POST-SHUTDOWN ENGINE HEAT REMOVAL SYSTEM

FIELD
[0001] The present subject matter relates generally toreezoval systems

and methods of cooling turbomachinery after shutdow

BACKGROUND
[0002] Upon engine shutdown, a typical gas turbine enggneires a period
of time to return to ambient or near ambient terapuge. A device, system, and/or
method for assisting cooldown of a gas turbine magiould be useful. In particular,
a device, system, and/or method that removes hwatd gas turbine engine after

engine shutdown would be desirable.

BRIEF DESCRIPTION
[0003] Aspects and advantages of the invention will béa#t in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.
[0004] In one exemplary embodiment of the present sulbjpatter, a system
is provided. The system comprises a cooling appsarancluding a suction device for
forcing air through a gas turbine engine, and gstipapparatus. The cooling
apparatus is disposed on the support apparatus sugport apparatus is moveable
with respect to the gas turbine engine to posit@cooling apparatus in contact with
an exhaust of the gas turbine engine.
[0005] In another exemplary embodiment of the presentestibpatter, a post-
shutdown heat removal system for a gas turbinenengiprovided. The post-
shutdown heat removal system comprises a suppparajus and a nozzle in
operative communication with a suction device focing air through the gas turbine
engine. The nozzle and the suction device aredexpon the support apparatus. The
support apparatus comprises a lift device for ditjgsa height of the nozzle along a
vertical direction, an angle adjustment mechanisnaéjusting an angle of the nozzle
with respect to a horizontal direction, and a nezzlpport element disposed on a
longitudinal slide rail for adjusting a longitudir@osition of the nozzle. The support



apparatus is configured to translate laterally landitudinally with respect to the gas
turbine engine to position the cooling apparatusontact with an exhaust of the gas
turbine engine.

[0006] In a further exemplary embodiment of the presebjex matter, a
method of removing heat from a gas turbine engitex ahutdown is provided. The
method comprises positioning a cooling apparatjecadt an exhaust of the gas
turbine engine, the cooling apparatus comprisisgaion device; sealing the cooling
apparatus to the exhaust; and operating the sugéwice to move air through the gas
turbine engine.

[0007] These and other features, aspects and advantatfesmesent
invention will become better understood with refe@to the following description
and appended claims. The accompanying drawingshvane 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
[0008] A full and enabling disclosure of the present irti@m including the
best mode thereof, directed to one of ordinary skihe art, is set forth in the
specification, which makes reference to the appefideres, in which:
[0009] FIG. 1 provides a schematic cross-section viewnadxemplary gas
turbine engine according to various embodimenth®fpresent subject matter.
[0010] FIG. 2 provides a side view of a portion of an @fthaving the gas
turbine engine of FIG. 1, according to an exemp&anpodiment of the present
subject matter.
[0011] FIG. 3 provides a perspective view of a systenréaroving heat from
the gas turbine engine, according to an exemplatyoeliment of the present subject
matter.
[0012] FIG. 4 provides a perspective view of the systerRIGf. 3 coupled to
the aircraft gas turbine engine of FIG. 2.
[0013] FIG. 5 provides a cross-section view of a portibaroexhaust of the
gas turbine engine and a nozzle of the system eduplthe exhaust, according to an
exemplary embodiment of the present subject matter.



[0014] FIG. 6 provides a perspective view of a portiothaf system of FIG.

3, including components for supporting the nozlthe system and adjusting a
longitudinal position of the nozzle, according toexemplary embodiment of the
present subject matter.

[0015] FIG. 7 provides a side view of a portion of theteygs of FIG. 3,
including components for adjusting an angle ofribezle of the system with respect
to a horizontal direction, according to an exemp&&mnbodiment of the present
subject matter.

[0016] FIG. 8 provides a side view of a portion of theteygs of FIG. 3,
including components for adjusting a height ofloezle of the system, according to
an exemplary embodiment of the present subjectematt

[0017] FIG. 9 provides a flow diagram of an exemplary rodtbf removing
heat from a gas turbine engine after shutdownefjtks turbine engine, according to

an exemplary embodiment of the present subjectematt

DETAILED DESCRIPTION
[0018] Reference will now be made in detail to presentatithents of the
invention, one or more examples of which are itatgtd in the accompanying
drawings. The detailed description uses numeandlletter designations to refer to
features in the drawings. Like or similar desigmag in the drawings and description
have been used to refer to like or similar parthefinvention.
[0019] As used herein, the terms “first,” “second,” ankiiré” may be used
interchangeably to distinguish one component frowtlzer and are not intended to
signify location or importance of the individualmponents. The terms “forward”
and “aft” refer to relative positions within a gasbine engine or vehicle and refer to
the normal operational attitude of the gas turleingine or vehicle. For example,
with regard to a gas turbine engine, forward refers position closer to an engine
inlet and aft refers to a position closer to anieagozzle or exhaust. The terms
“upstream” and “downstream” refer to the relativeection with respect to fluid flow
in a fluid pathway. For example, “upstream” refershe direction from which the
fluid flows, and “downstream” refers to the directito which the fluid flows. The
terms “coupled,” “fixed,” “attached to,” and thé&di refer to both direct coupling,



fixing, or attaching, as well as indirect couplirfigjng, or attaching through one or
more intermediate components or features, unléseswise specified herein. The
singular forms “a,” “an,” and “the” include plureg¢ferences unless the context clearly
dictates otherwise.

[0020] Further, as used herein, the terms “axial” or “liaefer to a
dimension along a longitudinal axis of an engifide term “forward” used in
conjunction with “axial” or “axially” refers to aicection toward the engine inlet, or a
component being relatively closer to the enginetink compared to another
component. The term “aft” or “rear” used in corgtian with “axial” or “axially”

refers to a direction toward the engine exhaust, @smponent being relatively closer
to the engine exhaust as compared to another canpoithe terms “radial” or
“radially” refer to a dimension extending betweeceater longitudinal axis (or
centerline) of the engine and an outer engine gifetence. Radially inward is
toward the longitudinal axis and radially outwasdaiway from the longitudinal axis.
[0021] Approximating language, as used herein throughwaispecification
and claims, is applied to modify any quantitatigpresentation that could permissibly
vary without resulting in a change in the basicction to which it is related.

Accordingly, a value modified by a term or termsgts as “about,” “approximately,”
and “substantially,” are not to be limited to theg@se value specified. In at least
some instances, the approximating language magsymond to the precision of an
instrument for measuring the value, or the prenisibthe methods or machines for
constructing or manufacturing the components argl/stems. The approximating
language may refer to being within a +/- 1, 2,@, 115, or 20 percent margin in either
individual values, range(s) of values, and/or emlgadefining range(s) of values.
[0022] Here and throughout the specification and claisge limitations are
combined and interchanged, such ranges are idshafid include all the sub-ranges
contained therein unless context or language itekcatherwise. For example, all
ranges disclosed herein are inclusive of the emdpoand the endpoints are
independently combinable with each other.

[0023] Generally, the present subject matter is direatexystems and
methods for removing heat, e.g., from a gas turbmggne after engine shutdown.
When a gas turbine engine remains at an elevatapgket@ature for an extended period



of time following engine shutdown, soakback cokaag occur, which can reduce the
effectiveness and/or life of components. Furthdengthy post-shutdown cool down
period can extend inspection and/or maintenancesti@s the engine must cool to a
temperature safe for inspection and/or maintenaAdglitionally, thermal gradients
can cause undesirable behaviors on the next estainte The present subject matter
provides one or more embodiments that addressiomei@ of these challenges, as
well as other challenges posed by relatively hattgebine engines after engine
shutdown.

[0024] More particularly, the present subject matter iectied to a system
comprising a cooling apparatus disposed on a stppparatus that maneuvers the
cooling apparatus into position with respect teahaust of the gas turbine engine
such that a nozzle of the cooling apparatus mayfaate with the exhaust. In
exemplary embodiments, while the nozzle is fluskaled to the exhaust, a suction
device of the cooling apparatus forces a flow ottaiough the engine to cool the
engine. The cooling apparatus and the supportrajysaare separate from the engine
and are moved into position to remove engine hakwing engine shutdown. Thus,
the present subject matter provides ground sugomipment that is capable of
forcing air through the engine flow path, e.g.et@ble engine cleaning, decreased
fuel or oil system coking, and rapid inspectioridaling engine shutdown. Such
advantages of the present subject matter may Iheydarly useful with respect to
aeronautical gas turbine engines, e.g., to helpneéhe associated aircraft to service
as quickly as possible while also minimizing engmaling and other disadvantages
of extended engine cooldown periods.

[0025] Referring now to the drawings, wherein identicaineuals indicate the
same elements throughout the figures, FIG. 1 eharatic cross-sectional view of a
gas turbine engine in accordance with an exemgaryodiment of the present
disclosure. More particularly, for the embodimehFIG. 1, the gas turbine engine is
a high-bypass turbofan jet engine 10, referrecetein as “turbofan engine 10.” As
shown in FIG. 1, the turbofan engine 10 definesxdal direction A (extending
parallel to a longitudinal centerline 12 provided feference), a circumferential

direction C (extending about the longitudinal celirie 12 and the axial direction A),



and a radial direction R. In general, the turbdf@nncludes a fan section 14 and a
core turbine engine 16 disposed downstream fronfetiheection 14.

[0026] The exemplary core turbine engine 16 depicted gdigencludes a
substantially tubular outer casing 18 that defa@snnular inlet 20. The outer casing
18 encases, in serial flow relationship, a commnessction including a booster or
low pressure (LP) compressor 22 and a high pregbiifecompressor 24; a
combustion section 26; a turbine section includirfggh pressure (HP) turbine 28
and a low pressure (LP) turbine 30; and a jet esthaozzle section 32. A high
pressure (HP) shaft or spool 34 drivingly connéteéesHP turbine 28 to the HP
compressor 24. A low pressure (LP) shaft or s@éadrivingly connects the LP
turbine 30 to the LP compressor 22.

[0027] For the depicted embodiment, fan section 14 indwd&&an 38 having a
plurality of fan blades 40 coupled to a disk or HZhin a spaced apart manner. As
depicted, fan blades 40 extend outward from disgetferally along the radial
direction R. The fan blades 40 and disk 42 arettogy rotatable about the
longitudinal centerline 12 by LP shaft 36. In soemebodiments, a power gear box
having a plurality of gears may be included fopgpiag down the rotational speed of
the LP shaft 36 to a more efficient rotational peed.

[0028] Referring still to the exemplary embodiment of FIGthe disk 42 is
covered by a rotatable front nacelle 48 aerodynalhgicontoured to promote an
airflow through the plurality of fan blades 40. digonally, the exemplary fan
section 14 includes an annular fan casing or maeelle 50 that circumferentially
surrounds the fan 38 and/or at least a portioh®ftbre turbine engine 16. It should
be appreciated that fan case (nacelle) 50 may ifegooed to be supported relative to
the core turbine engine 16 by a plurality of cirdarentially-spaced outlet guide
vanes 52. Moreover, a downstream section 54 dithease 50 may extend over an
outer portion of the core turbine engine 16 smadefine a bypass airflow passage 56
therebetween.

[0029] During operation of the turbofan engine 10, a vaurhair 58 enters
turbofan 10 through an associated inlet 60 of #mecase 50 and/or fan section 14.
As the volume of air 58 passes across fan blades #&t portion of the air 58 as
indicated by arrows 62 is directed or routed i@ lbypass airflow passage 56 and a



second portion of the air 58 as indicated by arré6&ss directed or routed into the LP
compressor 22. The ratio between the first portibair 62 and the second portion of
air 64 is commonly known as a bypass ratio. Tlessure of the second portion of air
64 is then increased as it is routed through timepressor section and into the
combustion section 26, where it is mixed with faetl burned to provide combustion
gases 66. More particularly, the compressor sedatidudes the LP compressor 22
and the HP compressor 24 that each may compriseaify of compressor stages
80, with each stage 80 including both an annulayaor circumferential row of
stationary compressor vanes 82 (also referred tompressor stator vanes 82) and
an annular array or circumferential row of rotatoampressor blades 84 (also
referred to as compressor rotor blades 84) positiommediately downstream of the
compressor vanes 82. The plurality of compreskatds 84 in the LP compressor 22
are coupled to the LP shaft or spool 36, and theapty of compressor blades in the
HP compressor 24 are coupled to the HP shaft al§# The plurality of
compressor vanes 82 in the LP compressor 22 apembto a compressor casing,
and the plurality of compressor vanes 82 in thecbifdpressor 24 are coupled to a
compressor casing; at least a portion of the HPpcessor vanes 82 are coupled to
compressor casing 90. In some embodiments, theressor casing 90 may extend
through both the LP compressor 22 and the HP casapre4 and support all of the
compressor vanes 82. In other embodiments, th@@ssor casing 90 supports only
a portion of the compressor vanes 82 and may stuppbyra portion of the
compressor vanes 82 in the HP compressor 24. ésqusly described, as the
second portion of air 64 passes through the seglistages of compressor vanes 82
and blades 84, the volume of air 64 is pressurized the pressure of the air 64 is
increased prior to combustion with fuel in the caistibn section 26 to form the
combustion gases 66.

[0030] The combustion gases 66 are routed through theaiHbihe 28 where a
portion of thermal and/or kinetic energy from tlmenbustion gases 66 is extracted via
sequential stages of HP turbine stator vanes G&tkacoupled to the outer casing 18
and HP turbine rotor blades 70 that are couplddediP shaft or spool 34, thus
causing the HP shaft or spool 34 to rotate, theselpporting operation of the HP
compressor 24. The combustion gases 66 are thgedrthrough the LP turbine 30



where a second portion of thermal and kinetic energxtracted from the
combustion gases 66 via sequential stages of Idhtustator vanes 72 that are
coupled to the outer casing 18 and LP turbine rolades 74 that are coupled to the
LP shaft or spool 36, thus causing the LP shaspool 36 to rotate, thereby
supporting operation of the LP compressor 22 anatation of the fan 38.

[0031] The combustion gases 66 are subsequently routedgiithe jet
exhaust nozzle section 32 of the core turbine engjéhto provide propulsive thrust.
Simultaneously, the pressure of the first portibain62 is substantially increased as
the first portion of air 62 is routed through thgohss airflow passage 56 before it is
exhausted from a fan nozzle exhaust section 7Beofurbofan 10, also providing
propulsive thrust. The HP turbine 28, the LP tueb80, and the jet exhaust nozzle
section 32 at least partially define a hot gas @&tfor routing the combustion gases
66 through the core turbine engine 16.

[0032] Although the gas turbine engine of FIG. 1 is deggldh a turboshaft
configuration, it will be appreciated that the teags of the present disclosure can
apply to other types of turbine engines, turbomaefimore generally, and other shaft
systems. For example, the turbine engine may bthansuitable type of gas turbine
engine, such as e.g., a turboprop, turbojet, tarcderoderivatives, etc. The present
disclosure may also apply to other types of turbdmreery, such as e.g., steam
turbine engines.

[0033] FIG. 2 provides a side view of an aircraft 1 corsimg the turbofan jet
engine 10 of FIG. 1, according to various exempénpodiments of the present
subject matter. As described above, the engineofprises a jet exhaust nozzle
section 32, which may be referred to herein asrengkhaust 32, that defines an
outlet for the air 64 that entered the core turl@ngine 16 via the inlet 20 and was
combusted with fuel in the combustion section 2prtmduce combustion gases 66. It
will be appreciated that, as a result of the coribngjases 66 flowing therethrough,
at least the hot gas path 78 of the core turbiggnenl6 reaches relatively high
temperatures during operation of the engine 10.aFteast some turbofan jet engines
10, the engine temperatures may be within a rahgbaut 200°F to about 3500°F,
with the temperature varying in different sectiofshe engine 10. After the engine
10 is shutdown, e.g., upon landing of the airctathe temperature of engine



components, such as the hot gas path 78 and comigdherein, can remain elevated
for several hours unless the heat is removed framenhgine 10. That is, without a
mechanism to remove heat from the engine 10 dfieishutdown, it may take several
hours for the engine 10 to cool down to a tempeeatanducive to cleaning,
inspection, and/or maintenance of the engine hGadtition to extending the time
required to complete cleaning, inspection, and/amtenance activities, such lengthy
post-shutdown cool-down periods increase the piaieot soakback coking of
engine components, such as fuel nozzles, whicliegrade the components and,
thus, degrade component life and engine performance

[0034] FIG. 3 provides a perspective view of an exempégstem 100
comprising a cooling apparatus 102 and a supp@drapus 104, which may be used
to cool the engine 10 of the aircraft 1 after eegghutdown. The system 100 may be
referred to as a post-shutdown heat removal systd@. 4 provides a side view of
the system 100 in position with respect to the madiO to cool or remove heat from
the engine 10. FIG. 5 provides a perspective eseston view of the cooling
apparatus 102 positioned against the engine exBaugEIGS. 6—-8 provide close-up
views of various components of the support apparatiriG. 3.

[0035] As illustrated in the figures, the cooling appasai@?2 of the system
100 includes a suction device 106 for forcing liotigh the engine 10, a nozzle 108
for fluidly coupling the cooling apparatus 102 e tengine 10, and a duct 110
extending from the nozzle 108 to the suction detf@ to fluidly couple the nozzle
108 and the suction device 106. More particuldHg,nozzle 108 includes a first end
112 having a first diameter dnd a second end 114 having a second diamgetead

is smaller than the first diameter. dAs depicted in FIG. 4, the first end 112 is
positioned over an end 33 (FIGS. 1, 2, 5) of thgimmexhaust 32. In exemplary
embodiments, the nozzle 108 has a frustoconicglestiat tapers from the first end
112 to the second end 114. The duct 110 is dislaisthe second end 114 to place
the nozzle 108 in operative communication withghetion device 106. It will be
appreciated that, because the engine exhaustaBamselevated temperature when the
nozzle 108 is positioned over the exhaust 32t e nozzle 108 may be formed
from a material capable of withstanding relativieigh temperatures, such as
polytetrafluoroethylene (PTFE), graphite fiber giiglass, carbon fiber, silicone foam,



and silicone rubber. Other components of the sydt@0, such as the duct 110, also
may be formed from such materials to protect thepanents from the relatively high
exhaust temperatures following engine shutdown.

[0036] As shown in FIGS. 3 and 5, the nozzle 108 may ohela sealing
mechanism 116, such as a silicone sealing strigdaling the cooling apparatus 102
to the engine exhaust 32 and thereby fluidly caupthe cooling apparatus 102 and
the engine exhaust 32. Referring particularly®./5, the nozzle 108 may include a
projection 117 extending radially inward at a lacationgitudinally offset from the
first end 112 of the nozzle 108. As illustratedri. 5, the sealing mechanism 116
may wrap around the projection 117, providing desu against which the end 33 of
the engine exhaust 32 may be positioned and se&ledher, a second sealing
mechanism 116 may wrap around the first end 11Beohozzle 108 and may also
help fluidly seal the nozzle 108 to the engine exh&2. It will be appreciated that
the sealing mechanisms 116 may further protecetiggne 10 from damage caused
by placing the nozzle 108 in contact with the ee@rhaust 32. In addition, the
sealing mechanisms 116 may help provide a sealdegitthe nozzle 108 and engine
exhaust 32 when either the nozzle 108 or the ex!3usr both the nozzle 108 and
exhaust 32 have an irregular shape or are not dreymh that a substantially fluid
tight seal would be achieved when the nozzle 108awts the exhaust 32 without a
sealing mechanism 116 therebetween. That is,redtheoth of the sealing
mechanisms 116 help mitigate any irregularitiesmgrerfections that would
otherwise hamper the nozzle 108 from fluidly septimthe engine exhaust 32.
[0037] The suction device 106 forcibly draws or pusheshaough the engine
10. That s, the suction device 106 initiatesoavfbf air through the nozzle 108,
which is fluidly connected to the suction devicé Ma the duct 110, and through the
engine exhaust 32, to which the nozzle 108 is deafs shown in FIG. 1, a fluid

flow path is defined through the engine 10 fromitliet 60 (which receives the flow
of air 58), through the inlet 20 of the core gabitne engine 16 (which receives the
second portion of air 64), through the LP and HRgeessors 20, 22, through the
combustion section 26, along the hot gas path Hctwincludes the HP and LP
turbines 28, 30) and through the engine exhausfTBis, with the nozzle 108 sealed
to the engine exhaust 32 as shown in FIG. 4, a dbair F may be pushedgk or
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pulled (Four) through the engine 10 using the suction devid Ithe flow of air F
initiated by the suction device 106 helps cooléhgine 10, e.g., through convection
as the cooler air (which may be at or near an ambénperature) passes over and
around the relatively hotter engine componentsvilltbe appreciated that the form of
the suction device 106 may include, but is nottiahito, a fan, a blower, a vacuum, or
other similar device. In exemplary embodiments,gtiction device 106 may provide
an air flow of about 500 SCFM (standard cubic festminute) to about 2000 SCFM,
and more particularly, the suction device 106 mayiole an air flow of about 700
SCFM to about 1500 SCFM.

[0038] As shown in FIG. 3, the cooling apparatus 102 spased on the
support apparatus 104, which is separate fromrnbae 10 and is moveable with
respect to the engine 10 to position the coolingpagtus 102 in contact with the
engine exhaust 32. In exemplary embodiments,uppa@t apparatus 104 may be a
rolling cart that carries the components of theliogoapparatus 102 and comprises
various features for aligning the nozzle 108 of¢beling apparatus 102 with the
engine exhaust 32. More particularly, as illugtdain the exemplary embodiment of
FIG. 3, the suction device 106, nozzle 108, and @@ are all disposed on the
support apparatus 104. The support apparatusdrigrses a frame 118 that
supports the suction device 106, nozzle 108, aot 0. The frame 118 is disposed
on a plurality of wheels 120 for adjusting a pasitof the cooling apparatus 102 with
respect to the engine exhaust 32. That is, thpatippparatus 104 is configured to
translate laterally and longitudinally with respexthe engine 10 to position the
cooling apparatus 102 in contact with the engineest 32. In embodiments
comprising the plurality of wheels 120, the whel29 are disposed on or touching
the horizontal support surface or ground 90 tovaliloe support apparatus 104 to
translate with respect to the engine 10.

[0039] Keeping with FIG. 3, the support apparatus 10sh&rrcomprises a
nozzle support element 122 on which the nozzleid@sposed and a longitudinal
slide rail 124 on which the nozzle support elenietf is disposed. FIG. 6 provides a
close-up perspective view of the nozzle supporneld 122 and the longitudinal slide
device including the longitudinal slide rail 12As illustrated in FIGS. 3 and 6, the
nozzle support element 122 may be shaped complanyaotan outer surface 126 of
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the nozzle 108. For example, for embodiments irclwvthe nozzle 108 has a
frustoconical shape and the outer surface 126 suovdefine a frustoconical shape,
the nozzle support element 122 curves compleméntarieceive the curved nozzle
108. However, the nozzle support element 122 naag lany suitable shape or
configuration for receiving the nozzle 108 to supploe nozzle 108.

[0040] The longitudinal slide rail 124 allows adjustmehadongitudinal
position of the nozzle support element 122. Masigularly, in the exemplary
embodiment depicted in FIGS. 3 and 6, the supggraiatus comprises two
longitudinal slide rails 124, on which slide elerteh28 are received. As shown, the
nozzle support element 122 is disposed on the slafaents 128, i.e., the slide
elements 128 support the nozzle support elemenbt2Be longitudinal slide rails
124 and allow the nozzle support element 122 toemongitudinally with respect to
the engine 10. That is, the slide elements 12 slr otherwise move along the
longitudinal slide rails 124, which extend longiin@lly or along a longitudinal axis
of the support apparatus 104 as shown in FIG.@) that the nozzle support element
122 disposed on the slide elements 128 moves lahigdlly with respect to the
support apparatus 104 and the engine 10, wheruppog apparatus 104 is
longitudinally aligned with the engine 10. It wile appreciated that the nozzle
support element 122 may be attached or couplduktslide elements 128, and any
suitable attachment means, such as bolts, gluéjnggletc., may be used to secure
the nozzle support element 122 to the slide elesnE2®.

[0041] As illustrated in FIGS. 3 and 6, each slide elemi&& may comprise
an adjustment handle 130 in operative communicattima clamp, stop, or the like
that is selectively actuated to hold the slide &etii28 in position. More
specifically, in a first position of the adjustmdrandle 130, the respective slide
element 128 may be free to move along the longialdilide rail 124 on which the
slide element 128 is disposed, and in a secondigosif the adjustment handle 130,
the slide element 128 is prevented or stopped frmwing along the longitudinal
slide rail 124. As such, by controlling the engaget of the clamp, stop, etc. with
the longitudinal slide rail 124, the adjustmentdiaril30 allows selective adjustment
of the position of the respective slide element &g the longitudinal slide rail
124. Further, a limit block 132 may be disposedaath end of the longitudinal slide
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rail 124 to limit longitudinal movement of the di@lements 128, e.g., to ensure the
slide elements 128 do not slide off the respectivel 24.

[0042] As illustrated in FIG. 2, in some embodiments,e¢hgine 10 may be at
an anglex with respect to a support surface 90, e.g., tbargt, extending generally
along a horizontal direction H. That is, the eregl® may be tilted with respect to the
horizontal direction H. As such, in exemplary emhinoents such as depicted in FIG.
7, the support apparatus 104 comprises a hingef&dtively coupled to an angle
adjustment mechanism 136 to adjust the positidhehozzle 108 to accommodate
the tilt of the engine 10. More particularly, thezzle 108 comprises a longitudinal
centerline 138 (FIG. 4), and the angle adjustmesthranism 136 is configured to
adjust an angle of the nozzle longitudinal cenerli38 with respect to the horizontal
direction H such that the nozzle longitudinal ceirte 138 may be aligned with the
longitudinal centerline 12 of the engine 10. Tisatn angle adjustment portion 140
of the frame 118 is supported at one end by thgehir34 and at the other end by the
angle adjustment mechanism 136, which lifts or imwke angle adjustment portion
140 such that the angle adjustment portion 140tpiabout a hinge point 142 of the
hinge 134. The hinge 134, angle adjustment meshafhB6, and angle adjustment
portion 140 of the frame 118 are disposed immelyidtelow the longitudinal slide
rails 124 that support the nozzle support elem2at 1As shown in FIG. 7, the angle
adjustment components are positioned below theleszpport element 122 along a
vertical direction V, and the longitudinal slidelsal24 are attached or coupled to the
angle adjustment portion 140. As such, when thyeasdjustment mechanism 136 is
raised or lowered along the vertical direction Wgl@ adjustment portion 140 is
reoriented with respect to the horizontal directigrwhich changes the orientation of
the nozzle support element 122 and the nozzle 4pBosted thereon with respect to
the horizontal direction H. Accordingly, using thegle adjustment mechanism 136,
the nozzle 108 may be positioned such that itsitodopal centerline 138 is at the
anglea to match the angle of the engine 10 and its lowigial centerline 12 with
respect to the horizontal direction H.

[0043] Referring now to FIGS. 3 and 8, in exemplary embtits, the
support apparatus 104 also comprises a vertichd il 144 for adjusting a height of
the cooling apparatus 102 with respect to the engkhaust 32. More specifically,
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the support apparatus 104 comprises a lift devdéedperatively coupled to the
vertical slide rail 144 to adjust the height of ttwwling apparatus, which may be
measured along the vertical direction V with respec¢he support surface 90 and/or a
reference point on the engine 10. The lift de\lidé may be any suitable mechanism
for adjusting or changing the location of the nezi08 along the vertical direction.
The form of the lift device 146 includes, but id imited to, a hand-operated lift,
such as a hydraulic jack or a lead screw deviceualgnoperated by a user of the
system 100, or an automated or automatic lift, gch hydraulic jack or a lead screw
device actuated by a controller or the like.

[0044] In the embodiment depicted in FIGS. 3 and 8, titeléivice 146 is
operatively coupled to four slide elements 148 #rateach received on a respective
one of four vertical slide rails 144. An adjustrhsection 150 is operatively coupled
to the slide elements 148. The adjustment sedf@may include a portion of the
frame 118 to which is directly or indirectly att@chor coupled the nozzle support
element 122, longitudinal slide rails 124, longitad slide elements 128, adjustment
handles 130, limit blocks 132, hinge 134, angleisttihient mechanism 136, and angle
adjustment portion 140. The lift device translatksg the vertical direction V to
move the adjustment section 150, and the composapisorted thereon, along the
vertical direction V through the movement of thelslelements 148 to which the
adjustment section 150 is coupled along the véiade rails 144. As such, the
vertical position of the nozzle 108, which is suged by the adjustment section 150
of the support apparatus 104, may be selectivglystat! to align the nozzle 108 with
the engine exhaust 32.

[0045] As further illustrated in FIG. 3, the support apgies 104 comprises at
least one handle 152 on the frame 118 for a usgodiion the cooling apparatus 102
with respect to the engine exhaust 32. More padity, as previously described, a
plurality of wheels 120 may be attached to the &dmh8 such that the support
apparatus 104 may move or roll along the suppofase 90. In the depicted
exemplary embodiment, the frame 118 comprisesraopaiandles 152 (i.e., two
handles 152) to provide a user with a suitabletiondor the user to grip the support
apparatus 104 to roll the cooling apparatus 102¢hvis supported on the support
apparatus 104, adjacent to the exhaust 32 of theed0. As described above, the
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support apparatus 104 may include one or moreresafar adjusting the position of
the nozzle 108 to more precisely align the noz@k With the engine exhaust 32 once
the support apparatus 104 has been maneuveregrmxapately align the nozzle 108
with the engine exhaust 32.

[0046] Keeping with FIG. 3, the support apparatus 104 alay comprise an
electrical cabinet 154 through which may run arectlcal connections for the
various components of the cooling apparatus 10Zlendupport apparatus 104. For
instance, an electrical connection may extend fiteerelectrical cabinet 154 to the
suction device 106 for powering or to provide potzethe suction device 106. Other
electrical connections may also extend from thetetal cabinet 154.

[0047] The present subject matter also provides methodsnodving heat

from or of cooling a gas turbine engine such asrengj0 after shutdown of the
engine. FIG. 9 illustrates an exemplary method &@moving heat from the engine
10 post-shutdown. As shown at block 902 in FIGh8,method 900 comprises
positioning a cooling apparatus 102 adjacent amesthi32 of a gas turbine engine 10.
The cooling apparatus 102 comprises a suction deidé. As described herein, the
cooling apparatus 102 with its suction device 1@y tme disposed on a support
apparatus 104 that is separate from the engind 8.support apparatus 104 is
moveable with respect to the engine 10, e.g., usiplgirality of wheels 120 secured
to a frame 118 of the support apparatus 104, teemaer the cooling apparatus 102
adjacent the exhaust 32.

[0048] As illustrated at block 904 of FIG. 9, the meth@&®D9urther comprises
adjusting the position of the cooling apparatus tt0align a nozzle 108 of the
cooling apparatus 102 with the engine exhaust/A2described herein, the support
apparatus 104 supporting the cooling apparatusrid@2include a variety of features
for adjusting the height, angle, and/or longitutlimraaxial position of the nozzle 108,
which interfaces with the engine exhaust 32 tditate a flow of air F through the
engine 10 to cool the engine 10. For instancehéght of the nozzle 108 may be
adjusted along the vertical direction V using adiévice 146 that is in operative
communication with the nozzle 108 via a pluralifyertical slide rails 144, a
plurality of vertical slide elements 148, and ajuatinent section 150 of the frame
118. As another example, the angle of the noZ28(finore particularly, the angle of

15



the longitudinal centerline 138 of the nozzle 1@&j respect to the horizontal
direction H may be adjusted using an angle adjustmmechanism 136 and a hinge
134, which are in operative communication with tlozzle 108 via an angle
adjustment portion 140 of the frame 118, a plwaitlongitudinal slide rails 124, a
plurality of longitudinal slide elements 128, andazzle support element 122.
Further, the longitudinal or axial position of thezzle 108 with respect to the engine
10 may be adjusted using the plurality of longinadislide rails 124, the plurality of
longitudinal slide elements 128, and the nozzlgstpelement 122.

[0049] Referring to block 906 of FIG. 9, the method 90fbatomprises
sealing the cooling apparatus 102 to the enginawsti82. As described herein, a
sealing mechanism 116, such as a silicone sedtlipg may be used to fluidly seal
the cooling apparatus 102 to the engine exhaueh8e@ the nozzle 108 contacts the
engine exhaust 32. As illustrated at block 908,rttethod 900 further comprises
operating the suction device 106 to move air thidilng engine 10. In some
embodiments, the suction device 106 may be opetatiida temperature T of the
engine 10 is below a threshold temperatukgsl For instance, one or more
thermocouples positioned throughout the engine &9 pnovide temperature readings
to a user interface or to a controller, and a oséne controller may monitor the
temperature readings and deactivate the suctioce&l@6 once the temperature T
provided by each thermocouple is below the threstehperature iies In other
embodiments, the suction device 106 may be opefatedpredetermined period of
timet, which may be determined through testing, modekg The predetermined
period of timet for operating the suction device 106 may be timeesaach
operational cycle of the suction device 106, orgrerletermined period of tintenay
be selected from a table or other collection oflptermined periods of tintdbased
on the size of the engine 10, the environment irtkvBngine 10 was operated (e.qg.,
considering environmental conditions such as weathé the like), the time engine
10 was operated (e.g., from take-off to shutdowtg., or any combination of such
parameters.

[0050] Further, at block 910 of FIG. 9, the method 900udes removing the
cooling system 102 from the engine exhaust 32.ifance, the support apparatus
104 may be rolled away from (e.g., in a longitutisieection opposite from) the
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engine 10 to unseal the nozzle 108 from the engrhaust 32 and move the cooling
system 102 away from the engine 10. In some emtemls, removing the cooling
system 102 from the engine exhaust 32 also may esengdjusting the height, angle,
and/or longitudinal or axial position of the noz@8 using the various height, angle,
and longitudinal position adjustment means desdrtmrein.

[0051] Accordingly, the present subject matter is dired¢tedystems and
methods for removing heat, e.g., from a gas turbmggne after engine shutdown.
More particularly, the present subject matter rectied to a system and method of
forced convection through an engine flowpath tooeenheat from the engine.
Forcing air through the flowpath to remove heapbhgdrevent shutdown soakback
coking, e.g., of fuel nozzle components, helps eetide engine safe for inspection
and/or maintenance in a shorter amount of tim@¥ahg shutdown, and helps
promote the distribution of cleaning fluid injectiedio the engine. Further, thermal
gradients can be reduced, which can prevent bowated starts and/or other
undesirable behaviors at engine start. Accordirghgine component durability and
life may be extended, and time and cost savingsheasgalized from the cooling
systems and methods described herein.

[0052] Moreover, as described herein, the present sulvjatter describes a
heat removal system that is separate from theugase engine and, thus, may be
maneuvered into position to cool the engine follggvshutdown. In exemplary
embodiments, the heat removal system seals tantfieeeexhaust prior to initiating
forced convection through the engine. In contiasbwn gas turbine engine cooling
systems generally are installed as part of thenengind/or inject a cooling fluid (e.g.,
compressor bleed air) upstream of the turbine @ecti the engine. Thus, the present
subject matter provides advantageous engine cotginge of the warmer portions of
the engine without increasing the engine envelopmmplexity. Other benefits and
advantages of the present subject matter may bizagas well.

[0053] Further aspects of the invention are provided leystlibject matter of
the following clauses:

[0054] 1. A system comprising a cooling apparatus inclgairsuction
device for forcing air through a gas turbine engared a support apparatus, the

cooling apparatus disposed on the support appanahesein the support apparatus is
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moveable with respect to the gas turbine enginmsition the cooling apparatus in

contact with an exhaust of the gas turbine engine.

[0055] 2. The system of any preceding clause, whereicdlbéng
apparatus comprises a sealing mechanism for seakngpoling apparatus to the
exhaust.

[0056] 3. The system of any preceding clause, whereisehéng

mechanism is a silicone sealing strip.

[0057] 4, The system of any preceding clause, whereicdlbéng
apparatus comprises a nozzle having a frustocosiage that tapers from a first end
having a first diameter to a second end havingargkdiameter that is smaller than
the first diameter, and wherein the first end &f tlozzle is positioned over an end of
the exhaust.

[0058] 5. The system of any preceding clause, whereicabéng
apparatus comprises a duct extending from the adazhe suction device to fluidly
couple the nozzle and the suction device.

[0059] 6. The system of any preceding clause, whereissupgort
apparatus comprises a nozzle support element achvime nozzle is disposed, and
wherein the nozzle support element is disposedlongitudinal slide rail to adjust an
axial position of the nozzle support element.

[0060] 7. The system of any preceding clause, whereissupgort
apparatus comprises a hinge operatively couplaa @angle adjustment mechanism,
wherein the nozzle comprises an axial centerlifegrein the nozzle is in contact with
the support apparatus, and wherein the angle atgigtmechanism is configured to
adjust an angle of the axial centerline of the teownath respect to a horizontal
direction.

[0061] 8. The system of any preceding clause, whereissupeort
apparatus comprises a vertical slide rail for atjgsa height of the cooling apparatus
with respect to the exhaust.

[0062] 9. The system of any preceding clause, whereissupeort
apparatus comprises a lift device operatively cedipb the vertical slide rail to adjust

the height of the cooling apparatus.
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[0063] 10.  The system of any preceding clause, whereisupgort
apparatus comprises a frame disposed on a pluddiitsheels for adjusting a position
of the cooling apparatus with respect to the exhaus

[0064] 11. The system of any preceding clause, whereisupgort
apparatus comprises a handle on the frame forraaugpesition the cooling apparatus
with respect to the exhaust.

[0065] 12.  The system of any preceding clause, whereisupgort
apparatus comprises an electrical cabinet, anrigi@ictonnection extending from the

electrical cabinet to the suction device for powgithe suction device.

[0066] 13.  The system of any preceding clause, whereisubgon device
is a fan.
[0067] 14. The system of any preceding clause, whereisuhgon device

provides an air flow of at least about 500 SCFMr{daard cubic feet per minute).
[0068] 15.  The system of any preceding clause, whereisubgon device
provides an air flow within a range of about 700F8MCto about 1500 SCFM.

[0069] 16. A post-shutdown heat removal system for a gdmsre engine
comprising a nozzle in operative communication wvaitbuction device for forcing air
through the gas turbine engine; and a support appsrthe nozzle and the suction
device disposed on the support apparatus, the guggmmaratus comprising a lift
device for adjusting a height of the nozzle alongdical direction, an angle
adjustment mechanism for adjusting an angle ohtezle with respect to a
horizontal direction, and a nozzle support elenggspiosed on a longitudinal slide rail
for adjusting a longitudinal position of the nozzlherein the support apparatus is
configured to translate laterally and longitudigiadlith respect to the gas turbine
engine to position the cooling apparatus in contattt an exhaust of the gas turbine
engine.

[0070] 17. The post-shutdown heat removal system of aeggaling
clause, wherein the lift device is in operative coumication with the nozzle support
element to adjust the height of the nozzle.

[0071] 18.  The post-shutdown heat removal system of aeggaling
clause, wherein the angle adjustment mechanismadperative communication with

the nozzle support element to adjust the anglaehbzzle.
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[0072] 19.  The post-shutdown heat removal system of aeggaling
clause, wherein the lift device is disposed veltiidaelow the longitudinal slide rail
and the angle adjustment mechanism.

[0073] 20. A method of removing heat from a gas turbingirem after
shutdown, the method comprising positioning a caplpparatus adjacent an exhaust
of the gas turbine engine, the cooling apparatogpeising a suction device; sealing
the cooling apparatus to the exhaust; and oper#tmguction device to move air
through the gas turbine engine.

[0074] 21.  The method of any preceding clause, whereircdoéng
apparatus including the suction device is dispased support apparatus that is
separate from the gas turbine engine.

[0075] 22. The method of any preceding clause, whereistipgort
apparatus is moveable with respect to the gasneidangine using a plurality of
wheels secured to a frame of the support apparatus.

[0076] 23. The method of any preceding clause, furtherprimg
adjusting a position of the cooling apparatus igne& nozzle of the cooling apparatus
with the exhaust.

[0077] 24.  The method of any preceding clause, whereistipport
apparatus supporting the cooling apparatus incltesgsres for adjusting a height, an
angle, and an axial position of the nozzle.

[0078] 25.  The method of any preceding clause, whereilmggethe

cooling apparatus to the exhaust comprises positidhe nozzle in contact with the
exhaust.

[0079] 26. The method of any preceding clause, whereimdizele
comprises a sealing mechanism for sealing the mg@alpparatus to the exhaust when
the nozzle contacts the exhaust.

[0080] 27.  The method of any preceding clause, whereinatipg the
suction device comprises operating the suctionodeuntil a temperature T of the gas
turbine engine is below a threshold temperatuesT

[0081] 28.  The method of any preceding clause, whereig#seurbine
engine comprises one or more thermocouples forigiraythe temperature T to a

user interface or to a controller.
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[0082] 29.  The method of any preceding clause, furtherprteimg
monitoring the temperature T and deactivating tietien device once the

temperature T is below the threshold temperatugs T

[0083] 30. The method of any preceding clause, whereinabipg the
suction device comprises operating the suctionagefar a predetermined period of
timet.

[0084] 31. The method of any preceding clause, wherein the

predetermined period of tinas based on the size of the gas turbine engiee, th
operating environment in which the gas turbine eagihe operating time of the gas
turbine engine, or any combination thereof.

[0085] 32. The method of any preceding clause, furtherprimg
removing the cooling system from the exhaust.

[0086] 33.  The method of any preceding clause, whereirovarg the
cooling system from the exhaust comprises rollirggsupport apparatus away from
the gas turbine engine to unseal the nozzle frameihaust and move the cooling
system away from the gas turbine engine.

[0087] 34.  The method of any preceding clause, whereirovarg the
cooling system from the exhaust comprises adjustinigast one of the height, the
angle, and the axial position of the nozzle.

[0088] 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 aohtteation 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 insubstantifiéécences from the literal language

of the claims.
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WHAT IS CLAIMED IS:

1. A system, comprising:

a cooling apparatus including a suction devicddoting air through a gas
turbine engine; and

a support apparatus, the cooling apparatus dispmséte support apparatus,

wherein the support apparatus is moveable witheadp the gas turbine
engine to position the cooling apparatus in contattt an exhaust of the gas turbine

engine.

2. The system of claim 1, wherein the cooling apper comprises a

sealing mechanism for sealing the cooling appatattise exhaust.

3. The system of claim 2, wherein the sealing meishais a silicone
sealing strip.
4, The system of claim 1, wherein the cooling appe comprises a

nozzle having a frustoconical shape that tapers fdirst end having a first diameter
to a second end having a second diameter thataesrthan the first diameter, and

wherein the first end of the nozzle is positiongdraan end of the exhaust.

5. The system of claim 4, wherein the cooling appes comprises a duct
extending from the nozzle to the suction devicBuidly couple the nozzle and the

suction device.

6. The system of claim 4, wherein the support agparcomprises a
nozzle support element on which the nozzle is disgpand wherein the nozzle
support element is disposed on a longitudinal skaleo adjust an axial position of

the nozzle support element.
7. The system of claim 4, wherein the support agparcomprises a

hinge operatively coupled to an angle adjustmerdhaeism, wherein the nozzle

comprises an axial centerline, wherein the nozla tontact with the support
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apparatus, and wherein the angle adjustment meshasiconfigured to adjust an

angle of the axial centerline of the nozzle witbprect to a horizontal direction.

8. The system of claim 1, wherein the support agdparcomprises a
vertical slide rail for adjusting a height of theoting apparatus with respect to the

exhaust.

9. The system of claim 8, wherein the support agiparcomprises a lift
device operatively coupled to the vertical slidét@adjust the height of the cooling

apparatus.

10. The system of claim 1, wherein the support eggpa comprises a
frame disposed on a plurality of wheels for adpgt position of the cooling

apparatus with respect to the exhaust.

11. The system of claim 10, wherein the supportegps comprises a
handle on the frame for a user to position theingapparatus with respect to the
exhaust.

12. The system of claim 1, wherein the support eggpa comprises an
electrical cabinet, an electrical connection extegdrom the electrical cabinet to the
suction device for powering the suction device.

13. The system of claim 1, wherein the suction ckevg a fan.

14.  The system of claim 13, wherein the suctioriageprovides an air
flow of at least about 500 SCFM (standard cubit ez minute).

15.  The system of claim 14, wherein the suctioria@eprovides an air
flow within a range of about 700 SCFM to about 1S50FM.
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16. A post-shutdown heat removal system for a gmsrte engine,
comprising:
a nozzle in operative communication with a suctlemice for forcing air
through the gas turbine engine; and
a support apparatus, the nozzle and the suctiaoealdisposed on the support
apparatus, the support apparatus comprising
a lift device for adjusting a height of the nozaleng a vertical
direction,
an angle adjustment mechanism for adjusting areasfghe nozzle
with respect to a horizontal direction, and
a nozzle support element disposed on a longitudirg rail for
adjusting a longitudinal position of the nozzle,
wherein the support apparatus is configured tcsted@ laterally and
longitudinally with respect to the gas turbine emgio position the cooling apparatus

in contact with an exhaust of the gas turbine eangin

17.  The post-shutdown heat removal system of cl&mwherein the lift
device is in operative communication with the nezalpport element to adjust the

height of the nozzle.

18.  The post-shutdown heat removal system of cl&@nmwherein the angle
adjustment mechanism is in operative communicatiim the nozzle support element

to adjust the angle of the nozzle.

19.  The post-shutdown heat removal system of cl&mwherein the lift
device is disposed vertically below the longitudisiale rail and the angle adjustment

mechanism.

20. A method of removing heat from a gas turbingirem after shutdown,
the method comprising:
positioning a cooling apparatus adjacent an exhaube gas turbine engine,

the cooling apparatus comprising a suction device;
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sealing the cooling apparatus to the exhaust; and

operating the suction device to move air throughgés turbine engine.
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