IMAGING SYSTEM FOR INSPECTING
COMPONENTS OF TURBOMACHINES AND
METHOD OF ASSEMBLY THEREOF

BACKGROUND

[0001] The field of the invention relates getigrato imaging
systems and, more particularly, to imaging systeEmgspecting components along a

hot gas path of a turbomachine.

[0002] At least some known imaging systems aexludor inspecting
components along a hot gas path of a turbomachipe. example, at least some
known imaging systems include a sight tube or lmmes that is configured to extend
through an access port of the turbomachine and ihé& hot gas path of the
turbomachine. Accordingly, the imaging system aadnponents of the imaging
system, such as the sight tube and optical elemargsexposed to high temperatures
and pressures. At least some known imaging sysiiechgde supports for the optical
elements and cooling systems to reduce the temyeraf the optical elements. For
example, in at least some imaging systems, coaliragnels are formed by machining
processes such as drilling or boring. Howeveratineast some known imaging
systems, the configurations of the cooling chanaeld supports are limited by the
manufacturing processes. Also, in at least sonogvkrimaging systems, the imaging
systems are sized to accommodate the cooling clsammel/or optical elements.
Moreover, at least some known imaging systems amefigured for specific

turbomachines and are not useable for differetiotmachines.
BRIEF DESCRIPTION

[0003] In one aspect, an imaging system is giedi The imaging
system includes a sight tube extending along aitietigal axis of the imaging
system and configured to extend through an acoceds ghe sight tube includes a
wall extending about the longitudinal axis and diefy a cavity. The imaging system
also includes a plurality of cooling channels egiag through the sight tube. The
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plurality of cooling channels are configured toedir cooling fluid through the sight
tube for cooling the imaging system. The pluratifycooling channels are formed in
the sight tube such that at least one cooling odlanh the plurality of cooling

channels extends in a direction oblique to theitognal axis.

[0004] In another aspect, an imaging system rsvided. The
imaging system includes a sight tube extending calanlongitudinal axis of the
imaging system and configured to extend throughaess port of the turbomachine.
The sight tube includes a wall extending aboutltmgitudinal axis and defining a
cavity therein. The imaging system also includesoptical tube positioned in the
cavity such that the optical tube extends alongdhgitudinal axis. The optical tube
is modular and is releasably coupled to the sighet The optical tube includes a

plurality of optical elements positioned along thegitudinal axis.
DRAWINGS

[0005] These and other features, aspects, andntabes of the
present invention will become better understood rwtike following detailed
description is read with reference to the accompanylrawings in which like

characters represent like parts throughout the idgsywherein:

[0006] FIG. 1 is a schematic view of an exemplgas turbine

engine;

[0007] FIG. 2 is an enlarged cross-sectionalvvié a portion of the

gas turbine engine shown in FIG. 1;

[0008] FIG. 3A is an enlarged cross-sectionawiof an imaging
system of the gas turbine engine shown in FIG$\dl2a

[0009] FIG. 3B is a schematic view of the imagsystem shown in
FIG. 3A positioned in the gas turbine engine shawRIGS. 1 and 2;

[0010] FIG. 4 is an enlarged cross-sectionalvwed a sight tube of
the imaging system shown in FIG. 3A and taken aloreg4-4;
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[0011] FIG. 5 is an enlarged cross-sectionaivvié¢ a portion of the
sight tube of the imaging system shown in FIG. 38 taken along line 5-5;

[0012] FIG. 6 is an enlarged cross-sectionalwve an alternative

embodiment of a sight tube for use with the imagiystem shown in FIG. 3A;

[0013] FIG. 7 is an enlarged cross-sectionaivvié¢ a portion of the
sight tube shown in FIG. 6;

[0014] FIG. 8 is an enlarged cross-sectionalwvg an alternative
embodiment of a sight tube for use with the imagggtem shown in FIG. 3A and

including support structures;

[0015] FIG. 9 is an enlarged cross-sectionalwvad an alternative
embodiment of a sight tube for use with the imagggtem shown in FIG. 3A and

including wedge-shaped support structures;

[0016] FIG. 10 is an enlarged cross-sectionalwof an alternative
embodiment of a sight tube for use with the imagggtem shown in FIG. 3A and

including an open-loop cooling system and a cldseg@-cooling system;

[0017] FIG. 11 is a schematic view of fluid flothrough an
alternative embodiment of a sight tube for use whtéhimaging system shown in FIG.
3A;

[0018] FIG. 12 is a schematic view of fluid flothrough an
alternative embodiment of a sight tube for use wh#himaging system shown in FIG.

3A and including insulation;

[0019] FIG. 13 is a perspective view of a partiof an alternative

embodiment of a sight tube for use with the imagiystem shown in FIG. 3A;

[0020] FIG. 14 is a schematic view of fluid flothrough the sight
tube shown in FIG. 13;



[0021] FIG. 15 is an enlarged cross-sectionalwof an alternative
embodiment of a sight tube for use with the imagggtem shown in FIG. 3A and

including a lattice;

[0022] FIG. 16 is an enlarged view of a portairthe lattice shown
in FIG. 15; and

[0023] FIG. 17 is a flow chart of an exemplargthrod of processing

thermal imaging data.

[0024] Unless otherwise indicated, the drawipgsvided herein are
meant to illustrate key inventive features of tmeention. These key inventive
features are believed to be applicable in a wideetsaof systems comprising one or
more embodiments of the invention. As such, tlevidrgs are not meant to include
all conventional features known by those of ordynskill in the art to be required for

the practice of the invention.
DETAILED DESCRIPTION

[0025] In the following specification and theaichs, reference will

be made to a number of terms, which shall be défiadhave the following meanings.

[0026] The singular forms “a”, “an”, and “the™ndlude plural

references unless the context clearly dictateswike.

[0027] “Optional” or “optionally” means that thesubsequently
described event or circumstance may or may notrpand that the description

includes instances where the event occurs andhicessavhere it does not.

[0028] Approximating language, as used hereimoughout the
specification and claims, may be applied to modifyy quantitative representation
that could permissibly vary without resulting inchange in the basic function to
which it is related. Accordingly, a value modifibgl a term or terms, such as “about”
and “substantially”, are not to be limited to theeg@se value specified. In at least

some instances, the approximating language maesmond to the precision of an
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instrument for measuring the value. Here and tjinout the specification and
claims, range limitations may be combined and/derohanged, such ranges are
identified and include all the sub-ranges contaitiealein unless context or language
indicates otherwise.

[0029] As used herein, the terms “processor’ &wmputer” and
related terms, e.g., “processing device”, “compytievice”, and “controller” are not
limited to just those integrated circuits refertedn the art as a computer, but broadly
refers to a microcontroller, a microcomputer, agoammable logic controller (PLC),
a programmable logic unit (PLU), an applicationafie integrated circuit, and other
programmable circuits, and these terms are usemich@ngeably herein. In the
embodiments described herein, memory may includg, i® not limited to, a
computer-readable medium, such as a random accessomp (RAM), and a
computer-readable non-volatile medium, such ashflaemory. Alternatively, a
floppy disk, a compact disc — read only memory (RODM), a magneto-optical disk
(MOD), and/or a digital versatile disc (DVD) maysal be used. Also, in the
embodiments described herein, additional input chBnmay be, but are not limited
to, computer peripherals associated with an opematerface such as a mouse and a
keyboard. Alternatively, other computer periphgeratay also be used that may
include, for example, but not be limited to, a sem Furthermore, in the exemplary
embodiment, additional output channels may incluolgt not be limited to, an

operator interface monitor.

[0030] Further, as used herein, the terms “safévand “firmware”
are interchangeable, and include any computer amogstored in memory for
execution by personal computers, workstationsntdiand servers.

[0031] As used herein, the term “non-transitegmputer-readable
media” is intended to be representative of any itdagcomputer-based device
implemented in any method or technology for shemrt and long-term storage of
information, such as, computer-readable instrustiodata structures, program
modules and sub-modules, or other data in any devi¢herefore, the methods

described herein may be encoded as executabledtistrs embodied in a tangible,
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non-transitory, computer readable medium, includwghout limitation, a storage
device and a memory device. Such instructionsvexecuted by a processor, cause
the processor to perform at least a portion of thethods described herein.
Moreover, as used herein, the term *“non-transitopmputer-readable media”
includes all tangible, computer-readable medialuting, without limitation, non-
transitory computer storage devices, including,haut limitation, volatile and
nonvolatile media, and removable and non-removahdelia such as a firmware,
physical and virtual storage, CD-ROMs, DVDs, anyg ather digital source such as a
network or the Internet, as well as yet to be dgvetl digital means, with the sole

exception being a transitory, propagating signal.

[0032] Furthermore, as used herein, the terral-tiene” refers to at
least one of the time of occurrence of the assediatents, the time of measurement
and collection of predetermined data, the timert@ss the data, and the time of a
system response to the events and the environmanthe embodiments described

herein, these activities and events occur subathninstantaneously.

[0033] The methods and systems described heffewilitate
inspection of components in turbomachines. Formgte, an imaging system
includes a sight tube defining a cavity and anagptiube received in the cavity. The
sight tube is configured to extend into the turbohmae and optical elements are
positioned in the optical tube to facilitate theammg system generating images of the
turbomachine. The sight tube and the optical tatlgemodular to allow replacement
of the sight tube and/or the optical tube. Thentsigbe is manufactured using an
additive manufacturing process, which decreasestc@ssemble the imaging system
and enables the integration of complex features tim¢ sight tube. For example, in
some embodiments, a cooling channel having at astof an angled portion and a
curved portion is formed in the sight tube durihg additive manufacturing process.
In further embodiments, support structures are &arimm the sight tube to support the

optical tube.

[0034] FIG. 1 is a schematic view of a machineg., a

turbomachine, and more specifically, a gas turlengine 100. In the exemplary
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embodiment, gas turbine engine 100 includes amtake section 102, a compressor
section 104, a combustor section 106, and a tud®egon 108. Compressor section
104 is coupled downstream from, and in flow commation with, air intake section
102. In addition, combustor section 106 is coumed/nstream from, and in flow
communication with, compressor section 104, antiter section 108 is coupled
downstream from, and in flow communication withjydmustor section 106. Gas
turbine engine 100 includes an exhaust sectiontid0is downstream from turbine
section 108. Moreover, in the exemplary embodimembine section 108 is coupled
to compressor section 104 via a rotor assemblytiaRincludes, without limitation, a

compressor drive shaft 114 and a turbine drivet 5.

[0035] In the exemplary embodiment, combustorctise 106
includes a plurality of combustor assemblies, ic@mbustors 116, that are each
coupled in flow communication with compressor sattl04. Combustor section 106
also includes at least one fuel nozzle assembly Ha&ch combustor 116 is in flow
communication with at least one fuel nozzle assgnid8. Moreover, in the
exemplary embodiment, turbine section 108 and cesgar section 104 are rotatably
coupled to a load 120 via compressor drive sha#t. 1IFor example, in some
embodiments, load 120 includes, without limitatiam, electrical generator and/or a
pump. In the exemplary embodiment, compressoimediD4 includes at least one
compressor blade assembly 122. Also, in the examygimbodiment, turbine section
108 includes at least one turbine blade, i.e.,imerlbucket 124. Each compressor
blade assembly 122 and each turbine bucket 124upled to rotor assembly 112.
Specifically, each compressor blade assembly 12&igled to compressor drive
shaft 114 and each turbine bucket 124 is coupletutioine drive shaft 115. In
alternative embodiments, gas turbine engine 100ahgsconfiguration that enables

gas turbine engine 100 to operate as describethhere

[0036] In operation, air intake section 102 aies inlet air 150
towards compressor section 104. Compressor sebtfidrcompresses inlet air 150 to
higher pressures and temperatures prior to disglgagpmpressed air 152 towards
combustor section 106. Compressed air 152 is mwigld fuel (not shown) and
ignited within combustor section 106 to generatenloostion gases 154 that are
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channeled downstream towards turbine section Bj&cifically, at least a portion of
compressed air 152 is channeled to fuel nozzlengdslgel 18. Fuel is also channeled
to fuel nozzle assembly 118, wherein the fuel igadiwith compressed air 152 and
the mixture is ignited within combustors 116. Casiiion gases 154 generated
within combustors 116 are channeled downstreamrttsmairbine section 108. After
impinging turbine bucket 124, thermal energy isvested to mechanical rotational
energy that is used to drive rotor assembly 112urbifie section 108 drives
compressor section 104 and/or load 120 via compreds/e shaft 114 and turbine
drive shaft 115, and exhaust gases 156 are disathéihgough exhaust section 110 to

ambient atmosphere.

[0037] FIG. 2 is an enlarged cross-sectionalvwé a portion of gas
turbine engine 100. Turbine section 108 includéstagas path 160 at least partially
defined by turbine buckets 124. Turbine sectio® &0so includes a plurality of
stationary blades, i.e., vanes 162 that furthemdelfiot gas path 160. An imaging
system 164 is used to inspect gas turbine engifie iflaging system 164 includes at
least one sight tube 166 extending into a portioinod gas path 160. For example, in
some embodiments, sight tube 166 extends througicesss port into a portion of
hot gas path 160. Sight tube 166 is rigid andzisdsto fit through the access port and
extend into hot gas path 160. In some embodimedbt tube 166 is flexible to
facilitate sight tube 166 extending through theeascport and into hot gas path 160.
In the exemplary embodiment, sight tube 166 iscti@ toward a portion of hot gas
path 160 defined by a first stage turbine bucket, & stage one bucket (S1B) 167 in
the vicinity of the coupling of combustors 116 twhine section 108. Imaging system
164 is configured to generate an image of S1B 16 &lternative embodiments, sight
tube 166 is directed toward any portion of gas itegbengine 100 that enables

imaging system 164 to operate as described herein.

[0038] In the exemplary embodiment, imaging syst164 also
includes at least one processor 170 and a memmiged&72 coupled to processor
170. Gas turbine engine 100 includes a contrdlf& coupled to processor 170. In
operation, temperature measurements of S1B 167ajedeby imaging system 164
are transmitted to controller 176. Controller 1F@onfigured to determine operating
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characteristics of gas turbine engine 100 and obojeration of gas turbine engine
100 based on information from imaging system 1Bvalternative embodiments, gas
turbine engine 100 includes any controller 176 #dratbles gas turbine engine 100 to
operate as described herein.

[0039] In alternative embodiments, imaging syst&64 is used to
inspect any components in a high pressure andgbr temperature environment. For
example, in some embodiments, imaging system 164esl to inspect an aircraft
engine. In the exemplary embodiment, imaging sysié4 is used to generate any
image such as thermal images of components in il pressure and/or high

temperature environment.

[0040] FIG. 3A is a cross-sectional view of inmap system 164.
Imaging system 164 includes sight tube 166 andptical tube 168 extending along a
longitudinal axis 174. Sight tube 166 includes allwl71l extending about
longitudinal axis 174 and defining a cavity 173.ptiGal tube 168 is positioned in
cavity 173 and includes a wall 178 configured towfithin cavity 173 of sight tube
166. In the exemplary embodiment, wall 171 andl waB are cylindrical. In
alternative embodiments, imaging system 164 indudey sight tube 166 and/or
optical tube 168 that enables imaging system lGperate as described herein. For
example, in some embodiments, sight tube 166 amtical tube 168 is a prism such
as a triangular prism and a cuboid.

[0041] In addition, in the exemplary embodimenptical tube 168
includes a plurality of optical elements 180 pasigd along longitudinal axis 174.
Optical elements 180 are configured to direct angfocess light to facilitate imaging
system 164 generating images of gas turbine entd@e For example, in some
embodiments, optical elements 180 include lensasdiffract light through optical
tube 168. In further embodiments, optical elemer@® include optical fibers. In
alternative embodiments, imaging system 164 indua®y component that enables
imaging system 164 to operate as described herelfor example, in some
embodiments, imaging system 164 includes, withouttdtion, single wavelength

pyrometers, multi-wavelength pyrometers, measuréms@msors, two-dimensional (2-

-9-



D) imaging sensors, stereoscopic or three-dimeasi(8tD) imaging sensors, lens
based collection optics, mirror based collectiotiasp fiber-bundle based collection
optics, spectrometers, dichroic mirrors, opticalltefs, stationary imaging
mechanisms, imaging mechanisms such as scanniteqsygranslation robotics, and
rotation robotics, spectral window sensors, inflagensors, visible light sensors,
and/or transient infrared sensors. In further etitbents, imaging system 164 is

configured for phosphorescence temperature measatem

[0042] In the exemplary embodiment, a pluratifycooling channels
182 extend through sight tube 166. Cooling chani8R are configured to direct
cooling fluid through imaging system 164 to redube temperature of imaging
system 164. Accordingly, cooling channels 182 litate imaging system 164
operating in environments having relatively higimperatures and pressures. For
example, imaging system 164 is configured to withdttemperatures and pressures
of hot gas path 160 (shown in FIG. 2). In thereglary embodiment, cooling
channels 182 are formed in sight tube 166 duringduitive manufacturing process.
Accordingly, cooling channels 182 are able to hea@plex shapes. For example, in
some embodiments, cooling channels 182 includeaat lone of a curve and an angle

along the extension of cooling channels 182 thraight tube 166.

[0043] Also, in the exemplary embodiment, ogtitabe 168 is
releasably coupled to sight tube 166 and positianecavity 173 such that optical
elements 180 are positioned along longitudinas 4xi4. Optical tube 168 and sight
tube 166 are modular. In other words, optical tb8 is compatible with different
sight tubes 166 and sight tube 166 is compatibkl different optical tubes 168.
Accordingly, in some embodiments, optical tube &68/or sight tube 166 is removed
and replaced to allow imaging system 164 to opeveth different gas turbine
engines 100. In alternative embodiments, opticthet168 and sight tube 166 are
coupled in any manner that enables imaging systém th operate as described

herein.

[0044] In the exemplary embodiment, imaging egyst 164 is

configured to withstand the relatively high temperas and pressures along hot gas
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path 160 (shown in FIG. 2). Moreover, featuresinoging system 164, such as
cooling channels 182, reduce the temperatures @fgimy system 164 during
operation within the relatively high temperatured goressure environments. For
example, sight tube 166, optical tube 168, andiegathannels 182 have shapes that
are formed in an additive manufacturing processfaatitate the efficient transfer of
heat to a cooling fluid flow through imaging systet4. Accordingly, imaging
system 164 is configured to maintain the entirdtyntaging system 164, including,
for example, electronics, optics, and housingggmaperatures within operating limits.

[0045] FIG. 3B is a schematic view of imagingstgyn 164
positioned in gas turbine engine 100. Imagingesysii64 includes a flange 183.
Flange 183 is configured to mount on a portion & ¢urbine engine 100 such as a
casing and/or borescope ports, and receive sidgig 166 such that sight tube 166
extends through flange 183 and into gas turbineneng00. In some embodiments,
flange 183 includes a biasing member such as agpoi holds sight tube 166 in
position and allow for thermal expansion and aligntof sight tube 166 when sight
tube 166 is coupled to flange 183. In alternagwabodiments, imaging system 164
includes any flange 183 that enables imaging systém to operate as described

herein.

[0046] During operation, flange 183 is coupleal & casing or
borescope port of gas turbine engine 100. Optiche 168 is assembled and
positioned within cavity 173 of sight tube 166.gl8itube 166 is positioned in gas
turbine engine 100 and coupled to flange 183. eara casing 185 is coupled to
flange 183 in focal communication with optical tuthé8. A camera 187 and a
focusing slide 189 are positioned in camera cadif and configured to facilitate
imaging system 164 generating images. In altareambodiments, imaging system
164 has any configuration that enables imagingesysi64 to operate as described

herein.

[0047] FIG. 4 is an enlarged cross-sectionalvwag sight tube 166 of
imaging system 164 (shown in FIG. 3A) and takemg@ltine 4-4. FIG. 5 is an

enlarged cross-sectional view of a portion of sigitte 166 of imaging system 164
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(shown in FIG. 3A) and taken along line 5-5. Siglitie 166 includes a plurality of
cooling channels 182. Cooling channels 182 exiend first direction parallel to
longitudinal axis 174 and in a second directionap# to longitudinal axis 174. As
used herein, the term *“oblique” refers to a dittithat is not parallel or
perpendicular to a reference. In addition, coolicitannels 182 extend about
longitudinal axis 174 and have a helical shapee dinections and shape of cooling
channels 182 allow sight tube 166 to have a redazedand enable cooling channels
182 to extend alongside optical elements 180 (shavG. 3A). Moreover, cooling
channels 182 facilitate the removal of heat frortiaap tube 168 (shown in FIG. 3A)
and enable imaging system 164 (shown in FIG. 3Apperate in environments
having relatively high temperatures and pressunel as along hot gas path 160. In
addition, cooling channels 182 are connected iw tommunication with each other
and form a closed-loop cooling system, i.e., caplthannels 182 are sealed from an
exterior of sight tube 166. As a result, coolitmn through cooling channels 182 is
inhibited from interfering with measurements of gimay system 164 (shown in FIG.
3A) and the required amount of cooling flow is reeld. In alternative embodiments,
sight tube 166 includes any cooling channel 182 d¢mables imaging system 164 to

operate as described herein.

[0048] In the exemplary embodiment, sight tulbé further includes
at least one support structure 184 configured ppst and position optical tube 168
(shown in FIG. 3A) within sight tube 166. As showrFIG. 5, support structure 184
has a helical shape and is aligned with coolingokls 182. Accordingly, cooling
channels 182 are configured to remove heat froncagtbe 168 (shown in FIG. 3A)
and optical elements 180 (shown in FIG. 3A) wheticaptube 168 contacts support
structure 184. In addition, in some embodimentgpsrt structures 184 are
configured to facilitate heat removal from opticabe 168. As a result, cooling
channels 182 and support structures 184 facilaptecal tube 168 having a reduced
temperature when imaging system 164 is in envirgnsndaving relatively high
temperatures and pressures. In alternative emlamdénsight tube 166 includes any
support structure 184 that enables sight tube @Gfperate as described herein. For
example, in some embodiments, support structureid@ddes a flexible material,
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such as a foam and/or a spring, configured to mediforation of optical elements
180.

[0049] In reference to FIG. 3A, in the exemplaynbodiment,
cooling channels 182 are configured to contain at hensfer fluid such as water
and/or air. The heat transfer fluid is configutedeceive heat from optical tube 168
and optical elements 180 and transfer heat to adigla (not shown). In alternative
embodiments, cooling channels 204 are configurecdotain any material that
enables imaging system 164 to operate as deschibexin. For example, in some
embodiments, an insulating material such as a deramaterial is positioned in
cooling channels 204. In further embodiments, iogothannels 204 are configured

to contain a vacuum.

[0050] FIG. 6 is an enlarged cross-sectionaivvié a sight tube 200
for use with imaging system 164 (shown in FIG. 3&IG. 7 is an enlarged cross-
sectional view of a portion of sight tube 200. I&itube 200 is configured to receive
optical tube 168 (shown in FIG. 3A) within a cavi@2. Sight tube 200 includes a
plurality of cooling channels 204. Cooling charsn204 are sealed from an exterior
of sight tube 200 and form a closed-loop coolingteym. Cooling channels 204
include linear portions 206 and curved portions.2Q8near portions 206 extend
parallel to longitudinal axis 174. Curved portia2@8 extend between and connect
linear portions 206. Accordingly, cooling chann@B4 facilitate sight tube 200

having a reduced size.

[0051] In the exemplary embodiment, sight tub@ thcludes a wall
238 extending about longitudinal axis 174 and defjrcavity 202. Wall 238 includes
an inner radial surface 212 and an outer radidasar214. Outer radial surface 214
is spaced radially outward from inner radial suef@d2. Cooling channels 204 are
located between inner radial surface 212 and cathal surface 214. In alternative
embodiments, cooling channels 204 are located aexavihat enables sight tube 200
to function as described herein. For examplepmesembodiments, cooling channels

204 extend at least partially radially inward afiém radial surface 212.
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[0052] FIG. 8 is an enlarged cross-sectionalvwié a sight tube 216
for use with imaging system 164 (shown in FIG. 3A} including support structures
222. Sight tube 216 is configured to receive @bticbe 168 (shown in FIG. 3A)
within a cavity 218. Sight tube 216 includes a w220, a plurality of support
structures 222, and a plurality of cooling chanrzlgl. Wall 220 extends about
longitudinal axis 174 and defines cavity 218. Supptructures 222 extend from wall
220 into cavity 218 to facilitate positioning omtictube 168 (shown in FIG. 3A)
within cavity 218. In alternative embodiments, hdigtube 216 includes any
component that enables sight tube 216 to functsotescribed herein.

[0053] In the exemplary embodiment, cooling aiela 224 are
defined by wall 220 and support structures 222addition, cooling channels 224 are
at least partially open to allow fluid flow betweenoling channels 224 and cavity
218. Accordingly, cooling channels 224 form anrmefmop cooling system. Cooling
channels 224 are configured to direct cooling fliicbugh sight tube 216 and along
optical tube 168 (shown in FIG. 3A) during operataf imaging system 164 (shown
in FIG. 3A).

[0054] In addition, in the exemplary embodimenipport structures
222 extend along wall 220 parallel to longitudiaals 174. Support structures 222
include a base 226 and a flange 228. Flange 288edea contact surface 230
configured to contact optical tube 168 (shown i FBA) when optical tube 168 is
coupled to sight tube 216. Flange 228 is spacem fivall 220. In addition, flange
228 has a width that is greater than a width okli2#6. Cooling channels 204 are
defined between flanges 228 and wall 220. Moreoflanges 228 of adjacent
support structures 222 are spaced from each otidr that at least a portion of
optical tube 168 (shown in FIG. 3A) is free frormtact with support structures 222
to allow fluid flow to contact optical tube 168 aretuce the conduction of heat from

support structures 222 to optical tube 168.

[0055] Also, in the exemplary embodiment, sigite 216 includes

three support structures 222 spaced equal angigtandes about longitudinal axis
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174. In alternative embodiments, sight tube 2Xfunhes any support structure 222
that enables sight tube 216 to function as destiiieeein.

[0056] In reference to FIGS. 3 and 8, in somdéadiments, contact
surface 230 is configured to reduce heat transfeogtical tube 168 and optical
elements 180 positioned within optical tube 168r €&xample, in some embodiments,
contact surface 230 is a porous surface configtwertkduce the contact between
support structures 222 and optical tube 168 anititéae cooling optical tube 168. In
alternative embodiments, support structures 22Ridlecany contact surface 230 that

enables sight tube 216 to function as describegimer

[0057] FIG. 9 is an enlarged cross-sectionalvwié a sight tube 232
for use with imaging system 164 (shown in FIG. 3A} including support structures
234. Sight tube 232 is configured to receive @btiabe 168 (shown in FIG. 3A)
within a cavity 236. Sight tube 232 includes a w288, a plurality of support
structures 234, and a plurality of cooling chanr24®. Wall 238 extends about
longitudinal axis 174 and defines cavity 236. Supptructures 234 extend from wall
238 into cavity 236 to facilitate positioning omtictube 168 (shown in FIG. 3A)
within cavity 236. In some embodiments, suppaotctres 234 includes a lattice. In
alternative embodiments, sight tube 232 includes @mponent that enables sight

tube 232 to function as described herein.

[0058] In the exemplary embodiment, support cttmes 234 are
wedge-shaped and include a ridge 242 configuresbmdact optical tube 168 (shown
in FIG. 3A). Accordingly, ridges 242 reduce theaiof contact between sight tube
232 and optical tube 168 (shown in FIG. 3A) anare¢by, reduce transfer of heat
between sight tube 232 and optical tube 168. Maeoca majority of optical tube
168 is free from contact with support structuregl.23As used herein, the term
“majority” refers to a quantity greater than 5096. alternative embodiments, support
structures 234 have any shape that enables sight282 to function as described

herein.

-15-



[0059] FIG. 10 is an enlarged cross-sectionalwbdf a sight tube
244 for use with imaging system 164 (shown in B@&) and including an open-loop
cooling system and a closed-loop cooling systenght3ube 244 is configured to
receive optical tube 168 (shown in FIG. 3A) wittancavity 246. Sight tube 244
includes a wall 248, a plurality of support strueti 250, a plurality of first cooling
channels 252, and a plurality of second coolingholeés 254. Wall 248 extends about
longitudinal axis 174 and defines cavity 246. Swupptructures 250 extend from wall
248 into cavity 246 to facilitate positioning omtictube 168 (shown in FIG. 3A)
within cavity 246. In alternative embodiments, hdigtube 244 includes any

component that enables sight tube 216 to functsotescribed herein.

[0060] Also, in the exemplary embodiment, ficsioling channels
252 extend through sight tube 244 and are seated &n exterior of sight tube 244.
Accordingly, first cooling channels 252 are closedp cooling channels. In addition,
in the exemplary embodiment, wall 248 and suppiouctures 250 at least partially
define second cooling channels 254. Second codtimgnnels 254 are at least
partially open to allow fluid flow through sight ia 244. Accordingly, second

cooling channels 254 are open-loop cooling channels

[0061] In addition, in the exemplary embodimesight tube 244 is
produced using an additive manufacturing procesghwlnables sight tube 244 to
include a closed-loop cooling system formed byt fasoling channels 252 and an
open-loop cooling system formed by second coolingnoaels 254. In addition, the
additive manufacturing process allows sight tubé #2 have a reduced size. For
example, the additive manufacturing process allévgs cooling channels 252 and
second cooling channels 254 to have relatively dexghapes including curved
portions and angled portions. In contrast, attlesmsne known sight tubes only
include linear portions that are formed by machgniprocesses, e.g., boring or

drilling.

[0062] FIG. 11 is a schematic view of fluid fladtwough a sight tube
300 for use with imaging system 164 (shown in B@&). Sight tube 300 includes a
wall 306 defining cavity 304. Sight tube 300 isfigured to receive an optical tube
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302 within cavity 304 such that an annular spad i8@efined between optical tube
302 and wall 306. Annular space 308 acts as angpohannel for a fluid 310 to flow
along optical tube 302 and transfer heat fromcaptiube 302 to an exterior of sight
tube 300. Accordingly, sight tube 300 includesagen-loop cooling system. In
some embodiments, fluid 310 includes air and/orewatn alternative embodiments,
sight tube 300 includes any cooling system thablesasight tube 300 to operate as
described herein.

[0063] In the exemplary embodiment, optical tuB#2 includes a
sidewall 312 and an optical element 316. Side®hf defines an optical port 314
and optical element 316 is positioned within ogtipart 314. In the exemplary
embodiment, optical element 316 includes an inffacamera. In alternative
embodiments, optical tube 302 includes any optbtainent 316 that enables optical

tube 302 to function as described herein.

[0064] FIG. 12 is a schematic view of fluid flatwough a sight tube
400 for use with imaging system 164 (shown in FB8) and including insulation
402. Sight tube 400 includes a wall 408 definimyity 406. Sight tube 400 is
configured to receive an optical tube 404 withimitye406 such that an annular space
410 is defined between optical tube 404 and wall. 4hsulation 402 is positioned
along an interior of wall 408 within annular spat¥). Annular space 410 acts as a
cooling channel between insulation 402 and optiché 404 for a fluid 412 to flow
along optical tube 404 and transfer heat from aptigbe 404 to an exterior of sight
tube 400. Accordingly, sight tube 400 includesopen-loop cooling system. In the
exemplary embodiment, insulation 402 inhibits heanhsferring through wall 408
toward fluid 412 and optical tube 404.

[0065] Also, in the exemplary embodiment, odticde 404 includes
a wall 414 and an optical element 418. Opticaktdb4 defines an optical port 416
and optical element 418 is positioned within ogtipart 416. In the exemplary
embodiment, optical element 418 includes an inffacamera. In alternative
embodiments, optical tube 404 includes any opetanent 418 that enables optical

tube 404 to function as described herein.
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[0066] In addition, in the exemplary embodimeansulation 402 is
configured to inhibit wall 408 transferring heattween annular space 410 and the
exterior of sight tube 400. Insulation 402 inclsi@ay insulation material that enables
sight tube 400 to operate as described herein. ekample, in some embodiments,
insulation 402 includes, without limitation, fioéags and ceramic. In further
embodiments, insulation 402 includes a cover suxha aeflective foil to reduce

radiation heat transfer.

[0067] FIG. 13 is a perspective view of a partmf a sight tube 500
for use with the imaging system 164 (shown in B&). FIG. 14 is a schematic view
of fluid flow through sight tube 500. Sight tub@®includes an outer wall 502 and an
inner wall 504. Outer wall 502 is spaced radialiyward from inner wall 504 such
that an annular space 506 is defined therebetwémmer wall defines a cavity 508
configured to receive optical elements 510. In ékemplary embodiment, optical
elements 510 include an infrared camera. In ater@ embodiments, sight tube 500
is configured to receive any optical elements 32 enable sight tube 500 to operate
as described herein. For example, in some embaodéneptical elements 510 are

positioned in an optical tube that is receivedighstube 500.

[0068] In the exemplary embodiment, insulatioh25is located
within annular space 506. In particular, insulatil? is positioned about inner wall
504. In addition, fluid such as air is containedween outer wall 502 and inner wall
504. Accordingly, sight tube 500 has a double-watstruction and is configured to
reduce heat transfer to optical elements 510. ltérreative embodiments, sight tube
500 has any configuration that enables sight tli&t6 operate as described herein.
For example, in some embodiments, insulation 512omsitted. In further
embodiments, sight tube 500 includes intermediafisvand/or structures between
inner wall 504 and outer wall 502. In the exemplambodiment, inner wall 504

includes openings 518 configured to reduce presawenular space 506.

[0069] Also, in the exemplary embodiment, inma&ll 504 and outer
wall 502 are constructed of metals including, faample and without limitation,

stainless steel, nickel-based super alloys, andltbbsed super alloys. In some
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embodiments, portions of sight tube 500 such a®titer surfaces of outer wall 502
and inner wall 504, are polished and have a ralbtilow emissivity. In alternative

embodiments, sight tube 500 is assembled in amnaeraand includes any material
that enables sight tube 500 to function as destiieeein.

[0070] In addition, in the exemplary embodimemsulation 512
includes any insulation material that enables sighe 500 to operate as described
herein. For example, in some embodiments, insua®12 includes, without
limitation, fiberglass and ceramic. In additiom the exemplary embodiment,
insulation 512 includes a reflective foil 514 cagpufied to reduce radiation heat

transfer through insulation 512.

[0071] Moreover, in the exemplary embodimenpeinwall 504 is
configured to direct fluid 516 through sight tub@05and along optical elements 510
to transfer heat from optical elements 510 to aterex of sight tube 500.
Accordingly, sight tube 500 includes an open-loamling system. In some
embodiments, fluid 516 includes air and/or watbr.alternative embodiments, sight
tube 500 uses any fluid 516 that enables sight 50i0eto operate as described herein.

[0072] FIG. 15 is an enlarged cross-sectionalwbdf a sight tube
600 for use with imaging system 164 (shown in R3@) and including a lattice 602.
Sight tube 600 is configured to receive opticalketdlé8 (shown in FIG. 3A) within a
cavity 604. Sight tube 600 includes a wall 606.alM606 and lattice 602 extend
about longitudinal axis 174. Lattice 602 is coudpte an interior of wall 606 and
facilitates positioning optical tube 168 (shownRiG. 3A) within cavity 604. In
alternative embodiments, sight tube 600 includes @mponent that enables sight
tube 600 to function as described herein.

[0073] In the exemplary embodiment, lattice @82configured to
contact optical tube 168 (shown in FIG. 3A) andlitate cooling fluid removing heat
from optical tube 168. In addition, lattice 602luees the area of contact between
sight tube 600 and optical tube 168 (shown in B&). and, thereby, reduces transfer

of heat between sight tube 600 and optical tube 1BBalternative embodiments,
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support structures 234 have any shape that enalgbs tube 232 to function as

described herein.

[0074] FIG. 16 is an enlarged view of a portmnlattice, broadly a
support structure, 602. In some embodimentsc&a@iD2 includes elements having a
width in a range of about 200 micrometers to ab®0® micrometers. In the
exemplary embodiment, elements of lattice 602 hawedth of approximately 300
micrometers. Lattice 602 defines a plurality oenjmgs 608. In some embodiments,
openings 608 have a width in a range of about 5¢rameters to about 10,000
micrometers. In further embodiments, openings l&®& a width in a range of about
100 micrometers to about 1,000 micrometers. In ¢éxemplary embodiment,
openings 608 have a width of approximately 500 amwters. In alternative
embodiments, sight tube 600 includes any featudéoaropening that enables sight
tube 600 to operate as described herein. For deanmpsome embodiments, sight

tube 600 includes openings 608 on a support streietod not necessarily in a lattice.

[0075] In reference to FIGS. 2 and 4, a methddassembling
imaging system 164 generally includes forming sigitte 166 and forming cooling
channels 182 extending through sight tube 166 lgatal longitudinal axis 174. In
the exemplary embodiment, sight tube 166 and cgalirannels 182 are formed by an
additive manufacturing process. For example, imescembodiments, layers of
material such as powder are deposited on a sudadethe material is selectively
solidified (e.g., using an energy source and/omddy) in an iterative process to form
sight tube 166. In some embodiments, cooling ceBnh82 are formed during the
additive manufacturing process by positioning andémoving portions of the layers
deposited on the surface. In some embodimentst sige 166 is formed using alloys
including, for example and without limitation, nalk chromium, iron, molybdenum,
cobalt, and/or chrome. In alternative embodimesitgght tube 166 is formed using

any material that enables sight tube 166 to funcii® described herein.

[0076] Additive manufacturing processes and esyst include, for
example, and without limitation, vat photopolymatinn, powder bed fusion, binder

jetting, material jetting, sheet lamination, madériextrusion, directed energy
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deposition and hybrid systems. These processesystdms include, for example,
and without limitation, SLA - Stereolithography Agmatus, DLP - Digital Light

Processing, 3SP - Scan, Spin, and Selectively o CLIP — Continuous Liquid
Interface Production, SLS - Selective Laser SintgriDMLS - Direct Metal Laser
Sintering, SLM - Selective Laser Melting, EBM - Elon Beam Melting, SHS -
Selective Heat Sintering, MJF - Multi-Jet FusioB, Brinting, Voxeljet, Polyjet, SCP
- Smooth Curvatures Printing, MJM - Multi-Jet Moadel Projet, LOM - Laminated

Object Manufacture, SDL - Selective Deposition Laation, UAM - Ultrasonic

Additive Manufacturing, FFF - Fused Filament Fadtiegn, FDM - Fused Deposition
Modeling, LMD - Laser Metal Deposition, LENS - Ladengineered Net Shaping,
DMD - Direct Metal Deposition, Hybrid Systems, amwmbinations of these
processes and systems. These processes and sysaégnesnploy, for example, and
without limitation, all forms of electromagneticdiation, heating, sintering, melting,

curing, binding, consolidating, pressing, embeddargl combinations thereof.

[0077] Additive manufacturing processes and e&yst employ
materials including, for example, and without liatibn, polymers, plastics, metals,
ceramics, sand, glass, waxes, fibers, biologicadtenacomposites, and hybrids of
these materials. These materials may be usedesetprocesses and systems in a
variety of forms as appropriate for a given matedaad the process or system,
including, for example, and without limitation, &quids, solids, powders, sheets,
foils, tapes, filaments, pellets, liquids, slurriewires, atomized, pastes, and

combinations of these forms.

[0078] For example, the additive manufacturirrgcess facilitates
imaging system 164 having a reduced size in comparto at least some known
imaging systems. In addition, the additive mantufiacg process provides a broader
range of design options and allows for integratbicomplex features into sight tube
166. For example, in some embodiments, differeatienals, such as foam materials,
are integrated into the structure of sight tube 166provide enhanced cooling
properties. Moreover, the additive manufacturinggcpss reduces the cost to
assemble imaging system 164. In particular, théitimd manufacturing process
allows precise formation of shapes such as curmesamgles. In the exemplary
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embodiment, the additive manufacturing processaallsight tube 166 and cooling

channels 204 to have different shapes becausertivegs is not limited to shapes
formed by machining processes such as drillinglaorthg. In contrast, at least some
known imaging systems include only linear coolirenels because at least some

known manufacturing processes do not provide foresior angled portions.

[0079] As a result, imaging system 164 is ablevithstand higher
temperatures and pressures than other known imagyisigms. For example, the
shapes and configurations of sight tube 166, dptidze 168, cooling channels 182,
and support structures 184 facilitate heat remdr@in components of imaging
system 164 and allow imaging system 164 to mairdpirating temperatures within

the tolerances of components of imaging system 164.

[0080] FIG. 17 is a flow chart of an exemplanethod 700 of
processing thermal imaging data. In some embodsnenethod 700 is performed
using processor 170 and/or controller 176 (showRl@®. 2). Method 700 generally
includes collecting 702 thermal radiation signatanslating 704 the signals into a
temperature map, detecting 706 thermal anomalefonning 708 a safety operation
based on any detected thermal anomaly, regulafifgai operating parameter of gas
turbine engine 100 based on the temperature maprntieing 712 an optimized
operating parameter of gas turbine engine 100, rdeieng 714 component
conditions, and determining 716 a maintenance ¢ipera

[0081] In the exemplary embodiment, collectin@27 includes
collecting thermal radiation signals relating toya@momponents of gas turbine engine
100. For example, in some embodiments, the theradiftion signals relate to a
blade, a nozzle, a combustor liner, a shroud, analhy other component of gas
turbine engine 100. The thermal radiation sigaatéscollected 702 in a raw data form
and are translated 704 into a processed format asch temperature map. The
thermal radiation signals are translated 704 byyapyp a calibration to convert the
raw data form to the processed format for integiren.
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[0082] Also, in the exemplary embodiment, onenwre functions
are then performed based on the interpreted data.example, method 700 includes
functions such as detecting 706 thermal anomaliegulating 710 an operating
parameter of gas turbine engine 100, and determgirild component conditions.

[0083] In addition, in the exemplary embodimeéhgrmal anomalies
are detected 706 based on expected and/or averagerature readings. As used
herein, a thermal anomaly refers to a temperathe¢ tleviates from a set of
temperatures. If the thermal anomaly is beyonldreshold value and/or determined
as an operating risk, a safety operation is perorii08 based on the detected
thermal anomaly. In some embodiments, performid® & safety operation includes
providing an indication or alarm to an operaton further embodiments, the safety
operation includes automatically regulating anddowering off gas turbine engine

100 based at least in part on a detected temperatamaly.

[0084] In addition, in some embodiments, deteiny 714
component conditions includes determining condgiarfi any components of gas
turbine. For example, in some embodiments, cambtiare determined for each
component for the relevant radiation signals. ke texemplary embodiment,
determining 714 includes generating models of ttraponents and estimating service
lives of the components. Based on the determin@ullitons, a maintenance
operation is determined 716. In some embodimet¢termining 714 includes

schedule maintenance and/or repair of the compsnent

[0085] The above-described methods and systerasilitdte
inspection of components in turbomachines. Formgta, an imaging system
includes a sight tube defining a cavity and anagptiube received in the cavity. The
sight tube and the optical tube are modular towalfeplacement of the sight tube
and/or the optical tube. The sight tube is martufed using an additive
manufacturing process, which decreases cost tanédsehe imaging system and
enables the integration of complex features inéodight tube. For example, in some
embodiments, a cooling channel having at leastoba® angled portion and a curved

portion is formed in the sight tube during the &sdi manufacturing process. In

-23-



further embodiments, support structures are formdte sight tube. In addition, in
some embodiments, optical elements are positionethe optical tube which is

releasably coupled to the sight tube and suppdydtie support structures.

[0086] An exemplary technical effect of the nuath, systems, and
apparatus described herein includes at least orfa) aeducing the size of imaging
systems for turbomachines; (b) providing modulamponents of imaging systems;
(c) reducing the cost to assemble and operate ngagyistems for turbomachines; (d)
increasing the service life of components of imgggystems; (e) increasing heat
removal from optical components of imaging systéonsise in high temperature and
high pressure environments; (f) enabling standatiim of components of imaging
systems; and (g) reducing time required for develampt and integration of

components of imaging systems.

[0087] Exemplary embodiments of imaging systdarsgas turbine
engines and methods for operating are describedeabo detail. The imaging
systems and methods of operating such systems d@rdinmted to the specific
embodiments described herein, but rather, compsr@dystems and/or steps of the
methods may be utilized independently and sepgr&tmin other components and/or
steps described herein. For example, the meth@ysaiso be used in combination
with other high temperature combustion systemsmathods, and are not limited to
practice with only the gas turbine systems and intagystems and methods as
described herein. Rather, the exemplary embodincant be implemented and

utilized in connection with many other high temgera combustion applications.

[0088] Although specific features of various ediments of the
invention may be shown in some drawings and natthers, this is for convenience
only. In accordance with the principles of theantion, any feature of a drawing
may be referenced and/or claimed in combinatiorh vaiby feature of any other

drawing.

[0089] Some embodiments involve the use of anmare electronic

or computing devices. Such devices typically idel@a processor, processing device,
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or controller, such as a general purpose cent@tgssing unit (CPU), a graphics
processing unit (GPU), a microcontroller, a reduretruction set computer (RISC)
processor, an application specific integrated d@r¢ASIC), a programmable logic
circuit (PLC), a programmable logic unit (PLU), i@l programmable gate array
(FPGA), a digital signal processing (DSP) devicad/ar any other circuit or
processing device capable of executing the funstaescribed herein. The methods
described herein may be encoded as executableahetrs embodied in a computer
readable medium, including, without limitation, #rage device and/or a memory
device. Such instructions, when executed by a gmsing device, cause the
processing device to perform at least a portiothefmethods described herein. The
above examples are exemplary only, and thus arentestded to limit in any way the
definition and/or meaning of the term processor atessing device.

[0090] This written description uses examples disclose the
invention, including the best mode, and also tdbnany person skilled in the art to
practice the invention, including making and usiagy devices or systems and
performing any incorporated methods. The pateataslope of the invention is
defined by the claims, and may include other examfat occur to those skilled in
the art. Such other examples are intended to tenathe scope of the claims if they
have structural elements that do not differ fromn literal language of the claims, or if
they include equivalent structural elements witbulstantial differences from the

literal language of the claims.
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US Parts List

gas turbine engine 100
air intake section 102
compressor section 104
combustor section 106
turbine section 108
exhaust section 110
rotor assembly 112
compressor drive shaft 114
turbine drive shaft 115
combustor 116
fuel nozzle assembly 118
load 120
compressor blade assembly 122
turbine bucket 124

inlet air 150
compressed air 152
combustion gases 154
exhaust gases 156
hot gas path 160
vanes 162
imaging system 164
sight tube 166
bucket 167
optical tube 168
processor 170
wall 171
memory device 172
cavity 173
longitudinal axis 174
controller 176
wall 178
optical elements 180
cooling channels 182
flange 183
support structure 184
camera casing 185
camera 187
focusing slide 189
sight tube 200
cavity 202
cooling channels 204
linear portions 206
curved portions 208
inner radial surface 212
outer radial surface 214
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sight tube 216
cavity 218
cylindrical wall 220
support structures 222
cooling channels 224
base 226
flange 228
contact surface 230
sight tube 232
support structures 234
cavity 236
cylindrical wall 238
cooling channels 240
ridge 242
sight tube 244
cavity 246
wall 248
support structures 250
first cooling channels 252

second cooling channels 254
sight tube 300
optical tube 302
cavity 304
cylindrical wall 306
annular space 308
fluid 310
cylindrical sidewall 312
optical port 314
optical element 316
sight tube 400
insulation 402
optical tube 404
cavity 406
cylindrical wall 408
annular space 410
fluid 412
cylindrical sidewall 414
optical port 416
optical element 418
sight tube 500
outer cylindrical wall 502
inner cylindrical wall 504
annular space 506
cavity 508
optical elements 510
insulation 512
reflective foil 514
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fluid 516
openings 518
sight tube 600

lattice 602

cavity 604

cylindrical wall 606
openings 608

method 700
collecting 702
translating 704

detecting 706
performing 708
regulating 710
determining 712
determining 714
determined 716
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WHAT IS CLAIMED IS:
1. An imaging system comprising:

a sight tube extending along a longitudinal axisatl imaging system
and configured to extend through an access pod, sght tube including a wall

extending about the longitudinal axis and defirngavity; and

a plurality of cooling channels extending througidssight tube,
wherein said plurality of cooling channels are agurfed to direct cooling fluid
through said sight tube for cooling said imagingtegn, and wherein said plurality of
cooling channels are formed in said sight tube ghahat least one cooling channel
of said plurality of cooling channels extends idigection oblique to the longitudinal

axis.

2. The imaging system in accordance with Claim hemin said
plurality of cooling channels are connected in flommmunication by at least one of

an angled portion and a curved portion to formosetl-loop cooling system.

3. The imaging system in accordance with Claim tther
comprising at least one support structure extenttmm said wall to support at least
one optical element positioned in the cavity, whersaid at least one support
structure includes a flexible material configurededuce vibration of the at least one

optical element.

4. The imaging system in accordance with Claim ither
comprising a plurality of support structures exiagdfrom said wall to support at
least one optical element positioned in the cawitlgerein said plurality of support

structures define said at least one cooling channel

5. The imaging system in accordance with Claim 4ther
comprising an optical tube, wherein each suppauttire of said plurality of support

structures defines a porous surface configuredmtact said optical tube.
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6. The imaging system in accordance with Claim 4thir
comprising an optical tube, wherein each suppauttire of said plurality of support
structures includes an edge configured to contaict gptical tube, and wherein a
majority of said optical tube is free from contagith said plurality of support

structures.

7. The imaging system in accordance with Claim hemin said
plurality of cooling channels comprises a first sebpen-loop cooling channels and a
second set of closed-loop cooling channels.

8. The imaging system in accordance with Claim Aengin each

cooling channel of said plurality of cooling chalmeontains an insulating material.

9. The imaging system in accordance with Claim hemin said
plurality of cooling channels have a helical shape.

10. The imaging system in accordance with Claim utther
comprising at least one support structure withim ¢avity, wherein said at least one

support structure includes a lattice.

11. The imaging system in accordance with Claim utther
comprising a flange configured to mount on a porivd a turbomachine, said flange
coupled to said sight tube such that said sighe¢ textends through said flange and
into the turbomachine when said flange is couptetthé¢ turbomachine.

12.  The imaging system in accordance with Claimwliierein said

flange includes a biasing member configured toacrgaid sight tube.

13. The imaging system in accordance with Claim fadher
comprising a camera coupled to said flange andigardd to generate images of the

turbomachine.

14.  The imaging system in accordance with Clairwiigrein said

at least one cooling channel is formed in said tsifibe using an additive
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manufacturing process such that said at least ookng channel includes at least one

of an angled portion and a curved portion alongetktension through the sight tube.

15.  An imaging system for inspection of a turboniaeh said

imaging system comprising:

a sight tube extending along a longitudinal axisatl imaging system
and configured to extend through an access pdtieofurbomachine, said sight tube
including a wall extending about the longitudinalsaand defining a cavity therein;
and

an optical tube positioned in the cavity such tkaid optical tube
extends along the longitudinal axis, wherein saudical tube is modular and is
releasably coupled to said sight tube, said optida¢ including a plurality of optical
elements positioned along the longitudinal axis.

16. The imaging system in accordance with Claim fagher
comprising a plurality of support structures exiegdrom said wall to support said
optical tube, wherein said plurality of supportustures define at least one cooling

channel.

17.  The imaging system in accordance with Claim WBerein
each support structure of said plurality of supmbrictures defines a porous surface

configured to contact said optical tube.

18. The imaging system in accordance with Claim d6erein
each support structure of said plurality of suppsirtuctures includes an edge
configured to contact said optical tube contairsngh that a majority of said optical

tube is free from contact with said plurality opgort structures.

19. The imaging system in accordance with Claim fa&her
comprising at least one cooling channel extendimgugh said sight tube and
configured to extend along said optical tube whead sptical tube is coupled to said

sight tube.
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20.  Theimaging system in accordance with Claimwlt$grein said
at least one cooling channel is formed in said tsifilbe using an additive
manufacturing process such that said at least @odéing channel extends in a
direction oblique to the longitudinal axis.
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