gocd RICERL Jorohid DN foflirlund St i
The exenpbaiioh@swiihing phitehBé InUPES td30hbve®x NRE Mlid kil rﬁ{iy O%Qethﬁ@ l%'k fnto
1 nl et S pas ose

inlet. Water entering the water I passed to a _

reel (LPyRRh;WOAIRg ke chSinBs 883 Wel #LaAfd Passed to a series of
filters (BFI, BF2, BE F1-F3, Dl). Once the water is filtered (i.e.,
once the 4@spl Fusmgh¥Rdo $RLI GS1¢, i leRGnPIRS BhnshoiaBit | ' i :
t he mateg ispprovidgg toorgﬁervoir tané%@%Téﬁ% f, %§ﬁ£§%3®%ﬂﬁhfﬁgk}

t anks ( TagKonla mdwRkr ddro gﬁsl"l@rb\iﬁts?{teﬂl SleatkRdaty Ex?giﬂ'e? &Qﬁ&&ﬂ.vﬁ%sh %@Eﬁcﬂ%

el ements. Once the unit controller (not shown) determ nes That t

wat er i s eddh iRusH@S isofBiric QIR RlalfafopodtB& WARE Shit |G mBhAM &?ﬂu@%ﬁx}:@&id
punp, where it is punped to a high pressure hose reel (BP or

di spensi ng®AtIA) andifGinteabnivastuck 86R11I (PR, (8. The ex@RpRB Wash Wil 0MBmprises

engine). [O050]Air input into the exenplary wash unit 10 passes

through arnoived @iginkigtietitor(detJor dMshlying power, for example, to a fill pump for filling the
unit’s fluid reservoir tanks, to heating elements for heating wash fiuid 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 (PP. OF, DAD, DF) and provided
to an air hose reel (AIR FIR). The AIR BR 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. 10051] Referring
now to Figs. 2A-2B, an exenplary transportable integrated wash unit

20 f tatli tur bi {. i h . Fig. 2A
11 ust r 208l ar AS SRR IR 1 By pimBleB R I E T piy R o ridentyr on
bi | t . ig. il].ustrat. ' di f th h
o B A Sy, B 581 e R SRR e B
tati i . ' . t h igh . bi le, h
SL oL e 5 B LB BRBR OB TSR e
used in %ﬁmyhﬂgkgqmﬁ&kggpggation application, or those used in a
mechani cal “drive business, for exanple. Rental gas turbines are
typi call . . [ ;8. v Q-
onl 'y condygH'or RefRink uBen:FTie 16,4 e R of Bl SRR A BPed 6714 Y
Wt j ' f . tal _uni.t
i 1 ar 1 g FEBRE, A8 Slohfphe Zuioh R0 bl BT, SR I SRS v
t i: inel: f, . h
a2 100 SASHATAG s LB LR ERR. SRS At Bl RS
sub par gﬁmla@aﬁ%{vm&mmwﬁﬁ%,m?eg ce SRV S, BtthdaCtid!Pon R
I 1/8 or nore of thelr total

cause turbines to | ose up to one percent

out put  caRaklidséibddeBridsAn ARt wit@ll & avkﬁcﬁﬁdﬁ%%f),eeﬂé wRCR pRRided fodl'g&%gr%‘és

herein, can be used to service both rental and nechani ca riv

systems, ctherehynhNi | &é Bbikd @98k of TAR'H OhIRACE; i i
fouling éuild-up. £%05§1Unlikg§the wasﬁﬁunit 1§m?%%§§?%gﬁggﬂﬁﬁhﬁ¥%%.

1A-C, theienRsh Ublick RO upit chitdBler b BholRf AetBiBfines AR "the Svater is at a desired
engi ne-generator set, Power is instead provided to the reservoir tank

punps, heaideRtir& AR B prévidhd Alphein p%?,hﬂﬂé&i ifis Eﬁnﬁéﬁ RPLRENbrSssie Rose kO
exanpl e, an on-site power source | dcated at the stationary |ocation

of the t HPROPOSYiSicihg dilto b SesRAL RN IORWR VS, anlaBBturBifle B}8He1€- gener at or
set may be included in this exenplary wash unit 20 w thout departing

from t he [6y30F i t AGfinfudGntBItES BitinpREDASKHNRRL 10 14006 MrSighi dndhiet Bl (FOWRA

source, the wash unit 20 of the present illustration nmay or nay not
through 2 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 coméresscd and purified air onto, for example, the aero engine to purge any excess
water from components of the aero furbine 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 2 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 perm ssives of the unit's 20 washing

pfocedurﬁgésthi 500 "8l osE rpﬁsbtm' &a{ pﬂﬁa@@rmg & alfc@ud% 0s€ WARY, LRY

users to ual'l'y operate t e contro unit. [0056 own In Fig.

2A, h
the V\g@&;@u&'@b&z%%% s Gerdisl- am%}%@éa afsﬁamft %Ph'rén%a%ﬁ‘s;ﬂa&saﬁﬁ&ods&@ﬁﬂ on

of the uni t as on a le trail 0O (e.g., as in a

wash- uni lﬁ@% er Q&éﬁaﬂ&?ﬁ)phca’ﬁk}ﬁ top%se lfséaﬁn%ﬁ&aymaltdr.29bmss,bsr aaaluﬁna.ed

for exa n acertifrred highway trailer for transporting the unit
20 from ﬁénrtfﬁ" ghOudimel LRI HoRedSn §hckd? 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 te 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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[ 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 nay be punped and m xed with the

water. Thes s E{aﬁvﬁn{ sﬁé@&e{r{m‘éﬁ% Si{aglﬂ%tther@%ﬁ HEiE0 o frede RN ap@t[s%%gg? {efin

outl et hose ree ere It 1s pressurized and di spense ower
IS provi &E%v&ﬂﬁ wash unit froman external power supply (e.g., a
power supply fromthe plant). This external power is introduced into

the washdggst VARs ifc@lde®XRTRS Sxentifey NaYPudl26REL QB Bter WRBLGELREY to
power is diverted onto the various conponents of the wash unit 20

(€.9., 1tBG daHSidDiE tRUIMSs 26 RAsHIAN frol@flel. NI hR! SRBACS unflifoludes an
[ 0059] Al t hough specific enbodi ments have been shown and descri bed

herei n f gfierRbd RPSRBIMR usd lUdnhaly i@l xR dnfsi cation, it is
understood by those of ordinary skill in the art that the specific

enbodi meqjggeshone feh desmpi bR B Wale usiti DSt by tiRdsfi@mohd de Aehftdet ¥
of alternative and/or equival ent inplenentations w thout departing

from t he oaaeReteE of HE WRSHESRIM0 dubl &Y mebimaaereﬁoscaggﬁwnea W&hluhk Raded

to cover any adaptations or variations of the enbodi nents di scussed

herein. pusiness). 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 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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CLAI M5 A transportable wash unit (10, 20) conprising: a wash fluid
delivery system (PLS, FP, FM2, HP, HR) for delivering wash fluid to a
desired washing | ocation; a power supply for providing power to
conponents of the transportable wash unit; a unit controller for
controlling one or nore conponents of the transportable wash unit;
and a mobility unit (11, 13, 30) for nobilizing the transportable
wash unit, wherein the was fluid delivery system conprises: one or
nore reservoir tanks (Tank 1, Tank 2) for storing washing fluid;, a
mani f ol dgfebRe efiffdimddes %mﬁﬁ ﬁ@s%ﬂila%@ 5B sﬁb@tﬁ'utrétﬁ ot hd valr@'{)];l%sf:ager?aﬁve

es tor 0 a

conpri sing one or nore nozz ITecting the washing Tl ui
desired washQEviias hbRMentations without departing from the scope of the present invention,

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

herein.
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a supply punp for delivering the washing fluid fromthe one or nore
reservoir tanks to the manifold (HP, HR), wherein the supply is a
power source that is external to the wash unit; and one or nore
sensors in the reservoir tanks for indicating information conprising
at least one of a fluid level, tenperature and fluid quality of the
washing fluid in said tanks, said information being provided to the
unit controller. 2. The transportﬁg sh unit (10, 20) of Claiml,
further conprising a fluid treatne g}iﬁ?em (BF1, BF2, BB FI, BB F2,
BB F3, FS, FP) for treating used washing fluid. 3. The
transportable wash unit (10, 20) of Caim1l, wherein at |east one of
water and wAdrnspogiableiveashpaiy( fed0XqoBpriangext er nal source. 4. The

t ranspor t abh evastefiid dalitery &8ten2@PLSoFP MR N R, HRvhior délivetihg wasnflfidkaa i s
one of portable @Slrgd%@u Bbd‘tféhd configured to atom ze the wash

fluid. 5. The Lians rtpqgwgmé ygweHggém&,%%in]ts g igan &Jta%]e]\Vasf}lLﬁthEr

conpri si ng aPVAFi"aby
The transpof P%P@tWQ§ Oﬁﬁ‘?l’ctm {is, ong @y mofe ‘@I%HOHP‘% 'E‘F ttrﬁ’ésrpof%tﬁ?ﬁ"?& ¥yt a

fluid colleatd on system said fluid collection systemconprising a
col I ector f@mobapy ufit 19, Used) R atvbillztigdhatenspoiisleivag dnanivhéemn the was

hol di ng and supphyiigiidd L uird the flui d treatnent system
7. The transport %Pe vlvasﬁsy%?a% sl wh rglntheflwd

0,
(reatment SPA WP RBEee RS ke T 152@%@0;0%30%%% WG, o
configured ¢&andeldi(R. HRY ik cermmupisatipn s theirerarv@itdpks Fompsisue pae gf more

nozzles for directing the washing fluid to a desired washing location;

a supply pump for delivering the washing fluid from the one or more reservoir tanks to
the manifold (HP, HR), wherein the supply is a power source that is external to
the wash unit; and

one or more sensors in the reservoir tanks for 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 controller.

2. The transportable wash unit (10, 20) of Claim 1, further comprising a fluid treatment
system (BF1, BF2, BB F1, BB F2, BB F3, FS, FP) for treating used washing fluid.

3. The transportable wash unit (10, 20) of Claim 1, wherein at least one of water and wash
fluid is provided from an external source.

4, The transportable wash unit (10, 20) of Claim I, wherein the manifold is one of portable
or fixed manifold configured to atomize the wash fluid.

5. The transportable wash unit (10, 20) of Claim 1, further comprising a variable frequency
for controlling the supply pump.

6. The transportable wash unit (10, 20) of Claim 2, further comprising a fluid collection
system, said fluid collection system comprising a collector for capturing used wash fluid and a
holding tank for holding and supplying the captured fluid the fluid treatment system.

7. The transportable wash unit (10, 20) of Claim 6, wherein the fluid treatment system

(BF1, BF2, BB Fl1, BB F2, BB F3, FS, FP) is configured to receive and treat used wash liquid
and potable water.
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8. The transportable wash unit (10, 20) of Claim®6, wherein the fluid
treatnment system (BF1, BF2, BB FI, BB F2, BB F3, FS, FP) conprises a
suppl enental punp for returning treated fluid to the one or nore
reservoir tanks. 9. The transportable wash unit (10, 20) of C aim 8,
wherein the fluid treatnment system (BF1, 8F2, BB El, BB F2, BB F3,
FS, FP) further conprises one or nore of a carbon filter, fiber
filter ele hi n re n de-ioni zi.n rane filter.
10, ThE"t r b areRB I ER i O 2abo G b e R BeR Ve
pover §¥ippIBF @Ei Eﬂt @@r& BB Ft3hES 3 ljompiises apRlemetial pempfpreturning
engi newagaekflaiti oo the@he or thibre rédeevdir @nispor t abl e wash unit (10, 20) of
Claim 10, wherein the engine-generator set conprises a generator and
a reciproc en drivi [ ne bei ng_one of
a di 6821 aﬁ’%‘fl Qansptgjtab?efwaslh dmﬂgl(s rﬁ%) JF (?]% %.hwhe?eignspor Bfirtment sgrﬁtem .
(10, 263 I%aga?’%ﬂaBB WRePBIf: ?%eFP@éﬁ‘éreaprres ghfeorgnoreof ryxr?% i t%fnd
si xty ﬁB@)ﬁlwepkme(lthzgollslapamsnyargiedferoatzmg merdbrahefikérn t he engine is
configured to drive the generator at a voltage of between four

hundr ed (40@ % E%\Déﬁﬂ%ﬁfb@'2@5‘&?’(:1%4@%}‘(&&5% eElli v 3 al to
anper e ﬁ g Wi ase 3 rans p rt Wash U
(10, 208 GrtEraf srerhﬂgﬁﬁéﬁﬂrr E¥ftroller is an autonated

controller and is controlled by one of a progrannable | ogi c
controlller TR&3nsporchbée washamitdl0,Q0NpliCiaim $§.stiemiard aginp/gesastonset
menor YC(EIQISHS%E Ql'glaﬂ'@atb'lsﬁfd AefibRestiiasBine UriRigGrd n@ﬁit(ﬁ‘sthgéill diAPb&Eng one of
rout|n8“:§ gyb k- ecrfrc i'nf or mati on. he transportable
wash unit fT%g pA ? or ép i'm 13, wherein the un|t controller further
conpi ses a reading device configured to recogni ze at | east one of a
wash appl i c&h¢ wmsperthbémgashewnityp, 203 af dlame ¢ bgwlieréio theegeadrhiong arsef Sftyo
cal | a(td)) ADLIRITRBD) Kert r(re,g eta clfy BObr A6 MnESARRG 18 BEias isﬂ:roﬁﬁgﬂbldi e) drmm

afile r

i O R et @%forrrgrrgrrrﬂéga% L)
satrsftlﬁ% §§T9§§mﬁ eS:Q WPtV f'east one of fluid quality, qurd
tenperature, reservoir fill, and wash fluid configuration. 16. The

t r anspad3.t abTke wastpouable wWadlduni2Q), 20) o€iChdim 11 Syhewsirethe unit tdrerollat is an

cont r obhigaled c@x’ﬂirdHH S RLEkrIIRY lby %ﬁ@ bf Qbﬂo@fanﬁm l'o%ic REnFollcP HBIT)SHEGEN

2‘2? :arslaersonatl‘| goné]i) Q0 Y7 ullilea.glfl lcgmpuses a emao &% otnrn% ust R A80P Qs%lr%eprgée%a%g
as callable routlnes and equipment-specific information.

14, The transportable wash unit (10, 20) of Claim 13, wherein the unit controller further
comprises a reading device configured to recognize at least one of a wash application and engine
type, said recognition enabling users to call and implement a predetermined corresponding wash
procedure from a file stored in the controller memory.

15.  The transportable wash unit (10, 20) of Claim 14, wherein a unit controller is configured
to satisfy permissives related to at least one of fluid quality, fluid temperature, reservoir fill, and
wash fluid configuration.

16.  The transportable wash unit (10, 20) of Claim 15, wherein the unit controller is an
integrated unit controller comprising a touch screen and is further configured to monitor and

control the engine-generator set and reservoir tank fill.

17.  The transportable wash unit (10, 20) of Claim I, wherein the mobility unit comprises at
least one of a transportable skid, a trailer, and a truck bed.
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17. The transportable wash unit (10, 20) of Caim1, wherein the
mobility unit conprises at |east one of a transportable skid, a
trailer, and a truck bed. 18.The transportable wash unit (10, 20) of
Claim 1, further conprising one or nore conpressors for use in

pur gi ng excess wash fluid froma turbine engi ne and a manifol d.

18.  The transportable wash unit (10, 20) 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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