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SEAL LAND FOR STATIC STRUCTURE OF
A GAS TURBINE ENGINE

BACKGROUND

ooo1]  'This disclosure relates to a gas turbine engine, and more particularly to

a static structure that can be incorporated into a gas turbine engine.

00021 (Gas turbine engines typically include a compressor section, a
combustor section and a turbine section. During operation, air is pressurized in the
compressor section and is mixed with fuel and burned in the combustor section to
generate hot combustion gases. The hot combustion gases are communicated through
the turbine section, which extracts energy from the hot combustion gases to power the
compressor section and other gas turbine engine loads.

00031 (Gas turbine engines may be assembled from numerous coaxial
housings and components that must be sealed relative to one another to address
pressure differentials and thermal loading that can exist between these components
during gas turbine engine operation. For example, static structures, such as mid-
turbine frames, ducts, vane assemblies, nozzle assemblies and the like, may need to be
sealed relative to cavities that extend between the static structures and inner and outer

casings of an engine static structure.

SUMMARY

ooo41 A seal land for a gas turbine engine according to an exemplary
embodiment of the present disclosure can include a seal body that can extend between
a leading edge portion, a trailing edge portion, a radially outer surface and a radially
inner surface. A notch can extend at least partially through the seal body between the
radially outer surface and the radially inner surface.

0oos] In a further embodiment of the foregoing seal land embodiment, one of
the radially outer surface and the radially inner surface can include a conical surface
and the other of the radially outer surface and the radially inner surface includes a
cylindrical surface.

ooo6] In a further embodiment of either of the foregoing seal land
embodiments, the notch can be V-shaped.

o071 In a further embodiment of any of the foregoing seal land

embodiments, the notch can be formed at the trailing edge portion of the seal body.
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[ooos] A static structure for a gas turbine engine according to another
exemplary embodiment of the present disclosure can include at least one airfoil that
extends between an inner platform and an outer platform. At least one seal land can
extend from one of the inner platform and the outer platform, and the at least one seal
land can include a radially outer surface, a radially inner surface and a notch
circumferentially disposed between the radially outer surface and the radially inner
surface.

00091 In a further embodiment of the foregoing static structure embodiment,
the static structure can include a mid-turbine frame.

ooo10] In a further embodiment of either of the foregoing static structure
embodiments, the at least one seal land can include at least one relief slot.

ooo11] In a further embodiment of any of the foregoing static structure
embodiments, a seal ring can be positioned between the at least one seal land and a
casing of an engine static structure.

ooo12] In a further embodiment of any of the foregoing static structure
embodiments, one of the radially outer surface and the radially inner surface can
include a conical surface.

0o0o13] In a further embodiment of any of the foregoing static structure
embodiments, one of the radially inner surface and the radially outer surface can
include a cylindrical surface.

ooo14] In a further embodiment of any of the foregoing static structure
embodiments, the notch can extend aft of a trailing edge of said at least one airfoil.

ooo1s] In a further embodiment of any of the foregoing static structure
embodiments, the notch can be V-shaped.

ooo16] In a further embodiment of any of the foregoing static structure
embodiments, the at least one seal land can be positioned at an aft, inner diameter
portion of the static structure.

ooo177 In a further embodiment of any of the foregoing static structure
embodiments, the notch can circumferentially extend about a trailing edge portion of
the at least one seal land.

[ooo18] A gas turbine engine according to yet another exemplary embodiment
of the present disclosure can include a compressor section, a combustor section in
fluid communication with the compressor section, a turbine section in fluid

communication with the combustor section, and a static structure positioned relative
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to at least one of the compressor section, the combustor section and the turbine
section. The static structure can include a multitude of airfoils and at least one seal
land that extends from a portion of each of the multitude of airfoils. The at least one
seal land can include a notch circumferentially disposed aft of a trailing edge of each
of the multitude of airfoils.

ooo19] In a further embodiment of the foregoing gas turbine engine
embodiment, each of the multitude of airfoils can extend between an inner platform
and an outer platform, and the at least one seal land can extend from at least one of
the inner platform and the outer platform.

0o020; In a further embodiment of either of the foregoing gas turbine engine
embodiments, the at least one seal land can include a radially outer surface and a
radially inner surface. One of the radially outer surface and the radially inner surface
can be mounted to one of the inner platform and the outer platform.

000211 In a further embodiment of any of the foregoing gas turbine engine
embodiments, the radially outer surface of the at least one seal land can include a
conical surface.

000221 In a further embodiment of any of the foregoing gas turbine engine
embodiments, the radially inner surface of the at least one seal land can include a
cylindrical surface.

00023] In a further embodiment of any of the foregoing gas turbine engine
embodiments, the notch can be V-shaped.

000241 The various features and advantages of this disclosure will become
apparent to those skilled in the art from the following detailed description. The

drawings that accompany the detailed description can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS
ooo2s] Figure 1 illustrates a schematic, cross-sectional view of a gas turbine
engine.
[ooo26] Figure 2 illustrates a cross-section of a static structure that can be
incorporated into a gas turbine engine.
000271 Figure 3 illustrates a perspective view of a static structure.
o0028] Figure 4 illustrates a cross-sectional view of a portion of a static

structure.



WO 2013/184454 PCT/US2013/042963

000291 Figure 5 illustrates an enlarged, cross-sectional view of a portion of a
static structure.

000301 Figures 6A and 6B illustrate portions of additional static structures.

DETAILED DESCRIPTION

000311 Figure 1 schematically illustrates a gas turbine engine 20. The
exemplary gas turbine engine 20 is a two-spool turbofan engine that generally
incorporates a fan section 22, a compressor section 24, a combustor section 26 and a
turbine section 28. Alternative engines might include an augmenter section (not
shown) among other systems for features. The fan section 22 drives air along a
bypass flow path B, while the compressor section 24 drives air along a core flow path
C for compression and communication into the combustor section 26. The hot
combustion gases generated in the combustor section 24 are expanded through the
turbine section 28. Although depicted as a turbofan gas turbine engine in the
disclosed non-limiting embodiment, it should be understood that the concepts
described herein are not limited to turbofan engines and these teachings could extend
to other types of engines, including but not limited to, three-spool engine
architectures.

000321 The gas turbine engine 20 generally includes a low speed spool 30 and
a high speed spool 32 mounted for rotation about an engine centerline longitudinal
axis A relative to an engine static structure 33 via several bearing systems 31. It
should be understood that various bearing systems 31 at various locations may
alternatively or additionally be provided.

000331 The low speed spool 30 generally includes an inner shaft 34 that
interconnects a fan 36, a low pressure compressor 38 and a low pressure turbine 39.
The high speed spool 32 includes an outer shaft 35 that interconnects a high pressure
compressor 37 and a high pressure turbine 40. In this example, the inner shaft 34 and
the outer shaft 35 are supported at various axial locations by bearing systems 31
positioned within the engine static structure 33.

[00034] A combustor 42 is arranged between the high pressure compressor 37
and the high pressure turbine 40. A static structure 44 of the engine static structure
33, also referred to as a mid-turbine frame, can be arranged generally between the
high pressure turbine 40 and the low pressure turbine 39. The static structure 44 can

support one or more bearing systems 31 of the turbine section 28. The static structure
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44 can include one or more airfoils 46 that can be positioned within the core flow path
C.

000351 The inner shaft 34 and the outer shaft 35 are concentric and rotate via
the bearing systems 31 about the engine centerline longitudinal axis A, which is co-
linear with their longitudinal axes. The core airflow is compressed by the low
pressure compressor 38 and the high pressure compressor 37, is mixed with fuel and
burned in the combustor 42, and is then expanded over the high pressure turbine 40
and the low pressure turbine 39.  The high pressure turbine 40 and the low pressure
turbine 39 rotationally drive the respective low speed spool 30 and the high speed
spool 32 in response to the expansion.

[ooo36] Figure 2 illustrates a static structure 44 that can be incorporated into a
gas turbine engine, such as the gas turbine engine 20. In this example, the static
structure 44 is a mid-turbine frame that can be positioned between the high pressure
turbine 40 and the low pressure turbine 39 (See Figure 1). However, the teachings of
this disclosure are not limited to the mid-turbine frame and could extend to other
static structures, including but not limited to, ducts, vane assemblies, nozzle
assemblies and any other full hoop ring assemblies.

000371 The static structure 44 can be mounted to extend between an outer
casing 50 and an inner casing 52 of the engine static structure 33. For example, the
outer casing 50 and the inner casing 52 can be part of a turbine exhaust case of the
engine static structure 33. The inner casing 52 can support a bearing system 31 as
well as other components within which the inner and outer shafts 34, 35 rotate.

00038] The static structure 44 can be mechanically attached relative to the
outer casing 50 and inner casing 52 or can be thermally free relative to these
structures. It should be understood that various attachment arrangements may
alternatively or additionally be utilized.

000391 Referring to Figure 3, the exemplary static structure 44 can include a
multitude of airfoils 46 that radially extend between an inner platform 62 and an outer
platform 64 of the static structure 44. The multitude of airfoils 46 are axially disposed
between a leading edge 66 and a trailing edge 68 of the static structure 44.

000401 The multitude of airfoils 46 can be assembled to form an annular ring
assembly that circumferentially extends about the engine centerline longitudinal axis
A to define a portion of the annular core flow path C radially between the inner

platform 62 and the outer platform 64 and across the multitude of airfoils 46. In other
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words, the inner platform 62 and the outer platform 64 establish the inner and outer
boundaries of the core flow path C within the static structure 44.

ooo41] 'The static structure 44 can include one or more sealing mechanisms,
such as a seal land, that can be incorporated onto the static structure 44 to seal the
static structure 44 relative to the inner casing 52 and the outer casing 50 (See Figure
2), or other surrounding structures. In one non-limiting embodiment, the static
structure 44 includes a seal land 70 that can be mounted to, integrally cast, integrally
machined or integrally forged with the static structure 44 to enable sealing at one or
more portions of the static structure 44, as is further discussed below.

000421 Figure 4 illustrates a cross-sectional view of a portion of the static
structure 44. In this exemplary embodiment, the static structure 44 may require
sealing at an upstream, outer diameter portion 74, an upstream, inner diameter portion
76, an aft, outer diameter portion 78 and/or an aft, inner diameter portion 72.
Although the various features of the seal land 70 are described herein with respect to
the aft, inner diameter portion 72 of the static structure 44, it should be understood
that seal lands 70 could be arranged to seal one or more portions of the static structure
44, including but not limited to, the upstream, outer diameter portion 74, the
upstream, inner diameter portion 76, and/or the aft, outer diameter portion 78. The
seal land 70 can be circumferentially disposed about the engine centerline axis A
adjacent the trailing edge 68 of the static structure 44 and at the inner platform 62 of
the multitude of airfoils 46 (only one shown in Figure 4). In other words, in this
example, the seal land 70 extends from the static structure 44 at its aft, inner diameter
portion 72.

[00043] In one exemplary embodiment, the static structure 44, including the
seal land 70, may be manufactured of a cast nickel alloy. However, it should be
understood that various other materials may be utilized and may be specifically
selected to match a coefficient of thermal expansion between the different parts of the
static structure 44.

[00o44] The seal land 70 can radially extend between the inner platform 62 and
the inner casing 52 of the engine static structure 33. For example, the inner casing 52
may include a portion of a turbine exhaust case where the static structure 44 is a mid-
turbine frame. However, other sections of the gas turbine engine 20 could also benefit

from this disclosure.
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[ooo4s] The inner casing 52 can include a recess 80 that can receive a seal ring
82 that extends radially between the seal land 70 and the inner casing 52 to seal the
aft, inner diameter portion 72 of the static structure 44. The seal ring 82 could include
a piston seal or any other suitable seal.

[ooo4s] Liigure 5 illustrates an enlarged view of the aft, inner diameter portion
72 of the static structure 44. As stated above, the seal land 70 can extend in a radial
direction R between the inner platform 62 and the inner casing 52. The exemplary
seal land 70 includes a seal body 85 having a leading edge portion 84, a trailing edge
portion 86, a radially outer surface 88 and a radially inner surface 90. In one
exemplary embodiment, the radially outer surface 88 includes a conical surface that
axially extends transversely relative to the engine centerline longitudinal axis A. The
radially outer surface 88 can provide a braze surface for mounting the seal land 70 to
an inner surface 92 of the inner platform 62. However, it should be understood that
other attachment arrangements may alternatively or additionally be utilized, and the
seal land 70 could also be cast integrally with the inner platform 62.

000471 The radially inner surface 90 can include a cylindrical surface. The
radially inner surface 90 provides a cylindrical sealing surface for sealing relative to
the seal ring 82. It should be understood that the cylindrical sealing surface could
alternatively be the radially outer surface of the seal land 70 where the seal land 70 is
positioned relative to either the upstream, outer diameter portion 74 or the aft, outer
diameter portion 78 of the static structure.

0oo4s] The seal body 85 can also include at least one notch 94 that is
circumferentially disposed between the radially outer surface 88 and the radially inner
surface 90 of the seal land 70. In this exemplary embodiment, the notch 94 extends
from the trailing edge portion 86 in a direction toward the leading edge portion 84. In
other words, the notch 94 can extend through a portion of the seal body 85 in an
upstream direction U relative to the static structure 44.

0oo49] The notch 94 can be V-shaped. However, other shapes and
configurations are contemplated as within the scope of this disclosure. In this
exemplary embodiment, the notch 94 is positioned such that it extends aft from a
trailing edge 96 of the airfoil 46. In addition, a point 98 of the notch 94 can be
positioned aft of the seal ring 82. The actual position, depth and dimensions of the
notch 94 may vary and are dependent on design and environmental specific

parameters.
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000501 In one exemplary embodiment, the notch 94 is formed at the trailing
edge 86 of the seal body 85 such that a first thickness T1 extends radially outward of
the notch 94 and a second thickness T2 extends radially inwardly from the notch 94.
The first thickness T1 can be different from the second thickness T2. The notch 94
removes weight from the seal land 70 and can alleviate thermal mismatch that may
occur between the seal land 70 and the hot combustion gases that are communicated
along the core flow path C through the static structure 44.

ooos1] Figures 6A and 6B illustrate portions of another example static
structure 144. The static structure 144 can include a seal land 170 that is similar to
the seal land 70 detailed above. However, the seal land 170 can include additional
features. For example, the seal land 170 can include one or more relief slots 100 (i.e.,
cut-out portions of the seal land 170). Although only a single relief slot 100 is
illustrated in Figures 6A and 6B, it should be understood that the seal land 170 of the
static structure 144 could include a multitude of relief slots 100 circumferentially
disposed in a spaced relationship about the seal land 170.

000521 In one exemplary embodiment, the relief slots 100 extend from a
trailing edge 186 of the seal land 170 in the same direction as the notch 94. The relief
slots 100 can be generally crescent shaped. The relief slots 100 can also extend to the
same depth as the notch 94. In this exemplary embodiment, the relief slots 100 are
formed on a radially inner surface 190 of the seal land 170.

[000s3] In one example, at least one relief slot 100 is associated with each of
the airfoils 46 of the static structure 144. In other words, if the static structure 144
were to include (14) airfoils 46, then the seal land 170 could include (14) relief slots
100. The relief slots 100 may reduce the strain experienced at portions of the airfoils
46, such as the leading or trailing edge portions.

[0oos4] Although the different non-limiting embodiments are illustrated as
having specific components, the embodiments of this disclosure are not limited to
those particular combinations. It is possible to use some of the components or
features from any of the non-limiting embodiments in combination with features or
components from any of the other non-limiting embodiments.

oooss] It should be understood that like reference numerals identify
corresponding or similar elements throughout the several drawings. It should also be

understood that although a particular component arrangement is disclosed and
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illustrated in these exemplary embodiments, other arrangements could also benefit
from the teachings of this disclosure.

oooss] The foregoing description shall be interpreted as illustrative and not in
any limiting sense. A worker of ordinary skill in the art would recognize that various
modifications could come within the scope of this disclosure. For these reasons, the
following claims should be studied to determine the true scope and content of this

disclosure.
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CLAIMS
What is claimed is:
1. A seal land for a gas turbine engine, comprising:
a seal body that extends between a leading edge portion, a trailing edge
portion, a radially outer surface and a radially inner surface; and
a notch that extends at least partially through said seal body between said

radially outer surface and said radially inner surface.

2. The seal land as recited in claim 1, wherein one of said radially outer surface
and said radially inner surface includes a conical surface and the other of said radially

outer surface and said radially inner surface includes a cylindrical surface.

3. The seal land as recited in claim 1, wherein said notch is V-shaped.

4, The seal land as recited in claim 1, wherein said notch is formed at said

trailing edge portion of said seal body.

5. A static structure for a gas turbine engine, comprising:

at least one airfoil that extends between an inner platform and an outer
platform; and

at least one seal land that extends from one of said inner platform and said
outer platform, wherein said at least one seal land includes a radially outer surface, a
radially inner surface and a notch circumferentially disposed between said radially

outer surface and said radially inner surface.

6. The static structure as recited in claim 5, wherein said static structure is a mid-

turbine frame.

7. The static structure as recited in claim 5, wherein said at least one seal land

include at least one relief slot.

8. The static structure as recited in claim 5, comprising a seal ring positioned

between said at least one seal land and a casing of an engine static structure.

10
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9. The static structure as recited in claim 5, wherein one of said radially outer

surface and said radially inner surface includes a conical surface.

10. The static structure as recited in claim 5, wherein one of said radially inner

surface and said radially outer surface includes a cylindrical surface.

11. The static structure as recited in claim 5, wherein said notch extends aft of a

trailing edge of said at least one airfoil.

12. The static structure as recited in claim 5, wherein said notch is V-shaped.

13. The static structure as recited in claim 5, wherein said at least one seal land is

positioned at an aft, inner diameter portion of said static structure.

14. The static structure as recited in claim 5, wherein said notch circumferentially

extends about a trailing edge portion of said at least one seal land.

15. A gas turbine engine, comprising:

a compressor section;

a combustor section in fluid communication with said compressor section;

a turbine section in fluid communication with said combustor section; and

a static structure positioned relative to at least one of said compressor section,
said combustor section and said turbine section, wherein said static structure includes
a multitude of airfoils and at least one seal land that extends from a portion of each of
said multitude of airfoils, said at least one seal land including a notch

circumferentially disposed aft of a trailing edge of each of said multitude of airfoils.
16. The gas turbine engine as recited in claim 15, wherein each of said multitude

of airfoils extends between an inner platform and an outer platform, and said at least

one seal land extends from at least one of said inner platform and said outer platform.

11
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17. The gas turbine engine as recited in claim 16, wherein said at least one seal
land includes a radially outer surface and a radially inner surface, and one of said
radially outer surface and said radially inner surface is mounted to one of said inner

platform and said outer platform.

18. The gas turbine engine as recited in claim 15, wherein a radially outer surface

of said at least one seal land includes a conical surface.

19. The gas turbine engine as recited in claim 15, wherein a radially inner surface

of said at least one seal land includes a cylindrical surface.

20. The gas turbine engine as recited in claim 15, wherein said notch is V-shaped.

12
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