SYSTEM AND METHOD FOR TREATING AN INSTALLED AND ASEMBLED
GAS TURBINE ENGINE

FIELD

[0001] The present subject matter relates generally tdugagie engines, and
more particularly, to systems and methods for ingatomponents of assembled gas

turbine engines on-wing.

BACKGROUND

[0002] A typical aircraft-mounted gas turbine engine inlgs gas turbine
engine components having very fine cooling passtgesallow for higher gas
temperatures in the combustor and/or the high-press low-pressure turbines.
During operation, particularly in environments tbahtain fine-scale dust,
environmental particulate accumulates on enginepom@ants and within the cooling
passages of the engine. For example, dust (reacteah-reacted), sand, or similar,
can build up on the flow path components and orctimeponent, internal,
impingement cooled surfaces during turbine engperation. In addition, particulate
matter entrained in the air that enters the turkbimgine and the cooling passages can
contain sulfur-containing species that can corith@éecomponents. Such deposits can
lead to reduced cooling effectiveness of the coreptsand/or corrosive reaction

with the metals and/or coatings of the engine campts. Thus, deposits can lead to
premature distress, reduced engine life, and/oeased repair/maintenance costs (e.g
cost to restore components during an engine overhAdditionally, accumulations

of environmental contaminants (e.g. dust-reactedusmeacted, sand, etc.) can
degrade aerodynamic performance of the high-pressamponents and lower fuel
efficiency of the engine through changes in ainfodrphology and/or affect coatings
applied to the engine components. As such, it beagtesirable from time to time to
treat the components of the assembled gas turbgieeeon-wing. For example,
treating the blades and vanes of the compressoimmapve the efficiency of

compression and result in a lower fuel consumpdioty/or lower exit temperature for



the compressor. These, in turn, may result imetamperating temperature of the hot
section of the engine, which may increase the diperéfe of the various
components.

[0003] Accordingly, an improved method to treat gas tue@ngine

components would be useful.

BRIEF DESCRIPTION

[0004] Aspects and advantages of the invention will béa¢h in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.

[0005] In one aspect, the present disclosure is direct@dmethod for treating
at least one component of an installed and assenglke turbine engine. The gas
turbine engine may include a core gas turbine engirhe core gas turbine engine
may have an absence of powered rotation duringyélaéing. The method may
include operably coupling a delivery assembly t@aanular inlet of the core gas
turbine engine. The delivery assembly may be @xifd a control unit and a storage
vessel containing a treating fluid. The method ralap include atomizing a portion
of the treating fluid with the delivery assemblydevelop a treating mist. The
treating mist may include a plurality of atomizedmlets. The method may include
suspending the atomized droplets of the treatirgy within an airflow within at least
one flow path of the core gas turbine engine. {féating mist may occupy a cross-
sectional area of the at least one flow path tabdish a simultaneous cross-sectional
contact therein. At least a portion of the atomideoplets may remain suspended
within the flow path(s) from the annular inlet to axial position downstream of a
high-pressure compressor of the gas turbine endghaglitionally, the method may
include impacting or precipitating a portion of tineating mist onto the component(s)
SO as to wet at least 80% of an exposed, inletdpsirrface of the component(s).
[0006] In an embodiment, the atomized droplets may hawnedian diameter
of less than or equal to 5 microns and the treatiigg has a fluid-to-air mass ratio of
at least 0.025 and less than or equal to 5.0 kalogrof treating fluid to kilograms of

air.



[0007] In an additional embodiment, a thermal state ofcthre gas turbine
engine may be less than or equal to 135% of anerhhir absolute temperature and
the axial position downstream of the high-press@mpressor may be an axial
position downstream of the installed and assemgpescturbine engine.

[0008] In a further embodiment, the method may includaldisthing an
elevated delivery temperature of the treating misth increases the vapor content of
the treating mist within the flow path(s).

[0009] In an embodiment, the method may include supplgisgrge portion
of the treating mist to the core gas turbine engifiee method may also include
operably decoupling the delivery assembly fromaheular inlet. Further, the
method may include establishing a soak period dusihich the treating fluid affects
at least one of the component(s) and a deposiaher

[0010] In an additional embodiment, the delivery assemindy include an
array of nozzles. Each nozzle of the array of leszmay be configured to develop
atomized droplets having a median diameter oftless or equal to 5 microns. The
method may also include actuating at least oneleafzhe array of nozzles to
establish a treating mist volume. The treating midume may include a
concentration of atomized droplets within a spedifportion of the flow path(s). The
treating mist volume may be characterized by alftorair mass ratio of at least 0.025
and less than or equal to 5.0 kilograms of tredfling to kilograms of air.

[0011] In a further embodiment, the method may includaioirg
environmental data. The environmental data malydgcan ambient temperature, an
ambient pressure, and an ambient humidity affectiegnstalled and assembled gas
turbine engine. The method may also include obtgidata indicative of a thermal
state of the core gas turbine engine. Based oarthieonmental data and the data
indicative of the thermal state of the core gabihe engine, the method may include
establishing the treating mist volume delivereth®annular inlet. Establishing the
treating mist volume may also include establiskarigeating mist flow rate within the
flow path(s).

[0012] In an embodiment, the method may include monitoangbsolute
humidity level at a point-of-departure from thetaled and assembled gas turbine
engine. The method may also include utilizingrti@nitored humidity level to



determine a percentage of the delivered treatirg remaining suspended at the
point-of-departure from the installed and assempkeiturbine engine. Additionally,
the method may include adjusting the treating noéime delivered to the annular
inlet based on the determined percentage so ahiteva a desired level of wetting of
the component(s).

[0013] In an additional embodiment, the method may incldetermining a
first volume of treating fluid atomized and deligdras the treating mist to the annular
inlet. The method may also include determining@oad volume of treating fluid
suspended at the point-of-departure from the ilestaind assembled gas turbine
engine based on the monitored humidity level. Addally, the method may include
computing the portion of the first volume of treafifluid precipitated onto the
component(s) based on a difference between theahssecond volumes. Further,
the method may include adjusting the treating nadéime delivered to the annular
inlet so that the second volume is less than oalegu35% of the first volume.

[0014] In a further embodiment, the delivery assembly imalude an array

of nozzles. Additionally, operably coupling thdidery assembly to the annular inlet
may also include positioning the array of nozzlékw a fan section of the gas
turbine engine so that an outlet of each nozztbefirray of nozzles is arranged at an
axial location between the fan section and the Emmoiet of the core gas turbine
engine. Additionally, the method may include cmzcribing the array of nozzles
with at least one blocking element. The blockitegreent(s) may at least partially
occlude an alternative flow path.

[0015] In an embodiment, wherein treating the componenf(#)e installed
and assembled gas turbine engine is repeatedsabiece every 30 days.

[0016] In an additional embodiment, the method may inclestablishing a
treating cycle. The treating cycle may have a tlomaof 30 minutes or less. The
method may also include operably decoupling thevelsl assembly from the annular
inlet by a conclusion of the treating cycle.

[0017] In a further embodiment, atomizing a portion of tteating fluid may
include atomizing less than 120 liters of treafing.

[0018] In yet a further embodiment, the treating fluid nteya cleaning fluid,
and the treating mist may be a cleaning mist. mbé&hod may also include dissolving



at least a portion of a deposit on the componest{gs to remove the deposit.
[0019] In an embodiment, the treating fluid may be a o inhibitor. The
corrosion inhibitor may be a catalyst configureddact with at least one identified
contaminant so as to inhibit corrosion of the cong(s).

[0020] In an additional embodiment, the treating fluid nh&ya sealant
configured to preclude a contact between a cont@mbiand the component(s).
[0021] In a further embodiment, atomizing the portiontd treating fluid
may include atomizing the portion of the treatihgd via a vibrating mesh nebulizer
so as to develop the plurality of atomized droptetging a median diameter of at
least 2 microns and less than or equal to 5 microns

[0022] These and other features, aspects and advantatiesmesent
invention will become better understood with refer@to the following description
and appended claims. The accompanying drawingshvetne incorporated in and
constitute a part of this specification, illustrammbodiments of the invention and,

together with the description, serve to explaingheciples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] A full and enabling disclosure of the present iri@m including the
best mode thereof, directed to one of ordinary skihe art, is set forth in the
specification, which makes reference to the appefigares, in which:

[0024] FIG. 1 shows a schematic cross-sectional view efembodiment of a
gas turbine engine and a system for treating a ooet of the gas turbine engine
according to the present disclosure;

[0025] FIG. 2 shows a schematic view of a portion of the wirbine engine
of FIG. 1 and an embodiment of the system for itngathe component according to
the present disclosure.

[0026] FIG. 3 shows a schematic view of a portion of the wirbine engine
of FIG. 1 and an embodiment of the system for itngathe component according to
the present disclosure.

[0027] FIG. 4 shows a schematic view of an embodimentsyfséem for
treating the component according to the presentatisre; and



[0028] FIG. 5 depicts an exemplary controller such asif® in the
exemplary systems of FIGS. 1- 4; and

[0029] FIG. 6 illustrates a flow diagram of one embodimeind method for
treating a component of the gas turbine engind®f E according to the present
disclosure.

[0030] Repeat use of reference characters in the pregedifisation and

drawings is intended to represent the same or goatofeatures or elements of the
present invention.
DETAILED DESCRIPTION

[0031] Reference now will be made in detail to embodimentke invention,
one or more examples of which are illustrated endhawings. Each example is
provided by way of explanation of the inventiont himitation of the invention. In
fact, it will be apparent to those skilled in thetaat various modifications and
variations can be made in the present inventiohawit departing from the scope of
the invention. For instance, features illustratedescribed as part of one
embodiment can be used with another embodimenetd § still further

embodiment. Thus, it is intended that the presemntion covers such modifications
and variations as come within the scope of the raghpe claims and their equivalents.
[0032] As used herein, the terms “first” and “second” rbayused
interchangeably to distinguish one component(shfamother and are not intended to
signify location or importance of the individualmponent(s)s.

[0033] As used herein, the term “vapor” refers to a suizstan the gaseous
state, as distinguished from the liquid or solatest

[0034] The terms “upstream” and “downstream” refer torglative direction
with respect to fluid flow in a fluid pathway. Fekample, “upstream” refers to the
direction from which the fluid flows, and “downsam” refers to the direction to
which the fluid flows. As used herein, the fluldw is in the direction encountered
by the gas turbine engine in flight operations.

[0035] As used herein, the phrases "constructed of CM@d"eomprised of
CMCs" shall mean component(s)s substantially canstd of ceramic matrix
composites (CMCs). More specifically, the CMC comat(s)s shall include more



CMC material than just a layer or coating of CMCtenils. For example, the
component(s)s constructed of CMCs may be compasednstructed substantially or
entirely of CMC materials, including greater thdmat 50, 60, 70, 80, 90, or 100
percent CMC material.

[0036] Certain approaches for treating (e.g. cleanindirggaetc.) assembled
engines may rely on foam or liquids. However,ghgsical characteristics of the
treating medium may impose limits on the enginéas@s which may be affected.
Additionally, certain approaches to treating engior-wing may require the aircraft
to be positioned in a maintenance area of an kiréied taken out of service for an
undesirable length of time. For example, certppraaches may require that the
aircraft be taken out of service for 4-9 hours aray require the disassembly of a
portion of the engine, the presence of a crewandckpit, and/or an external power
source to rotate the engine. As a result of thea@backs, it may not be practical for
these treating approaches to be practiced more2tfatimes per year. The extended
intervals between treatments, such as cleaninggyesalt in the engine being
operated in a fouled condition for a greater pewgs of the time and/or suffering
damage due to corrosion.

[0037] One or more of the above-identified issues maydokeessed by the
presently disclosed methods and systems. In p&atianethods and systems are
generally provided for treating (e.g. sealing andémoving deposits from)
components of an installed and assembled gas &dnigine. The methods of the
present disclosure generally provide for introdgarntreating mist into the annular
inlet of the engine. The treating mist may inclademized particles of a treating
fluid which are sized to permit at least a portodrthe treating mist to remain
suspended in a flow path of the core engine at teaslocation downstream of a
high-pressure compressor. As the treating misislalong the flow path, the
atomized particles may encounter various comporgdritee engine. When
encountering the various components, the atomiaettfes may impact the
component and/or precipitate onto the componeméebiyewetting the component with
the treating fluid. By utilizing the treating mishe methods described herein may be

accomplished in 30 minutes or less without reqgitime disassembly or rotation of



the engine. Additionally, the utilization of theeating mist to wet the components
facilitates an efficient treating cycle utilizingds than 120 liters treating fluid.
[0038] Referring now to the drawings, FIG. 1 illustratesr@ss-sectional view
of one embodiment of an installed and assembledugbme engine 100 configured
as an installed and assembled gas turbine engime engine 100 may be utilized
with an aircraft in accordance with aspects ofgtesent subject matter. However,
the engine 100 may also suitable for employmeetentrical power generating
applications, ship propulsion applications, angfaund vehicle propulsion
applications.

[0039] The engine 100 is illustrated in FIG. 1 as havingragitudinal or axial
centerline axis 112 extending therethrough forreefee purposes. In an embodiment,
the engine 100 may include at least one compor@htanfigured to affect a portion
of ambient air entering the engine 100. The corept{s) 102 may include any of the
elements of the engine 100 discussed herein. énm@odiment, the component(s)
102 may, for example, be formed from CMC, titaniwteel, aluminum, nickel,
chromium and/or combinations thereof. Additionaityshould be appreciated that
while the engine 100 is depicted in FIG. 1 as hdfan jet engine, the systems and
methods described herein may be employed on ahgrachine including, but not
limited to, high-bypass turbofan engines, low-byptasbofan engines, turbojet
engines, turboprop engines, turboshaft enginegfancengines, and so forth.
[0040] In general, the engine 100 may include a core whine engine
(indicated generally by reference character 11d)aafan section 116 positioned
upstream thereof. The core engine 114 may gegenalude a substantially tubular
outer casing 118 that defines an annular inlet I annular inlet 120 may define
an entrance to at least one flow path 104 of tme engine 114

[0041] In an embodiment, the outer casing 118 may ene@odesupport a
booster compressor 122 for increasing the presduhe air that enters the core
engine 114 to a first pressure level. A high-puesgHP), multi-stage, axial-flow
compressor 124 may be serially arranged at an pagtion downstream of the
booster compressor 122. In operation, the HP cesspr 124 may receive the
pressurized air from the booster compressor 12Zatiter increase the pressure of

such air.



[0042] In an embodiment, a combustor 126 may be serialnged at an
axial position downstream of the HP compressor 184peration, pressurized air
exiting the HP compressor 124 may flow to the costtnul26 within which fuel may
be injected by a fuel system 106 into the flow adgsurized air, with the resulting
mixture being combusted within the combustor 126.

[0043] Referring still to FIG. 1, in an embodiment, an tdkbine 128 may be
serially arranged at an axial position downstre&mh® combustor 126 so that high
energy combustion products may be directed fronttimebustor 126 along the flow
path(s) 104 of the engine 100 to the HP turbinefd28riving the HP compressor
124 via an HP driveshaft 130.

[0044] In an embodiment, a low-pressure (LP) turbine 13% bve serially
arranged at an axial position downstream of theudbine 128. The LP turbine 132
may be configured for driving the booster compre4&2 and the fan section 116 via
an LP driveshaft 134. In an embodiment, the LRedtaft 134 may be generally
coaxial with HP driveshaft 130.

[0045] As depicted in FIG. 1, the flow path(s) 104 may camicatively
couple the annular inlet 120 with a point-of-depeegt136 from the engine 100. For
example, in operation, after driving the HP turblr8 and the LP turbine 132, the
combustion products in the flow path(s) 104 magxgelled from the core engine
114 via the point-of-departure 136 configured agxmust nozzle to provide
propulsive jet thrust.

[0046] It should be appreciated that each turbine mayrgépenclude one or
more turbine stages, with each stage includinglarte nozzle and a downstream
turbine rotor. As will be described below, thebine nozzle may include a plurality
of vanes disposed in an annular array about thiedere axis 112 of the engine 100
for turning or otherwise directing the flow of coastion products through the turbine
stage towards a corresponding annular array of déales forming part of the
turbine rotor. As is generally understood, therdiades may be coupled to a rotor
disk of the turbine rotor, which is, in turn, ratatally coupled to the turbine’s
driveshafts 130, 134.

[0047] Additionally, as shown in FIG. 1, the fan sectidi6Df the engine 100
may generally include a rotatable, axial-flow fator 138 surrounded by an annular



fan casing 140. In an embodiment, the LP drivastiz4 may be operably coupled to
the fan rotor 138. It should be appreciated thatfan casing 140 may be supported
relative to the core engine 114 by a plurality ébstantially radially-extending,
circumferentially-spaced outlet guide vanes 142.siAch, the fan casing 140 may
enclose the fan rotor 138 and its correspondingdtor blades 144. Moreover, a
downstream section 146 of the fan casing 140 m#gnelxover an outer portion of the
core engine 114 to define at least one alternéiove path 148 between the fan casing
140 and the outer casing 118 of the core engine Iridn embodiment, the
alternative flow path(s) 148 may provide additiopedpulsive jet thrust.

[0048] As shown in FIGS. 1-4, in an embodiment, a systéthrBay be

utilized to treat the component(s) 102 of the ilstband assembled gas turbine
engine 100 (e.g., an assembled, on-wing gas tudrigae). The system 300 may be
employed when the core engine 114 is essentiatiosiary and not being rotated via
the application of a power source. The systemr889 include a storage vessel 302
containing a treating fluid 304. The system 30§ @migo include a delivery assembly
306 operably coupled to the storage vessel 302aamahtrol unit 308. The delivery
assembly 306 may include at least one nozzle 3tfigted to atomize a portion of
the treating fluid 304 in order to develop a tregtmist 312. The treating mist 312
may include a plurality of atomized droplets. Htemized droplets may have a
median diameter, and thus mass, which facilitatepension of the atomized droplets
within the flow path(s) 104 of the core engine 114.an embodiment, a portion of
the atomized droplets of the treating mist 312 ipaguspended within an airflow
318 within the flow path(s) 104 from the annuldetrii20 to an axial position (A)
downstream of the HP compressor 124. The treatisg312 may occupy a cross-
sectional area of the flow path(s) 104 to estatdisimultaneous cross-sectional
contact therein. In other words, in an embodimind treating mist 312 may
essentially fill the flow path(s) 104 at a givenabtocation without requiring that the
engine 100 be rotated. The system 300 may altad@@ flow generation assembly
314 which may be oriented to facilitate a passdgbeotreating mist 312 along the
flow path(s) 104 of the core engine 114. It shdaddappreciated that, in an
embodiment, the engine 100 may be permitted tdaatiaa rate not exceeding 5
rotations per minute (RPM) so as to facilitate gpetreatment approaches (e.g, an

10



extended cleaning and/or a treatment specificatcted to internal circuits of the
cooling system). For example, in an embodimeietetingine 100 may be rotated at a
rate of at least 0.05 RPM but less than or equalGdRPM.

[0049] In an embodiment, the treating fluid 304 may inelaehy suitable
composition now known or later developed in the &dr example, in an
embodiment, the treating fluid 304 may be configuas a cleaning fluid and may
include a biodegradable citric and/or glycolic-acainposition including both ionic
and non-ionic surfactants. Additionally, the tregtfluid 304 may be compatible
with all coatings and components 102 internal aridraal to the engine 100 and
suitable for on-wing application. The treatingdl304 may be utilized without
requiring a rinse step prior to firing the engir@® Iollowing the treating/cleaning.
As a cleaning fluid, treating fluid 304 may demaeatd no pitting corrosion or
intergranular attack to engine parent metals otimgaystems. Accordingly, the
treating fluid 304 may be a water-based cleaniniglfl For example, in an
embodiment, the treating fluid 304 may be a wattexdyent combination. In a
further embodiment, the treating fluid 304 may lsew without a detergent.
Additionally, the water may be treated to removeepbal contaminants, such as by
distillation and/or deionization. It should be egpgated that when configured as a
cleaning fluid, the treating fluid 304 may alsolime corrosion inhibition properties.
[0050] In an additional embodiment, the treating fluid 304y be configured
as a corrosion inhibitor. In such an embodimdré,dorrosion inhibitor may be a
catalyst configured to react with at least one fidied contaminant so as to inhibit
corrosion of the component (s) 102. For exampletrdating fluid 304 may, in an
embodiment, be a catalyst which reacts with suly.reacting with sulfur, the
treating fluid 304 may preclude an additional cheahreaction with the sulfur (or a
compound thereof) which may corrode the compor&rt@2. Similarly, in an
embodiment, the treating fluid 304 may be a catalysch reacts with carbon so as to
preclude corrosion of the component (s) 102.

[0051] In an embodiment, the treating fluid 304 may befigumed as a
sealant. Accordingly, the treating fluid 304 maggude contact between a
contaminant and component (s) 102. For examplaniembodiment, corrosion of
hot sections of the engine 100, such as the HIM&1A28, may stem from sulphates

11



which are stable at relatively high temperaturiessuch an embodiment, the sealant
may be a high-temp sealant, such as an aluminudedxased coating or a phosphate-
based coating. By way of further example, in athedmment, corrosion of cold
sections of the engine 100, such as the fan setii6rand/or the booster compressor
122, may stem from salts. In such an embodimeotyaemp sealant, such as a wax
or other similar coating may be employed. Addiélhy the sealant may be a
hydrophobic coating which at least partially repmataminants, resist corrosion,
and/or reduces an aeronautical drag. The hydraopltolating may, for example, be a
Teflon fluoropolymer coating, a ceramic-based ¢unte.g., a silica-based liquid
polymer), an aqueous polymer, and/or an aqueoysiyethane.

[0052] In an embodiment, the treating fluid 304 may befigomed as an
inspection aide. As such, the treating flow 304/n@an embodiment be a dye. In
such an embodiment, the treating fluid 304 mayrbpleyed to wet the component(s)
102 and then may be rinsed and allowed to drylotxoig the drying, the dye may
remain within cracks oxidation sites, fretting sitand/or other defects thereby
facilitating the detection of areas of the compd(®ri02 requiring maintenance
and/or repair.

[0053] It should be appreciated that, in an embodimesttrgating fluid 304
may include compositions configured to affect tbenponent (s) 102 in more than
one manner. For example, the treating fluid 304 melude a first composition
configured to dissolve a deposit on the compor®nt@2 and a second composition
configured to seal the component (s) 102.

[0054] In an embodiment, the treating fluid 304 may befigomed to affect

the component(s) 102 by wetting the component(8) Ihe wetting of the
component(s) 102 may, in an embodiment, includddireation of a liquid film that
substantially covers an exposed surface of the ooe(s) 102. For example, the
system 300 may be configured to form a liquid fdwer greater than 75% (e.g., at
least 80%) of the exposed, inlet-facing surfacthefcomponent(s) 102 (e.qg., blades
and vanes of the HP compressor 124).

[0055] It should be appreciated that the wetting of thegonent(s) 102 may
permit the treating fluid 304, such as a cleanlogif to dissolve/de-bond a portion of
the deposit on the component(s) 102. The disswudf a portion of the deposit may

12



weaken a bond between the deposited contaminatidthe surface of the
component(s) 102. In such an embodiment, the wesikbond may permit an
additional portion of the deposited contaminatioié removed by thermodynamic
and/or mechanical forces during a startup of theren100. For example, in an
embodiment, a portion of the treating fluid 304 g¢bomized droplet form) may
penetrate an internal passage of the componei@@sjolremove a portion of a deposit
therein.

[0056] In an embodiment, the treating fluid 304 may befigomed to be
delivered to the engine 100 at a constant ratenladditional embodiment, the
treating fluid 304 may be delivered to the engif@ &t a variable rate. For example,
in an embodiment, a first portion of the treatihgd 304 may be delivered at the
initiation of the treating cycle so as to rapidlgtwhe component(s) 102. The amount
of treating fluid 304 delivered to the engine miagrt be reduced and the wetted
component(s) 102 may be permitted to soak. Duhegoak, a desired level of
wetness may be maintained via a second portioneofreating fluid 304, which may
be less than the first portion of the treatingdl@D4. Following at least one soak. A
third portion of the treating fluid 304 may be oduced so as to increase the wetness
of the component(s) 102. As is more fully desatibelow, the third portion of the
treating fluid 304 may be considered a surge portio

[0057] It should be appreciated that, in an embodimeetfrémating fluid 304
may be delivered a single portion without necessijethe introduction of any
additional portions of the treating fluid 304. Fample, in an embodiment wherein
the treating fluid comprises a sealant, a corrosiestment, and/or a carbon
treatment, a single portion of the treating flu@3nay be employed to wet the
component(s) 102 and achieve the desired treattihergof. It should further be
appreciated that the system 300 may be employedgiement more than one
sequential treatment operation. In such an embeditme treating fluid 304 may be
selected to correspond to the desired sequerggthtent operation. For example, in
an embodiment, the treating fluid 304 may, in stfireatment operation be
configured as a cleaning fluid. Following the cleay of the engine 100, the treating

fluid 304 may be configured for a second treatnogr@ration as a corrosion inhibitor
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and the engine 100 may be treated in accordantetigtsystems and methods
disclosed herein.

[0058] In an embodiment, atomizing a portion of the tregfiuid 304 with

the delivery assembly 306 may develop the treatirgg 312. The treating mist 312
may include a plurality of atomized droplets of theating fluid 304 suspended in a
volume of gas, such as a volume of atmospherickor.example, in an embodiment
wherein the treating fluid 304 is a water-basedting fluid, the development of the
treating mist 312 may result in a supersaturat@drvaomponent of the treating mist
312 having a water content in excess of that niyusacurring under prevailing
ambient conditions. In other words, the atomizabbthe water of the treating fluid
304 may result in a portion of the atomized draptataporating in the air to which
the atomized droplets of the treating fluid 304iateoduced, thereby raising the fluid
content of the resultant vapor component of thatiimg mist 312. The remaining
portion of the atomized treating fluid 304 comprgsthe treating mist 312 may
remain as water and/or water-detergent dropletsiwdie entrained in a flow of the
vapor component. In an embodiment, the treatirgj 812 may have a fluid-to-air
mass ratio of at least 0.025 and less than or eéquaD kilograms of treating fluid to
kilograms of air. For example, in an embodimeme, fluid-to-air mass ratio may be
at least 0.4 and less than 1.0.

[0059] It should be appreciated that the effectiveneshefreating mist 312
may be increased by heating the treating fluid 3@éting the portion of air into
which the atomized droplets of the treating flu@iZare introduced, and/or increasing
the delivery pressure of the treating fluid 304pto delivery of the treating mist 312
to the annular inlet 120. Such techniques mayemse the fluid content of the
treating mist 312 thereby facilitating the wettimigthe component(s) 102. For
example, for a water-based treating fluid 304 ttbating fluid 304 may be expelled
by the nozzle 310 at a temperature from 95°C tdQ6&Mhd/or a pressure from 10 kPa
to 3,500 kPa. In such an embodiment, the engifegd Be cleaned may be at a
standard atmosphere of 15°C at 101.325 kPa. Uplivedy to the annular inlet, the
treating fluid 304 may encounter lower pressuretantperature conditions than the
delivery pressure and temperature, such that ¢a¢ntbent compound vaporizes (if not
already a vapor). Because the water-based treattasmpound has a delivery
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pressure (partial pressure) from 103 kPa to 3,42, knd the saturation pressure of a
water-based compound at 15°C is about 1.705 kBag#ultant vapor may be
supersaturated. It should be appreciated thaethe“supersaturated,” as used
herein, refers to a vapor of a compound that Hagleer partial pressure than the
vapor pressure of the compound.

[0060] In order to increase the temperature of the trgdtind 304 and/or the
portion of air into which it is introduced, the g3 300 may include at least one
heating element 316. The heating element(s) 336hagositioned in thermal
contact with the treating mist 312 so as to esthldn elevated delivery temperature
of the treating mist 312 relative to the ambientperature which increases the vapor
content of the treating mist 312. For examplegnrembodiment, the heating
element(s) 316 may be positioned in thermal comtt the treating fluid 304
contained within the storage vessel 302. In aitiatel embodiment, the heating
element(s) 316 may be positioned in thermal comtébtan airflow 318 generated by
the flow generation assembly 314. Positioningrtbating element(s) 316 in thermal
contact with the airflow 318 may increase the terapge of the portion of air into
which the atomized droplets of the treating flu@iZare introduced.

[0061] Referring still to FIGS. 1-4, in an embodiment, #temized droplets

of the treating mist 312 may have a median diamatet therefore mass, which
facilitates the atomized droplets remaining suspdnd a portion of air within the
flow path(s) 104. At least a portion of the atoedizdroplets may be entrained in the
airflow 318 through the flow path(s) 104 from thenalar inlet 120 to the axial
position (A) downstream of the HP compressor 124hould be appreciated that at
various points along the flow path(s) 104, thelawf318 may experience a
deceleration, such as due to a directional chahteeairflow 318 or an effect of
drag on a boundary layer of the airflow 318. Agsult of the deceleration, the
airflow 318 (or a portion thereof, such as a boundayer) may lack the necessary
energy to retain atomized droplets above a spdaifiass, as defined by the median
diameter. When the energy level of the airflow 8i@os below a given threshold for
atomized particles of a given size, the atomizetighes may depart the airflow 318

and impact/precipitate within the core engine 1Edrther, for atomized droplets of a
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given size, the inertial energy of the droplets mesult in the atomized droplets
departing the airflow 318.

[0062] While the atomized droplets of the treating mis2 &lay have a
median diameter that facilitates remaining suspema¢he portion of air within the
flow path(s) 104, the atomized droplets must abeelsufficient mass to violate a
flow field of the airflow 318 adjacent to the cormamt(s) 102 and precipitate onto the
component(s) 102. In other words, atomized pagithcking sufficient mass for a
given flow may lack sufficient energy to violatélaw field of the airflow 318 (e.g.,
have a Stokes number of less than 1), may remaiaieed in the airflow 318, and
may pass through the gas turbine engine 100 witletting the component(s) 102.
Therefore, in an embodiment, the atomized particiag have a Stokes number
which is greater than 1 (to facilitate the wettofghe booster compressor 122), while
remaining sufficiently low to facilitate wettingehdownstream components (e.g., the
LP turbine 132) of the engine 100.

[0063] Contrary to expectations, atomized droplets hagingedian diameter
greater than 10 microns, a low average velocity amelatively high local booster
inlet velocity may not be suitable for wetting tt@mponent(s) 102 at an axial
position downstream of the booster compressor I22s may be attributed to the
atomized droplets having too great of a mass artkdéovelocity of the airflow 318
(average and/or local velocity) being too greatr &ample, approximately 90% or
greater of atomized droplets having a median dianggeater than 10 microns for an
airflow 318 velocity of at least 0.2 feet per set@fps) and less than or equal to 10
fps may impact a component of the gas turbine ent@® prior to passing the booster
compressor 122, while the remaining approximat@itInay pass through the gas
turbine engine 100 without wetting the componert(®) downstream of the booster
compressor 122. Accordingly, in order for at lempbrtion of the atomized droplets
to remain suspended within the flow path(s) 104nftbe annular inlet 120 to the
axial position (A) while still wetting component®2 adjacent to the annular inlet
120, the atomized droplets may, in an embodimeve la median diameter of less
than or equal to 10 microns and the airflow 318 imaye a velocity at the annular

inlet 120 of at least 0.2 fps and less than or kegud0 fps (e.g., a range of at least 0.2
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fps to less than or equal to 2.0 fps). For examplan embodiment, the airflow 318
may have an average velocity of 1.0 fps.

[0064] In an additional embodiment, the atomized dropledy have a
median diameter which is at least 2 microns ansltlesn or equal to 5 microns.
Unexpectedly, the development of atomized dropietsin the range of 2-5 microns
inclusive entrained in an airflow having an averaget annulus velocity of at least
0.2 fps and less than or equal to 2.0 fps, mayit@e both the atomized droplets
remaining entrained within the flow path(s) 104 #mel wetting of the component(s)
102 downstream of the booster compressor 122 aytlme expected that atomized
droplets within this range may be overly controllsdthe airflow 318 and therefore
pass through the gas turbine engine 100 withouiwgethe component(s) 102.
However, atomized droplets within the range of @ibrons inclusive may, in fact, be
impacted by the slowing of the airflow 318 withifaundary layer adjacent to the
component(s) 102. Accordingly, because the airflathin the boundary layer may
have a reduced velocity relative to flow fieldsaatistance from the surface, the
atomized droplets adjacent the surface may haveigat mass to violate the
boundary layer flow As a result, the atomized detgpivithin the boundary layer may
precipitate and wet the surface, while atomizegldts in more distant flow fields
remain entrained within the airflow 318.

[0065] In an embodiment, the supportability of the tregimist 312 within

the flow path(s) 104 may be enhanced by the foonaif a treating mist 312 having
atomized droplets with a median diameter greatsn tr equal to 2 microns and less
than or equal to 10 microns (e.g., 2-5 microns)other words, in an embodiment
wherein the water and/or water-detergent droplat®la median diameter in a range
between 2 and 10 microns inclusive (particularlygen 2 and 5 microns inclusive),
the droplets may be entrained in the flow of thparacomponent which through the
core engine 114. For example, in an embodimethiganal state of the core engine
114 may be less than or equal to 135% of an ambieabsolute temperature in
degrees Celsius. In such an embodiment, the methameter of the atomized
droplets may facilitate a portion of the treatinggin®12 remaining suspended within
the airflow 318 to an axial position downstream @Bjhe installed and assembled gas
turbine engine 100.
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[0066] In order to develop droplets having the requiredliare diameter, the
delivery assembly 306 may atomize a portion oftteating fluid 304. For example,
the delivery assembly 306 may utilize the nozzle ®ildevelop the treating mist 312
having atomized droplets of the desired median diam The nozzle 310 may utilize
at least one orifice and/or the application ofadtmic energy via an ultrasonic nozzle
to atomize the treating fluid 304. For example, titeating fluid 304 may be drawn
through the orifice(s) via a pressure differergialoss the orifice(s). Alternatively,
the treating fluid 304 may be driven through thiéae(s) by the development of a
higher pressure within the storage vessel 302 @h#me orifice(s). The higher
pressure may be developed via a pump, a compragssource 326, and/or heating.
In at least one embodiment, the compressed aice @#6 may also be configured as
the flow generation assembly 314 to facilitate phssage of the treating mist 312
along the flow path(s) 104.

[0067] In an additional embodiment, the nozzle 310 magdidigured as an
ultrasonic transducer. In such an embodimentntzzle 310 may interact with a
portion of the treating fluid 304 so as to atomazgortion of the treating fluid 304.
The resultant atomized portion may be drawn froenttbating fluid 304 by the flow
generation assembly 314 for delivery to the annulat 120.

[0068] In an embodiment, the nozzle 310 may be configased vibrating
mesh nebulizer. The vibrating mesh nebulizer meagdnfigured to develop droplets
having a median diameter of less than or equabtmitrons. For example, in an
embodiment, the vibrating mesh nebulizer may beleyep to develop the treating
mist 312 with atomized droplets having a mediamaiter of at least 2 microns and
less than or equal to 5 microns so as to facilivaté the suspension of a portion of
the atomized droplets within the flow path(s) 104t least the axial position
downstream (B) and the wetting of at least 80%hefdxposed, inlet-facing surface of
the component(s) 102.

[0069] In an embodiment, the nozzle 310 may utilize s@famoustic wave
nebulization to develop droplets having a mediamditer of less than or equal to 10
microns. For example, in an embodiment, the vibgatesh nebulizer may be
employed to develop the treating mist 312 with areah droplets having a median
diameter of at least 2 microns and less than oalequb microns so as to facilitate
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both the suspension of a portion of the atomizegléts within the flow path(s) 104
to at least the axial position downstream (B) dr&etting of at least 80% of the
exposed, inlet-facing surface of the component() 1

[0070] As depicted in FIG. 2, the nozzle 310 may be paséd upstream of
the fan section 116 and operably coupled to thelanimlet 120 of the core engine
114. In an additional embodiment, the nozzle 38y tre one of an array of nozzles
320. For example, the array of nozzles 320 mawdscfour or more nozzles 310.
As depicted in FIG. 1, the array of nozzles 320 tmayrranged to interface with the
fan section 116 so as to position an outlet 322ach nozzle 310 at an axial location
between the fan section 116 and the annular i@@t In such an embodiment, the
number of nozzles 310 of the array of nozzles 329 aorrespond to the number of
spaces between the fan blades 144 such that ableasozzle 310 is inserted
between each pair of fan blades 144. In an embadinthe nozzles 310 may be
operably coupled to the annular inlet 120 withcetassitating contact with the
engine 100.

[0071] It should be appreciated that, in an embodimeeptntizzle 310 may be
positioned at the axial position downstream (B)hef installed and assembled gas
turbine engine 100. In such an embodiment, tHeo®ail318 may be configured to
progress from the point-of-departure 136 towardugamnlet 120 (e.g., the airflow
318 may be reversed relative to the nominal passbaie through the gas turbine
engine 100 during operation). In such an embodipgeportion of the treating mist
312 with atomized droplets having a median diamettat least 2 microns and less
than or equal to 5 microns may be suspended wiiti@rlow path(s) 104 to at least an
axial position axially upstream of the HP compredsti. It should be appreciated
that the introduction of the treating mist 312ha point-of-departure 136 may
facilitate the treatment of targeted componenthefgas turbine engine 100.

[0072] In an embodiment wherein the delivery assemblyiB0lides the
array of nozzles 320, modifying the number of neg310 employed to atomize the
portion of the treating fluid 304 may affect thencentration of atomized droplets
within a specified portion 330 of the flow path{€4. As such, modifying the
number of nozzles 310 may establish a treating voistme. For example, in an
embodiment wherein the entire array of nozzlesi82@tivated, the concentration of
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atomized droplets may be greater than in an embarimherein the majority of the
array of nozzles 320 are idle.

[0073] Referring now particularly to FIG. 3, in an embodimy, the delivery
assembly 306 may include a duct portion 324 comoatively coupled between the
core engine 114 and the storage vessel 302. mawuembodiment, the atomization
of the treating fluid 304 may occur in, or adjacentthe storage vessel 302. The
atomized droplets may enter the duct portion 32thefdelivery assembly 306 and be
delivered to the annular inlet 120 by the flow gatieag assembly 314. In an
embodiment, the flow generating assembly 314 mapdm@ porated into the duct
portion 324. Additionally, in an embodiment, dpctrtion 324 may incorporate the
heating element(s) 316.

[0074] Referring again to FIGS. 1-3, in an embodiment system 300 may
include the flow generation assembly 314. The figemeration assembly 314 may
facilitate the passage of the treating mist 312@hkhe flow of path 104 by
developing the airflow 318. In an embodiment, ftbev generation assembly 314
may be configured to drive or draw a portion of asheric air so as to generate the
airflow 318. In such an embodiment, the flow gatien assembly 314 may, for
example, be configured as a fan. Accordingly,fibm generation assembly may be
positioned upstream of the annular inlet 120 whanfigured to accelerate or drive
the airflow 318 and may be positioned downstreath®fengine 100 when
configured to draw the treating mist 312 through flow path(s) 104.

[0075] In an embodiment, the flow generation assemblyr@ay be
configured to establish a pressure differentiaMeein the annular inlet 120 and the
point-of-departure 136. For example, in an embeditnthe flow generation
assembly 314 may be configured as the compresseduace 326. In such an
embodiment, the compressed air may not only dhedreating fluid 304 through the
nozzle 310, but the venting of the compressechanugh the nozzle 310 may create a
region of increased pressure in fluid communicatath the annular inlet 120. The
region of increased pressure may drive the treaiisg) 312 through the flow path(s)
104. In a further embodiment, a high-pressureoregiay be established adjacent to
the annular inlet 120 via the heating of a portbatmospheric air adjacent to the
annular inlet 120. In yet a further embodimeng, flow generation assembly 314
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may be positioned downstream of the engine 10Ccantigured to establish a low-
pressure region adjacent to the point-of-depaiG6

[0076] In an embodiment, the system 300 may include ammaetdn element
346. The extraction element 346 may be positiatgde point-of-departure 136 (e.g.
adjacent the axial position downstream (B)). Tkieaetion element 346 may be
configured to extract a residual portion of thetireg mist 312 from the airflow 318.
For example, the extraction element 346 may includendenser, a mesh, and/or
equivalent structure. In an embodiment, the ektraeclement 346 may be an
independent element of the system 300. Howevem iembodiment, the extraction
element 346 may be incorporated as a componehedfdw generation assembly
314 when the flow generation assembly 314 is poetil at the point-of-departure
136.

[0077] The extraction element 346 may, in an embodiméotte she extracted
residual portion of the cleaning mist 312. In sachembodiment, the extracted
residual portion of the cleaning best 312 may lessquently disposed of, reused, or
treated and reused. In an additional embodimeatextraction element 346 may be
fluidly coupled to the storage vessel 302 therelmylitating the recirculation of at
least a portion of the treating fluid 304. It sltbbe appreciated that employing the
extraction element 346 may increase the safetyoamdliciency of the system 300.
For example, extracting the residual portion ofttieating mist 312 at the point-of-
departure 136 may protect personnel from inhalatexrards, reduce environmental
contamination, and/or reduce contamination of amfe parts by the treating fluid
302.

[0078] Referring still to FIGS. 1-3, in an embodiment, tlosv generation
assembly 314 of the system 300 may be configuredhesat source positioned
downstream of the point-of-departure 136. In saclembodiment, the flow
generation assembly 314 may heat the portion obspimeric air adjacent to the
point-of-departure 136. This heating of the atn@siz air may establish the airflow
318 as a convection current through the core erfigide The treating mist 312 may
be drawn through the flow path(s) 104 via the cative current.

[0079] Referring again to FIG. 1, in an embodiment, thetesy 300 may
include a control unit 308. The control unit 308ynin an embodiment, include a
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plurality of controls configured to permit an op@rato employ the system 300 to
treat the component(s) 102 of the installed andrabted gas turbine engine 100
(e.g., the assembled, on-wing gas turbine engiRe).example, in an embodiment,
the controls may be configured to permit an operat@mploy the system 300 to
remove a deposit from the component(s) 102 ofrielled and assembled gas
turbine engine 100. In at least one embodimentctmtrol unit may include various
readouts configured to provide the operator witbrimation concerning the treating
of the engine 100 and various manual controls gonéd to provide the operator with
the necessary degree of control over the methogtsiled herein to remove deposits
from the component(s) 102. In an additional emivaxtit, the control unit 308 may
also include a controller 400. The controller 488y also be configured to
implement the methods discussed herein to treatdhmonent(s) 102 of the engine
100. It should be appreciated that the contrdl@ may be employed in combination
with various manual controls and displays to féaié an operator’s control of the
methods described herein.

[0080] In an embodiment, treating (e.g. cleaning) the comept(s) 102 may
include the operator/controller 400 obtaining eonmental data indicative of the
environmental conditions affecting the installed assembled gas turbine engine.
For example, the environmental data may includarabient temperature, an ambient
pressure, and an ambient humidity affecting theren§00. In an embodiment, the
environmental data may also include data indicativibe type of suspended
atmospheric particulate (e.g. dust-reacted andagted, sand, etc.), an atmospheric
particulate concentration, and/or an atmosphetritqodate size for an operating
environment of the engine 100. In other words,ahé@ronmental data may include
data on the type and severity of contaminants emteogd during the engine’s
operations. It should be appreciated that them&ion concerning the encountered
particulates may be utilized by the operator/cdlgrelO0 to determine a treating
fluid composition, treating operation duration andfeating operation frequency.
For example, the information concerning the encengt particulates may be utilized
by the operator/controller 400 to determine a dlegafluid composition which may
effectively remove deposits from or prevent the@sion of the component (s) 102.

It should further be appreciated that the envirom@ledata may be obtained from any
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suitable source, such as a plurality of sensorex&rnal provider, and/or a lookup
table.

[0081] The operator/controller 400 may also obtain daticative of the
thermal state of the core engine 114. The thestaé® may indicate a difference
between the temperature of components within tihe engine 114 and the ambient
temperature. The data indicative of the thernatkstnay be obtained via at least one
sensor and/or via a lookup table. For exampletitbamal state may be determined
relative to an elapsed time since engine shutdavdeiuambient atmospheric
conditions. Based on the environmental data aadl#ta indicative of the thermal
state, the operator/controller 400 may establistirbating mist volume delivered to
the annular inlet 120. For example, establishimgytteating mist volume may include
actuating a nozzle 310 to establish a concentrati@omized droplets within a
specified portion 330 of the flow path(s) 104 apacified time interval.

Additionally, establishing the treating mist volumay also include establishing a
treating mist flow rate within the flow path(s) 10&stablishing the treating mist flow
rate may include establishing/modifying the velpat the airflow 318. It should be
appreciated that the velocity of the airflow 31&aonjunction with the number of
nozzles 310 actuated may affect the resultant teokthe treating mist 312 within
the flow path(s) 104.

[0082] Referring still to FIG. 1, in an embodiment, thesteyn 300 may also
include in electronic sensor 328 (e.g., a humidgégsor, a lidar unit, an anemometer,
and/or any other suitable sensor for detecting watater vapor). The electronic
sensor 328 may be communicatively coupled to timrcbunit 308 and may be
positioned at the point-of-departure 136 from thgembled, on-wing, gas turbine
engine 100. The electronic sensor 328 may moanabsolute humidity level and/or
guantity of liquid water droplets at the point-afghirture 136. The absolute humidity
level/ water droplet quantity may be utilized b thperator/controller 400 to
determine a percentage of the delivered treatirsg 812 remaining suspended at the
point-of-departure 136 from the engine 100. Fameple, the absolute humidity level
at the point-of-departure 136 may, when correacbedhfe ambient temperature, be
indicative of the fluid content of the airflow 358 the point-of-departure 136. The

fluid content may, in turn, be indicative of a pamtage of treating mist 312
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introduced to the annular inlet 120 which remaimspended at the point-of-departure
136.

[0083] Utilizing the determined percentage of the treatmgt 312 remaining
suspended at the point-of-departure 136, the apécantroller 400 may, in an
embodiment, adjust the treating mist volume deéddpo the annular inlet 120 so as
to achieve a desired level of wetting of the congmi(s) 102. For example, in an
embodiment wherein the thermal state of the entfdeis relatively high when the
system 300 is activated, a significant percentdgkeotreating mist 312 may be
converted to vapor in cooling the core engine 1¥such an embodiment, the
absolute humidity level at the point-of-departug® Inay be relatively close to the
ambient humidity level and may indicate a needtwdaase the treating mist volume
to achieve the desired level of wetting of the comgnt(s) 102. In a further
embodiment, the absolute humidity level at the pofrdeparture 136 may be
significantly higher than the ambient humidity lesbus indicating an excessive
amount of treating mist 312 remains suspendedegbdmt-of-departure 136. In such
an embodiment, the operator/controller 400 maycedhbe treating mist volume
and/or the velocity of airflow 318 so as to imprdke efficiency of the system 300.
Accordingly, in an embodiment, a treating cyclahs engine 100 may consume less
than 57 liters of treating fluid 304. For examples system 300 may, in an
embodiment, be employed to clean the engine 10&wbnsuming less than 57 liters
of treating fluid 304 configured as a cleaningdlui

[0084] In an embodiment, such as particularly depictelS. 2 and 3, the
system 300 may be configured to determine a fokime of treating fluid 304
atomized and delivered as the treating mist 3tBe@nnular inlet. The first volume
may, for example, be determined via the monitoahg dispersal rate of the treating
fluid 304 from the storage vessel 302. In an enthedt, the system 300 may also be
configured to determine a second volume 332 ofitrgdluid 304 suspended at the
point-of-departure 136 based on the retained woéér level as may be indicated by
the monitored absolute humidity level. Computing tifference between the first
and second volumes may indicate the portion ofiteevolume of the treating fluid

304 precipitated/impacted onto the component(s) 102
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[0085] In an embodiment, the operator/controller 400 ndjysd the treating
mist volume delivered to the annular inlet 120tsat the second volume is less than
or equal to 35% of the first volume. In other warthe system 300 may, in an
embodiment, be configured to deliver the treatingti®12 at a treating mist volume
and flowrate at which 65% or more of the treatingtr812 is deposited within the
core engine 114. This may, for example, be degriaban embodiment wherein the
engine 100 is in a cold, thermally stable condititfowever, for a hot engine 100,
excess treating fluid 30 may be introduced to tigiree 100 so as to accelerate the
cooling and wetting of the surfaces of the compdt(s¢ri02. Accordingly, the second
volume may exceed 35% of the first volume. It dtdoe appreciated that ensuring
that no more than 35% of the treating mist 312 gmssmpletely through the core
engine 114 once the core engine 114 is cooled msyre that the system 300 is
operating in an efficient manner. For example dfficient manner may be defined
by the execution of a treating cycle within 15 mesiwhich consumes less than 57
liters of treating fluid 304.

[0086] Referring again to FIG. 1, in an embodiment, thetesy 300 may
include at least one blocking element 334 circuisty the annular inlet 120.
Additionally, in an embodiment, the blocking elert{sh334 may circumscribe the
array of nozzles 320. The blocking element(s) 824 at least partially occlude the
alternative flow path(s) 148. It should be appatsul that occluding the alternative
flow path(s) 148, may increase the efficiency @& slystem 300 by reducing or
eliminating the portion of the treating mist 312igthmay bypass the flow path(s)
104.

[0087] Referring now to FIG. 4, in an embodiment, the eysB0O0 may be
configured for employment on the engine 100 whike dircraft 336 is parked at a
gate 338 of an airport 340. Accordingly, the eegl®0 may be treated utilizing the
system 300 following a landing 342 or prior to ke@ff 344 without requiring that
the aircraft 336 be moved to a maintenance aréaeddirport 340. For example, the
engine 100 may be cleaned utilizing the systemf8@wing a landing 342 or prior
to a takeoff 344 without requiring that the airti236 be moved to a maintenance
area of the airport 340. It should be apprecithati performing the treating (e.qg.
cleaning) operations described herein while theraift 336 is located at the gate 338
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may reduce or eliminate the amount of time therait@36 is removed from service
for engine treating operations.

[0088] In an embodiment, the system 300 may be configirexecute a
treating cycle which has a duration of 30 minutekess and a consumption of less
than 120 liters. For example, the system 300 neagrbployed to dissolve a portion
of the deposits on the component(s) 102 within iftubes of the cycle initiation with
a consumption of less than 57 liters.

[0089] In an embodiment, following the conclusion of theating cycle, the
delivery assembly 306 may be operably decoupled tie annular inlet 120.
However, as the treating cycle disclosed hereirs tha¢ require a rinse cycle, the
component(s) 102 may remain in a wetted conditmdiofing the operable
decoupling of the delivery assembly 306.

[0090] In an embodiment, the absence of a requiremeige the engine
may be leveraged by supplying a surge portion etibating mist 312 to the core
engine 114 prior to operably decoupling the delnaessembly 306. In such an
embodiment, a soak period may be established folp¥he operable decoupling of
the delivery assembly 306 during which the treafinigl 304 continues affecting the
component(s) 102. For example, the soak periodfarltate the continued
affecting of the deposits on the component(s) J0thb treating fluid 304 following
the operable decoupling of the delivery assembg; 38ccordingly, the surge portion
may increase the wetness of the component(s) hég&ky increasing the
effectiveness of the soak period.

[0091] In an embodiment, following the introduction of titneatment fluid
304, the engine 100 may be placed into a low-poleertemperature operating
condition for a specified duration in order to cdete the treatment operation. For
example, placing the engine 100 into a low-powes, iemp operating condition for
15-60 minutes may melt, cure, and/or oxidize th@odéed treatment fluid 304. The
melting, curing, and/or oxidizing may ensure tling tleposited treatment fluid 304 is
stable on the component(s) 102 prior to the engdebeing brought to full power. It
should be appreciated that bringing the enginet@@0ll power prior to the melting,
curing, and/or oxidizing may aerodynamically andfopugh rapid thermal shock
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remove the treatment fluid 304 before it is bonded/or the treatment operation is
complete.

[0092] The ability to execute a treating cycle within 3bhates or less while
the aircraft 336 is parked at the gate 338 mayifaig an increased treating frequency
relative to current engine treating approachessutd, in an embodiment, the
treating of the component(s) 102 may be repeattghst once every 30 days and/or
engine cycles. For example, the ability to exeeutteaning cycle within 30 minutes
or less while the aircraft 336 is parked at thee g#8 may facilitate an increased
cleaning frequency relative to current engine disguapproaches. As such, in an
embodiment, the removing of the deposit from thmponent(s) 102 may be repeated
at least once every 30 days and/or engine cydesordingly, in an embodiment, the
system 300 may be employed at least once every</tddreat/remove deposits from
the component(s) 102. It should be appreciateda@&ngine cycle may correspond
to a 24-hour period, a takeoff/landing sequencd/ara specified quantity of engine
operating hours.

[0093] In an embodiment, the data on the type and sewaritpntaminants
encountered during the engine’s operations maytibeed to modify the treating
interval. For example, the type and/or severityhef contaminants encountered
during the engine’s operations may be high and imdigate that a reduced treating
(e.g., cleaning) interval may be warranted. Suatiqulate conditions may, for
example, be encountered when operating the en@dénldusty/desert environments
and may justify removing the deposits from the comgnt(s) 102 with the system
300 on a nightly basis.

[0094] It should be appreciated that frequent treatmeiatg pneserve the
efficiency and lifespan of the engine 100. It ddalso be appreciated that the more
frequent treatments, such as cleanings, may, ithgaly, remove a smaller
percentage of the deposits on the component(sjel@izve to traditional water/foam
treatment/washes. However, the effects of freqtreatments may accumulate such
that the combined effect of the frequent treatmentsimulatively greater than any
single water/foam treatment. As a result, thetemad intervals between
treatments/clinics may result in the engine beipgrated in a less-fouled condition
for a greater percentage of the time than is aelhlevunder traditional approaches.
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[0095]  Referring now to FIG. 6, a flow diagram of one emliboent of a method
504 treating at least one component of an instafetlassembled gas turbine engine
is illustrated. The method 500 may be implemeni&dg, for instance, the system
300 discussed above with references to FIGS. El&. 6 depicts steps performed in
a particular order for purposes of illustration aiscussion. Those of ordinary skill
in the art, using the disclosures provided hemsithunderstand that various steps of
the method 500, or any of the methods disclosegiemay be adapted, modified,
rearranged, performed simultaneously, or modiffedarious ways without deviating
from the scope of the present disclosure.

[0096] As shown at (502), the method 500 may include dpgm@oupling a
delivery assembly to an annular inlet of the cae wirbine engine. The delivery
assembly being coupled to a control unit and ag®wessel containing a treating
fluid. As shown at (504), the method 500 may idelatomizing a portion of the
treating fluid with the delivery assembly to deyebtreating mist. The treating mist
may include a plurality of atomized droplets. Aduhally, as shown at (506), the
method 500 may include suspending the atomizedetsopf the treating mist within
an airflow within at least one flow path of the e@as turbine engine. The treating
mist may occupy a cross-sectional area of theaat lene flow path to establish a
simultaneous cross-sectional contact therein.eéstla portion of the atomized
droplets may remain suspended within the at le@stflow path from the annular
inlet to an axial position downstream of a compoes$ the gas turbine engine. As
shown at (508), the method 500 may include impgatinprecipitating a portion of
the treating mist onto the at least one componeasdo wet at least 80% of an
exposed surface of the at least one component.

[0097] FIG. 5 provides a block diagram of an exemplarytiaier 400 that
may be used to implement the methods and systesasiloed herein according to
exemplary embodiments of the present disclosuteud@h described below as a
computing system, it should be appreciated thabme embodiments, the controller
may be an analog system or an electrical systetrdties not include a computing
device. As shown, the computing system 400 mayd@cone or more computing
device(s) 402. The one or more computing devic&f2)may include one or more
processor(s) 404 and one or more memory devic8@) #he one or more
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processor(s) 404 may include any suitable procgsiwice, such as a
microprocessor, microcontroller, integrated circlagic device, or other suitable
processing device. The one or more memory deVid®@ may include one or more
computer-readable media, including, but not limti@dnon-transitory computer-
readable media, RAM, ROM, hard drives, flash drjvether memory devices.
[0098] The one or more memory device(s) 406 may storernmton
accessible by the one or more processor(s) 40kdimg computer-readable
instructions 408 that may be executed by the omeave processor(s) 404. The
instructions 408 may be any set of instructions wizgen executed by the one or more
processor(s) 404, cause the one or more procesd406r 4o perform operations. The
instructions 408 may be software written in anyale programming language or
may be implemented in hardware. In some embodsném instructions 408 may be
executed by the one or more processor(s) 404 twedée one or more processor(s)
404 to perform operations, such as implementingasmaore of the processes
mentioned above.

[0099] The memory device(s) 404 may further store datatdidOmay be
accessed by the processor(s) 404. The data 4¢Onciude one or more table(s),
function(s), algorithm(s), model(s), equation($¢, @ccording to example
embodiments of the present disclosure.

[00100] The one or more computing device(s) 402 may alslode a
communication interface 412 used to communicategXample, with the other
component(s)s of system. The communication interfdl2 may include any suitable
component(s)s for interfacing with one or more reek{s), including for example,
transmitters, receivers, ports, controllers, arésnor other suitable component(s)s.
[00101] The technology discussed herein makes referenceniputer-based
systems and actions taken by and information seamd from computer-based
systems. One of ordinary skill in the art will ogmize that the inherent flexibility of
computer-based systems allows for a great varigbpssible configurations,
combinations, and divisions of tasks and functidypdletween and among
components. For instance, processes discussed heg be implemented using a
single computing device or multiple computing degievorking in combination.

Databases, memory, instructions, and applicaticeg Ime implemented on a single
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system or distributed across multiple systems.tribiged components may operate
sequentially or in parallel.

[00102] This written description uses examples to disctbhedanvention,
including the best mode, and also to enable ansopeskilled in the art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope ahtteamtion is defined by the claims,
and may include other examples that occur to te&sled in the art. Such other
examples are intended to be within the scope ofldims if they include structural
elements that do not differ from the literal langeaf the claims, or if they include
equivalent structural elements with insubstantifiécences from the literal languages
of the claims.

[00103] Further aspects of the invention are provided leystlibject matter of
the following clauses:

[00104] Clause 1. A method for treating at least one corapbaf an
installed and assembled gas turbine engine, theugaise engine comprising a core
gas turbine engine, the core gas turbine enginmpan absence of powered rotation
during the treating, the method comprising: opgrablpling a delivery assembly to
an annular inlet of the core gas turbine engine gdilivery assembly being coupled to
a control unit and a storage vessel containingatitrg fluid; atomizing a portion of
the treating fluid with the delivery assembly tovell®p a treating mist, the treating
mist comprising a plurality of atomized dropletsspending the atomized droplets of
the treating mist within an airflow within at leaste flow path of the core gas turbine
engine, wherein the treating mist occupies a csessional area of the at least one
flow path to establish a simultaneous cross-seatioontact therein, wherein at least
a portion of the atomized droplets remain suspemdtdn the at least one flow path
from the annular inlet to an axial position doweamm of a high-pressure compressor
of the core gas turbine engine; and impacting ecipitating a portion of the treating
mist onto the at least one component so as to wWeast 80% of an exposed, inlet-
facing surface of the at least one component.

[00105] Clause 2. The method of clause 1, wherein the a&shdroplets
have a median diameter of less than or equal tactns and the treating mist has a
fluid-to-air mass ratio of at least 0.025 and léss or equal to 5.0 kilograms of
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treating fluid to kilograms of air.

[00106] Clause 3. The method of any preceding clause, wharthermal
state of the core gas turbine engine is less thaqual to 135% of an ambient air
temperature, and wherein the axial position doweastr of the compressor is an axial
position downstream of the installed and assemipescturbine engine.

[00107] Clause 4. The method of any preceding clause,durth
comprising: establishing an elevated delivery terafuee of the treating mist which
increases a vapor content of the treating mistiwithe at least one flow path.
[00108] Clause 5. The method of any preceding clause,durth
comprising: supplying a surge portion of the tnegumist to the core gas turbine
engine; operably decoupling the delivery assemiagnfthe annular inlet; and
establishing a soak period during which the tregfinid affects at least one of the at
least one component and a deposit thereon.

[00109] Clause 6. The method of any preceding clause, whtre
delivery assembly comprises an array of nozzlegreih each nozzle of the array of
nozzles is configured to develop atomized drogletsng a median diameter of less
than or equal to 5 microns, the method further awsiny: actuating at least one
nozzle of the array of nozzles to establish aitrgahist volume, wherein the treating
mist volume comprises a concentration of atomizegldts within a specified

portion of the at least one flow path, the treatimgt volume being characterized by a
fluid-to-air mass ratio of at least 0.025 and I or equal to 5.0 kilograms of
treating fluid to kilograms of air.

[00110] Clause 7. The method of any preceding clause,durth
comprising: obtaining environmental data, the emvuinental data comprising an
ambient temperature, an ambient pressure, and bhreaintumidity affecting the
installed and assembled gas turbine engine; obtanhata indicative of a thermal
state of the core gas turbine engine; and basé¢deoenvironmental data and the data
indicative of the thermal state of the core gabihe engine, establishing the treating
mist volume delivered to the annular inlet, wherestablishing the treating mist
volume further comprises establishing a treatingt fikdw rate within the at least one
flow path.

[00111] Clause 8. The method of any preceding clause, whtre
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environmental data further comprises data indieadivat least one of a type of
suspended atmospheric particulate, an atmosphaticydate concentration, and an
atmospheric particulate size for an operating emvirent of the installed and
assembled gas turbine engine.

[00112] Clause 9. The method of any preceding clause, whngher
comprising: monitoring an absolute humidity leveaaoint-of-departure from the
installed and assembled gas turbine engine; uigithe monitored absolute humidity
level to determine a percentage of the delivereatitng mist remaining suspended at
the point-of-departure from the installed and addechgas turbine engine; and
adjusting the treating mist volume delivered todheular inlet based on the
determined percentage so as to achieve a desueldotiewetting of the at least one
component.

[00113] Clause 10. The method of any preceding clauséhdurt
comprising: determining a first volume of treatiiigd atomized and delivered as the
treating mist to the annular inlet; determiningeaad volume of treating fluid
suspended at the point-of-departure from the ilestand assembled gas turbine
engine based on the monitored humidity level; caimguhe portion of the first
volume of treating fluid precipitated onto the @t$t one component based on a
difference between the first and second volumed;aaljusting the treating mist
volume delivered to the annular inlet so that theosd volume is less than or equal to
35% of the first volume.

[00114] Clause 11. The method of any preceding clause,enhére

delivery assembly comprises an array of nozzles vadrerein operably coupling the
delivery assembly to the annular inlet further coisgs: positioning the array of
nozzles within the fan section so that an outletaafh nozzle of the array of nozzles
is arranged at an axial location between the fatiseand the annular inlet of the
core gas turbine engine; and circumscribing thayaof nozzles with at least one
blocking element, wherein the at least one bloclalegnent at least partially occludes
an alternative flow path.

[00115] Clause 12. The method of any preceding clauséhdurt
comprising: establishing a negative pressure diffeal between the annular inlet and
a point-of-departure from the installed and assedhghs turbine engine, wherein the
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negative pressure differential draws a portiorheftreating mist through the core gas
turbine engine.

[00116] Clause 13. The method of any preceding clause,eifheperably
coupling the delivery assembly to the annular infehe core gas turbine engine
further comprises operably coupling the deliverseasbly to the annular inlet of the
core gas turbine engine of an aircraft parkedgatta of an airport.

[00117] Clause 14. The method of any preceding clause,eshéeating
the at least one component of the installed anehalsled gas turbine engine is
repeated at least once every 30 days.

[00118] Clause 15. The method of any preceding clauséhdurt
comprising: establishing a treating cycle, whetbmtreating cycle has a duration of
30 minutes or less; and operably decoupling theelgl assembly from the annular
inlet by a conclusion of the treating cycle.

[00119] Clause 16. The method of any preceding clause,eihatomizing
a portion of the treating fluid comprises atomiziags than 120 liters of treating
fluid.

[00120] Clause 17. The method of any preceding clause,enhére
treating fluid comprises a cleaning fluid, wherthe treating mist is a cleaning mist,
and wherein the method further comprises: dissglainleast a portion of a deposit on
the at least one component so as to remove thesiepo

[00121] Clause 18. The method of any preceding clause,enhére
treating fluid comprises a corrosion inhibitor, dw@rosion inhibitor being a catalyst
configured to react with at least one identifiedteoninant so as to inhibit corrosion
of the at least one component.

[00122] Clause 19. The method of any preceding clause,enhére
treating fluid comprises a sealant configured tchrde a contact between a
contaminant and the at least one component.

[00123] Clause 20. The method of any preceding clause,eihatomizing
the portion of the treating fluid further comprisatomizing the portion of the
treating fluid via a vibrating mesh nebulizer sd@sdevelop the plurality of atomized
droplets having a median diameter of at least 2Zonkand less than or equal to 5

microns.
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[00124] Clause 21. The method of any preceding clauséhdurt
comprising: treating an internal passage of tHeastt one component via the
penetration of the internal passage by the atondreplets, wherein penetration of

the internal passage removes at least a portiardeposit therein.
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WHAT IS CLAIMED IS:

1. A method for treating at least one componertroinstalled and
assembled gas turbine engine, the gas turbine @egmprising a core gas turbine
engine, the core gas turbine engine having an absgfrpowered rotation during the
treating, the method comprising:

operably coupling a delivery assembly to an annulat of the core gas
turbine engine, the delivery assembly being coufieal control unit and a storage
vessel containing a treating fluid;

atomizing a portion of the treating fluid with tdelivery assembly to develop
a treating mist, the treating mist comprising aality of atomized droplets;

suspending the atomized droplets of the treatirgj within an airflow within
at least one flow path of the core gas turbinerengiherein the treating mist
occupies a cross-sectional area of the at leasti@ngath to establish a
simultaneous cross-sectional contact therein, vilhatdeast a portion of the
atomized droplets remain suspended within theaast lene flow path from the annular
inlet to an axial position downstream of a highgstege compressor of the core gas
turbine engine; and

impacting or precipitating a portion of the tregtimist onto the at least one
component so as to wet at least 80% of an expadettfacing surface of the at least
one component.

2. The method of claim 1, wherein the atomized kitgghave a median
diameter of less than or equal to 5 microns andréeing mist has a fluid-to-air
mass ratio of at least 0.025 and less than or équa0 kilograms of treating fluid to
kilograms of air.

3. The method of claim 1, wherein a thermal stétb@ core gas turbine
engine is less than or equal to 135% of an amgier@bsolute temperature, and
wherein the axial position downstream of the higéspure compressor is an axial
position downstream of the installed and assemipescturbine engine.

4, The method of claim 1, further comprising:

establishing an elevated delivery temperature etrdating mist which
increases a vapor content of the treating mistiwithe at least one flow path.
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5. The method of claim 1, further comprising:

supplying a surge portion of the treating misthte tore gas turbine engine;

operably decoupling the delivery assembly fromaheular inlet; and

establishing a soak period during which the tregfinid affects at least one of
the at least one component and a deposit thereon.

6. The method of claim 1, wherein the delivery agslg comprises an
array of nozzles, wherein each nozzle of the anfayzzles is configured to develop
atomized droplets having a median diameter oftless or equal to 5 microns, the
method further comprising:

actuating at least one nozzle of the array of resztt) establish a treating mist
volume, wherein the treating mist volume comprgesncentration of atomized
droplets within a specified portion of the at leaseé flow path, the treating mist
volume being characterized by a fluid-to-air maggorof at least 0.025 and less than
or equal to 5.0 kilograms of treating fluid to lgl@ams of air.

7. The method of claim 6, further comprising:

obtaining environmental data, the environmentah datmprising an ambient
temperature, an ambient pressure, and an ambianitliy affecting the installed and
assembled gas turbine engine;

obtaining data indicative of a thermal state of¢bee gas turbine engine; and

based on the environmental data and the data indkaaf the thermal state of
the core gas turbine engine, establishing theitrgatist volume delivered to the
annular inlet, wherein establishing the treatingtmolume further comprises
establishing a treating mist flow rate within thidemst one flow path.

8. The method of claim 7, wherein further compugsin

monitoring an absolute humidity level at a poirtdefparture from the
installed and assembled gas turbine engine;

utilizing the monitored absolute humidity leveldetermine a percentage of
the delivered treating mist remaining suspendebeapoint-of-departure from the
installed and assembled gas turbine engine; and

adjusting the treating mist volume delivered todheular inlet based on the
determined percentage so as to achieve a desueldoliewetting of the at least one

component.
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9. The method of claim 8, further comprising:

determining a first volume of treating fluid atomtzand delivered as the
treating mist to the annular inlet;

determining a second volume of treating fluid susieel at the point-of-
departure from the installed and assembled gaseidmgine based on the monitored
humidity level;

computing the portion of the first volume of treafifluid precipitated onto the
at least one component based on a difference betthedirst and second volumes;
and

adjusting the treating mist volume delivered todhaular inlet so that the
second volume is less than or equal to 35% ofiteevolume.

10. The method of claim 1, wherein the deliveryeasisly comprises an
array of nozzles, and wherein operably couplingdilevery assembly to the annular
inlet further comprises:

positioning the array of nozzles within a fan sectof the gas turbine engine
so that an outlet of each nozzle of the array aztes is arranged at an axial location
between the fan section and the annular inlet@ttre gas turbine engine; and

circumscribing the array of nozzles with at least blocking element,
wherein the at least one blocking element at leadtally occludes an alternative
flow path.

11.  The method of claim 1, further comprising:

establishing a negative pressure differential betwtee annular inlet and a
point-of-departure from the installed and assempkesiturbine engine, wherein the
negative pressure differential draws a portiorheftreating mist through the core gas
turbine engine.

12.  The method of claim 1, wherein operably couptime delivery
assembly to the annular inlet of the core gas mearlkeingine further comprises
operably coupling the delivery assembly to the #&mialet of the core gas turbine
engine of an aircraft parked at a gate of an airpor

13.  The method of claim 1, wherein treating thieast one component of
the installed and assembled gas turbine engirepesated at least once every 30 days.

14. The method of claim 1, further comprising:
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establishing a treating cycle, wherein the treatipgje has a duration of 30
minutes or less; and

operably decoupling the delivery assembly fromaheular inlet by a
conclusion of the treating cycle.

15 The method of claim 1, wherein atomizing a porif the treating
fluid comprises atomizing less than 120 litersre&ting fluid.

16. The method of claim 1, wherein the treatingdficomprises a cleaning
fluid, wherein the treating mist is a cleaning métd wherein the method further
comprises:

dissolving at least a portion of a deposit on thieast one component so as to
remove the deposit.

17. The method of claim 1, wherein the treatingdficomprises a
corrosion inhibitor, the corrosion inhibitor beiagatalyst configured to react with at
least one identified contaminant so as to inhibit@sion of the at least one
component.

18. The method of claim 1, wherein the treatingdfikcomprises a sealant
configured to preclude a contact between a contambiand the at least one
component.

19. The method of claim 1, wherein atomizing theipa of the treating
fluid further comprises:

atomizing the portion of the treating fluid via @rating mesh nebulizer so as
to develop the plurality of atomized droplets hgvanmedian diameter of at least 2
microns and less than or equal to 5 microns.

20. The method of claim 1, further comprising:

treating an internal passage of the at least omgoaent via the penetration
of the internal passage by the atomized dropletgr@in penetration of the internal

passage removes at least a portion of a deposdithe
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