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ADVANCED STATIONARY SEALING COOLED CROSS-SECTION FOR AXTAL
RETENTION OF CERAMIC MATRIX COMPOSITE SHROUDS

ABSTRACT

In one aspect, the present subject matter is directed to a gas turbine sealing
assembly that includes a first static gas turbine wall and a second static gas turbine wall.
A seal is disposed between the first static gas turbine wall and the second static gas
turbine wall. The seal includes a first seal layer defining a first seal layer aperture
extending therethrough. A second seal layer defines an elongated slot extending
therethrough. The elongated slot includes a first end and a second end. A third seal layer
defines a third seal layer aperture extending therethrough. The second seal layer is
positioned between the first seal layer and the third seal layer such that the first seal layer
aperture is in fluid communication with the first end and the third seal layer aperture is in

fluid communication with the second end.
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ADVANCED STATIONARY SEALING COOLED CROSS-SECTION FOR AXIAL
RETENTION OF CERAMIC MATRIX COMPOSITE SHROUDS

FIELD OF THE INVENTION

[0001] The present subject matter relates generally to a sealing assembly for a gas
turbine engine. More particularly, the present subject matter relates to a sealing assembly
for adjacent stationary components of a gas turbine engine having at least one cooling

passage therein.
BACKGROUND OF THE INVENTION

[0002] A gas turbine engine generally includes, in serial flow order, a compressor
section, a combustion section, a turbine section, and an exhaust section. In operation, air
enters an inlet of the compressor section where one or more axial compressors
progressively compress the air until it reaches the combustion section. Fuel mixes with
the compressed air and burns within the combustion section, thereby creating combustion
gases. The combustion gases flow from the combustion section through a hot gas path
defined within the turbine section and then exit the turbine section via the exhaust

section.

[0003] In particular configurations, the turbine section includes, in serial flow order, a
high pressure (HP) turbine and a low pressure (LP) turbine. The HP turbine and the LP
turbine each include various stationary turbine components (e.g., stator vanes or nozzles,
turbine shrouds, shroud supports, etc.) that at least partially define the hot gas path
through the turbine section. These stationary components are typically constructed from
materials capable of withstanding prolonged exposure to the hot gasses (e.g., ceramic
matrix composite). Nevertheless, the stationary components positioned radially outward
from the hot gas path (e.g., casing) may have less favorable thermal properties. In this
respect, seals may be disposed between adjacent stationary components along the hot gas

path to prevent hot exhaust gases from flowing therebetween.
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[0004] Conventional sealing arrangements may limit the temperatures of the hot
gasses flowing through the turbine section, thereby hindering the efficiency of the gas
turbine engine. Accordingly, a sealing assembly for adjacent stationary components of a
gas turbine engine having at least one cooling passage therein would be welcomed in the
technology. Such a sealing assembly would permit the gas turbine engine to burn Ahotter,

thereby improving specific fuel consumption.
BRIEF DESCRIPTION OF THE INVENTION

[0005] Aspects and advantages of the invention will be set forth in part in the
following description, or may be obvious from the description, or may be learned through

practice of the invention.

[0006] In one aspect, the present subject matter is directed to a gas turbine sealing
assembly that includes a first static gas turbine wall and a second static gas turbine wall.
A seal is disposed between the first static gas turbine wall and the second static gas
turbine wall. The seal includes a first seal layer defining a first seal layer aperture
extending through the first seal layer. A second seal layer defines an elongated slot
extending through the second seal layer. The elongated slot includes a first end and a
second end. A third seal layer defines a third seal layer aperture extending through the
third seal layer. The second seal layer is positioned between the first seal layer and the
third seal layer such that the first seal layer aperture is in fluid communication with the

first end and the third seal layer aperture is in fluid communication with the second end.

[0007] Another aspect of the present subject matter is directed to a gas turbine
engine. The gas turbine engine includes a compressor, a combustion section,>and a
turbine section having a turbine shroud mount and a stator vane mount. A seal is
disposed between the turbine shroud mount and the stator vane mount. The seal includes
a first seal layer defining a first seal layer aperture extending through the first seal layer.
A second seal layer defines an elongated slot extending through the second seal layer.

The elongated slot comprises a first end and a second end. A third seal layer defines a
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third seal layer aperture extending through the third seal layer. The second seal layer is
positioned between the first seal layer and the third seal layer such that the first seal layer
aperture is in fluid communication with the first end and the third seal layer aperture is in

fluid communication with the second end.

[0008] These and other features, aspects and advantages of the present invention will
become better understood with reference to the following description and appended
claims. The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate embodiments of the invention and, together with the

description, serve to explain the principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A full and enabling disclosure of the present invention, including the best
mode thereof, directed to one of ordinary skill in the art, is set forth in the specification,

which makes reference to the appended figures, in which:

[0010] FIG. 1 is a schematic cross-sectional view of an exemplary high bypass

turbofan jet engine in accordance with the embodiments disclosed herein;

[0011] FIG. 2 is an enlarged cross sectional side view of a high pressure turbine
portion of the gas turbine engine shown in FIG. 1, illustrating the location of a sealing

assembly in a high pressure (HP) turbine;

[0012] FIG. 3 is an enlarged perspective view of the sealing assembly in FIG. 2,

illustrating a top seal layer, a middle seal layer, and a bottom seal layer;

[0013] FIG. 4 is a perspective view of the top seal layer, illustrating a top seal layer

aperture therein;

[0014] FIG. 5 is a perspective view of the middle seal layer, illustrating an elongated

slot therein;
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[0015] FIG. 6 is a perspective view of the bottom seal layer, illustrating a bottom seal

layer aperture therein;

[0016] FIG. 7 is a cross-sectional view of the seal assembly taken generally about
line 7-7 in FIG. 3, illustrating the relative orientation of the top seal layer aperture, the

elongated slot, and the bottom seal layer aperture; and

[0017] FIG. 8 is a cross-sectional view similar to FIG. 7 of an alternate embodiment
of the seal, illustrating multiple top seal layer apertures and the bottom seal layer

apertures in communication with the elongated slot.
DETAILED DESCRIPTION OF THE INVENTION

[0018] Reference will now be made in detail to present embodiments of the
invention, one or more examples of which are illustrated in the accompanying drawings.
The detailed description uses numerical and letter designations to refer to features in the
drawings. Like or similar designations in the drawings and description have been used to
refer to like or similar parts of the invention. As used herein, the terms “first”, “second”,
and “third” may be used interchangeably to distinguish one component from another and
are not intended to signify location or importance of the individual components. The
terms “upstream” and “downstream” refer to the relative flow direction with respect to
fluid flow in a fluid pathway. For example, “upstream” refers to the flow direction from

which the fluid flows, and “downstream” refers to the flow direction to which the fluid

flows.

[0019] Each example is provided by way of explanation of the invention, not
limitation of the invention. In fact, it will be apparent to those skilled in the art that
modifications and variations can be made in the present invention without departing from
the scope thereof. For instance, features illustrated or described as part of one
embodiment may be used on another embodiment to yield a still further embodiment.
Thus, it is intended that the present invention covers such modifications and variations as

come within the scope of the appended claims and their equivalents. Although
4
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exemplary embodiments of the present invention will be described generally in the
context of a turbine shroud incorporated into a turbofan jet engine for purposes of
illustration, one of ordinary skill in the art will readily appreciate that embodiments of the
present invention may be applied to any turbine incorporated into any turbomachine and

are not limited to a gas turbofan jet engine unless specifically recited in the claims.

[0020] Referring now to the drawings, wherein identical numerals indicate the same
elements throughout the figures, FIG. 1 is a schematic cross-sectional view of an
exemplary high bypass turbofan type gas turbine engine 10 herein referred to as “turbofan
10” as may incorporate various embodiments of the present invention. As shown in FIG.
1, the turbofan 10 has a longitudinal or axial centerline axis 12 extending therethrough for
reference purposes. In general, the turbofan 10 may include a core turbine or gas turbine

engine 14 disposed downstream from a fan section 16.

[0021] The gas turbine engine 14 may generally include a substantially tubular outer
casing 18 that defines an annular inlet 20. The outer casing 18 may be formed from
multiple casings. The outer casing 18 encases, in serial flow relationship, a compressor
section having a booster or low pressure (LP) compressor 22 and a high pressure (HP)
compressor 24, a combustion section 26, a turbine section having a high pressure (HP)
turbine 28 and a low pressure (LP) turbine 30, and a jet exhaust nozzle section 32. A
high pressure (HP) shaft or ‘spool 34 drivingly connects the HP turbine 28 to the HP
compressor 24. A low pressure (LP) shaft or spool 36 drivingly connects the LP turbine
30 to the LP compressor 22. The LP spool 36 may also connect to a fan spool or shaft 38
of the fan section 16. In particular embodiments, as shown in FIG. 1, the LP spool 36
may connect directly to the fan spool 38, such as in a direct-drive configuration. In
alternative configurations, the LP spool 36 may connect to the fan spool 38 via a

reduction gear 39, such as in an indirect-drive or geared-drive configuration.

[0022] - As shown in FIG. 1, the fan section 16 includes a plurality of fan blades 40
coupled to and extending radially outwardly from the fan spool 38. An annular fan
casing or nacelle 42 circumferentially surrounds the fan section 16 and/or at least a

5
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portion of the gas turbine engine 14. It should be appreciated by those of ordinary skill in
the art that the nacelle 42 may be configured to be supported relative to the gas turbine
engine 14 by a plurality of circumferentially-spaced outlet guide vanes 44. Moreover, a
downstream section 46 of the nacelle 42 may extend over an outer portion of the gas

turbine engine 14 to define a bypass airflow passage 48 therebetween.

[0023] FIG. 2 is an enlarged cross-sectional view of the HP turbine 28 portion of the
gas turbine engine 14 as shown in FIG. 1, which may incorporate various embodiments
disclosed herein. As shown in FIG. 2, the HP turbine 28 includes, in serial flow
relationship, a first stage 50 having a row 52 of one or more stator vanes 54 (only one
shown) axially spaced apart from a row 56 of one or more turbine rotor blades 58 (only
one shown). The HP turbine 28 further includes a second stage 60 having a row 62 of
one or more stator vanes 64 (only one shown) axially spaced apart from a row 66 of one
or more turbine rotor blades 68 (only one shown). The HP turbine 28 may include a third
stage 86 having a row 88 of one or more stator vanes 90 (only one shown). Although not

shown in FIG. 2, the third stage 86 may also include a row of turbine rotor blades.

[0024] The turbine rotor blades 58, 68 extend radially outwardly from and are
coupled to the HP spool 34 (FIG. 1). As shown in FIG. 2, the stator vanes 54, 64, 90 and
the turbine rotor blades 58, 68 at least partially define a hot gas path 70 for routing
combustion gases from the combustion section 26 (FIG. 1) through the HP turbine 28.
As shown in FIG. 1, the rows 52, 62, 88 of the stator vanes 54, 64, 90 are annularly
arranged about the HP spool 34 and the rows 56, 66 of the turbine rotor blades 58, 68 are
circumferentially spaced around the HP spool 34. The stator vanes 54, 64, 90
respectively mount to the HP turbine 28 via a radially inner stator vane mount 92a, 92b,
92c¢ and a radially outer stator vane mount 94a, 94b, 94c or any other suitable hardware

components.

[0025]  As shown in FIG. 2, various embodiments of the HP turbine 28 include at
least one turbine shroud assembly 72. For example, the HP turbine 28 may include a first
turbine shroud assembly 72(a) and a second turbine shroud assembly 72(b). Each turbine

6
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shroud assembly 72(a), 72(b) generally forms a ring or shroud around the corresponding
row 56, 66 of turbine rotor blades 58, 68. Each turbine shroud assembly 72(a), 72(b)
includes a turbine shroud or shroud seal 74(a), 74(b) radially spaced from blade tips 76,
78 of the turbine rotor blades 58, 68. This arrangement forms clearance gaps between the
blade tips 76, 78 and sealing surfaces or hot side surfaces 80(a), 80(b). It is geherally
desirable to minimize the clearance gap between the blade tips 76, 78 and the turbine
shrouds 74(a), 74(b), particularly during cruise operation of the turbofan 10, to reduce

leakage from the hot gas path 70 over the blade tips 76, 78 and through the clearance
gaps.

[0026] In particular embodiments, at least one of the turbine shrouds 74(a),. 74(b)
may be formed as a continuous, unitary or seamless ring. Each turbine shroud assembly
72(a), 72(b) may be connected to a static structure such as a backbone or casing 82 of the
gas turbine engine 14 via a shroud ring assembly mount 84(a), 84(b) or other suitable

hardware components.

[0027] As illustrated in FIG. 1, air 200 enters an inlet portion 202 of the turbofan 10
during operation thereof. A first portion of the air 200 indicated by arrow 204 flows into
the bypass flow passage 48, and a second portion of the air 200 indicated by arrow 206
enters the inlet 20 of the LP compressor 22. The LP compressor 22 progressively
compresses the second portion of air 206 flowing therethrough en route to the HP
compressor 24. The HP compressor 24 further compresses the second portion of the air
206 flowing therethrough 24, thus providing compressed air indicated by arrow 208 to
the combustion section 26 where it mixes with fuel and burns to provide combustion

gases indicated by arrow 210.

[0028] The combustion gases 210 flow through the HP turbine 28 where the stator
vanes 54, 64, 90 and turbine rotor blades 58, 68 extract a first portion of kinetic and/or
thermal energy from the combustion gases 210. This energy extraction supports
operation of the HP compressor 24. The combustion gases 210 then flow through the LP
turbine 30 where sequential stages of LP turbine stator vanes 212 and LP turbine rotor

7
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blades 214 coupled to the LP shaft or spool 36 extract a second portion of thermal and
kinetic energy from the combustion gases 210. This energy extraction causes the LP
shaft or spool 36 to rotate, thereby supporting operation of the LP compressor 22 and/or
rotation of the fan spool or shaft 38. The combustion gases 210 then flow through the jet

exhaust nozzle section 32 of the gas turbine engine 14.

[0029] Along with a turbofan 10, a core turbine 14 serves a similar purpose and sees
a similar environment in land-based gas turbines, turbojet engines in which the ratio of
the first portion of air 204 to the second portion of air 206 is less than that of a turbofan,
and unducted fan engines in which the fan section 16 is devoid of the nacelle 42. In each
of the turbofan, turbojet, and unducted engines, a speed reduction device (e.g., the
reduction gearbox 39) may be included between any shafts and spools. For example, the
reduction gearbox 39 may be disposed between the LP spool 36 and the fan shaft 38 of

the fan section 16.

[0030] The temperature of the combustion gases 210 flowing through the HP and LP
turbine sections 28, 30, and particularly through the HP turbine 28, may be extreme. For
example, the combustion gases 210 flowing through the hot gas path 70 defined
by/within the HP turbine 28 may exceed 2000 degrees Fahrenheit. In this respect, the
components disposed along the hot gas path 70 (e.g., stator vanes 54, 64, 90; turbine rotor
vanes 58, 68; turbine shroud assemblies 72a, 72b; etc.) are typically constructed from a
metal, a ceramic matrix composite (CMC), or any other material capable of withstanding

prolonged exposure to the hot gasses.

[0031] Nevertheless, the components positioned radially outward from the hot gas
path 70 (e.g., the casing 82) may have less favorable thermal properties. In this respect, a
sealing assembly 100 may be disposed between adjacent stationary components along the
hot gas path 70 to prevent hot exhaust gases from flowing therebetween. In the
embodiment shown in FIG. 2, for example, the sealing assembly 100 is positioned
between the shroud assembly mount 84(b) and the radially inner stator vane mount 94.
Although, the sealing assembly 100 may be disposed between any adjacent stationary

8
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components in the low HP turbine 28, the LP turbine 30, or anywhere else in the gas
turbine engine 10. The sealing assembly 100 preferably extends around the entire

circumference of the HP turbine 28 or LP turbine 30.

[0032] FIGS. 3-7 illustrate the various components and features of the sealing
assembly 100. More specifically, FIG. 3 is a perspective view of the sealing assembly
100, illustrating a top seal layer 102, a middle seal layer 104, and a bottom seal layer 106.
FIGS. 4-6 are perspective views of the top seal 102, middle seal 104, and bottom seal
106, respectively. FIG. 7 is a cross-sectional view, illustrating a top seal member
aperture 108, an elongated slot 110 in the middle seal layer 104, and a bottom seal layer

aperture 112.

[0033] With respect to FIG. 3, the sealing assembly 100 may include the middle seal
layer 104 positioned between the top seal layer 102 and the bottom seal layer 106.
Although, the seal assembly 100 may have more than three seal layers as well. The seal
layers 102, 104, 106 may have substantially the same thickness. Although, the seal layers
102, 104, 106 may have different thicknesses as well. In some embodiments, the seal
layers 102, 104, 106 have a generally W-shape or M-shape. In the embodiment shown in
FIG. 3 and discussed in greater detail below, the seals layers 102, 104, 106 include four
generally vertical or angled walls connected by two axially outer convolutions or éurved
portions and one central convolution or curved portion. Upon axial compression, the
convolutions exert outward force against the stationary components, thereby improving
sealing. In another embodiment of the seals layers 102, 104, 106, the three convolutions
may be replaced with flat portions. Alternately, the four angled walls of the seals layers
102, 104, 106 may be joined together without convolutions or flat portions. The seal
layers 102, 104, 106 may also have a U-shape or any other suitable shape. In further
alternate embodiments, the seal layers 102, 104, 106 may have more or less vertical or
angled wall and more or less concave or convex convolutions as is necessary to fill the
space between the stationary components. For example, the seal layers 102, 104, 106

may have three concave convolutions and two convex convolutions.
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[0034] The sealing assembly 100 may be externally or internally pressurized. When
externally pressurized, the pressure on the radially outer side of the sealing assembly 100
is greater than the pressure on the radially inner side thereof. In the case of the
embodiment of the sealing assembly 100 having four angled walls connected by two
axially outer convolutions and one central convolution, the axially outer convolutions are
concave and the central convolution is convex, thereby forming a generally W-shape as
illustrated in FIG. 3. Alternately, when the sealing assembly 100 is internally
pressurized, the pressure on the radially outer side of the sealing assembly 100 is less
than the pressure on the radially inner side thereof. In this respect, the axially outer
convolutions are convex and the central convolution is concave, thereby forrhing a

generally M-shape.

{0035] In one embodiment, the seal layers 102, 104, 106 are preferably removeably
or slidably joined together to maintain flexibility. That is, the bottom seal layer 106
supports and positions the middle seal layer 104 and the middle seal layer 104 supports
and positions the top seal layer 102. In this respect, the seal layers 102, 104, 106 may be
attached with the use of adhesive or mechanical fasteners. In alternative embodifnents,
the seals layer 102, 104, 106 may be adhesively bonded, pinned together, riveted
together, or otherwise permanently attached together for use in applications requiring

greater stiffness.

[0036] FIG. 4 illustrates the one embodiment of the top seal layer 102. More
specifically, the top seal layer 102 may include a first outer side wall 114a and a first
inner side wall 116a integrally connected by a first convolution 118a. The top seal layer
102 may further include a second outer side wall 120a and a second inner side wall 122a
integrally connected by a second convolution 124a. The first inner side wall 116a and the
second inner side wall 122a may be integrally connected by third or center convolution
126a. Alternately, the side walls 114a, 116a, 120a, 122a and/or convolutions 118a, 124a,
126a may be separate components permanently adhered to one another. The

convolutions 118a, 124a, 126a may be curved or flat.

10
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[0037] As illustrated in FIG. 4, the center convolution 126a may define the top seal
layer aperture 108. Although, any other portion of the top seal layer 102 may define the
top seal layer aperture 108. For example, any of the flat portions of the first outer side
wall 114a, the first inner side wall 116a, the second outer side wall 120a, or the second
inner side wall 122a may define the top seal layer aperture 108. The aperture 108 extends
through the entire thickness of the top seal layer 102. The aperture 108 may have any
suitable cross-sectibnal shape (e.g., circular, elliptical, rectangular, oval, triangular, etc.).
The aperture 108 may be created via water jet, piercing, or any other suitable
manufacturing method. In some embodiments, the top seal layer 102 may include

multiple top seal layer apertures 108.

[0038] FIG. 5 illustrates the one embodiment of the middle seal layer 104. More
specifically, the middle seal layer 104 may include a first outer side wall 114b and a first
inner side wall 116b integrally connected by a first convolution 118b. The middle seal
layer 104 may further include a second outer side wall 120b and a second inner side wall
122b integrally connected by a second convolution 124b. The first inner side wall 116b
and the second inner side wall 122b may be integrally connected by third or center
convolution 126b.  Alternately, the side walls 114b, 116b, 120b, 122b and/or
convolutions 118b, 124b, 126b may be separate components permanently adhered to one
another. The convolutions 118b, 124b, 126b may be curved or flat. The middle seal
layer 104 should be larger than the top seal layer 102 to permit the top seal layer 102 to

nest in the middle seal layer 104 as illustrated in FIG. 3.

[0039] As illustrated in FIG. 5, the center convolution 126b may define the elongated
slot 110. Although, any other portion of the middle seal layer 104 may define the
elongated slot 110. For example, any of the flat portions of the first outer side wall 114b,
the first inner side wall 116b, the second outer side wall 120b, or the second inner side
wall 122b may define the elongated slot 110. The elongated slot 110 extends through the
entire thickness of the middle seal layer 104. The elongated slot 110 is relatively longer

than length, width, and/or radius (as applicable) of the top seal layer aperture 108. For
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example, the elongated slot 110 may be at least five times longer than the length, width,
and/or radius of the top seal layer aperture 108. 1In an alternate embodiment, the
elongated slot 110 may be at least ten times longer than the length, width, and/or radius
of the top seal layer aperture 108. Like the top seal layer aperture 108, the elongated slot
110 may be created via water jet, piercing, or any other suitable manufacturing method.
The top seal layer 102 may include multiple middle seal layer elongated slots 110 in

some embodiments.

[0040] FIG. 6 illustrates the one embodiment of the bottom seal layer 106. More
specifically, the bottom seal layer 106 may include a first outer side wall 114c¢ and a first
inner side wall 116¢ integrally connected by a first convolution 118c. The bottom seal
layer 106 may further include a second outer side wall 120c and a second inner side wall
122¢ integrally connected by a second convolution 124c. The first inner side wall 116¢
and the second inner side wall 122¢ may be integrally connected by third or center
convolution 126¢. Alternately, the side walls 114c¢, 116¢, 120¢, 122¢ and/or convolutions
118¢, 124c, 126¢c may be separate components permanently adhered to one another. The
convolutions 118c, 124c, 126¢c may be curved or flat. The bottom seal layer 106 should
be larger than the middle seal layer 104 to permit the middlé seal layer 104 to nest in the
bottom seal layer 106 as illustrated in FIG. 3.

[0041] As illustrated in FIG. 6, the center convolution 126c may define the bottom
seal layer aperture 112. Although, any other portion of the bottom seal layer 106 may
define the bottom seal layer aperture 112 For example, any of the flat portions of the first
outer side wall 114c, the first inner side wall 116¢, the second outer side wall 120c¢, or the
second inner side wall 122¢ may define the bottom seal layer aperture 112. The aperture
112 extends through the entire thickness of the bottom seal layer 106. The aperture 112
may have any suitable cross-sectional shape (e.g., circular, elliptical, rectangular, oval,
triangular, etc.). In one embodiment, the bottom seal layer aperture 112 may have
substantially the same cross-sectional shape and/or cross-sectional area as the top seal

layer aperture 108. In alternate embodiments, the bottom seal layer aperture 112 may

12
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have a different cross-sectional shape and/or cross-sectional area as the top seal layer
aperture 108. In this embodiment, the elongated slot 110 should be relatively longer
(e.g., at least five times longer, at least ten times longer, etc.) than the length, width,
and/or diameter of the bottom seal layer aperture 112. The aperture 112 may be created
via water jet, piercing, or any other suitable manufacturing method. The bottom seal

layer 106 may include multiple bottom seal layer apertures 112.

[0042] FIG. 7 is a cross-sectional view of the sealing assembly 100, illustrating the
relative orientations of the top seal layer aperture 108, the elongated slot 110, and the
bottom seal layer aperture 112 defined by the center convolutions 126a, 126b, 126c¢.
More specifically, the elongated slot 110 includes a first end 128 and a second end 130.
The top seal layer aperture 108 is in fluid communication with a first position in the
elongated slot such as the first end 128 of the elongated slot 110, and the bottom seal
layer aperture 112 is in fluid communication with a second position such as the second
end 130 of the elongated slot 110. As such, the apertures 108, 112 and the elongated slot
110 form a somewhat N-shaped passageway. In this respect, cooling air indicated by
arrows 132 may enter the seal assembly 100 through the top seal layer aperture 108, flow
through the elongated slot 110, and exit through the bottom seal layer aperture 112.
Alternately, the cooling air 132 may flow in the opposite direction. Placing the top seal
layer aperture 108 and the bottom seal layer aperture 112 on opposite ends of the
elongated seal forces the cooling air to flow through the entire length of the elongated slot
110. This arrangement cools a greater portion of the sealing assembly 100 than aiigning

the top seal layer aperture 108 and bottom seal layer aperture 112 coaxially.

[0043] FIG. 8 illustrates an alternate embodiment of the sealing assembly 100’ that
includes multiple top seal layer apertures 108 and/or multiple bottom seal layer apertures
112. The sealing assembly 100’ generally includes at least the top seal layer 102, the
middle seal layer 104, and the bottom seal layer 106 discussed in greater detail above.
Although, the sealing assembly 100° may have more seal layers as well. As illustréted in

FIG. 8§, the top seal layer 102 includes a first top seal layer aperture 108a, a second top
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seal layer aperture 108b, and a third top seal layer aperture 108c¢ in fluid communication
with the first end 128 of the elongated slot 110. Although, the top seal layer 102 may
have more or less top seal layer apertures 108, and the top seal layer apertures 108 may
be in fluid communication with any part of elongated slot 110. Similarly, the bottom seal
layer 106 includes a first bottom seal layer aperture 112a and a second bottom seal layer
aperture 112b in fluid communication with the second end 130 of the elongated slot 110.
Although, the bottom seal layer 106 may have more or less top seal layer apertures 112,
and the bottom seal layer apertures 112 may be in fluid communication with any portion
of elongated slot 110. Moreover, the top seal layer 102 may have more, less, or the same
number of top seal layer apertures 108 as the bottom seal layer 106 has bottom seal layer
apertures 112. Furthermore, the top seal layer apertures 108 and the bottom seal layer
apertures 112 may be arranged along the elongated slot in any order. For example, the
top seal layer apertures 108 and the bottom seal layer apertures 112 may be all grouped
together as shown in FIG. 8. Alternately, the top seal layer apertures 108 and the bottom
seal layer apertures 112 may alternate one after the other. Cooling air 132 flows through

the sealing assembly 100’ in a similar manner as in the sealing assembly 100.

[0044] The sealing assemblies 100, 100’ may include more than one cooling passage.
More specifically, the sealing assemblies 100, 100’ two or more elongated slots 110 in
communication with different sets of top and bottom seal layer apertures 108, 112 located
in different portions of the seal layers 102, 104, 106. In one embodiment, for example,
the first inner sidewall 116a and the second inner sidewall 122a may each include
elongated slots 110 in communication with different sets of top seal layer apertures 108

and bottom seal layer apertures 112.

[0045] The seal layers 102, 104, 106 may be constructed from any suitable material.
For example, the seal layers 102, 104, 106 may be formed from a nickel-based high
temperature alloy (e.g., Rene 41® Alloy produced by General Electric Co. of
Schenectady, New York, USA) or an austenitic nickel-based alloy (e.g., WASPALOY®
produced by United Technologies Corporation of Hartford, Connecticut, USA).
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Alternately, the seal layers 102, 104, 106 may be a nickel-chromium-iron-molybdenum
alloy (e.g., HASTELLOY® X produced by Haynes International of Kokomo, Indiana,
USA) or an austenite nickel-chromium alloy (e.g., INCONEL® alloy 718 produced by
Special Metal Corporation of New Hartford, New York, USA).

[0046] In one embodiment, the seal layers 102, 104, 106 may be constructed from the
same material. Alternately, the seal layers 102, 104, 106 may be constructed from
different materials to take advantage of the disparate properties thereof. For example, the
difference in thermal expansion coefficients may be used to strengthen the seal.
Moreover, the seal layer proximate to the hot gas path 70 may be constructed from a
material having a greater temperature tolerance (i.e., the ability to maintain structural
rigidity at a temperature) than the material used to construct the other seal layers. In this

respect, the seal layer proximate to the hot gas path 70 acts as a heat shield.

[0047] As discussed in greater detail above, the top seal layer aperture 108, the
elongated slot 110, and the bottom sealing layer aperture 112 permit cooling air to flow
through the sealing assembly 100 and remove heat from the same. This allows the
sealing assembly 100 to withstand greater temperatures. In this respect, the turbofan 10
may operate at higher temperatures than with conventional seals. Higher operating
temperatures improve efficiency and reduce specific fuel consumption. As such, the
sealing assembly 100 facilitates greater efficiency and lower fuel consumption than

conventional sealing arrangements.

[0048] While there have been described herein what are considered to be preferred
and exemplary embodiments of the present invention, other modifications of these
embodiments falling within the scope of the invention described herein shall be apparent

to those skilled in the art.

15



CA 02940937 2016-09-01

282429

WHAT IS CLAIMED IS:

1. A gas turbine sealing assembly, comprising:
a first static gas turbine wall;
a second static gas turbine wall; and
a seal disposed between the first static gas turbine wall and the second static
gas turbine wall, the seal comprising:
a first seal layer defining a first seal layer aperture extending through
the first seal layer;
a second seal layer defining an elongated slot extending through the
second seal layer; and
a third seal layer defining a third seal layer aperture extending through
the third seal layer, wherein the second seal layer is positioned between the first seal layer
and the third seal layer such that the first seal layer aperture is in fluid communication
with a first position in the elongated slot and the third seal layer aperture is in fluid

communication with a second position in the elongated slot.

2. The gas turbine sealing assembly of claim 1, wherein the first static gas
turbine wall comprises a turbine shroud assembly mount and the second gas static gas

turbine wall comprises a stator vane assembly mount.

3. The gas turbine sealing assembly of claim 1, wherein the first seal
layer, the second seal layer, and the third seal layer each comprise a first outer wall
connected to a first inner wall by a first convolution, a second outer wall connected to a
second inner wall by a second convolution, and a third convolution connecting the first

inner wall to the second inner wall.

4. The gas turbine sealing assembly of claim 1, wherein the first seal
layer, the second seal layer, and the third seal layer each comprise three or more

convolutions.
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5. The gas turbine sealing assembly of claim 3, wherein the first seal layer
aperture extends through a generally flat portion of the first seal layer, the elongated slot
extends through a generally flat portion of the second seal layer, and the third seal layer

aperture extends through a generally flat portion of the third seal layer.

6. The gas turbine sealing assembly of claim 1, wherein the third seal
layer supports and positions the second seal layer and the second seal layer supports and

positions the top seal layer.

7. The gas turbine sealing assembly of claim 1, wherein the first position
is a first end of the elongated slot and the second position is a second end of the elongated

slot.

8. The gas turbine sealing assembly of claim 1, wherein the first seal layer

aperture or the third seal layer aperture comprise a circular cross-section.

9. The gas turbine sealing assembly of claim 1, wherein the elongated slot

is at least five times longer than first seal layer aperture and the third seal layer aperture.

10.  The gas turbine sealing assembly of claim 1, wherein the elongated slot

is at least ten times longer than first seal layer aperture and the third seal layer aperture.

11.  The gas turbine sealing assembly of claim 1, wherein the first seal layer

aperture and the third seal layer aperture comprise the same cross-sectional area.

12. The gas turbine sealing assembly of claim 1, wherein the first seal layer

aperture and the third seal layer aperture comprise the same shape.

13. A gas turbine, comprising:
a compressor;

a combustion section;

a turbine section comprising:

a turbine shroud mount; and
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a stator vane mount; and
a seal disposed between the turbine shroud mount and the stator vane mount,

the seal comprising:

a first seal layer defining a first seal layer aperture extending through
the first seal layer; |

a second seal layer defining an elongated slot extending through the
second seal layer; and
| a third seal layer defining a third seal layer aperture extending through
the third seal layer, wherein the second seal layer is positioned between the first seal layer
and the third seal layer such that the first seal layer aperture is in fluid communication
with a first position in the elongated slot and the third seal layer aperture is in fluid

communication with a second position in the elongated slot.

14.  The gas turbine of claim 13, wherein the first seal layer aperture
extends through a generally flat portion of the first seal layer, the elongated slot extends
through a generally flat portion of the second seal layer, and the third seal layer aperture

extends through a generally flat portion of the third seal layer.

15.  The gas turbine of claim 13, wherein the first seal layer, the second seal
layer, and the third seal layer each comprise a first outer wall connected to a first inner
wall by a first convolution, a second outer wall connected to a second inner wall by a
second convolution, and a third convolution connecting the first inner wall to the second

inner wall.

16.  The gas turbine of claim 13, wherein the first seal layer, the second seal

layer, and the third seal layer each comprise three or more convolutions.

17. The gas turbine of claim 13, wherein the third seal layer supports and
positions the second seal layer and the second seal layer supports and positions the top

seal layer.
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18.  The gas turbine of claim 13, wherein the first position is a first end of

the elongated slot and the second position is a second end of the elongated slot.

19.  The gas turbine of claim 13, wherein the elongated slot is at least five

times longer than first seal layer aperture and the third seal layer aperture.

20.  The gas turbine of claim 13, wherein the elongated slot is at least ten

times longer than first seal layer aperture and the third seal layer aperture.
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