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ACOUSTIC CLEANING OF GAS TURBINE ENGINE COMPONENTS

FIELD OF THE INVENTION

[0001] The present subject matter relates generally taughse engines, and

more particularly, to acoustic cleaning of on-wigeag turbine engines.

BACKGROUND OF THE INVENTION

[0002] A gas turbine engine generally includes, in sdltal order, a compressor
section, a combustion section, a turbine secti@haanexhaust section. In operation,
air enters an inlet of the compressor section wheesor more axial or centrifugal
compressors progressively compress the air umgbithes the combustion section.
Fuel is mixed with the compressed air and burnegdimwthe combustion section to
provide combustion gases. The combustion gasesuaied from the combustion
section through a hot gas path defined within thbibe section and then exhausted

from the turbine section via the exhaust section.

[0003] In particular configurations, the turbine sectianludes, in serial flow
order, a high pressure (HP) turbine and a low pres@.P) turbine. The HP turbine
and the LP turbine each include various rotataliegime components such as turbine
rotor blades, rotor disks and retainers, and varsiationary turbine components such
as stator vanes or nozzles, turbine shrouds, agideeframes. The rotatable and
stationary turbine components at least partialljngethe hot gas path through the
turbine section. As the combustion gases flowughothe hot gas path, thermal
energy is transferred from the combustion gaséisetootatable and stationary turbine

components.

[0004] During operation, environmental particulate accuatad on engine
components. Such accumulation can lead to redemalthg effectiveness of the
components and/or corrosive reaction with the raegatl/or coatings of the engine
components, as well as fouling and deterioratioai@raft engine components.

Thus, particulate or foulant build-up can lead terpature distress and/or reduced
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engine life. In addition, substantial accumulatiam require the engine to be

removed from the aircraft wing, which can time-aaméng and expensive.

[0005] As such, on-wing cleaning of gas turbine enginestitutes a significant
value proposition as compared to shop-level clemirAccordingly, the present
disclosure is directed to acoustic cleaning thdtesses the aforementioned issues.
More specifically, the present disclosure is dieddio systems and methods of
acoustic cleaning gas turbine engine componentsatbgarticularly useful for on-

wing cleaning of such components.

BRIEF DESCRIPTION OF THE INVENTION

[0006] 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.

[0007] In one aspect, the present disclosure is direct@dmethod for cleaning a
component of a gas turbine engine. The methodded positioning an acoustic
emitter at a cleaning location of the componerthefgas turbine engine. For
example, the cleaning location may be charactetizeuaving a build-up of foulants.
Thus, the method also includes emitting, via thmuatic emitter, one or more
acoustic waves at a predetermined frequency tovthedsleaning location of the
component so as to disperse the foulants.

[0008] In another aspect, the present disclosure is @it a system for
cleaning one or more components of a gas turbigamen The system includes an
acoustic emitter for producing one or more acoustges towards the one or more
components of the gas turbine engine and a coatrodmmunicatively coupled with
the acoustic emitter. More specifically, the comguats typically have a build-up of
foulants accumulated on one or more surfaces thefldas, the acoustic emitter is
configured to direct the one or more acoustic watespredetermined frequency
toward the build-up of foulants on the one or mmmponents so as to disperse the
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foulants. It should also be understood that tistesy may include any of the

additional features as described herein.

[0009] In yet another aspect, the present disclosureesteid to a hand-held
acoustic emitter apparatus for cleaning one or monmgponents of a gas turbine
engine. The apparatus includes an acoustic eritberconfigured to direct one or
more acoustic waves towards a cleaning locatidche@bne or more components of
the gas turbine engine. As mentioned, the cledoication is typically characterized
by having a build-up of foulants. Thus, the appaalso includes an articulating
guide located at a distal end of the acoustic emitibe that is configured to locate
the acoustic emitter tube near the cleaning lonatfeurther, the apparatus includes a
control unit configured to control the articulatiggide. The apparatus may also
include a handle configured to assist a user iating the acoustic emitter tube. It
should also be understood that the apparatus nclydimany of the additional

features as described herein.

[0010] These and other features, aspects and advantatfesesent invention
will become better understood with reference toftilewing description and
appended claims. The accompanying drawings, wdniehncorporated 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

[0011] A full and enabling disclosure of the present irti@m including the best
mode thereof, directed to one of ordinary skilthe art, is set forth in the
specification, which makes reference to the appefideres, in which:

[0012] FIG. 1 illustrates a schematic cross-sectional voéane embodiment of a

gas turbine engine according to the present disros

[0013] FIG. 2 illustrates a schematic diagram of one enrhedt of a system

configured for acoustic cleaning of one or moretgasine engine components
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according to the present disclosure;

[0014] FIG. 3 illustrates a flow diagram of one embodimeaind method for
acoustic cleaning one or more components of aughse engine according to the

present disclosure;

[0015] FIG. 4 illustrates a block diagram of one emboditedrsuitable
components that may be included in a gas turbigeercontroller or control unit of

an acoustic emitter according to the present disciy

[0016] FIG. 5 illustrates a partial, cross-sectional visvone embodiment of a
compressor of a gas turbine engine, particuladgtitating an acoustic emitter tube of
an acoustic emitter being inserted into a porhefdompressor according to the

present disclosure;

[0017] FIG. 6 illustrates a detailed view of a portionFdG. 5, particularly
illustrating an articulating guide at distal endtoé acoustic emitter tube emitting
acoustic waves towards a cleaning location of awdsne engine component

according to the present disclosure;

[0018] FIG. 7 illustrates a detailed view of a portionFdG. 5, particularly
illustrating an articulating guide at distal endtoé acoustic emitter tube emitting
cleaning fluid towards a cleaning location of a gabine engine component

according to the present disclosure; and

[0019] FIG. 8 illustrates a graph of one embodiment ofidiency (x-axis) versus

emissivity (y-axis) according to the present disale.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Reference now will be made in detail to embodimentke invention,
one or more examples of which are illustrated endhrawings. 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
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variations can be made in the present inventiohawuit departing from the scope or
spirit of the invention. For instance, featurdssirated or described 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.

[0021] As used herein, the terms “first”, “second”, ankiifé” may be used
interchangeably to distinguish one component frowtlzer and are not intended to

signify location or importance of the individualmponents.

[0022] The terms “upstream” and “downstream” refer torilative 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.

[0023] The positional terms “proximal” and “distal” areaasherein to orient the
various components of the acoustic emitter relatveach other and to the gas
turbine engine. “Distal” refers to the directidrat is closest to the gas turbine engine,

whereas “proximal” refers to the opposite direction

[0024] Generally, the present disclosure is directed sbesys and methods for
cleaning gas turbine engine components using acdashniques. More specifically,
in one embodiment, the method may include posiigm@in acoustic emitter near a
cleaning location of a component of the gas turleingine. For example, the cleaning
location of the component may be characterizedawny a build-up of foulants on a
surface thereof. Thus, the method includes emittiia the acoustic emitter, acoustic
waves at a predetermined frequency towards thaidgdocation of the component
So as to disperse the foulants. As used herartetim “foulants” generally
encompasses any material or particles that caredaung or the adhesion of a
foreign material or substance onto a surface $o0 eeduce its functionality. Example

foulants may include but are not limited to dimist| mud, particulates, or similar.

[0025] The present disclosure provides various advantagiegresent in the prior

art. For example, gas turbine engines accordimyeasent disclosure can be cleaned
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on-wing, in-situ, and/or off-site. Further, thepastic cleaning methods of the
present disclosure provide simultaneous mechaarwhkchemical removal of
particulate deposits in cooling passageways amli@xternal surfaces of gas turbine
engine components. In addition, the method optiesent disclosure improves
cleaning effectiveness and has significant implice for engine time on-wing

durability.

[0026] Referring now to the drawings, FIGilllistrates a schematic cross-
sectional view of one embodiment of a gas turbimgree10 (high-bypass type)
according to the present disclosure. More spetificthe gas turbine engine 10 may
include an aircraft engine. As shown, the gasibegrlenginelOhas an axial
longitudinal centerline axi$2 therethrough for reference purposes. Furtlser, a
shown, the gas turbine engib@preferably includes a core gas turbine engine
generally identified by numerak and a fan sectioh6 positioned upstream thereof.
The core enging4 typically includes a generally tubular outer casi8ghat defines
an annular inle20. The outer casintBfurther encloses and supports a bocafdor
raising the pressure of the air that enters cogieri4to a first pressure level. A
high pressure, multi-stage, axial-flow compres®breceives pressurized air from the
booster22 and further increases the pressure of the air. cohgressor 24 includes
rotating blades 25 and stationary vanes 27 (FIGE#db7) that have the function of
directing and compressing air within the turbingiaa 10. The pressurized air flows
to a combusto26, where fuel is injected into the pressurizedgstrgam and ignited to
raise the temperature and energy level of the prieesl air. The high energy
combustion products flow from the combus26rto a first (high pressure)
turbine28for driving the high pressure compres&dthrough a first (high pressure)
drive shaft30, and then to a second (low pressure) turBfer driving the

booster22 and the fan sectiob6 through a second (low pressure) drive sBdtthat is
coaxial with the first drive shaB0. After driving each of the turbin@8 and32, the
combustion products leave the core endihehrough an exhaust nozA3éto provide

at least a portion of the jet propulsive thrusth&f enginelO.

[0027] The fan sectiod6includes a rotatable, axial-flow fan ro@8that is

surrounded by an annular fan caséity It will be appreciated that fan cas#fgjs
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supported from the core engibéby a plurality of substantially radially-extending,
circumferentially-spaced outlet guide vad@s In this way, the fan casing 40
encloses the fan rot@8 and the fan rotor bladdgl. The downstream sectid6 of
the fan casing0extends over an outer portion of the core enghi® define a

secondary, or bypass, airflow conddf&that provides additional jet propulsive thrust.

[0028] From a flow standpoint, it will be appreciated thatinitial airflow,
represented by arro®0, enters the gas turbine engirfiethrough an inlés2to the
fan casingl0. The airflow passes through the fan blatfesnd splits into a first air
flow (represented by arro®4) that moves through the condd@&and a second air

flow (represented by arro®6) which enters the boost22.

[0029] The pressure of the second compressed aiBis increased and enters
the high pressure compres2dr, as represented by arr&é&. After mixing with fuel
and being combusted in the combu&6ythe combustion produd$ exit the
combustoR6 and flow through the first turbir@8. The combustion produd®then
flow through the second turbil32 and exit the exhaust nozA3éto provide at least a
portion of the thrust for the gas turbine engife

[0030] Still referring to FIG. 1, the combust®6includes an annular combustion
chambe62that is coaxial with the longitudinal centerlineésak?, as well as an
inlet64and an outle66. As noted above, the combus2érreceives an annular
stream of pressurized air from a high pressure cesspr discharge outlé®. A
portion of this compressor discharge air flows iatmixer (not shown). Fuel is
injected from a fuel nozzle 80 to mix with the aird form a fuel-air mixture that is
provided to the combustion chamlé&for combustion. Ignition of the fuel-air
mixture is accomplished by a suitable igniter, #relresulting combustion
gases0flow in an axial direction toward and into an araryfirst stage turbine
nozzle72. The nozzl@2is defined by an annular flow channel that includes
plurality of radially-extending, circumferentiallpaced nozzle van&d that turn the
gases so that they flow angularly and impinge uperfirst stage turbine blades of
the first turbine28. As shown irFIG. 1, the first turbin@8 preferably rotates the

high-pressure compressor V4 the first drive shaf80, whereas the low-pressure
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turbine32 preferably drives the boost2? and the fan rot@8via the second drive
shaft34.

[0031] The combustion chambéRis housed within the engine outer casligg
and fuel is supplied into the combustion chambebyane or more fuel nozzI&$.
More specifically, liquid fuel is transported thgiuone or more passageways or

conduits within a stem of the fuel nozzle 80.

[0032] During operation of the gas turbine engine 10,datd accumulate on the
engine components. Such accumulation can leagbiieced cooling effectiveness of
the components and/or corrosive reaction with tleéaia and/or coatings of the
engine components, as well as fouling and detdrwraf aircraft engine
components. Thus, the present disclosure is édecata system 83 (FIG. 2) and
method 100 (FIG. 3) for acoustic cleaning of gabihe engine components, e.g.
such as the components illustrated and describEtGnl. For example, in certain
embodiments, the component(s) of the gas turbigemerl0 may include any
components of the engine 10 as described herailudimg but not limited to the
compressor 24, the high-pressure turbine 28, thepl@ssure turbine 32, the
combustor 26, the combustion chamber 62, one oe mazzles 72, 80, one or more
turbine blades or vanes 43, one or more comprésades 25 or vanes 27, flowpath
walls, the booster 22, a turbine shroud, a caséhgfthe gas turbine engine 10, or
similar. More specifically, the turbine componetd$e cleaned by the present
system 83 (FIG. 2) typically have a build-up of lemts accumulated on one or more
surfaces thereof, some of which may be difficulataess. Thus, the acoustic
cleaning systems and methods of the present disel@se particularly useful for
cleaning aircraft engines installed on a wing ofanoraft.

[0033] Referring specifically to FIG. 2, a schematic daagrof one embodiment
of the system 83 for cleaning one or more companeha gas turbine engine 10
according to the present disclosure is illustratdd.shown, the system 83 includes a
hand-held acoustic emitter 84 for producing onmore acoustic waves 88 (FIG. 6)
and a controller 93 communicatively coupled todheustic emitter 84. More

specifically, in one embodiment, the acoustic eni® may include a separate local
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control unit 87 communicatively coupled to a gabitue controller 93. Alternatively,
the control unit 87 may be integral with the engioetroller 93. In additional
embodiments, the acoustic emitter 84 may be dyrecthtrolled by the engine
controller 93. Further, as shown, the acoustidtem84 includes an acoustic emitter
tube 85 configured to direct the acoustic wave®&rds a cleaning location 89
(FIGS. 6 and 7) of the component(s) of the gasnerbngine 10. For example, the
acoustic emitter tube 85 may have a diameter ateligth that allow the tube 85 to
be easily inserted into an inlet (e.g. inlet 200554) of the engine 10, one or more
ports 82 of the engine 10 (FIG. 5), and/or one oraxooling passageways of the
component(s) of the engine 10. More specifical/shown in FIG. 5, the acoustic

emitter tube 85 is illustrated as being insertéd aport of the engine 10.

[0034] In addition, the local control unit 87 is configdr® control various
features and/or operating modes of the emitter/.example, as shown in FIG. 2,
the acoustic emitter 84 may have an articulatingdey86 located at a distal end of the
acoustic emitter tube 85 so as to locate the t&hae@r the cleaning location 89 of the
engine component. More specifically, the contrat 87 may be configured to

control the articulating guide 86 such that thedgu86 can be selectively located in
the vicinity of the target cleaning location 89s such, the guide 86 is configured to
direct acoustic waves 88 at a predetermined fregyugaward the cleaning location(s)
89 for dispersing the foulants. In additional emhibgents, the acoustic emitter 84

may include multiple articulating guides 86, e gshown in FIG. 2.

[0035] In certain embodiments, the control unit 87 may atelude a user
interface 91 and an optional key pad that provaldssplay of the cleaning location(s)
89 to a user. Thus, the user can view the tules8bemits waves 88 at the cleaning
site. As such, the user can use the key pad tstilje articulating guide 86 (as
indicated by the dotted lines of FIG. 6) to changadjust the cleaning location 89 as
necessary. In additional embodiments, the acoastitter 84 may also include a
handle configured to assist a user in locatingatteustic emitter tube 85 near the

engine component.
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[0036] Referring specifically to FIG. 4, there is illudied a block diagram of one
embodiment of suitable components that may be deelun the controller 93 and/or
the control unit 87 according to the present dmate. As shown, the controller 93
may include one or more processor(s) 94 and asedaiemory device(s) 95
configured to perform a variety of computer-implen®el functions (e.g., performing
the methods, steps, calculations and the like torthg relevant data as disclosed
herein). Additionally, the controller 93 may alsclude a communications module
96 to facilitate communications between the cofdgr®3 and the various components
of the gas turbine engine 10 or control unit 8drtler, the communications module
96 may include a sensor interface 97 (e.g., omeaye analog-to-digital converters)
to permit signals transmitted from one or more ee3188, 99 to be converted into
signals that can be understood and processed lpydbessors 94. It should be
appreciated that the sensors 98, 99 may be comativaity coupled to the
communications module 96 using any suitable me&os.example, as shown in FIG.
4, the sensors 98, 99 are coupled to the senssfaoe 97 via a wired connection.
However, in other embodiments, the sensors 98, ®@be coupled to the sensor
interface 97 via a wireless connection, such asdiryg any suitable wireless
communications protocol known in the art. As subb,processor 94 may be

configured to receive one or more signals fromsiesors 98, 99.

[0037] It should be understood that the sensors 98, 99imcayde any suitable
sensors. For example, in one embodiment, thermy88may include at least one
emissivity sensor communicatively coupled to thetadler 93 and/or the control unit
87. More specifically, the emissivity sensor (asgnsors 98, 99) may be configured
to detect an emissivity of a surface of the onmore components. Thus, the
measured emissivity is configured to give an intilicaof the amount of foulants on
the surface thereof. As such, the control uni{@the controller 93) may be
configured to correlate the emissivity with a freqay configured to disperse the
foulants, which will be discussed in more detaithwieference to FIG. 8.

[0038] As used herein, the term “processor” refers nog tmintegrated circuits
referred to in the art as being included in a cot@puout also refers to a controller, a

microcontroller, a microcomputer, a programmabggdaontroller (PLC), an

10
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application specific integrated circuit, and othesgrammable circuits. Additionally,
the memory device(s) 95 may generally comprise mmgrl@ment(s) including, but
not limited to, computer readable medium (e.g.doen access memory (RAM)),
computer readable non-volatile medium (e.qg., xfragmory), cloud storage, a
floppy disk, a compact disc-read only memory (CDNRQa magneto-optical disk
(MOD), a digital versatile disc (DVD) and/or otharitable memory elements. Such
memory device(s) 95 may generally be configurestdoe suitable computer-readable
instructions that, when implemented by the procg€sy84, configure the controller
93 (or control unit 87) to perform various functsoimcluding to control the engine

and/or the acoustic emitter 84.

[0039] Referring now to FIG. 3, a flow diagram of one emlibeent of a method
100 for on-wing cleaning one or more component gés turbine engine (e.g. such
as the gas turbine engine 10 illustrated in FIGs 1ljustrated. As shown at 102, the
method 100 includes positioning the acoustic em@fe(FIG. 3) near a cleaning
location 89 (FIGS. 5-7) or surface of the comporadrthe gas turbine engine 10. The
cleaning location 89 may be any suitable surfaass@geway, or similar of any gas
turbine component and is typically characterizedhaying a build-up of foulants or
particulates configured thereon. For examplehasva in FIGS. 5-7, the component
includes the compressor 24 and the cleaning lat&%corresponds to an area
between a rotating compressor blade 25 and asgajiovane 27. Thus, as shown, the
step of positioning the acoustic emitter 84 atemcing location 89 of the component
of the engine 10 may include inserting an acowstdter tube 85 of the acoustic
emitter 84 into an inlet (e.qg. inlet 20, 52 or ®4the engine 10, one or more ports 82
of the engine 10, and/or one or more cooling passaygs of the component(s) of the
engine 10. Thus, the method 100 is particulargfuldor cleaning internal engine

components having difficult access.

[0040] Further, as shown in FIG. 2, the method 100 alsludes emitting, via the
acoustic emitter 84, one or more acoustic wavest @8predetermined frequency
towards the cleaning location 89 of the componerdssto disperse the foulants. In
certain embodiments, the predetermined frequengyrarage from about 2 hertz (Hz)

to about 1500 Hz, more preferably from about 2 ¢lakiout 800 Hz. More

11
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specifically, in certain embodiments, the steprofteng one or more acoustic waves
88 at the predetermined frequency towards the itlgdacation 89 of the component
may include providing airflow within the gas turbiengine 10 during emission so as
to move the acoustic waves 88 towards the cledocggion 89 of the component.
More specifically, the method 100 may include miotgror running the engine 10
during emission of the waves 88 so as to providai that moves the acoustic
waves 88 through the component of the gas turbigene 10. Alternatively or in
addition, the step of emitting one or more acousawes at the predetermined
frequency towards the cleaning location 89 of thiegonent may include utilizing
one or more external pressure sources to proviflevaithat moves the acoustic
waves 88 through the component of the gas turbigene 10. For example, in
certain embodiments, the external pressure sounegsnclude a fan, a blower, or

similar.

[0041] After the acoustic waves 88 are given adequate tiinaésperse the
foulants, the method 100 may also include rinshegdieaning location 89. For
example, as shown in FIG. 7, the acoustic emittiee 85 may be configured to
deliver cleaning fluids 92 to the cleaning locat&th Thus, the cleaning fluids are

configured to rinse the dispersed foulants fromsiindace of the component.

[0042] Referring now to FIG. 8, the method 100 may alstuitbe determining the
predetermined frequency by measuring, via a s€esgrsensors 98, 99), emissivity
of the cleaning location 89 and correlating thessiwity with a frequency configured
to disperse the foulants. For example, as showWriie 1 and the graph of FIG. 8,
emissivity can be correlated to an ideal frequencylispersing the foulants. More
specifically, as shown in Table 1, metals (e.gmahum, copper, silver, etc.) typically
have a lower emissivity, whereas stones (e.g. #sjnizk, limestone, marble,
plaster, etc.), which is similar in compositionféallants, have a higher emissivity.
Thus, the presence of foulants results in sensasatements having a higher
emissivity value that can be correlating to an appate frequency value for the

emitter 84.

Material Emissivity

12
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Aluminum 0.03
Copper 0.04
Silver 0.02
Asphalt 0.88
Brick 0.90
Limestone 0.92
Marble 0.90
Plaster 0.89
Paint 0.90

[0043] Accordingly, as emissivity is the inverse of refleity (e.g. as represented
by line 106), a higher emissivity value is indigatof a higher amount of foulant
being present on the engine component. Thus,legquéncy acoustic waves may be
provided to the component for dispersing the fotdarsimilarly, a lower emissivity
value is indicative of a low amount of foulant kgjpresent on the engine component,

which can be treated with high frequency acoustues.

[0044] This written description uses examples to disctheanvention, including
the best mode, and also to enable any persondskillidhe 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.

13



284193

WHAT IS CLAIMED IS:

1. A method for cleaning a component of a gas harleingine (10), the

method comprising:

positioning an acoustic emitter (84) at a cleanaugtion (89) of the
component of the gas turbine engine (10), the abgdoncation (89) characterized by

having a build-up of foulants; and

emitting, via the acoustic emitter (84), one or enacoustic waves (88) at a
predetermined frequency towards the cleaning long89) of the component so as to

disperse the foulants.

2. The method of claim 1, further comprising insgrthe acoustic
emitter (84) into at least one of an inlet (20, 62), a port (82), or a cooling
passageway of the component of the gas turbineer{gD).

3. The method of claim 1, further comprising deteing the
predetermined frequency by measuring, via a sg@80199), emissivity of the
cleaning location (89), and correlating the emisgiwith a frequency configured to
disperse the foulants.

4, The method of claim 1, further comprising rimgsthe cleaning

location (89), via the acoustic emitter (84), attaritting the acoustic waves (88).

5. The method of claim 1, wherein emitting one arenacoustic waves
(88) at the predetermined frequency towards thenatg location (89) of the
component further comprises providing airflow withihe gas turbine engine (10)
during emission so as to move the acoustic wawst@dvards the cleaning location

(89) of the component.

6. The method of claim 1, wherein the predeterahiinequency ranges
from about 2 hertz (Hz) to about 1500 Hz.

7. The method of claim 1, wherein the gas turbimgiree (10) comprises

an aircraft engine of an aircratft.

14
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8. The method of claim 7, wherein the aircraft eegs installed on a

wing of the aircraft.

9. The method of claim 1, wherein the one or maramonents of the gas
turbine engine (10) comprise at least one of a ¢cesgor (24), a high-pressure turbine
(28), a low-pressure turbine (32), a combustor,(@&ombustion chamber (62), a fuel
nozzle (80), one or more turbine blades, one oermmompressor blades (25), a
combustor liner, flowpath walls, a turbine nozziesane, a compressor vane, a

booster (22), a turbine shroud, or a casing ofjeeturbine engine (10).

10. A system (83) for cleaning one or more comptmeha gas turbine

engine (10), the system (83) comprising:

an acoustic emitter (84) for producing one or naweustic waves (88) for
cleaning the one or more components of the gagigngine (10), the one or more

components having a build-up of foulants accumdlate a surface thereof; and

a controller (93) communicatively coupled with #austic emitter (84), the

controller (93) configured to control a frequendythte acoustic emitter (84),

wherein the acoustic emitter (84) is configureditect the one or more
acoustic waves (88) at a predetermined frequenggirtbthe build-up of foulants on

the one or more components so as to disperse tlents.

11.  The system (83) of claim 10, wherein the acowshitter (84) is
configured to fit into at least one of an inlet (8@, 64), a port (82), or a cooling

passageway of the component of the gas turbinaergdD).

12.  The system (83) of claim 10, further comprisimdeast one emissivity
sensor communicatively coupled to the controll&)(8he emissivity sensor
configured to detect an emissivity of a surfacéhefone or more components, the
emissivity being indicative of the presence offilnéants on the surface, the
controller (93) configured to correlate the emiggiwith a frequency configured to

disperse the foulants.

15
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13. A hand-held apparatus for cleaning one or rmormeponents of a gas

turbine engine (10), the apparatus comprising:

an acoustic emitter (84) tube configured to diew or more acoustic waves
(88) towards a cleaning location (89) of the onenore components of the gas
turbine engine (10), the cleaning location (89)rabterized by having a build-up of

foulants;

an articulating guide (86) located at a distal ehthe acoustic emitter (84)
tube, the articulating guide (86) configured todtecthe acoustic emitter (84) tube

near the cleaning location (89);
a control unit configured to control the articutafiguide (86); and
a handle configured to assist a user in locatiegattoustic emitter (84) tube.

14.  The apparatus of claim 13, wherein the acoestitter (84) tube is

further configured to deliver cleaning fluids teetbleaning location (89).

15.  The apparatus of claim 13, wherein the conind further comprises a

user interface configured to display the cleanowation (89) to a user.
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