SYSTEM AND METHOD FOR CLEANING, RESTORING, AND PRE&LCTING
GAS TURBINE ENGINE COMPONENTS

FIELD

[0001] The present subject matter relates generally taughse engines, and
more particularly, to systems and methods for tneat of gas turbine engine

components using a vaporization and condensatmreps.

BACKGROUND

[0002] A typical aircraft-mounted gas turbine engine imigs gas turbine
engine components having very fine cooling passtgdsallow 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@nts and within the cooling
passages of the engine. For example, dust (reactesh-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. Sucmadaiion can lead to reduced
cooling effectiveness of the components and/orosore reaction with the metals
and/or coatings of the engine components. Thusicpkte build-up can lead to
premature distress and/or reduced engine life. ithah@lly, accumulations of
environmental contaminants (e.g. dust-reacted angbgted, sand, etc.) can degrade
aerodynamic performance of the high-pressure commsrand lower fuel efficiency
of the engine through changes in airfoil morphology

[0003] Current approaches for treating fully assembledresggenerally rely
on foam or liquids. However, the physical charasties of the treating medium
impose limits on the engine surfaces which mayftexted by the treating medium.
For example, it is desirable to treat the coolimgpassages of a jet engine. The
cooling air passages have holes in the outer fafcesmbustors and turbines which
have a diameter of approximately 1 mm. The knawatinent foams have bubbles

which are two to ten times larger than these oggirAs such, the bubble diameter



prevents the foam from entering the cooling airspgss, and thus the foams are not
suitable for treating the cooling air passageguid-based treatments, on the other
hand, may have components small enough to passgthtbe cooling holes, but have
a different set of limitations. Liquid treatmemt® driven by rotational speeds or
gravity. This tends to concentrate the liquidha buter diameter when the gas
turbine engine is rotating or near the bottom sfadic engine. In neither case will the
liquid tend to flow uniformly through all the cirts of the cooling air passages.
[0004] Accordingly, a need exists for an improved methmdl¢an gas turbine

engine components.

BRIEF DESCRIPTION

[0005] Aspects and advantages of the invention will bda¢h in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.

[0006] In accordance with one embodiment of the presestiaBure, a vapor-
based system for treating one or more componerasyak turbine engine is provided.
The system may include a treatment compound havihglivery temperature for a
corresponding delivery pressure. The delivery terafure may be greater than an
engine component surface temperature. The sys@mnmuolude a storage vessel
containing the treatment compound. A delivery mednay be operably coupled to
the storage vessel and to an engine access pidietdelivery module may be
operable to deliver the treatment compound at omease locations of the gas turbine
engine such that the treatment compound is a wapen exposed to an engine air-
path so as to treat the engine component.

[0007] In accordance with another embodiment of the ptadisnlosure, a
method for treating one or more components of exradt-mounted gas turbine
engine is provided. The method may include opgratlipling a delivery module,
which may also be coupled to a storage vesseh engine access point. The
delivery module may be activated to deliver a portf a treatment compound to the
engine access point. The treatment compound maysheersaturated vapor upon
entering an engine air-path. The supersaturatgdrvaay have a delivery



temperature for a corresponding a delivery presstihe delivery temperature is
greater than a surface temperature of a componeface such that the vapor may
change phase on the component surface.

[0008] These and other features, aspects and advantatiesmesent
invention will become better understood with ref@eto the following description
and appended claims. The accompanying drawingshvetne incorporated in and
constitute a part of this specification, illustrammbodiments of the invention and,
together with the description, serve to explaingheciples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] 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 appefigares, in which:

[0010] FIG. 1 shows a schematic cross-sectional view ef@nbodiment of a
gas turbine engine according to the present disos

[0011] FIG. 2 shows a schematic view of an exemplary ijaged system
for the cleaning, restoration, and protection ef éixemplary gas turbine engine of
FIG. 1,

[0012] FIG. 3 shows a schematic view of an embodiment@&xemplary
system shown in FIG. 2, coupled to a fuel deliveygtem;

[0013] FIG. 4 shows a schematic view of an embodimert@fiixemplary
system shown in FIG. 2, particularly illustratingirst active ingredient being stored
separately from a second active ingredient;

[0014] FIG. 5 shows a schematic view of an embodiment@fixemplary
system shown in FIG. 2, particularly illustratingapor storage system;

[0015] FIG. 6. shows a schematic view of an embodimetit@exemplary
system shown in FIG. 2, particularly illustratirigetaddition of a vaporizer,

[0016] FIG. 7 depicts an exemplary controller such asif® in the

exemplary systems of FIGs. 2-6; and



[0017] FIG. 8 illustrates a flow diagram of one embodimeaind method for
cleaning, restoring and protecting gas turbinermmgomponents in accordance with
aspects of the present subject matter.
[0018] Repeat use of reference characters in the preseaifisation and
drawings is intended to represent the same or goatofeatures or elements of the
present invention.

DETAILED DESCRIPTION

[0019] 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 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.
[0020] As used herein, the terms “first” and “second” nhayused
interchangeably to distinguish one component frowtizer and are not intended to
signify location or importance of the individualmponents.

[0021] As used herein, the term “vapor” refers to a sutzstan the gaseous
state, as distinguished from the liquid or solatest

[0022] 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.

[0023] As used herein, the phrases "constructed of CM@d™eomprised of
CMCs" shall mean components substantially constduot CMCs. More specifically,
the CMC components shall include more CMC matéhiaih just a layer or coating of
CMC materials. For example, the components corstiuaf CMCs may be
comprised or constructed substantially or enticdlZMC materials, including greater
than about 50, 60, 70, 80, 90, or 100 percent CNéeral.



[0024] Methods and systems are generally provided fotitrggas turbine
engine components, even in an assembled, in-sifim&n The methods of the present
disclosure generally provide for delivery of a treant compound in a vapor form.
Being in a vapor form, the treatment compound ntleoeoughly penetrates an
assembled gas turbine engine (as compared to loqumam-based treatment
systems), allowing the treatment compound to a#egine components not readily
accessible using current in-situ engine cleanirga@aches.

[0025] To achieve the desired effect, the treatment comgdagiheated to a
delivery temperature and a delivery pressure poatelivery to the gas turbine
engine. For example, if the treatment compoumnvditer based, it is generally heated
to a delivery temperature from 95°C to 260°C anieélavery pressure from 10 kPa to
3,500 kPa. The gas turbine engine to be treatgdomat a standard atmosphere of
15°C at 101.325 kPa. Upon delivery to the gasierengine, the treatment
compound encounters lower pressure and temperaiadbtions than the delivery
pressure and temperature, such that the treatragrgaund vaporizes (if not already
a vapor). Because the water-based treatment camdgdmas a delivery pressure
(partial pressure) from 103 kPa to 3,447 kPa, hedsaturation pressure of a water-
based compound at 15°C is about 1.705 kPa, théaesuapor may be
supersaturated. The term “supersaturated,” ashexetih, refers to a vapor of a
compound that has a higher partial pressure thamapor pressure of the compound.
[0026] The vapor has a portion of suspended droplets baviange of
diameters from 1 um to 100 um (e.g., from 5 umQqB). As the vapor (which

may be supersaturated) is driven through the gagiengine by the delivery
module, the vapor encounters engine surface conmg®aad begins to condense
thereon. Because the diameter of the dropletsddrim the vapor may be less than
35 um (e.g., from 5 um to 30 um), the dropletsadnle to reach the targeted surfaces
of the gas turbine engine unreachable by dropkeisig larger diameters.

[0027] Referring now to the drawings, FIG. 1 illustratesr@ss-sectional view
of one embodiment of a gas turbine engine 100rttaat be utilized with an aircraft in
accordance with aspects of the present subjecem#te engine 100 is shown having
a longitudinal or axial centerline axis 112 extewgiherethrough for reference
purposes. The engine 100 will be discussed inldetlow. Although shown as a



turbofan jet engine, the methods described heraew me used on any turbomachine
including, but not limited to, high-bypass turbofamgines, low-bypass turbofan
engines, turbojet engines, turboprop engines, 8irdéiib engines, propfan engines, and
so forth.

[0028] FIG. 2 illustrates a schematic view of one embodinod a vapor-
based treatment system 200 for treating of onearercomponents of a gas turbine
engine 100 in accordance with aspects of the prasdect matter. In the illustrated
embodiment, the treatment system 200 includegatnrent compound 300 contained
in a storage vessel 202. The storage vessel 2fjieiably coupled to a delivery
module 204 via coupling 206. In some embodimentxntroller 208 is
communicatively coupled to the delivery module 204l the storage vessel 202 via
communications link 210 to manage the deliveryheftreatment compound 300 to
the gas turbine engine 100. The delivery of teatthent compound 300 to the gas
turbine engine 100, even in-situ, is accomplishiacawdelivery passage 212 coupled
to an engine access point 218. It should be agteetcthat the delivery passage 212
may be, but is not limited to, a hose, a pipe,r&dod, a duct, an encapsulation, or an
atmospheric passage defined by a portion of moaingln certain embodiments, a
discharge collector 214 is positioned to colletieatment system waste fluid 216.
[0029] Referring still to FIG. 2, the treatment compour@® 3nay be in any
desirable phase of matter when stored in the storagsel 202 but is a supersaturated
vapor upon entry into the gas turbine engine 1880, the treatment compound may
be any compound designed to affect encounteretugaise engine components. For
example, the treatment compound may be a cleagjegtaa restorative agent, or a
protective agent. Additionally, the treatment campd may be specifically
formulated to affect the encountered gas turbirggnencomponent based on the
material makeup of the component. For examplaniembodiment in accordance
with aspects of the present disclosure, the treattic@mpound may be formulated as
a restorative compound compatible with an outetiegaf a CMC composite. In

still other embodiments, the treatment compound beag protective compound
compatible with an outer coating of a flow path gmment.

[0030] In an exemplary embodiment in accordance with aspEdhe present
disclosure, the treatment compound 300 may beual@f room temperature and is



heated to a delivery temperature from 93°C to 268i@€ a delivery pressure from
103 kPa to 3,447 kPa prior to introduction into ¢jas turbine engine 100. For
example, the gas turbine engine 100 may be anhdantd atmospheric temperature
and pressure of 15°C at 101.325 kPa and the lineadment compound 300 may be
brought to about 149° C and held at about 758 &athe treatment compound 300
is introduced to the gas turbine engine 100 byd#derery module 204 (which is
liquid delivery module in this exemplary embodimetthe stepdown to a lower
pressure causes the treatment compound 300 toixeorflash,” resulting in a
supersaturated vapor. In such an example, thilltggatment compound 300 at
about 149°C and about 758 kPa would experiencetab6b7 kPa pressure
differential at the instant of introduction, instignvaporize, yet remain at about
149°C. As the vapor begins to cool, the vapor bgpsedroplets having a diameter of
less than 35 um (e.g., from 5 um to 30 um). Bezafishis small droplet diameter,
the vapor is able to permeate the engine, espgthalplurality of cooling passages.
As the vapor encounters gas turbine engine 100 onas, a portion of the
treatment compound changes phase and condendes encountered surface. In
some embodiments, this condensed treatment com@hdnay be further
dispersed by motoring (i.e., rotating without fuilg gas turbine engine 100.

[0031] In an additional exemplary embodiment in accordamitle aspects of
the present disclosure, the treatment compoundB0iBe the exemplary
embodiment above, may be a vapor which is broumhtdelivery temperature from
93°C to 260°C and a delivery pressure from 103tkF3447 kPa prior to
introduction into the gas turbine engine 100. Retreatment compound 300 is
already a vapor in this embodiment, the introdurctidgo the gas turbine engine 100
does not drive a phase change.

[0032] However, as the vapor begins to cool, the vapoeld@s droplets
having a diameter of less than 35 um (e.g., frqumbto 30 um). Because of this
small droplet diameter, the vapor is able to petm#® engine, especially the
plurality of cooling passages. As the vapor entensngas turbine engine 100
components, a portion of the treatment compoundgdgphase and condenses on
the encountered surface.

[0033] It should be appreciated that delivering the tregitncompound 300 in



a vapor form in accordance with an aspect of tiesgmt disclosure may be
particularly advantageous, ensuring the treatmemipound 300 reaches the desired
engine components. For example, the utilizatioa wapor allows the treatment
compound 300 to reach engine components whichraeaahable by traditional
solution or slurry approaches due to the absenediné of sight to the component.
Additionally, by employing a vapor, the engine acpoint 218 may be any engine
orifice including, but not limited to, an inlet 1%2IG. 1) of the fan casing 140 (FIG.
1), a borescope inspection port, a component ofudblesystem 162 (FIG. 1) or an
exhaust nozzle 136 (FIG. 1). It should also begezed that composition of the
treatment compound determines the range of tempesand pressures required to
drive a supersaturation condition within the commhuFor example, while water-
based compounds have a temperature range fromt82&D°C, alcohol-based
solutions may have a delivery temperature from 78°250°C at the same delivery
pressures.

[0034] FIG. 3 illustrates a schematic view of one embodihot a treatment
system 200 for treating one or more componentsgafsaturbine engine 100 in
accordance with aspects of the present subjecemadtt the depicted embodiment,
the delivery module 204 is fluidly coupled via ase®20 to a fuel system coupler
222. The fuel system coupler 222 is operably cedipd the gas turbine engine’s 100
fuel system 162. The fuel system 162 includesigapity of hoses 220 and fuel
injector nozzles 224 coupled to the gas turbineren§j00. In such an embodiment,
the delivery module 204 delivers a portion of tteatment compound 300 through
the fuel system 162 to be dispersed by the fuettoy nozzles 224 into the
combustors 126 (FIG. 1) of the gas turbine engb@ 1

[0035] FIG. 4 illustrates a schematic view of one embodinod a treatment
system 200 for treating one or more componentsgafsaturbine engine 100 in
accordance with aspects of the present subjecemaiss illustrated, the treatment
system 200 includes, a first storage vessel 20Zaas®tond storage vessel 228, and
the treatment compound 300 includes a first adgtigeedient 302 and a second active
ingredient 304. The first active ingredient is @oned in the first storage vessel 202,
and the second active ingredient 304 is containglda second storage vessel 228.
As shown in FIG. 4, the delivery module 204 of tambodiment also includes a



mixing chamber 230. At the direction of the coi&0208, the mixing chamber 230
mixes a portion of the first active ingredient 30izh a portion of the second active
ingredient 304 to produce the treatment compouirid 30

[0036] FIG. 5 illustrates a schematic view of one embodihot a treatment
system 200 for treating one or more componentsgafsaturbine engine 100 in
accordance with aspects of the present subjecemadtt the illustrated embodiment,
the treatment system 200 includes a storage v@<$&l 2, 202), which is a pressure
vessel 232. The pressure vessel 232 holds a patitihe treatment compound 300 in
a vapor phase. To maintain the treatment comp80Adas a vapor, a pressure
control mechanism 234 and a temperature controhamesm 236 are coupled to the
pressure vessel 232. In the exemplary embodirttentreatment compound 300 is
delivered as a vapor to the gas turbine enginebyGe delivery module 204.

[0037] FIG. 6 illustrates a schematic view of one embodinod a treatment
system 200 for treating one or more componentsgafsaturbine engine 100 in
accordance with aspects of the present subjecemdtt the illustrated embodiment,
the treatment system 200 includes a storage v@<§&l 2, 202), which is a pressure
vessel 232. The pressure vessel 232 holds a patithe treatment compound 300 in
a liquid form. To maintain the treatment compo@0@ as a liquid, a first pressure
control mechanism 234 and a first temperature cbntechanism 236 are coupled to
the pressure vessel 232. A vaporizer 238 is opecalipled between the pressure
vessel 232 and the delivery module 204. A secwoasspre control mechanism 240
and a second temperature control mechanism 24@parably coupled to the
vaporizer 238 to establish vaporizations condititthresein. In the depicted
embodiment, the vaporizer 238 converts a portidigafd treatment compound 300
to a vapor and delivers the vapor to the deliveoglate 204.

[0038] Referring now to FIG. 8, a flow diagram of a mettu@ is shown for
treating one or more components of an aircraft-nwaigas turbine engine. The
exemplary method 500 includes at 502 operably ¢ogphe delivery module to an
engine access point. The delivery module is atépled to a storage vessel. The
exemplary method 500 includes at 504 activatingdiisrery module to deliver a
portion of a treatment compound to the engine acpest. The treatment compound
IS a supersaturated vapor upon entering an engipath. The supersaturated vapor



may have a delivery temperature for a correspondidglivery pressure. The
delivery temperature is greater than a surface ¢eatpre of a component surface
such that the vapor changes phase on the compsunéace.

[0039] Referring again to FIG. 1, in general, the engi@@ thay include a

core gas turbine engine (indicated generally bgregfce character 114) and a fan
section 116 positioned upstream thereof. The engine 114 may generally include
a substantially tubular outer casing 118 that désfian annular inlet 120. In addition,
the outer casing 118 may further enclose and stippaooster compressor 122 for
increasing the pressure of the air that entersahe engine 114 to a first pressure
level. A high pressure, multi-stage, axial-flonngaressor 124 may then receive the
pressurized air from the booster compressor 12Zatiter increase the pressure of
such air. The pressurized air exiting the highspuee compressor 124 may then flow
to a combustor 126 within which fuel is injecteddjuel system 162 into the flow of
pressurized air, with the resulting mixture beioghdusted within the combustor 126.
The high energy combustion products are directaeh the combustor 126 along the
hot gas path of the engine 100 to a first (higlsguee, HP) turbine 128 for driving the
high pressure compressor 124 via a first (highquess HP) drive shaft 130, and then
to a second (low pressure, LP) turbine 132 foridgthe booster compressor 122 and
fan section 116 via a second (low pressure, LRedhaft 134 that is generally
coaxial with first drive shaft 130. After drivingaeh of turbines 128 and 132, the
combustion products may be expelled from the cogine 114 via an exhaust nozzle
136 to provide propulsive jet thrust.

[0040] 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 thiedegre 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 drive
shafts 130, 134.
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[0041] Additionally, as shown in FIG. 1, the fan sectidr6of the engine 100
may generally include a rotatable, axial-flow fator 138 surrounded by an annular
fan casing 140. In particular embodiments, the) @#e shaft 134 may be
connected directly to the fan rotor 138 such as direct-drive configuration. In
alternative configurations, the (LP) drive shaftd 18ay be connected to the fan rotor
138 via a speed reduction device 137 such as &tiedigear gearbox in an indirect-
drive or geared-drive configuration. Such speeldicgon devices may be included
between any suitable shafts / spools within en@jb@as desired or required.

[0042] It should be appreciated by those of ordinary skithe art that the fan
casing 140 may be supported relative to the cagseriil4 by a plurality of
substantially radially-extending, circumferentiafipaced outlet guide vanes 142. As
such, the fan casing 140 may enclose the fan i@&®and its corresponding fan
rotor blades 144. Moreover, a downstream secti@ai4he fan casing 140 may
extend over an outer portion of the core enginetbdidefine a secondary, or by-pass,
airflow conduit 148 that provides additional prague jet thrust.

[0043] During operation of the engine 100, it should berapiated that an
initial air flow (indicated by arrow 150) may entie engine 100 through an
associated inlet 152 of the fan casing 140. Th#éair 150 then passes through the
fan blades 144 and splits into a first compresgefiioav (indicated by arrow 154) that
moves through conduit 148 and a second compressioha(indicated by arrow
156) which enters the booster compressor 122. Tésspre of the second
compressed air flow 156 is then increased and ®ttierhigh-pressure compressor
124 (as indicated by arrow 158). After mixing witlel and being combusted within
the combustor 126, the combustion products 160tlegicombustor 126 and flow
through the first turbine 128. Thereafter, the castion products 160 flow through
the second turbine 132 and exit the exhaust nd&8eo provide thrust for the engine
100.

[0044] FIG. 7 provides a block diagram of an exemplary potimg system
400 that is representative of an embodiment ofrotiat 208 that may be used to
implement the methods and systems described hateording to exemplary
embodiments of the present disclosure. Thoughritbestbelow as a computing
system, it should be appreciated that in some emtasds, the controller may be an
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analog system or an electrical system that doesolide a computing device. As
shown, the computing system 400 may include omeae computing device(s) 402.
The one or more computing device(s) 402 may inclutkeor more processor(s) 404
and one or more memory device(s) 406. The oneooe processor(s) 404 may
include any suitable processing device, such agBprocessor, microcontroller,
integrated circuit, logic device, or other suitaptecessing device. The one or more
memory device(s) 406 may include one or more coarp@adable media, including,
but not limited to, non-transitory computer-reacafledia, RAM, ROM, hard drives,
flash drives, or other memory devices.

[0045] The one or more memory device(s) 406 may storernmton
accessible by the one or more processor(s) 40ddimg computer-readable
instructions 408 that may be executed by the omeare processor(s) 404. The
instructions 408 may be any set of instructions Wizgen executed by the one or more
processor(s) 404, cause the one or more procesd406ddo 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 twedéie one or more processor(s)
404 to perform operations, such as implementingasmaore of the processes
mentioned above.

[0046] 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.

[0047] The one or more computing device(s) 402 may alslide a
communication interface 412 used to communicategxample, with the other
components of system. The communication interfd@mMay include any suitable
components for interfacing with one or more netw®ykincluding for example,
transmitters, receivers, ports, controllers, arésnor other suitable components.
[0048] 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
components. For instance, processes discussad haag be implemented using a
single computing device or multiple computing degievorking in combination.
Databases, memory, instructions, and applicaticens Ime implemented on a single
system or distributed across multiple systems.tribiged components may operate
sequentially or in parallel.

[0049] 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.
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WHAT IS CLAIMED IS:

1. A vapor-based system for treating one or moreponents of a gas
turbine engine, the system comprising:

a treatment compound having a delivery temperdtura corresponding
delivery pressure, wherein the delivery temperasiggeater than an engine
component surface temperature;

a storage vessel containing the treatment compandl;

a delivery module operably coupled to the storaggsel and to an engine
access point, wherein the delivery module is oderetbdeliver the treatment
compound at one or more locations of the gas taremgine such that the treatment
compound is a vapor when exposed to an enginea#tirgo as to treat the engine

component.

2. The vapor-based system of claim 1, wherein glieery module
further comprises:

a hose; and

a fuel system coupler operably coupling the dejiveodule to a fuel system,

wherein the engine access point is a fuel injectazle.

3. The vapor-based system of claim 1, whereinrdgegtinent compound
is compatible with an outer coating of a flow pattimponent and is a protective

compound.

4, The vapor-based system of claim 1, wherein tinage vessel is a first
storage vessel, the vapor-based system further resingp

a second storage vessel;

wherein the treatment compound further compridastaactive ingredient
held in the first storage vessel and a secondeatyredient held in the second
storage vessel; and

wherein the delivery module further comprises aing>chamber operably
coupled to the first storage vessel and the sestwrdge vessel.
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5. The vapor-based system of claim 1, wherein tinage vessel is a
pressure vessel holding a portion of the treatroemtpound as a vapor, the vapor-
based system further comprising:

a pressure control mechanism coupled to the pres®sssel and a temperature

control mechanism coupled to the pressure vessel.

6. The vapor-based system of claim 1, wherein tineage vessel is a
pressure vessel holding a portion of the treatroemtpound in a liquid state, the
vapor-based system further comprising:

a first pressure control mechanism coupled to thegure vessel and a first
temperature control mechanism coupled to the presassel; and

a vaporizer operably coupled between the pressgseV and the delivery
module, the vaporizer comprising a second temperatntrol mechanism and a

second pressure control mechanism.

7. The vapor-based system of claim 1, wherein tinage vessel is a
pressure vessel holding a portion of the treatroemtpound in a liquid state and the
delivery module is a liquid delivery module, thepea-based system further
comprising:

a pressure control mechanism coupled to the pres®sssel and a temperature
control mechanism coupled to the pressure vessel;

an engine air-path temperature, the engine air{gatiperature being less than
the delivery temperature; and

an engine air-path pressure, the engine air-p&spre being less than the

delivery pressure.

8. The vapor-based system of claim 7, wherein glieery module
further comprises:

a hose; and

a fuel system coupler operably coupling the dejivaodule to a fuel system;
wherein the engine access point is a fuel injectazle, the engine air-path
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temperature is an injector nozzle outlet tempeeataimd the engine air-path pressure

is an injector nozzle outlet pressure.

9. The vapor-based system of claim 1, further casng:

a discharge collector positioned to capture a vpsed system waste fluid.

10.  The vapor-based system of claim 1, whereirdélieery temperature
is a compound deposition temperature.

11. A method for treating one or more componen@nodircraft-mounted
gas turbine engine, the method comprising:

operably coupling a delivery module to an engingeas point, wherein the
delivery module is coupled to a storage vessel,

activating the delivery module to deliver a portmfma treatment compound to
the engine access point, wherein the treatment cantpis a supersaturated vapor
upon entering an engine air-path, the supersatuxatgor having a delivery
temperature for a corresponding a delivery pressunerein the delivery temperature
is greater than a surface temperature of a compasueiace such that the vapor

changes phase on the component surface.

12.  The method of claim 11, further comprising:

circulating, via motoring of the gas turbine engitiee treatment compound
through at least a portion of the gas turbine emgs mounted on an aircraft such that

the treatment compound contacts a surface of ta@pmore components.

13.  The method of claim 11, wherein the engine sspeint is an inlet of

a fan section.

14.  The method of claim 11, wherein the engine sspeint is a fuel

system.

15. The method of claim 11, wherein the engine sEpeint is an engine
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exhaust nozzle.

16. The method of claim 11, wherein the storageelas a first storage
vessel and the treatment compound is a first actiyedient, the method for
treatment further comprising:

introducing a second active ingredient of the tremait compound held in a
second storage vessel;

producing the treatment compound by mixing the aitive ingredient with
the second active ingredient in a mixing chamberaiply coupled to the delivery
module; and

delivering a portion of the mixed treatment compbtmthe delivery module.

17.  The method of claim 11, wherein the storagselds a pressure
vessel, the method for treatment further comprising

maintaining a pressure with a pressure control as@sim coupled to the
pressure vessel;

maintaining a temperature with a temperature contexhanism coupled to
the pressure vessel,

holding a portion of the treatment compound in porastate in the pressure
vessel with at least one of the pressure contraha@sm and the temperature control
mechanism; and

delivering the portion of the treatment compoundapor form to the engine

air-path.

18.  The method of claim 11, wherein the storagselds a pressure
vessel, the method for treatment further comprising

maintaining a first pressure with a pressure comi@chanism coupled to the
pressure vessel;

maintaining a first temperature with a temperattmetrol mechanism coupled
to the pressure vessel,

holding the treatment compound in a liquid stattheapressure vessel with at
least at least one of the pressure control mecimeasl the temperature control
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mechanism; and

wherein the delivered portion of the treatment coumpl is a liquid, the liquid
vaporizing upon entering the engine air-path ha@ngngine air-path temperature
and engine air-path pressure, the engine air-patipérature and engine air-path

pressure being less than the delivery temperatutlelvery pressure.

19. The method of claim 18, wherein the deliverydorie further
comprises:

a hose, a fuel system coupler operably couplinglgleery module to a fuel
system, and wherein the engine access point islanjector nozzle, the engine air-
path temperature is an injector nozzle outlet teatpee, and the engine air-path

pressure is an injector nozzle outlet pressure.

20.  The method of claim 11, wherein the storagselas a pressure
vessel, the method for treatment further comprising

maintaining a first pressure with a first presstoatrol mechanism coupled to
the pressure vessel,

maintaining a first temperature with a first tengiare control mechanism
coupled to the pressure vessel,;

holding a portion of the treatment compound ingailil state in the pressure
vessel with at least one of the first pressurerobnmtechanism and the first
temperature control mechanism;

operably coupling a vaporizer between the pressessel and the delivery
module, the vaporizer comprising a second temperatntrol mechanism and a
second pressure control mechanism;

establishing a vaporization condition within thep@gzer with at least one of
the second pressure control mechanism and the géeammperature control
mechanism;

vaporizing a portion of the treatment compounchim taporizer; and

delivering the treatment compound to the delivepduaie.
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