SYSTEM AND METHOD FOR CLEANING DEPOSIT FROM A COMRENT
OF AN ASSEMBLED, ON-WING GAS TURBINE ENGINE

FIELD

[0001] The present subject matter relates generally taughse engines, and
more particularly, to systems and methods for ¢leadeposits from components of

gas turbine engines.

BACKGROUND

[0002] A typical aircraft-mounted gas turbine engine imigls gas turbine
engine components having very fine cooling passtgedsallow 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 onrtipgngement cooled surfaces
during turbine engine operation. In addition, galtate matter entrained in the air
that enters the turbine engine and the coolinggggesscan contain sulfur-containing
species that can corrode the components. Suclsidepan lead to reduced cooling
effectiveness of the components and/or corrosiaetien with the metals and/or
coatings of the engine components. Thus, depcaitdead to premature distress
and/or reduced engine life. Additionally, accuntioias of environmental
contaminants (e.g. dust-reacted and unreacted, sangcan degrade aerodynamic
performance of the high-pressure components andrlawvel efficiency of the engine
through changes in airfoil morphology. For exampleaning the blades and vanes
of the compressor may improve the efficiency of pagssion and result in a lower
exit temperature for the compressor. This, in,taray result in a lower operating
temperature of the hot section of the engine, whely increase the operating life of
the various components.

[0003] Accordingly, an improved method to clean gas twl@ngine

components would be useful.



BRIEF DESCRIPTION

[0004] Aspects and advantages of the invention will béa#t 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 directadnethod for
removing a deposit from at least one componenh@&ssembled, on-wing gas turbine
engine. The gas turbine engine may include agaseurbine engine positioned
downstream of a fan section. The core gas turbnggne may have an absence of
powered rotation during the removal of the deposhie method may include
operably coupling a delivery assembly to an annulat of the core gas turbine
engine. The delivery assembly may be coupleddondérol unit and a storage vessel
containing a cleaning fluid. The method may atsdude atomizing a portion of the
cleaning fluid with the delivery assembly to deyefocleaning mist. The cleaning
mist may include a plurality of atomized droplefhe method may include
suspending the atomized droplets of the cleanirg within an airflow within at least
one flow path of the core gas turbine engine. dlbaning 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 endhaglitionally, the method may
include impacting or precipitating a portion of ttleaning mist onto the
component(s) so as to wet at least 80% of an erlpadet-facing surface of the
component(s). Further, the method may includeotiisgy at least a portion of the
deposit on the component(s).

[0006] In an embodiment, the atomized droplets may hawnedian diameter
of less than or equal to 50 microns and the clepmiist has a fluid-to-air mass ratio
of at least 0.05 and less than or equal to 5.@kalms of cleaning 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 temperature and the axial
position downstream of the compressor may be aal prsition downstream of the



on-wing gas turbine engine.

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

[0009] In an embodiment, the method may include supplgisgrge portion
of the cleaning mist to the core gas turbine engiffee method may also include
operably decoupling the delivery assembly fromaheular inlet. Further, the
method may include establishing a soak period dusihich the cleaning fluid affects
the deposit.

[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 50 microns. The
method may also include actuating at least oneleafzhe array of nozzles to
establish a cleaning mist volume. The cleaning wokime may include a
concentration of atomized droplets within a spedifportion of the flow path(s). The
cleaning mist volume may be characterized by a{tatair mass ratio of at least 0.05
and less than or equal to 5.0 kilograms of cleafling to kilograms of air

[0011] In a further embodiment, the method may includaioirg
environmental data. The environmental data maydecan ambient temperature, an
ambient pressure, and an ambient humidity affed¢hiegon-wing gas turbine engine.
The method may also include obtaining data indieadif a thermal state of the core
gas turbine engine. Based on the environmentalatad the data indicative of the
thermal state of the core gas turbine engine, thitnad may include establishing the
cleaning mist volume delivered to the annular inEstablishing the cleaning mist
volume may also include establishing a cleaning ftoss rate within the flow
path(s).

[0012] In an embodiment, the method may include monitoangbsolute
humidity level at a point-of-departure from the wmg gas turbine engine. The
method may also include utilizing the monitored ity level to determine a
percentage of the delivered cleaning mist remaisugpended at the point-of-
departure from the on-wing gas turbine engine. i#althlly, the method may include
adjusting the cleaning mist volume delivered todhaular inlet based on the



determined percentage so as to achieve a desueldliewetting of the component(s).
[0013] In an additional embodiment, the method may incldetermining a
first volume of cleaning fluid atomized and deliedras the cleaning mist to the
annular inlet. The method may also include deteimgia second volume of cleaning
fluid suspended at the point-of-departure fromdheving gas turbine engine based
on the monitored humidity level. Additionally, theethod may include computing
the portion of the first volume of cleaning fluidegipitated onto the component(s)
based on a difference between the first and seeolugnes. Further, the method may
include adjusting the cleaning mist volume delidei@ the annular inlet so that the
second volume is less than or equal to 35% ofiteeviolume.

[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 the fan section so that an
outlet of each nozzle of the array of nozzlesiaraged at an axial location between
the fan section and the annular inlet of the ca®tgrbine engine. Additionally, the
method may include circumscribing the array of nezavith at least one blocking
element. The blocking element(s) may at leasigigrocclude an alternative flow
path.

[0015] In an embodiment, removing the deposit from the moment(s) of the
on-wing gas turbine engine may be repeated at tewst every 30 days.

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

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

[0018] In an additional aspect, the present disclosudééxted to a system
for cleaning deposits from at least one componeah@ssembled, on-wing gas
turbine engine. The on-wing gas turbine engine melyde a core gas turbine
engine positioned downstream of a fan section. drfeiing gas turbine engine may
have an absence of powered rotation during the vahud deposits. The system may
include a storage vessel containing a cleaning.fldihe system may also include a



delivery assembly operably coupled to the storagsel and a control unit. The
delivery assembly may include at least one nozZle nozzle may be configured to
atomized a portion of the cleaning fluid to devetopleaning mist. The cleaning mist
may include a plurality of atomized droplets. Htemized droplets may have a
median diameter facilitating suspension of the &ecdhdroplets within the flow
path(s) of the core gas turbine engine from an lanrmuiet of the core gas turbine
engine to an axial position downstream of a higkspure compressor of the core gas
turbine engine. The cleaning mist may occupy aszsestional area of the flow
path(s) to establish a simultaneous cross-sectamdhct therein. Additionally, the
system may include a flow generation assembly. fl0ve generation assembly may
be oriented to facilitate a passage of the cleamiigg along the flow path(s) of the
core gas turbine engine. It should be apprecidt@idthe system may further include
any of the features described herein.

[0019] These and other features, aspects and advantatfesmesent
invention will become better understood with refer@to the following description
and appended claims. The accompanying drawingshvane 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

[0020] A full and enabling disclosure of the present irtiem including the
best mode thereof, directed to one of ordinary skihe art, is set forth in the
specification, which makes reference to the appefideres, in which:

[0021] FIG. 1 shows a schematic cross-sectional view efembodiment of a
gas turbine engine and a system for cleaning despiosm a component of the gas
turbine engine according to the present disclosure;

[0022] FIG. 2 shows a schematic view of a portion of the wirbine engine
of FIG. 1 and an embodiment of the system for dlepdeposits according to the
present disclosure.

[0023] FIG. 3 shows a schematic view of a portion of the wirbine engine
of FIG. 1 and an embodiment of the system for dleadeposits according to the



present disclosure.
[0024] FIG. 4 shows a schematic view of an embodimentsyfséem for
cleaning deposits according to the present discépsund
[0025] FIG. 5 depicts an exemplary controller such asif® in the
exemplary systems of FIGS. 1- 4; and
[0026] FIG. 6 illustrates a flow diagram of one embodimeaind method for
removing a deposit from a component of the gagniarengine of FIG. 1 according to
the present disclosure.
[0027] 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

[0028] Reference now will be made in detail to embodimeithe 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 inventiohowit 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 raghge claims and their equivalents.
[0029] 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.

[0030] As used herein, the term “vapor” refers to a sutzstan the gaseous
state, as distinguished from the liquid or solatest

[0031] The terms “upstream” and “downstream” refer torlative 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.



[0032] As used herein, the phrases "constructed of CM@d"eomprised of
CMCs" shall mean component(s)s substantially canttd of CMCs. More
specifically, the CMC component(s)s shall includeren"CMC material than just a
layer or coating of CMC materials. For example,¢bmponent(s)s constructed of
CMCs may be comprised or constructed substantalgntirely of CMC materials,
including greater than about 50, 60, 70, 80, 90,0ér percent CMC material.

[0033] Certain approaches for treating assembled engiags ey on foam or
liquids. However, the physical characteristicshaf treating medium may impose
limits on the engine surfaces which may be affect&dditionally, certain approaches
to cleaning engines on-wing may require the aitdmabe positioned in a
maintenance area of an airfield and taken out wicefor an undesirable length of
time. For example, certain approaches may redjuatethe aircraft be taken out of
service for 4-9 hours and may require the disasBeaiita portion of the engine, the
presence of a crew in a cockpit, and/or an extgroader source to rotate the engine.
As a result of these drawbacks, it may not be mrador these cleaning approaches
to be practiced more than 2-4 times per year. eXtended intervals between
cleanings may result in the engine being operatedfouled condition for a greater
percentage of the time.

[0034] 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 cleaning/removing depositéf components of an assembled,
on-wing gas turbine engine. The methods of theguredisclosure generally provide
for introducing a cleaning mist into the annuldetrof the engine. The cleaning mist
may include atomized particles of a cleaning fiwitich are sized to permit the
cleaning mist to remain suspended in a flow patthefcore engine at least to a
location downstream of a high-pressure compresasithe cleaning mist flows along
the flow path, the atomized particles may encouvdeious components of the
engine. When encountering the various compon#drgsatomized particles may
impact the component and/or precipitate onto thepmnent thereby wetting the
component with the cleaning fluid. By utilizingetleleaning mist, the methods
described herein may be accomplished in 30 mirutésss without requiring the
disassembly or rotation of the engine. Additiopaihe utilization of the cleaning



mist to wet the components facilitates an efficideining cycle utilizing less than
120 liters cleaning fluid.

[0035] Referring now to the drawings, FIG. 1 illustratesr@ss-sectional view
of one embodiment of an assembled, on-wing gaseidngine 100 that may be
utilized with an aircraft in accordance with asgeaftthe present subject matter, the
engine 100 is shown having a longitudinal or ag@iterline axis 112 extending
therethrough for reference purposes. In an embeatinthe engine 100 may include
at least one component 102 configured to affecrign of ambient air entering the
engine 100. The component(s) 102 may include aityecelements of the engine
100 discussed herein. In an embodiment, the coenis) 102 may, for example, be
formed from CMC, titanium, steel, aluminum, nickehromium and/or combinations
thereof. Additionally, it should be appreciatedtttvhile the engine 100 is depicted in
FIG. 1 as a turbofan jet engine, the systems arttlade described herein may be
employed on any turbomachine including, but nottlehto, high-bypass turbofan
engines, low-bypass turbofan engines, turbojetreggiturboprop engines, turboshaft
engines, propfan engines, and so forth.

[0036] 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

[0037] 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.

[0038] 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.

[0039] Referring still to FIG. 1, in an embodiment, an tdibine 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 the 130.

[0040] In an embodiment, a low-pressure (LP) turbine 13% bye serially
arranged at an axial position downstream of thedwiBine 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 LRedhaft 134 may be generally
coaxial with HP driveshaft 130.

[0041] As depicted in FIG. 1, the flow path(s) 104 may camicatively
couple the annular inlet 120 with a point-of-depeet136 from the engine 100. For
example, in operation, after driving the HP turblr®8 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 agxmaust nozzle to provide
propulsive jet thrust.

[0042] It should be appreciated that each turbine mayrgéyenclude 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 thiedigre axis 112 of the engine 100
for turning or otherwise directing the flow of coagtion 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.

[0043] Additionally, as shown in FIG. 1, the fan sectidr6Dof 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.sAch, 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 Irid4n embodiment, the
alternative flow path(s) 148 may provide additiopedpulsive jet thrust.

[0044] As shown in FIGS. 1-4, in an embodiment, a systéthrBay be

utilized to clean deposits from the component(®) abthe assembled, on-wing gas
turbine engine 100. The system 300 may be employesh the core engine 114 is
essentially stationary and not being rotated wveaapplication of a power source. The
system 300 may include a storage vessel 302 camgaancleaning fluid 304. The
system 300 may also include a delivery assemblyap@Bably coupled to the storage
vessel 302 and a control unit 308. The delivesgasbly 306 may include at least
one nozzle 310 configured to atomize a portiorhefdleaning fluid 304 in order to
develop a cleaning mist 312. The cleaning misti®a% include a plurality of
atomized droplets. The atomized droplets may laavedian diameter, and thus
mass, which facilitates suspension of the atomizeglets within the flow path(s)
104 of the core engine 114. In an embodiment,ragooof the atomized droplets of
the cleaning mist 312 may be suspended within dlowai318 within the flow path(s)
104 from the annular inlet 120 to an axial posit{ah downstream of the HP
compressor 124. The cleaning mist 312 may occuppss-sectional area of the flow
path(s) 104 to establish a simultaneous crossesedtcontact therein. In other
words, in an embodiment, the cleaning mist 312 essentially fill the flow path(s)
104 at a given axial location without requiringtttfae engine 100 be rotated. The
system 300 may also include a flow generation asbe8i4 which may be oriented
to facilitate a passage of the cleaning mist 3ba@kthe flow path(s) 104 of the core
engine 114.

[0045] In an embodiment, the cleaning fluid 304 may inelaay suitable
composition now known or later developed in the &dr example, in an
embodiment, the cleaning fluid 304 may includeadbgradable citric and/or
glycolic-acid composition including both ionic andn-ionic surfactants and/or
corrosion inhibition properties. Accordingly, thieaning fluid 304 may be
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compatible with all coatings and components 10&rirdl and external to the engine
100 and suitable for on-wing application. The olag fluid 304 may be utilized
without requiring a rinse step prior to firing taegine 100 following the cleaning.
The cleaning fluid 304 may demonstrate no pittinga@sion or intergranular attack to
engine parent metals or coding systems. Accongjrigé cleaning fluid 304 may be a
water-based cleaning fluid. For example, in an@airbent, the cleaning fluid 304
may be a water-detergent combination. In a furémelbodiment, the cleaning fluid
304 may be water without a detergent. Additionaltg water may be treated to
remove potential contaminants, such as by distia&nd/or deionization.

[0046] The cleaning fluid 304 may be configured to affihet component(s)
102 by wetting the component(s) 102. The wettihtpe component(s) 102 may, in
an embodiment, include the formation of a liquichfthat substantially covers an
exposed surface of the component(s) 102. For ebeartine system 300 may be
configured to form a liquid film over greater th@s% (e.g., at least 80%) of the
exposed, inlet-facing surface of the component(®) (&.g., blades and vanes of the
HP compressor 124).

[0047] It should be appreciated that the wetting of thegonent(s) 102 may
permit the cleaning fluid 304 to dissolve/de-borbéation of the deposit on the
component(s) 102. The dissolution of a portiothefdeposit may weaken a bond
between the deposited contamination and the sudfattee component(s) 102. In
such an embodiment, the weakened bond may perrmati@itional portion of the
deposited contamination to be removed by thermadymand/or mechanical forces
during a startup of the engine 100.

[0048] In an embodiment, the cleaning fluid 304 may befigoned to be
delivered to the engine 100 at a constant rateanladditional embodiment, the
cleaning fluid 304 may be delivered to the engifié at a variable rate. For example,
in an embodiment, a first portion of the cleanihgd 304 may be delivered at the
initiation of the cleaning cycle so as to rapidllget the component(s) 102. The
amount of cleaning fluid 304 delivered to the eegimay then be reduced and the
wetted component(s) 102 may be permitted to s@aking the soak, a desired level
of wetness may be maintained via a second porfigimeocleaning fluid 304, which
may be less than the first portion of the cleariinigl 304. Following at least one
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soak. A third portion of the cleaning fluid 304 yrize introduced so as to increase the
wetness of the component(s) 102. As is more fidlycribed below, the third portion
of the cleaning fluid 304 may be considered a spagéon

[0049] In an embodiment, atomizing a portion of the clagrfluid 304 with
the delivery assembly 306 may develop the cleamisg 312. The cleaning mist 312
may include a plurality of atomized droplets of theaning fluid 304 suspended in a
volume of gas, such as a volume of atmosphericFaor.example, in an embodiment
wherein the cleaning fluid 304 is a water-basedml®y fluid, the development of the
cleaning mist 312 may result in a supersaturat@drveomponent of the cleaning
mist 312 having a water content in excess of taainally occurring under prevailing
ambient conditions. In other words, the atomizabbthe water of the cleaning fluid
304 may result in a portion of the atomized draptataporating in the air to which
the atomized droplets of the cleaning fluid 304iateoduced, thereby raising the
fluid content of the resultant vapor componenthef ¢leaning mist 312. The
remaining portion of the atomized cleaning fluidi®mprising the cleaning mist
312 may remain as water and/or water-detergentietowhich are entrained in a
flow of the vapor component. In an embodiment,dieaning mist 312 may have a
fluid-to-air mass ratio of at least 0.05 and ldwmtor equal to 5.0 kilograms of
cleaning fluid to kilograms of air. For example,an embodiment, the fluid-to-air
mass ratio may be at least 1.0 and less than 4.0.

[0050] It should be appreciated that the effectiveneshetleaning mist 312
may be increased by heating the cleaning fluid B@4ting the portion of air into
which the atomized droplets of the cleaning fludt &re introduced, and/or
increasing the delivery pressure of the cleaninglf804 prior to delivery of the
cleaning mist 312 to the annular inlet 120. Swdhhiques may increase the fluid
content of the cleaning mist 312 thereby facilitgtthe wetting of the component(s)
102. For example, for a water-based cleaning f8@id, the cleaning fluid 304 may
be expelled by the nozzle 310 at a temperature 85 to 260°C and/or a pressure
from 10 kPa to 3,500 kPa. In such an embodimbatehgine 100 to be cleaned may
be at a standard atmosphere of 15°C at 101.325 Wpan delivery to the annular
inlet, the cleaning fluid 304 may encounter lowergsure and temperature conditions
than the delivery pressure and temperature, sathhh treatment compound
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vaporizes (if not already a vapor). Because thiemaased treatment compound has
a delivery pressure (partial pressure) from 103tRP3447 kPa, and the saturation
pressure of a water-based compound at 15°C is dbodb kPa, the resultant vapor
may be supersaturated. It should be appreciatgdhb term “supersaturated,” as
used herein, refers to a vapor of a compound thehigher partial pressure than the
vapor pressure of the compound.

[0051] In order to increase the temperature of the clepfhiind 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) 3i6heagositioned in thermal
contact with the cleaning mist 312 so as to eshtan elevated delivery temperature
of the cleaning mist 312 relative to the ambientgerature which increases the vapor
content of the cleaning mist 312. For exampl@rnrembodiment, the heating
element(s) 316 may be positioned in thermal contéttthe cleaning fluid 304
contained within the storage vessel 302. In aitiatiel embodiment, the heating
element(s) 316 may be positioned in thermal comttan airflow 318 generated by
the flow generation assembly 314. Positioningrthating 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 cleaning fluidt &re introduced.

[0052] Referring still to FIGS. 1-4, in an embodiment, #temized droplets

of the cleaning 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 atoediziroplets 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. As a result of the
deceleration, the airflow 318 may lack the necgssaergy to retain atomized
droplets above a specified mass, as defined bsndtkan diameter. When the energy
level of the airflow 318 drops below a given thr@shfor atomized particles of a
given size, the atomized particles may depart itilea 318 and impact/precipitate
within the core engine 114. Further, for atomipadicles a ball of a given size, the
inertial energy of the particles may result in #temized particles departing the
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airflow 318. Accordingly, in order for at leaspartion of the atomized droplets to
remain suspended within the flow path(s) 104 framdnnular inlet 120 to the axial
position (A), in an embodiment, the atomized drtgpteay have a median diameter of
less than or equal to 50 microns.

[0053] In an additional embodiment, the supportabilityhe cleaning mist

312 within the flow path(s) 104 may be enhancethleyformation of a cleaning mist
312 having atomized droplets with a median diamgteater than or equal to 5
microns and less than or equal to 15 microns.therovords, in an embodiment
wherein the water and/or water-detergent droplat®la median diameter in a range
between 5 and 15 microns inclusive, the dropletg Ioesentrained in the flow of the
vapor component which through the core engine Hat.example, in an
embodiment, a thermal state of the core enginenidylbe less than or equal to 135%
of an ambient air temperature in degrees Celdiusuch an embodiment, the median
diameter of the atomized droplets may facilitapoetion of the cleaning mist 312
remaining suspended within the airflow 318 to aialgxosition downstream (B) of
the on-wing gas turbine engine 100.

[0054] In order to develop droplets having the requiredliare diameter, the
delivery assembly 306 may atomize a portion ofdleaning fluid 304. For example,
the delivery assembly 306 may utilize the nozzle ®Rildevelop the cleaning 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 cleaning fluid 304. For example,¢teaning fluid 304 may be drawn
through the orifice(s) via a pressure differergialoss the orifice(s). Alternatively,
the cleaning fluid 304 may be driven through théaa(s) by the development of a
higher pressure within the storage vessel 302 @héme 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 facilitatepphssage of the cleaning mist 312
along the flow path(s) 104.

[0055] In an additional embodiment, the nozzle 310 magdrdigured as an
ultrasonic transducer. In such an embodimentntdzzle 310 may be inserted into a
portion of the cleaning fluid 304 so as to atonazgortion of the cleaning fluid 304.
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The resultant atomized portion may be drawn froendleaning fluid 304 by the flow
generation assembly 314 for delivery to the annulat 120.

[0056] As depicted in FIG. 2, the nozzle 310 may be paséd upstream of
the fan section 116 and operably coupled to thelanmlet 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 maydgcfour or more nozzles 310.
As depicted in FIG. 1, the array of nozzles 320 tmarranged 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 oorrespond 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.

[0057] In an embodiment wherein the delivery assemblyiB0lides the
array of nozzles 320, modifying the number noz3E8 employed to atomize the
portion of the cleaning fluid 304 may affect thexcentration of atomized droplets
within a specified portion 330 of the flow path{€4. As such, modifying the
number of nozzles 310 may establish a cleaningwoisime. For example, in an
embodiment wherein the entire array of nozzlesi82@tivated, the concentration of
atomized droplets may be greater than in an embarimherein the majority of the
array of nozzles 320 are idle.

[0058] 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. mauembodiment, the atomization
of the cleaning fluid 304 may occur in, or adjacenthe 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.
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[0059] 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 cleaning mist 318@lbe 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 aspheric 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 tbe fgeneration assembly may be
positioned upstream of the annular inlet 120 whanrfigured to accelerate or drive
the airflow 318 and may be positioned downstreatm@fengine 100 when
configured to draw the cleaning mist 312 throughftow path(s) 104.

[0060] In an embodiment, the flow generation assemblyr@ay be
configured to establish a pressure differentiaMeen 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 dheecteaning fluid 304 through
the nozzle 310, but the venting of the compressgetiugh the nozzle 310 may
create a region of increased pressure in fluid camoation with the annular inlet
120. The region of increased pressure may drieelganing mist 312 through the
flow path(s) 104. In a further embodiment, a hpghssure region may be established
adjacent to the annular inlet 120 via the heating ortion of atmospheric air
adjacent to the annular inlet 120. In yet a furdrabodiment, the flow generation
assembly 314 may be positioned downstream of thmeri00 and configured to
establish a low-pressure region adjacent to thetymftdeparture 136.

[0061] 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 erigide The cleaning mist 312 may
be drawn through the flow path(s) 104 via the cative current.

[0062] 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
remove a deposit from the component(s) 102 of éserabled, on-wing gas turbine
engine 100. In at least one embodiment, the cbafib may include various readouts
configured to provide the operator with informatmmcerning the cleaning of the
engine 100 and various manual controls configuogatdvide the operator with the
necessary degree of control over the methods testcherein to remove deposits
from the component(s) 102. In an additional emivaxhit, the control unit 308 may
also include a controller 400. The controller 488y also be configured to
implement the methods discussed herein to remavddhposit from the component(s)
102 of the engine 100. It should be appreciatatttie controller 400 may be
employed in combination with various manual corgttanhd displays to facilitate an
operator’s control of the methods described herein.

[0063] In an embodiment, removing the deposit from the moment(s) 102
may include the operator/controller 400 obtaininginmental data indicative of the
environmental conditions affecting the on-wing gabine engine. For example, the
environmental data may include an ambient tempera&un ambient pressure, and an
ambient humidity affecting the 100. In an embodiimée environmental data may
also include data indicative of the type of susgehatmospheric particulate (e.g.
dust-reacted and unreacted, sand, etc.), an atmaesplarticulate concentration,
and/or an atmospheric particulate size for an dpgra@nvironment of the engine 100.
In other words, the environmental data may incldat& on the type and severity of
contaminants encountered during the engine’s adpesat It should be appreciated
that the information concerning the encounteretiqqdates may be utilized by the
operator/controller 400 to determine a cleaninglftomposition, cleaning operation
duration and/or cleaning operation frequency.httidd further be appreciated that the
environmental data may be obtained from any swataburce, such as a plurality of
sensors, an external provider, and/or a lookugetabl

[0064] The operator/controller 400 may also obtain daticative of the
thermal state of the core engine 114. The thestad® may indicate a difference
between the temperature of components within tihe engine 114 and the ambient
temperature. The data indicative of the thernatbstnay be obtained via at least one
sensor and/or via a lookup table. For examplethitbanal state may be determined
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relative to an elapsed time since engine shutdavderuambient atmospheric
conditions. Based on the environmental data aadl#ta indicative of the thermal
state, the operator/controller 400 may establistctbaning mist volume delivered to
the annular inlet 120. For example, establishimggdleaning mist volume may
include actuating a nozzle 310 to establish a aanggon of atomized droplets within
a specified portion 330 of the flow path(s) 104 apecified time interval.
Additionally, establishing the cleaning mist volumeay also include establishing a
cleaning mist flow rate within the flow path(s) 10Establishing the cleaning mist
flow rate may include establishing/modifying thdogty of the airflow 318. It

should be appreciated that the velocity of thd@irf318 in conjunction with the
number of nozzles 310 actuated may affect the taasutiensity of the cleaning mist
312 within the flow path(s) 104.

[0065] Referring still to FIG. 1, in an embodiment, thetgyn 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 timérabunit 308 and may be
positioned at the point-of-departure 136 from tegemnbled, on-wing, gas turbine
engine 100. The electronic sensor 328 may moanabsolute humidity level and/or
guantity of liquid water droplets at the point-afghrture 136. The absolute humidity
level/ water droplet quantity may be utilized b thperator/controller 400 to
determine a percentage of the delivered cleanisg 3di2 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 correabedhfe 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 cleaning mist 312
introduced to the annular inlet 120 which remaimspended at the point-of-departure
136.

[0066] Utilizing the determined percentage of the cleammst 312 remaining
suspended at the point-of-departure 136, the apécantroller 400 may, in an
embodiment, adjust the cleaning mist volume dedigidp 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
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system 300 is activated, a significant percentddkeocleaning 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 needtwaase the cleaning 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 cleaning mist 312 remains suspendeckgidmt-of-departure 136. In
such an embodiment, the operator/controller 400 redyice the cleaning mist
volume and/or the velocity of airflow 318 so asrtprove the efficiency of the
system 300. Accordingly, in an embodiment, a dlegoycle of the engine 100 may
consume less than 57 liters of cleaning fluid 304.

[0067] In an embodiment, such as particularly depictel®dS. 2 and 3, the
system 300 may be configured to determine a fogime of cleaning fluid 304
atomized and delivered as the cleaning mist 31Bd@nnular inlet. The first volume
may, for example, be determined via the monitoahg dispersal rate of the cleaning
fluid 304 from the storage vessel 302. In an enthedt, the system 300 may also be
configured to determine a second volume 332 ofnohgpfluid 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 cleaning fluid
304 precipitated/impacted onto the component(s) 102

[0068] In an embodiment, the operator/controller 400 ndjyst the cleaning
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 cleaningt 8112 at a cleaning mist volume
and flowrate at which 65% or more of the cleaningtr@12 is deposited within the
core engine 114. This may, for example, be delsinaban embodiment wherein the
engine 100 is in a cold, thermally stable conditibfowever, for a hot engine 100,
excess cleaning fluid 30 may be introduced to tiggree 100 so as to accelerate the
cooling and wetting of the surfaces of the compd($¢102. Accordingly, the second
volume may exceed 35% of the first volume. It dtddoe appreciated that ensuring
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that no more than 35% of the cleaning mist 312gmsempletely 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 dfiicient manner may be defined
by the execution of a cleaning cycle within 15 ni@suwhich consumes less than 57
liters of cleaning fluid 304.

[0069] Referring again to FIG. 1, in an embodiment, theeay 300 may
include at least one blocking element 334 circumsygy the annular inlet 120.
Additionally, in an embodiment, the blocking elert{sh334 may circumscribe the
array of nozzles 320. The blocking element(s) B34 at least partially occlude the
alternative flow path(s) 148. It should be appatanl that occluding the alternative
flow path(s) 148, may increase the efficiency @& slystem 300 by reducing or
eliminating the portion of the cleaning mist 312igthmay bypass the flow path(s)
104.

[0070] Referring now to FIG. 4, in an embodiment, the sys800 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 cleaned 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. It should be
appreciated that performing the cleaning operatt@seribed herein while the aircraft
336 is located at the gate 338 may reduce or editaithe amount of time the aircraft
336 is removed from service for engine cleaningaiens.

[0071] In an embodiment, the system 300 may be configuresecute a
cleaning cycle which has a duration of 30 minuteless 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.

[0072] In an embodiment, Following the conclusion of theaning cycle, the
delivery assembly 306 may be operably decouplad fte annular inlet 120.
However, as the cleaning cycle disclosed hereils do¢ require a rinse cycle, the
component(s) 102 may remain in a wetted conditodloving the operable

decoupling of the delivery assembly 306.
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[0073] In an embodiment, the absence of a requiremeimge the engine
may be leveraged by supplying a surge portion @icteaning 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 clearfiinigl 304 continues affecting the
deposits on the component(s) 102. Accordinglystimge portion may increase the
wetness of the component(s) 102, thereby incredlmeffectiveness of the soak
period.

[0074] The ability to execute a cleaning cycle within 3ihuates or less while
the aircraft 336 is parked at the gate 338 mayifais an increased cleaning
frequency relative to current engine cleaning agphnes. As such, in an embodiment,
the removing of the deposit from the component() may be repeated at least once
every 30 days and/or engine cycles. For examplaniembodiment, the system 300
may be employed at least once every 7 days to remeposits from the
component(s) 102. It should be appreciated thangme cycle may correspond to a
24-hour period, a takeoff/landing sequence, anal&pecified quantity of engine
operating hours.

[0075] In an embodiment, the data on the type and sewaritpntaminants
encountered during the engine’s operations maytibeed to modify the cleaning
interval. For example, the type and/or severityhef contaminants encountered
during the engine’s operations may be high and imdigate that a reduced cleaning
interval is be warranted. Such particulate condgimay, for example, be
encountered when operating the engine 100 in dieggft environments and may
justify removing the deposits from the component(3 with the system 300 on a
nightly basis.

[0076] It should be appreciated that frequent cleaningg pnaserve the
efficiency and lifespan of the engine 100. It ddalso be appreciated that the more
frequent cleanings may, individually, remove a dergercentage of the deposits on
the component(s) 102 relative to traditional wétewh washes. However, the effects
of frequent cleanings may accumulate such thataéhgbined effect of the frequent
cleanings is cumulatively greater than any singiéewfoam wash. As a result, the
shortened intervals between cleanings may restiierengine being operated in a
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less-fouled condition for a greater percentagdeftime then is achievable under
traditional approaches.

[0077] Referring now to FIG. 6, a flow diagram of one emlibeent of a method
504 removing a deposit from at least one compookah assembled, on-wing gas
turbine engine is illustrated. The method 500 m@ymplemented using, for
instance, the system 300 discussed above witherefes to FIGS. 1-4. FIG. 6 depicts
steps performed in a particular order for purpagelustration and discussion.
Those of ordinary skill in the art, using the distires provided herein, will
understand that various steps of the method 508npof the methods disclosed
herein, may be adapted, modified, rearranged, pedd simultaneously, or modified
in various ways without deviating from the scopeh& present disclosure.

[0078] 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 aag®wressel containing a cleaning
fluid. As shown at (504), the method 500 may idelatomizing a portion of the
cleaning fluid with the delivery assembly to deyefocleaning mist. The cleaning
mist may include a plurality of atomized dropletsdditionally, as shown at (506),
the method 500 may include suspending the atondemulets of the cleaning mist
within an airflow within at least one flow path thfe core gas turbine engine. The
cleaning mist may occupy a cross-sectional areéheoét least one flow path to
establish a simultaneous cross-sectional contactith At least a portion of the
atomized droplets may remain suspended within tihesaat one flow path from the
annular inlet to an axial position downstream cbenpressor of the gas turbine
engine. As shown at (508), the method 500 maydeimpacting or precipitating a
portion of the cleaning mist onto the at least component so as to wet at least 80%
of an exposed surface of the at least one comporigrd method 500 may, at (510),
further include dissolving at least a portion o tteposit on the at least one
component.

[0079] FIG. 5 provides a block diagram of an exemplarytiaier 400 that
may be used to implement the methods and systesasiloied herein according to
exemplary embodiments of the present disclosuteud@h described below as a
computing system, it should be appreciated thabme embodiments, the controller
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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&j2)may include one or more
processor(s) 404 and one or more memory devic8@) #he one or more
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@dhon-transitory computer-
readable media, RAM, ROM, hard drives, flash drjvesther memory devices.
[0080] The one or more memory device(s) 406 may storernmdton
accessible by the one or more processor(s) 40kdimg computer-readable
instructions 408 that may be executed by the omeare processor(s) 404. The
instructions 408 may be any set of instructions wWizen executed by the one or more
processor(s) 404, cause the one or more procesd406d 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 tsedéie one or more processor(s)
404 to perform operations, such as implementingasmaore of the processes
mentioned above.

[0081] The memory device(s) 404 may further store datatdidOmay be
accessed by the processor(s) 404. For exampldataet10 may include a third
instance of shared data for a gas turbine engmédescribed herein. The data 410
may include one or more table(s), function(s), atgm(s), model(s), equation(s), etc.
according to example embodiments of the presentadisre.

[0082] The one or more computing device(s) 402 may alslidle a
communication interface 412 used to communicategXample, with the other
component(s)s of system. The communication interd 2 may include any suitable
component(s)s for interfacing with one or more reek{s), including for example,
transmitters, receivers, ports, controllers, ardsnor other suitable component(s)s.
[0083] The technology discussed herein makes referenceniputer-based
systems and actions taken by and information seand from computer-based
systems. One of ordinary skill in the art will ogmize that the inherent flexibility of
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computer-based systems allows for a great varigbpssible configurations,
combinations, and divisions of tasks and functidtypdletween and among
component(s)s. For instance, processes discusseithimay be implemented using a
single computing device or multiple computing degievorking in combination.
Databases, memory, instructions, and applicaticens lme implemented on a single
system or distributed across multiple systems.tribiged component(s)s may
operate sequentially or in parallel.

[0084] This written description uses examples to disctbhedanvention,
including the best mode, and also to enable argopeskilled in the art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope aohtleation 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 ofldiens if they include structural
elements that do not differ from the literal langeaf the claims, or if they include
equivalent structural elements with insubstantiéiécences from the literal languages
of the claims.

[0085] Further aspects of the invention are provided leystlibject matter of
the following clauses:

[0086] Clause 1. A method for removing a deposit froneast one
component of an assembled, on-wing gas turbinenengie gas turbine engine
comprising a core gas turbine engine positionedndtrgam of a fan section, the core
gas turbine engine having an absence of poweligotdtring the removal of the
deposit, the method comprising: operably couplimiglvery assembly to an annular
inlet of the core gas turbine engine, the delivasgembly being coupled to a control
unit and a storage vessel containing a cleanind; fatomizing a portion of the
cleaning fluid with the delivery assembly to deyefocleaning mist, the cleaning mist
comprising a plurality of atomized droplets; sugpeg the atomized droplets of the
cleaning mist within an airflow within at least ofkew path of the core gas turbine
engine, wherein the cleaning mist occupies a csestional 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 dowaatn of a compressor of the core gas
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turbine engine; impacting or precipitating a pantmf the cleaning mist onto the at
least one component so as to wet at least 80% expwsed surface of the at least one
component; and dissolving at least a portion ofd#gosit on the at least one
component.

[0087] Clause 2. The method of any preceding clause, whtre
atomized droplets have a median diameter of less dh equal to 50 microns and the
cleaning mist has a fluid-to-air mass ratio ofeatst 0.05 and less than or equal to 5.0
kilograms of the cleaning fluid to kilograms of.air

[0088] 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 on-wing gas turbine eagi

[0089] Clause 4. The method of any preceding clause,durth
comprising: establishing an elevated delivery terafee of the cleaning mist which
increases the vapor content of the cleaning mistimthe at least one flow path.
[0090] Clause 5. The method of any preceding clause,durth
comprising: supplying a surge portion of the clegmist to the core gas turbine
engine; operably decoupling the delivery assemiagnfthe annular inlet; and
establishing a soak period during which the clegfiund affects the deposit.

[0091] 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 drogiaeisng a median diameter of less
than or equal to 50 microns, the method furthermising: actuating at least one
nozzle of the array of nozzles to establish a aepamist volume, wherein the
cleaning mist volume comprises a concentratiortah&ed droplets within a
specified portion of the at least one flow patte, ¢keaning mist volume being
characterized by a fluid-to-air mass ratio of aste0.05 and less than or equal to 5.0
kilograms of the cleaning fluid to kilograms of.air

[0092] Clause 7. The method of any preceding clause,durth
comprising: obtaining environmental data, the emvinental data comprising an
ambient temperature, an ambient pressure, and hieanmumidity affecting the on-
wing gas turbine engine; obtaining data indicat¥e thermal state of the core gas
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turbine engine; and based on the environmentalatatdhe data indicative of the
thermal state of the core gas turbine engine, ksitaiy the cleaning mist volume
delivered to the annular inlet, wherein establigttime cleaning mist volume further
comprises establishing a cleaning mist flow rat#nivithe at least one flow path.
[0093] Clause 8. The method of any preceding clause, whtre
environmental data further comprises data indieadivat least one of a type of
suspended atmospheric particulate, an atmosphemnticydate concentration, and an
atmospheric particulate size for an operating emwvirent of the on-wing gas turbine
engine.

[0094] Clause 9. The method of any preceding clause, whngher
comprising: monitoring an absolute humidity leveaaoint-of-departure from the
on-wing gas turbine engine; utilizing the monitofednidity level to determine a
percentage of the delivered cleaning mist remaisugpended at the point-of-
departure from the on-wing gas turbine engine;adjdsting the cleaning mist
volume delivered to the annular inlet based ordétermined percentage so as to
achieve a desired level of wetting of the at less& component.

[0095] Clause 10. The method of any preceding clauséhdurt
comprising: determining a first volume of cleanfhigd atomized and delivered as
the cleaning mist to the annular inlet; determirangecond volume of cleaning fluid
suspended at the point-of-departure from the orgwems turbine engine based on the
monitored humidity level; computing the portiontbé first volume of cleaning fluid
precipitated onto the at least one component baseddifference between the first
and second volumes; adjusting the cleaning mistmeldelivered to the annular inlet
so that the second volume is less than or equgB%6 of the first volume.

[0096] Clause 11. The method of any preceding clause,enhére
delivery assembly comprises an array of nozzles yarerein 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.
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[0097] Clause 12. The method of any preceding clauséhdurt
comprising: establishing a negative pressure diffeal between the annular inlet and
a point-of-departure of the airflow from the on-gigas turbine engine, wherein the
negative pressure differential draws a portiorhefd¢leaning mist through the core
gas turbine engine.

[0098] Clause 13. The method of any preceding clause,enheperably
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.

[0099] Clause 14. The method of any preceding clause,eifhezmoving
the deposit from at least one component of the mgrgas turbine engine is repeated
at least once every 30 days.

[00100] Clause 15. The method of any preceding clauséhdurt
comprising: establishing a cleaning cycle, whetb@ncleaning cycle has a duration
of 30 minutes or less; and operably decouplingi#flevery assembly from the
annular inlet by a conclusion of the cleaning cycle

[00101] Clause 16. The method of any preceding clause,eihatomizing

a portion of the cleaning fluid comprises atomiziegs than 120 liters of cleaning
fluid.

[00102] Clause 17. A system for cleaning deposits froneas$t one
component of an assembled, on-wing gas turbinenentjie on-wing gas turbine
engine comprising a core gas turbine engine pogitiaownstream of a fan section,
the on-wing gas turbine engine having an absenpeweér rotation during the
removal of the deposits, the system comprisingoeage vessel containing a cleaning
fluid; a delivery assembly operably coupled theage vessel and a control unit, the
delivery assembly comprising at least one nozhkenbzzle being configured to
atomize a portion of the cleaning fluid to devesopleaning mist comprising a
plurality of atomized droplets, the atomized drépleaving a median diameter
facilitating suspension of the atomized dropletshimiat least one flow path of the
core gas turbine engine from an annular inlet efdbre gas turbine engine to an axial
position downstream of a compressor of the cordgamme engine, the cleaning mist
occupying a cross-sectional area of the at leasfflow path to establish a
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simultaneous cross-sectional contact therein; dimhageneration assembly, the
flow generation assembly being oriented to fad#ita passage of the cleaning mist
along the at least one flow path of the core gdsiria engine.

[00103] Clause 18. The system of any preceding clausdydudomprising:
a heating element positioned in thermal contadt tie cleaning mist so as to
establish an elevated delivery temperature of lé&ning mist which increases a
vapor content of the cleaning mist.

[00104] Clause 19. The system of any preceding clausdydudomprising
a humidity sensor positioned at a point-of-deparfuom the gas turbine engine and
communicatively coupled to the control unit, wharéhie humidity sensor monitors a
humidity level at the point-of-departure from theesgurbine engine, wherein the
control unit utilizes the monitored humidity leweldetermine a percentage of the
delivered cleaning mist remaining suspended aptiet-of-departure from the on-
wing gas turbine engine, and wherein the contrdlagjusts a cleaning mist volume
delivered to the annular inlet based on the detezthpercentage so as to achieve a
desired level of wetting of the at least one congmbjwherein the atomized droplets
have a median diameter of less than or equal mibfbns and the cleaning mist
volume is characterized by a fluid-to-air massorafiat least 0.05 and less than or
equal to 5.0 kilograms of the cleaning fluid toolgtams of air.

[00105] Clause 20. The system of any preceding clause,eivhdre nozzle
is one of an array of nozzles, wherein the arrayoaizles is arranged to interface with
the fan section so as to position an outlet of emzzle of the array of nozzles at an
axial location between the fan section and the Emmoiet of the core gas turbine
engine, the system further comprising: at leastlmoeking element circumscribing
the array of nozzles, wherein the at least onekinigcelement at least partially

occludes an alternative flow path for the airflow.
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WHAT IS CLAIMED IS:

1. A method for removing a deposit from at least oamponent of an
assembled, on-wing gas turbine engine, the gasigmgine comprising a core gas
turbine engine positioned downstream of a fan secthe core gas turbine engine
having an absence of powered rotation during thevwal of the deposit, 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 cleaning fluid;

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

suspending the atomized droplets of the cleanirgy within an airflow within
at least one flow path of the core gas turbinerengiherein the cleaning 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 theaat lene flow path from the annular
inlet to an axial position downstream of a highgstege compressor of the core gas
turbine engine;

impacting or precipitating a portion of the cleapmist onto the at least one
component so as to wet at least 80% of an expadetfacing surface of the at least
one component; and

dissolving at least a portion of the deposit onahkast one component.

2. The method of claim 1, wherein the atomized ktsphave a median
diameter of less than or equal to 50 microns aadkkaning mist has a fluid-to-air
mass ratio of at least 0.05 and less than or eéqu&aD kilograms of cleaning fluid to
kilograms of air.

3. The method of claim 1, wherein a thermal stat&e core gas turbine
engine is less than or equal to 135% of an ambienémperature, and wherein the
axial position downstream of the compressor isxaal @osition downstream of the
on-wing gas turbine engine.

4. The method of claim 1, further comprising:
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establishing an elevated delivery temperature @tthaning mist which
increases a vapor content of the cleaning mistimvttie at least one flow path.

5. The method of claim 1, further comprising:

supplying a surge portion of the cleaning misti® ¢ore gas turbine engine;

operably decoupling the delivery assembly fromaheular inlet; and

establishing a soak period during which the clegfiind affects the deposit.

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 oftleas or equal to 50 microns, the
method further comprising:

actuating at least one nozzle of the array of rexzt establish a cleaning mist
volume, wherein the cleaning mist volume compraesncentration of atomized
droplets within a specified portion of the at lease flow path, the cleaning mist
volume being characterized by a fluid-to-air madgorof at least 0.05 and less than or
equal to 5.0 kilograms of cleaning fluid to kilogra of air.

7. The method of claim 6, further comprising:

obtaining environmental data, the environmentah daimprising an ambient
temperature, an ambient pressure, and an ambianitliy affecting the on-wing gas
turbine engine;

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

based on the environmental data and the data incaaf the thermal state of
the core gas turbine engine, establishing the tigamist volume delivered to the
annular inlet, wherein establishing the cleaningtmolume further comprises
establishing a cleaning mist flow rate within thdeast one flow path.

8. The method of claim 7, wherein the environmedéda further
comprises data indicative of at least one of a tffispended atmospheric
particulate, an atmospheric particulate concemtnatind an atmospheric particulate
size for an operating environment of the on-wing gabine engine.

9. The method of claim 7, wherein further compugsin

monitoring an absolute humidity level at a poirtgefparture from the on-

wing gas turbine engine;
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utilizing the monitored absolute humidity leveldetermine a percentage of
the delivered cleaning mist remaining suspendédeapoint-of-departure from the
on-wing gas turbine engine; and

adjusting the cleaning mist volume delivered todhaular inlet based on the
determined percentage so as to achieve a desueldliewetting of the at least one
component.

10. The method of claim 9, further comprising:

determining a first volume of cleaning fluid atomizand delivered as the
cleaning mist to the annular inlet;

determining a second volume of cleaning fluid susieel at the point-of-
departure from the on-wing gas turbine engine basetthe monitored humidity level;

computing the portion of the first volume of cleaapifluid precipitated onto
the at least one component based on a differerteebe the first and second
volumes; and

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

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

positioning the array of nozzles within the fantemtso that an outlet of each
nozzle of the array of nozzles is arranged at @ focation between the fan section
and the annular inlet of the core gas turbine exygnd

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

12.  The method of claim 1, further comprising:

establishing a negative pressure differential bethwbe annular inlet and a
point-of-departure from the on-wing gas turbineiragwherein the negative pressure
differential draws a portion of the cleaning mistough the core gas turbine engine.

13.  The method of claim 1, wherein operably couptime delivery
assembly to the annular inlet of the core gas marlkeingine further comprises
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operably coupling the delivery assembly to the deminlet of the core gas turbine
engine of an aircraft parked at a gate of an airpor

14. The method of claim 1, wherein removing thead#from at least one
component of the on-wing gas turbine engine isatgukbat least once every 30 days.

15.  The method of claim 1, further comprising:

establishing a cleaning cycle, wherein the cleaoyaje has a duration of 30
minutes or less; and

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

16.  The method of claim 1, wherein atomizing aiporbf the cleaning
fluid comprises atomizing less than 120 literslebaing fluid.

17. A system for cleaning deposits from at leagt component of an
assembled, on-wing gas turbine engine, the on-gasgturbine engine having an
absence of powered rotation during the removahefdeposits, the on-wing gas
turbine engine comprising a core gas turbine engasgtioned downstream of a fan
section, the system comprising:

a storage vessel containing a cleaning fluid;

a delivery assembly operably coupled the storagselend a control unit, the
delivery assembly comprising at least one nozhke nibzzle being configured to
atomize a portion of the cleaning fluid to devesopleaning mist comprising a
plurality of atomized droplets, the atomized drépleaving a median diameter
facilitating suspension of the atomized dropletshimiat least one flow path of the
core gas turbine engine from an annular inlet efdbre gas turbine engine to an axial
position downstream of a high-pressure compredsthieccore gas turbine engine, the
cleaning mist occupying a cross-sectional areh@ft least one flow path to
establish a simultaneous cross-sectional contaotithy and

a flow generation assembly, the flow generatiomiedsdy being oriented to
facilitate a passage of the cleaning mist alongatieast one flow path of the core gas
turbine engine.

18.  The system of claim 17, further comprising:
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a heating element positioned in thermal contadt tie cleaning mist so as to
establish an elevated delivery temperature of lé&ning mist which increases a
vapor content of the cleaning mist.

19. The system of claim 17, further comprising

a humidity sensor positioned at a point-of-deparfuom the gas turbine
engine and communicatively coupled to the contnid, wherein the humidity sensor
monitors a humidity level at the point-of-departén@m the gas turbine engine,
wherein the control unit utilizes the monitored hdiy level to determine a
percentage of the delivered cleaning mist remaisugpended at the point-of-
departure from the on-wing gas turbine engine,\ahnerein the control unit adjusts a
cleaning mist volume delivered to the annular ibie$ed on the determined
percentage so as to achieve a desired level oingett the at least one component,
wherein the atomized droplets have a median diamétess than or equal to 50
microns and the cleaning mist volume is charaaeérizy a fluid-to-air mass ratio of
at least 0.05 and less than or equal to 5.0 kilograf the cleaning fluid to kilograms
of air.

20.  The system of claim 17, wherein the nozzlenis of an array of
nozzles, wherein the array of nozzles is arrangeudtérface with the fan section so as
to position an outlet of each nozzle of the arrgazzles at an axial location between
the fan section and the annular inlet of the ca®tgrbine engine, the system further
comprising:

at least one blocking element circumscribing thieyaof nozzles, wherein the

at least one blocking element at least partiallyiutes an alternative flow path.
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