ABRASIVE GEL DETERGENT FOR CLEANING
GAS TURBINE ENGINE COMPONENTS

FIELD OF THE INVENTION
[0001] The present subject matter relates generally taugbsie engines, and
more particularly, to an abrasive gel detergeniresitu cleaning of gas turbine

engine components.

BACKGROUND OF THE INVENTION
[0002] A gas turbine engine generally includes, in sdloal 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 compressors
progressively compress the air until it reachesctirabustion section. Fuel is mixed
with the compressed air and burned within the castibn section to provide
combustion gases. The combustion gases are risatadhe combustion section
through a hot gas path defined within the turbeetisn 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 piresd_P) turbine. The HP turbine
and the LP turbine each include various rotataliegime components such as turbine
rotor blades, rotor disks and retainers, and vargiationary turbine components such
as stator vanes or nozzles, turbine shrouds, agideeframes. The rotatable and
stationary turbine components at least partialjngethe hot gas path through the
turbine section. As the combustion gases flowughothe hot gas path, thermal
energy is transferred from the combustion gasdsetootatable and stationary turbine
components.
[0004] During operation, environmental particulate acclated on engine
components. For example, internal cooling surfggagicularly impingement cooled
surfaces such as those of turbine shrouds are posdhe accumulation of
environmental particulate, which can become a cballgireacted product. Such
accumulation can lead to reduced cooling effecegsrof the components and/or

corrosive reaction with the metals and/or coatimighe engine components. Thus,



particulate build-up can lead to premature disteggor reduced engine life.
[0005]  Accordingly, the present disclosure is directed tgel detergent and
method of using same that addresses the aforemedtiesues. More specifically,
the present disclosure is directed to a gel det¢rgenfigured for in-situ cleaning of

gas turbine engine components.

BRIEF DESCRIPTION OF THE INVENTION
[0006] Aspects and advantages of the invention will béaéh 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 directadnethod for in-situ
cleaning one or more components of a gas turbigamen The method includes
injecting a gel detergent into at least a portibthe gas turbine engine at a
predetermined pressure. The gel detergent inclagsrality of abrasive particles
suspended in a gel composition. Further, the aleasrticles include organic
material. The gel composition is formed of a migtof detergent particles dissolved
in a gel reactant. The method also includes afigwine gel detergent to flow across
or within one or more of the components of thetgasine engine so as to clean the
component(s).
[0008] In another aspect, the present disclosure is éideict a method for in-situ
cleaning a component of a gas turbine engineseaah as a turbine blade of the gas
turbine engine. The method includes injecting ladgéergent into a cooling
passageway of the component of the gas turbineendihe gel detergent includes a
plurality of abrasive particles suspended in acgehposition. Further, the abrasive
particles include organic material. The gel conmpmsincludes a mixture of
detergent particles dissolved in a gel reactatie method also includes allowing the
gel detergent to flow through the cooling passageswaas to clean therein. It should
also be understood that the method may furtheudechny of the additional steps,
features and/or properties as described herein.
[0009] In yet another aspect, the present disclosureestéid to a gel detergent
for cleaning a component of a gas turbine engiriee gel detergent is formed from a

gel composition having a plurality of abrasive argaparticles suspended therein.



Further, the gel composition contains a mixtureetergent particles dissolved in a
gel reactant. Moreover, each of the abrasivegesthas a particle diameter ranging
from about 20 microns to about 500 microns. ltwti@lso be understood that the gel
detergent may further include any of the additideatures and/or properties as
described herein.

[0010] These and other features, aspects and advantatfespesent invention
will become better understood with reference toftilewing description and
appended claims. The accompanying drawings, wdriehncorporated 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 ii@n 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 voéwne embodiment of a
gas turbine engine according to the present disros
[0013] FIG. 2 illustrates a flow diagram of one embodimaia method for in-
situ cleaning of one or more components of a gdsrte engine according to the
present disclosure;
[0014] FIG. 3 illustrates a partial, cross-sectional vigvone embodiment of a
gas turbine engine, particularly illustrating a detergent being injected into the
engine at a plurality of locations according to pinesent disclosure;
[0015] FIG. 4 illustrates a cross-sectional view of ondediment of a
component of a gas turbine engine, particularlystiating a gel detergent being
injected into a cooling passageway of the compoaetrding to the present
disclosure; and
[0016] FIG. 5 illustrates a flow diagram of another emipoeint of a method for
in-situ cleaning of a component of a gas turbingiremaccording to the present

disclosure.



DETAILED DESCRIPTION OF THE INVENTION
[0017] Reference now will be made in detail to embodimeiftse 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 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.
[0018] As used herein, the terms “first”, “second”, anklifd” may be used
interchangeably to distinguish one component frowtlzer and are not intended to
signify location or importance of the individualmponents.
[0019] 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.
[0020] Generally, the present disclosure is directed talaasive gel detergent
that is particularly useful for in-situ or on-wirteaning of gas turbine engine
components. More specifically, the gel detergealuides a plurality of abrasive
particles suspended in a gel composition. Furthergel composition is formed of a
mixture of detergent particles dissolved in a gelctant. Thus, the method includes
injecting the gel detergent into a portion of tlas gurbine engine at a predetermined
pressure. Thus, the method also includes allowiagyel detergent to flow across or
within one or more of the components of the galsihg engine so as to clean one or
more of the components.
[0021] The present disclosure provides various advantagiegresent in the prior
art. For example, gas turbine engines accordimyeasent disclosure can be cleaned
on-wing, in-situ, and/or off-site. Further, tHeaning methods of the present
disclosure provide simultaneous mechanical and camemoval of particulate
deposits in cooling passages and other areas afidase engines that can have

difficult access. In addition, the system and rodtbf the present disclosure



improves cleaning effectiveness and has signifigaptications for engine time on-
wing durability.

[0022]  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. As showngé#seturbine engink0 has 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 numer&# and a fan sectiob6 positioned upstream thereof.
The core enging4 typically includes a generally tubular outer casi8ghat defines
an annular inleR0. The outer casintB further encloses and supports a boo2gdor
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. pféssurized air flows to a
combustoR6, where fuel is injected into the pressurizedstxgam and ignited to
raise the temperature and energy level of the pressl air. The high energy
combustion products flow from the combus26ito 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 thrustha&f enginelO.

[0023] The fan sectiod6includes a rotatable, axial-flow fan ro@8that is
surrounded by an annular fan caséify It will be appreciated that fan cas#fgjs
supported from the core engihéby 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 sectidf of
the fan casing0extends over an outer portion of the core enghi® define a
secondary, or bypass, airflow conddftthat provides additional jet propulsive thrust.
[0024] From a flow standpoint, it will be appreciated thatinitial airflow,
represented by arroB0, enters the gas turbine engirfethrough an inleés2to the
fan casinglO0. The airflow passes through the fan blatfeznd 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.

[0025] The pressure of the second compressed aifi®is increased and enters
the high pressure compres2dr, as represented by arré&. 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 turbid2 and exit the exhaust nozA3éto provide at least a
portion of the thrust for the gas turbine engife

[0026]  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 100 to mix with the aivd 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 4 the first drive shaf80, whereas the low-pressure
turbine32 preferably drives the boost2? and the fan rot@8via the second drive
shaft34.

[0027] The combustion chambégis housed within the engine outer caslidy
and fuel is supplied into the combustion chambepy@ane or more fuel nozzI&$.
More specifically, liquid fuel is transported thigluone or more passageways or
conduits within a stem of the fuel nozzle 80.

[0028]  Referring now to FIG. 2, a flow diagram of one emlinoent of a method
100 for in-situ cleaning one or more componenta gés turbine engine (e.g. such as
the gas turbine engine 10 illustrated in FIG. li)ustrated. For example, in certain
embodiments, the component(s) of the gas turbiganerl0 may include any



components of the engine 10 as described heraildimg 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
blades 44 or vanes 42, the booster 22, a casiof tb& gas turbine engine 10, or
similar. More specifically, in particular embodints, the component(s) of the gas
turbine engine 10 may include the blades 44 ohtgk-pressure turbine 28 or the
low-pressure turbine 32 of the gas turbine enghe 1

[0029] Thus, as shown at 102, the method 100 includestingea gel detergent
(as indicated by arrow 84 of FIG. 3) into the gabine engine 10 at a predetermined
pressure. In certain embodiments, the method l&0intlude determining the
predetermined pressure as a function of at leasbbthe viscosity of the gel
composition or the one or more components of tisetgdine engine 10. In other
words, depending on the viscosity of the gel deter@4 and which component the
gel detergent 84 is being injected into, the inggcpressure can be modified
accordingly.

[0030]  Further, as shown in FIG. 3, the step of injectimggel detergent 84 into
the gas turbine engine 10 may include injectinggledetergent 84 into an inlet (e.qg.
inlet 20, 52 or 64) of the engine 10. Alternatwel in addition, as shown, the step of
injecting the gel detergent 84 into the gas turlgingine 10 may include injecting the
gel detergent 84 into one or more ports 82 of tigeree 10. In yet another
embodiment, the step of injecting the gel deter@dninto the gas turbine engine 10
may include injecting the gel detergent 84 into onenore cooling passageways 88
of a component of the engine 10. More specifical/shown in FIG. 4, a gel supply
85 may be attached to a component surface 86 batkhe gel detergent 84 can be
injected into an inlet 87 of a cooling passagewdypBthe component, e.g. the blade
44.

[0031] The gel detergent 84 of the present disclosurein@yde any suitable
composition now known or later developed in the &dr example, in one
embodiment, the gel detergent 84 may include afilyrof abrasive particles
suspended in a gel composition. More specificélig,abrasive particles may be
formed from organic material. For example, in engbodiment, the organic material

may formed from nut shells (e.g. walnut shells)/anétuit stone pits (e.g. peach,



plum, or similar). As such, the organic materiaparticles can easily burn if left in
the engine 10 after cleaning so as to not damageribine 10 by either blocking
cooling circuits or inducing pitting or intergra@mlcorrosion on engine component
parent metals or coating systems.

[0032] In further embodiments, the organic particles maytesent in the gel
composition in any suitable concentration and mayehany suitable shape. For
example, in one embodiment, the organic materigl beapresent from about 3,000
parts per million (ppm) to about 30,000 ppm, i.evein the residual ash content of
the organic material does not exceed 0.05% at“ID4 addition, the abrasive
organic particles may have any suitable partide sb as to not damage the engine
components. For example, in one embodiment, thelgadiameter of the organic
particles may range from about 20 microns to ab@Gtmicrons, more preferably
from about 20 microns to about 40 microns. In &ddj the abrasive particles may
have substantially the same particle size or mag karying particle sizes. For
example, in certain embodiments, the varying piarszes may include a first set of
particles having a particle diameter within a fisshaller micron range and a second
set of particles having a particle diameter withisecond, larger micron range. For
example, in certain embodiments, the first micramge may be equal to or less than
20 microns, whereas the second micron range maybal to or greater than 500
microns.

[0033] More specifically, the gel composition may be fochué a mixture of
detergent particles dissolved in a gel reactaot. ekample, in certain embodiments,
the detergent particles may include biodegradabitiicaparticles similar to the
particles found in CITRANOX® brand detergent soldAlconox, Inc., 9E 40th St.,
Room 200, New York, N.Y. 10016 and/or U.S. Patepplfcation No.:
2015/0159122 entitled “Cleaning Solution and MethotiCleaning a Turbine
Engine” filed on September 12, 2014, which is ipavated herein by reference in its
entirety. It should also be understood that therdent particles may include any
suitable dry detergent particles now known or ldireloped in the art.

[0034] In addition, the gel reactant may include one orevpgmlymers with a
molecular weight range of from about 1,250,000towu 3,000,000 Daltons. For

example, in certain embodiments, the gel reactaytinclude a class of polymers of



acrylic and carboxylic acids. Commercial examjglesuch gel reactants may include
Carbomer 941® or Carbomer 934P®.

[0035] In certain embodiments, the process of forminggiledetergent may
include diluting the detergent particles, e.g. gsieionized water. The mixture can
then be pH buffered with a predetermined amouat @fl buffer, e.g. crystalline
imidazole using a pH probe. Thus, when forminggekdetergent, the pH buffer can
be used to buffer the solution to a pH ranging fidsout 5 to about 6, more
preferably about 5.5. Further, the process mawudecadding one or more corrosion
inhibitors to the gel composition. For examplecamntain embodiments, suitable
corrosion inhibitors may include hexamine, phengtiiamine,
dimethylethanolamine, sodium nitrite, cinnamalde#yabndensation products of
aldehydes and amines (imines), chromates, nitptessphates, hydrazine, ascorbic
acid, or similar. More specifically, in one embwmeint, the corrosion inhibitor may
include Basacof! 2005 brand corrosion inhibitor sold by BASF Corpimra, 100
Park Avenue, Florham Park, NJ 07932.

[0036] In yet another embodiment, the gel composition alag include a
carbomer, e.g. 0.5-10 v/v% carbomer. Furtherpth@ure may be further diluted
after adding the corrosion inhibitors and/or theeotadditives, as needed, and agitated
for a predetermined time period. For example giriain embodiments, the mixture
may be agitated at 60 from about 8 hours to about 15 hours in a bathssim form
the gel composition. The gel composition is theoled to room temperature and
mixed with the abrasive organic particles.

[0037] In addition, the gel composition of the gel detettg® may have a
viscosity high enough to maintain suspension ofdttganic particles therein but low
enough to allow the composition to flow through tjzes turbine engine 10. For
example, in certain embodiments, the viscositynefdgel composition may be from
about 1,000 to about 50,000 centipoise (cps) ate@fsees Celsius (i.e. room
temperature) under ASTM D2196. For example, atréemperature, and using a 0.5
vIiv% addition of Carbomer 941®, the viscosity of tiiel composition may be from
about 4,000 cps to about 11,000 cps. In anothéodiment, at room temperature,
and using a 0.5 v/v% addition of Carbomer 934P® Miscosity of the gel
composition may be from about 30,000 cps to ab01iGD cps.



[0038] Thus, as shown at 104, the method 100 may alsodadllowing the gel
detergent 84 to flow across or within one or mdrthe components of the gas
turbine engine 10 so as to clean the componetigs@df. More specifically, the gel
detergent 84 is configured to flow across extesualaces of the gas turbine
components and/or within passageways of the conmene

[0039] In further embodiments, the method 100 may incluaing the gel
detergent 84 after allowing the gel detergent 8dote across or within one or more
of the components. For example, in certain embedis) the gel composition may be
water soluble. Thus, the gel detergent 84 carabiyainsed after cleaning and does
not leave harmful residue behind.

[0040] In yet another embodiment, the method 100 mayiatdode injecting a
fluid (e.g. such as water) into the gas turbinere @O prior to injecting the gel
detergent 84 into the gas turbine engine 10 so a®t one or more surfaces of the
components of the gas turbine engine 10. Sudhalimetting of the turbine
components is configured to further assist cleanirttje components.

[0041] Referring now to FIG. 5, a flow diagram of anotkerbodiment of a
method 200 for in-situ or on-wing cleaning of a gmment of a gas turbine engine 10
is illustrated. As shown at 202, the method 2@Quitkes injecting a gel detergent 84
into a cooling passageway of the component of #setgrbine engine 10. As
mentioned, the gel detergent 84 includes a plyrafiaibrasive organic particles
suspended in a gel composition. More specificélig,gel composition includes a
mixture of detergent particles dissolved in a gelctant, e.g. such as the gel reactant
described herein. Thus, as shown at 204, the &0 also includes allowing the
gel detergent 84 to flow through the cooling passaty of the component(s) so as to
clean therein.

[0042]  This written description uses examples to disctbeanvention, including
the best mode, and also to enable any persondkilléhe art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope ahtteamtion is defined by the claims,
and may include other examples that occur to te&sled in the art. Such other
examples are intended to be within the scope ofldims if they include structural

elements that do not differ from the literal langeaf the claims, or if they include
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equivalent structural elements with insubstantifiécences from the literal languages

of the claims.
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CLAIMS

1. A method for in-situ cleaning one or more components of a gas turbine engine (10)
characterised in that, the method comprises injecting a gel detergent (84) into at least a
portion of the gas turbine engine (10) at a predetermined pressure, the gel detergent (84)
comprising a plurality of abrasive particles suspended in a gel composition, the plurality of
abrasive particles comprising organic material, the gel composition comprising a mixture of
detergent particles dissolved in a gel reactant; and allowing the gel detergent (84) to flow
across or within one or more of the components of the gas turbine engine (10) so as to clean

one or more of the components.

2. The method of claim 1, wherein the gel composition comprises a viscosity of from
about 1,000 to about 50,000 centipoise (cps) so as to maintain suspension of the abrasive
particles in the gel composition but to also allow the composition to flow through the gas

turbine engine (10).

3. The method of either of claim 1 or 2, wherein injecting the gel detergent (84) into the
gas turbine engine (10) further comprises injecting the gel detergent (84) into at least one of
an inlet of the gas turbine engine (10), one or more ports of the gas turbine engine (10), or
one or more cooling passageways (88) of one or more of the components of the gas turbine
engine (10).

4. The method of any preceding claim, further comprising rinsing the gel detergent (84)
after the gel detergent (84) flows across or within one or more of the components, wherein

the gel composition is water soluble.

5. The method of any preceding claim, further comprising determining the
predetermined pressure as a function of at least one of the viscosity of the gel composition or

the one or more components of the gas turbine engine (10).
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6. The method of any preceding claim, further comprising adding at least one of a

corrosion inhibitor or a pH buffer to the gel composition.

7. The method of any preceding claim, wherein the one or more components of the gas
turbine engine (10) comprise at least one of a compressor (24), a high-pressure turbine (28), a
low-pressure turbine (32), a combustor (26), a combustion chamber (62), a nozzle, one or

more blades or vanes, a booster (22), or a casing of the gas turbine engine (10).

8. A gel detergent (84) for cleaning a component of a gas turbine engine (10), the gel

detergent (84) comprising:

a gel composition comprising a mixture of detergent particles dissolved in a gel
reactant; characterised in that the detergent further comprises a plurality of abrasive organic
particles suspended in the gel composition, each of the plurality of abrasive particles

comprising a particle diameter ranging from about 20 microns to about 500 microns.

9. The gel detergent (84) of claim 8, wherein the gel composition comprises a viscosity
of from about 1,000 to about 50,000 centipoise (cps) so as to maintain suspension of the
abrasive particles in the gel composition but to also allow the composition to flow through

the gas turbine engine (10).

10.  The gel detergent (84) of either of claim 8 or 9, wherein the plurality of abrasive
particles comprise varying-sized particles.

11.  The gel detergent (84) of claim 10, wherein the organic material comprises at least

one of nut shells or fruit stone pits.

12. The gel detergent (84) of any of claims 8 to 11, wherein the gel composition further
comprises at least one of a corrosion inhibitor or a pH buffer.
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13.  The gel detergent (84) of any of claims 8 to 12, wherein the gel reactant is water
soluble and comprises a mixture of acrylic and carboxylic acids having a molecular weight
range of from about 1,250,000 to about 3,000,000 Daltons.
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