SYSTEM AND METHOD FOR CLEANING GASTURBINE ENGINE COMPONENTS

FIELD OF THE INVENTION

[0001] The present subject matter relates generally taughse engines, and more
particularly, to systems and methods for in-sikaging of gas turbine engine components using
abrasive particles.

BACKGROUND OF THE INVENTION

[0002] A gas turbine engine generally includes, in sdltal order, a compressor section, a
combustion section, a turbine section and an exts@asion. In operation, air enters an inlet of
the compressor section where one or more axiamtrifugal compressors progressively
compress the air until it reaches the combusticti@e Fuel is mixed with the compressed air
and burned within the combustion section to procidebustion gases. The combustion gases
are routed from the combustion section throughtayas path defined within the turbine section
and then exhausted from the turbine section vieimaust section.

[0003] In particular configurations, the turbine sectianludes, in serial flow order, a high
pressure (HP) turbine and a low pressure (LP) merbiThe HP turbine and the LP turbine each
include various rotatable turbine components ssdudine rotor blades, rotor disks and
retainers, and various stationary turbine compansutch as stator vanes or nozzles, turbine
shrouds, and engine frames. The rotatable andrstay turbine components at least partially
define the hot gas path through the turbine sect&mthe combustion gases flow through the
hot gas path, thermal energy is transferred fraarcttimbustion gases to the rotatable and
stationary turbine components.

[0004] A typical gas turbine engine includes very fineloappassages that allow for higher
gas temperatures in the combustor and/or the HIP durbines. During operation, particularly
in environments that contain fine-scale dust (BMg.10), environmental particulate accumulates
on engine components and within the cooling passafjthe engine. For example, dust (reacted
or non-reacted), sand, or similar can build uprenflow path components and on the
impingement cooled surfaces during turbine engperation. In addition, particulate matter
entrained in the air that enters the turbine engimetthe cooling passages can contain sulphur-
containing species that can corrode the compon&ush accumulation can lead to reduced
cooling effectiveness of the components and/orosbre reaction with the metals and/or coatings
of the engine components. Thus, particulate bugldtan lead to premature distress and/or
reduced engine life. Additionally, accumulatiorignvironmental contaminants (e.g. dust-
reacted and unreacted, sand, etc.) such as theskegeade aerodynamic performance of the
high-pressure components and lower fuel efficiavfayre engine through changes in airfoil



morphology.

[0005]  Accordingly, the present disclosure is directed gystem and method for cleaning
engine components using abrasive particles thatades the aforementioned issues. More
specifically, the present disclosure is directed &ystem and method for in-situ cleaning of
engine components that utilizes abrasive microglagithat are particularly useful for cleaning
internal cooling passages of the gas turbine engine

BRIEF DESCRIPTION OF THE INVENTION

[0006] Aspects and advantages of the invention will bt in part in the following
description, or may be obvious from the descriptammmay be learned through practice of the
invention.

[0007] In one aspect, the present disclosure is directednethod for in-situ (e.g. on-wing)
cleaning one or more components of a gas turbigaen The method includes injecting a dry
cleaning medium into the gas turbine engine atasrmmaore locations. The dry cleaning medium
includes a plurality of abrasive microparticleshus, the method also includes circulating the dry
cleaning medium through at least a portion of ta tyrbine engine such that the abrasive
microparticles abrade a surface of the one or monmgponents so as to clean the surface.
Further, the abrasive microparticles may be subm@tpuremoved from the engine either through
standard engine operation cooling airflow and/arimcineration such that the residual ash
content meets the requirements for applicationftdlgassembled gas turbine on-wing.

[0008] In another aspect, the present disclosure is @igdeict a cleaning system for in-situ
cleaning of one or more components of a gas turbiggne. The cleaning system includes a dry
cleaning medium containing a plurality of abragivieroparticles. Each of the abrasive
microparticles has a particle diameter size rarigeom about 10 microns to about 100 microns.
Further, the cleaning system includes a delivesyesy configured to deliver the cleaning
medium at one or more locations of the gas turbmgne so as to clean the one or more
components thereof.

[0009] These and other features, aspects and advantatiesmesent invention will become
better understood with reference to the followiegatiption and appended claims. The
accompanying drawings, which are incorporated sh@mstitute a part of this specification,
illustrate embodiments of the invention and, togethith the description, serve to explain the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A full and enabling disclosure of the present ii@n including the best mode
thereof, directed to one of ordinary skill in the & set forth in the specification, which makes

reference to the appended figures, in which:
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[0011] FIG. lillustrates a schematic cross-sectional vaéane embodiment of a gas turbine
engine according to the present disclosure;

[0012] FIG. 2 illustrates a flow diagram of one embodimeind method for in-situ cleaning
of one or more components of a gas turbine enginerding to the present disclosure;

[0013] FIG. 3illustrates a partial, cross-sectional vidvone embodiment of a gas turbine
engine, particularly illustrating a cleaning medibeing injected into the engine at a plurality of
locations according to the present disclosure; and

[0014] FIG. 4 illustrates a schematic diagram of one enrhedt of a cleaning system for
cleaning gas turbine engine components accorditigetpresent disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Reference now will be made in detail to embodimenthe invention, one or more
examples of which are illustrated in the drawingsch example is provided by way of
explanation of the invention, not limitation of timention. In fact, it will be apparent to those
skilled in the art that various modifications aratiations can be made in the present invention
without departing from the scope or spirit of theention. For instance, features illustrated or
described as part of one embodiment can be usadwither embodiment to yield a still further
embodiment. Thus, it is intended that the presemntion covers such modifications and
variations as come within the scope of the appewtieohs and their equivalents.

[0016] As used herein, the terms “first”, “second”, anklifd” may be used interchangeably
to distinguish one component from another and atentended to signify location or importance
of the individual components.

[0017] The terms “upstream” and “downstream” refer tordative direction with respect to
fluid flow in a fluid pathway. For example, “upsim” refers to the direction from which the
fluid flows, and “downstream” refers to the directito which the fluid flows.

[0018]  Generally, the present disclosure is directedearuhg systems and methods for in-
situ (e.g. on-wing) cleaning one or more componehtsgas turbine engine. The method
includes injecting a dry cleaning medium into tlas gurbine engine at one or more locations,
wherein the dry cleaning medium includes a plwalitabrasive microparticles. Further, the
abrasive microparticles may be suspended in aterwand/or water-based detergent. Thus, the
method also includes circulating the cleaning medilnrough at least a portion of the gas turbine
engine such that the abrasive microparticles abaegieface of the one or more components so
as to clean the surface.

[0019] The present disclosure provides various advantagiegresent in the prior art. For
example, gas turbine engines according to presscibdure can be cleaned on-wing, in-situ,

and/or off-site with the engine maintained in thyfassembled condition. Further, the
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cleaning methods of the present disclosure prosimtilltaneous mechanical and chemical
removal of particulate deposits in cooling passayesmf gas turbine engines. In addition, the
system and method of the present disclosure improléaning effectiveness and has significant
implications for engine time on-wing durability. dveover, the present invention provides an
abrasive media cleaning and delivery system andthad for uniform circumferential cleaning
of a turbine engine that does not necessarily requsubsequent rinse cycle.

[0020] Referring now to the drawings, FIGilllstrates a schematic cross-sectional view of
one embodiment of a gas turbine endifghigh-bypass type) according to the present
disclosure. As shown, the gas turbine endidbas an axial longitudinal centerline agiad
therethrough for reference purposes. Furtherhaws, the gas turbine engit@ preferably
includes a core gas turbine engine generally ifledtby numerall4 and a fan

sectionl6 positioned upstream thereof. The core engihtypically includes a generally tubular
outer casind.8that defines an annular inl20. The outer casintg further encloses and
supports a boost@2 for raising the pressure of the air that enterg emginel4to a first
pressure level. A high pressure, multi-stage,ldboav compressoR4 receives pressurized air
from the boosteR2 and further increases the pressure of the air. pféssurized air flows to a
combusto26, where fuel is injected into the pressurizedstigam and ignited to raise the
temperature and energy level of the pressurizedTdie high energy combustion products flow
from the combusta26 to a first (high pressure) turbir28 for driving the high pressure
compressoR4 through a first (high pressure) drive sit and then to a second (low pressure)
turbine32for driving the booste?22 and the fan sectiob6 through a second (low pressure) drive
shaft34 that is coaxial with the first drive sh&f0. After driving each of the turbin@8 and32,
the combustion products leave the core entihidarough an exhaust noz4é to provide at

least a portion of the jet propulsive thrust of émginelO.

[0021] The fan sectiod6includes a rotatable, axial-flow fan rot88 that is surrounded by
an annular fan casimtp. It will be appreciated that fan cas#f@is supported from the core
enginel4 by a plurality of substantially radially-extendirgscumferentially-spaced outlet guide
vanesA2. In this way, the fan casing 40 encloses thedéor38 and the fan rotor blades!.

The downstream sectiatb of the fan casing0 extends over an outer portion of the core
enginel4to define a secondary, or bypass, airflow cond8ithat provides additional jet
propulsive thrust.

[0022] From a flow standpoint, it will be appreciated thatinitial airflow, represented by
arrow50, enters the gas turbine engirtethrough an inleéb2 to the fan casing0. The airflow
passes through the fan bladsand splits into a first air flow (represented byoar54) that
moves through the condui8 and a second air flow (represented by ar&@ywhich enters the
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booster22.

[0023] The pressure of the second compressed aifi®is increased and enters the high
pressure compressa4, as represented by arr®®. After mixing with fuel and being
combusted in the combust®8, the combustion produdd® exit the combusta26 and flow
through the first turbin@8. The combustion produd® then flow through the second
turbine32 and exit the exhaust noz3é to provide at least a portion of the thrust for ¢jaes
turbine engind0.

[0024]  Still referring to FIG. 1, the combust®6 includes an annular combustion
chambei62 that is coaxial with the longitudinal centerlinésak2, as well as an inlé4 and an
outlet66. As noted above, the combus26rreceives an annular stream of pressurized air &tom
high pressure compressor discharge o68et A portion of this compressor discharge aw#o
into a mixer (not shown). Fuel is injected frorfual nozzle 80 to mix with the air and form a
fuel-air mixture that is provided to the combustdrambel62 for combustion. Ignition of the
fuel-air mixture is accomplished by a suitable igniand the resulting combustion gasé$flow

in an axial direction toward and into an annulastfstage turbine nozz&2. The nozzlg2is
defined by an annular flow channel that includgduaality of radially-extending,
circumferentially-spaced nozzle var&sthat turn the gases so that they flow angularly and
impinge upon the first stage turbine blades offitts¢ turbine28. As shown i-IG. 1, the first
turbine28 preferably rotates the high-pressure compresseora?the first drive shaf80, whereas
the low-pressure turbir@? preferably drives the boost2? and the fan rotd@8 via the second
drive shaft34.

[0025] The combustion chambéR is housed within the engine outer casli®gand fuel is
supplied into the combustion chamber 62 by onearerfuel nozzle80. More specifically,
liquid fuel is transported through one or more pgssvays or conduits within a stem of the fuel
nozzle 80.

[0026] Referring now to FIG. 2, a flow diagram of one emlinoent of a method 100 for in-
situ cleaning one or more components of a gasrtarbéngine (e.g. such as the gas turbine engine
10 illustrated in FIG. 1) is illustrated. For exala in certain embodiments, the component(s) of
the gas turbine engine 10 may include any of tmepmments of the engine 10 as described
herein, including but not limited to the compres2dy the high-pressure turbine 28, the low-
pressure turbine 32, the combustor 26, the condyushamber 62, one or more nozzles 72, 80,
one or more blades 44 or vanes 42, the boostex @2sing 18 of the gas turbine engine 10,
cooling passageways of the engine 10, turbine slsraur similar.

[0027] Thus, as shown at 102, the method 100 may inchjdeting a dry cleaning medium

84 into the gas turbine engine 10 at one or marations. More specifically, the step of
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injecting the cleaning medium into the gas turtegngine 10 may include injecting the cleaning
medium 84 into an inlet (e.g. inlet 20, 52 or 6#)he engine 10. Alternatively or in addition, as
shown, the step of injecting the cleaning mediunngd the gas turbine engine 10 may include
injecting the cleaning medium 84 into one or mare$82 of the engine 10. Further, the step of
injecting the cleaning medium 84 into the gas tuel@ngine 10 may include injecting the
cleaning medium 84 into an existing baffle platstegn (not shown) of the gas turbine engine 10.
Further, the cleaning medium 84 may be injectedl iné engine 10 using any suitable means.
More specifically, in certain embodiments, the nleg medium 84 may be injected into the
engine 10 using automatic and/or manual devicefgrord to pour, funnel, or channel
substances into the engine 10.

[0028] For example, referring now to FIG. 3, a partiabss-sectional view of one
embodiment of the gas turbine engine 10 accordirige present disclosure is illustrated. As
shown, the cleaning medium (as indicated by arréjww@ay be injected into the engine 10 at a
plurality of locations. More specifically, as shovthe cleaning medium is injected to the inlet
20 of the engine 10. Further, as shown, the agamedium 84 may be injected into one or
more ports 82 of the engine 10. For example, ag/shthe cleaning medium 84 may be injected
into a port 82 of the compressor 24 and/or a ppfdhe combustion chamber 62. Further, the
cleaning medium 84 contains a plurality of abrasnreroparticles. Thus, the cleaning medium
particles are configured to flow through the endifeand abrade the surfaces of the engine
components so as to clean said surfaces. In additi certain embodiments, where organic
abrasive micropatrticles are used, the cleaning mme@4 does not necessarily require a
subsequent rinse cycle after cleaning.

[0029] As used herein, “microparticles” generally refeptuticles having a particle diameter
of between about 0.1 microns or micrometers to 5bh00 microns. In certain embodiments, the
plurality of microparticles may have particle diaereof from about 10 microns to about 100
microns. Below 10 microns, the particle momentuaymot be sufficient to effectively remove
dust in the engine 10 and could potentially accatewvithin particular cooling circuits. Further,
above 100 microns, the particles may not haveaaefft velocity and therefore will not be able
to effectively remove dust in the engine 10 anda@otentially accumulate within particular
cooling circuits. In other words, it is necessfmythe particles to be larger than a sticking size
and smaller than a critical size than can leadugging of the fine cooling circuits. Thus, the
preferred particle size for cleaning both the floath of the components and the cooling circuits
of the turbine is typically from about 10 micronsdao about 100 microns.

[0030] In addition, the cleaning medium 84 of the preskstiosure may include any

suitable abrasive particles now known or later tged in the art. For example, in one
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embodiment, the cleaning medium 84 may includeraogaarticles such as nut shells (e.g.
walnut shells), fruit pit stones (e.g. plum), andday other suitable organic material. The
organic material has some cleaning advantagesidimg but not limited to ease of elimination
from the engine 10 after cleaning. In additiomabediments, the cleaning medium 84 may also
include non-organic particles such as e.g., alunsiiaa (e.g. silicon carbide), diamond, or
similar.

[0031] In addition, the particles of the cleaning mediu#m&ay have varying particle sizes.
For example, in certain embodiments, the abrasiceoparticles may include a first set of
microparticles having a median or average partd@deneter within a first, smaller micron range
and a second set of microparticles having a meubaticle diameter within a second, larger
micron range. More specifically, as used hereifimiaron range” generally encompasses a
particle diameter size range measured in micrormeted less than 100 microns. For example, in
certain embodiments, the first set of microparticieay have a median particle diameter equal to
or less than 20 microns, whereas the second seicobparticles may have a median particle
diameter equal to or greater than 20 microns. Mpesifically, the first micron range may be
equal to or less than 10 microns, whereas the semicron range may be equal to or greater
than 30 microns, or more preferably equal to oagmethan 40 microns. Thus, a median of the
second micron range may be larger than a mediameyage of the first micron range.

[0032]  Accordingly, as shown at 104 of FIG. 2, the methh6@ may also include circulating
the cleaning medium 84 through at least a portidhegas turbine engine 10 such that the
plurality of abrasive microparticles clean the onmenore components thereof. More

specifically, the abrasive micropatrticles of theagling medium 84 can be carried into smaller
areas of the engine 10, e.g. into the smaller nggiassageways, which are inaccessible to larger
particles.

[0033] In additional embodiments, the step of circulating cleaning medium 84 through at
least a portion of the gas turbine engine 10 malude motoring or running the engine 10 during
injection of the cleaning medium 84 so as to cateikhe particles through the gas turbine engine
10 via airflow. Alternatively, the step of circtilag the cleaning medium 84 through at least a
portion of the gas turbine engine 10 may includkzitg one or more external pressure sources
to provide airflow that circulates the particlesaingh the gas turbine engine 10. For example, in
certain embodiments, the external pressure so@&€sIG. 4) may include a fan, a blower, or
similar.

[0034] Referring now to FIG. 4, a schematic diagram of emdodiment of a cleaning

system 90 for in-situ cleaning of one or more congmis of a gas turbine engine 10 is

illustrated. As shown, the cleaning system 90udek a cleaning medium 84 containing a
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plurality of microparticles 92 as described herdturther, as shown, the cleaning system 90
includes a delivery system 94 configured to delihercleaning medium 84 at one or more
locations of the gas turbine engine 10 so as tandke one or more components thereof. More
specifically, the delivery system 94 may includg aunitable delivery device for delivering the
cleaning medium 84, including but not limited te thne or more external pressure sources 96 in
fluid communication with the various componentsha engine 10 to be cleaned via pipes, hose,
conduits, tubing, or similar. Further, the loca{®) may include a gas turbine inlet, one or more
ports of the gas turbine engine 10, one or mordrppassageways of the gas turbine engine 10,
and/or an existing baffle plate. The abrasiverdlegsystem 90 can also be employed in cooling
passages that operate at air pressures of up Gphds per square inch (psi) in the turbine
engine during service. Further, the abrasive nmedind delivery system 90 can be employed at
pressures from about five (5) psi to about 100Ggsiean passages. Thus, it is intended that the
cleaning medium 84 and delivery system 94 can h@arad such that it can be transmitted into
the cooling structure of the turbine engine 10 diglothe outer wall of the engine through ports
such as bore scope access ports, fuel nozzle Samgtrumentation access poriurther, in

certain embodiments, the delivery system 94 malyd&cone or more external pressure sources
96 configured to provide airflow to the engine b0as to circulate the abrasive microparticles 92
therethrough. For example, in certain embodimehesexternal pressure source(s) 96 may
include a fan, a blower, a pump, or any other bigtdevice.

[0035] Thus, as shown, in certain embodiments, the metBOdnay also include creating a
cleaning mixture 99 by mixing the plurality of abrge microparticles and a liquid 98, e.g. such
as water or water-based detergent. In such emlspdgnthe step of circulating the cleaning
medium 84 through at least a portion of the gdsiterengine 10 may include circulating the
cleaning mixture 99 through the gas turbine engiheia a pump. As such, for certain
components, air can be used for injecting the aleamarticles, e.g. via fan, whereas in other
components such as shrouds, combustors, and nowates may be used as the medium for
delivery of the abrasive particles.

[0036] More specifically, in certain embodiments, cleanirighe engine 10 may be
performed by spraying the abrasive media at thepom@nt that has a dust layer on it. For
example, the abrasive medium may be sprayed thrihgghaffle plate system that is used in the
engine for impingement cooling. In another examghle abrasive medium may be sprayed
through a borescope injection port while rotating tore of the compressor, so as to impinge
upon the compressor airfoils.

[0037]  This written description uses examples to disctbednvention, including the best

mode, and also to enable any person skilled irath® practice the invention, including making
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and using any devices or systems and performingrenoyporated methods. The patentable
scope of the invention is defined by the claimg| aray include other examples that occur to
those skilled in the art. Such other examplesrdaemded to be within the scope of the claims if
they include structural elements that do not diffem the literal language of the claims, or if
they include equivalent structural elements wituimstantial differences from the literal

languages of the claims.



INTERNATIONAL CLAIM SET

What Is Claimed Is:

1. A method for in-situ cleaning one or more congras of a gas turbine engine

(20), the method comprising:

injecting a dry cleaning medium (84) into the gabine engine (10) at one or more
locations, the dry cleaning medium (84) comprisangurality of abrasive microparticles (92);
and

circulating the cleaning medium (84) through astemportion of the gas turbine engine
(10) such that the abrasive microparticles (92adéra surface of the one or more components so

as to clean the surface.

2. The method of claim 1, wherein the pluralityabkasive microparticles (92)
comprises nut shells, fruit pit stones, aluminkgai diamond, or a combination including any of
the foregoing.

3. The method of claim 1, the plurality of abra&smicroparticles (92) comprising
individual particle diameter sizes ranging from abb0 microns to about 100 microns.

4, The method of claim 1, wherein the pluralityabirasive microparticles (92)
comprises a varying particle diameter size distrdu

5. The method of claim 4, wherein a first set & phurality of abrasive
microparticles (92) within the varying particle oiater size distribution comprises a median
particle diameter equal to or less than 20 micrand,wherein a second set of the plurality of
abrasive micropatrticles (92) within the varyingtjde diameter size distribution comprises a
median particle diameter equal to or greater tttamierons.

6. The method of claim 5, wherein the first selofasive microparticles (92)
comprises a median particle diameter equal toss tlean 10 microns, and wherein the second
set of abrasive microparticles (92) comprises aiameparticle diameter equal to or greater than
40 microns.

7. The method of claim 1, wherein injecting the diganing medium (84) into the
gas turbine engine (10) further comprises injectirggcleaning medium (84) into an inlet of the
gas turbine engine (10), one or more ports of #wetgrbine engine (10), one or more cooling
passageways of the gas turbine engine (10), atirexizaffle plate system of the gas turbine
engine (10), or a combination including any of fbk@going.

8. The method of claim 7, wherein circulating tiheaaing medium (84) through at

least a portion of the gas turbine engine (LOhrtomprises motoring the gas turbine engine
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(10) during injection of the cleaning medium (84)as to provide airflow that circulates the
plurality of microparticles through the gas turbarggine (10).

9. The method of claim 7, wherein circulating tlheaaing medium (84) through at
least a portion of the gas turbine engine (LOhrtomprises utilizing one or more external
pressure sources to provide airflow that circul#éibesplurality of microparticles through the gas

turbine engine (10).

10. The method of claim 1, further comprising dreag cleaning mixture (99)
comprising the plurality of abrasive micropartic(82) and at least one of water or detergent,
wherein the method further comprises circulatirgdleaning mixture (99) through at least a

portion of the gas turbine engine (10) via a pump.

11. A cleaning system (90) for in-situ cleaningpak or more components of a gas
turbine engine (10), the cleaning system comprising

a dry cleaning medium (84) comprising a pluralityabrasive microparticles (92), the
plurality of abrasive microparticles (92) comprigimdividual particle diameter sizes ranging
from about 10 microns to about 100 microns; and

a delivery system (94) configured to deliver theacling medium (84) at one or more

locations of the gas turbine engine (10) so asgancthe one or more components thereof.

12.  The cleaning system (90) of claim 11, wherbeplurality of abrasive
microparticles (92) comprises nut shells, fruitgignes, alumina, silica, diamond, or a
combination including any of the foregoing.

13.  The cleaning system (90) of claim 11, wherkendne or more locations comprise
at least one of an inlet of the gas turbine en¢fli®@, one or more ports of the gas turbine engine
(10), or one or more cooling passageways of theugase engine (10).

14. The cleaning system (90) of claim 11, wherbdelivery system (94) comprises
one or more external pressure sources to proviflevaithat circulates the plurality of abrasive
microparticles (92) through the gas turbine endir®y, wherein the one or more external

pressure sources comprise at least one of a faoweer, or a pump.

15.  The cleaning system (90) of claim 11, wherb&xdne or more components of the
gas turbine engine (10) comprise at least onecohapressor, a high-pressure turbine, a low-
pressure turbine, a combustion chamber, a nozaieppmore blades, a booster, a casing of the
gas turbine engine (10), turbine shrouds, or onaare cooling passageways of the gas turbine
engine (10).
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