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(57) Abstract: The present disclosure is directed to a shroud assembly for a gas turbine engine that includes a first shroud segment, a
second shroud segment spaced from the first shroud segment, and a third shroud segment spaced trom the first shroud segment. The first
and the second shroud segments detine a gap therebetween, and the first and the third shroud segments define a gap therebetween. A
first seal portion is positioned at least partially on the first and the third shroud segments and at least partially covers the gap defined by
the first and the third shroud segments. A second seal portion is positioned at least partially on the first and the second shroud segments
and at least partially covers the gap defined by the first and the second shroud segments. A third seal portion extends between and
couples the first and the second seal portions.

[Continued on next page]



WO 2017/200670 A1 {00000 0 00O

EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2017/200670 PCT/US2017/027517

SEAL FOR HARDWARE SEGMENTS

FIELD OF THE INVENTION
[0001] The present disclosure relates to a gas turbine engine. More specifically,

the present disclosure relates to seal for use in a gas turbine engine.

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 mgh pressure turbine and a low pressure turbine. The high pressure and the
low pressure turbines each include one or more rows of turbine blades, which extract
kinetic energy and/or thermal energy from the combustion gases flowing
therethrough. A turbine shroud typically forms a ring or enclosure around each row
of turbine blades. That is, each turbine shroud is positioned radially outwardly from
and circumferentially encloses each corresponding row of turbine blades.
[0004] Typically, each turbine shroud is formed from a plurality of shroud
segments, which are assembled to form the ring that circumferentially encloses the
corresponding row of turbine rotor blades. In this respect, gaps may exist between
each of the shroud segments. These gaps may permit a portion of the combustion
gases to escape therebetween, which may reduce the efficiency of the gas turbine
engine. Accordingly, a seal that reduces the amount of combustion gases escaping
through gaps between adjacent shroud segments would be welcomed in the

technology.
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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 disclosure is directed to a shroud assembly for a
gas turbine engine that defines a circumferential direction C. The shroud assembly
includes a first shroud segment that extends between a first end and a second end
along the circumferential direction C. A second shroud segment is spaced from the
first shroud segment along the circumferential direction C and defines a gap with the
first end of the first shroud segment. A third shroud segment is spaced from the first
shroud segment along the circumferential direction C and defines a gap with the
second end of the first shroud segment. The shroud assembly also includes a seal
having a first seal portion positioned at least partially on the first shroud segment and
the third shroud segment and at least partially covering the gap defined by the first
shroud segment and the third shroud segment. A second seal portion is positioned at
least partially on the first shroud segment and the second shroud segment and at least
partially covers the gap defined between the first shroud segment and the second
shroud segment. A third seal portion extends between and couples the first seal
portion and the second seal portion.
[0007] A further embodiment of the present disclosure is directed to a gas turbine
engine that defines a circumferential direction C. The gas turbine engine includes a
compressor section, a combustion section, and a turbine section. A first shroud
segment extends between a first end and a second end along the circumferential
direction C. A second shroud segment is spaced from the first shroud segment along
the circumferential direction C and defines a gap with the second end of the first
shroud segment. A third shroud segment is spaced from the first shroud segment
along the circumferential direction C and defines a gap with the first end of the first
shroud segment. The gas turbine engine also includes a seal having a first seal portion
positioned at least partially on the first shroud segment and the third shroud segment
and at least partially covering the gap defined by the first shroud segment and the
third shroud segment. A second seal portion is positioned at least partially on the first

shroud segment and second shroud segment and at least partially covers the gap
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defined between the first shroud segment and the second shroud segment. A third
seal portion extends between and couples the first seal portion and the second seal
portion.

[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 FIGS., 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 a cross-sectional side view of a high pressure turbine portion of
the gas turbine engine shown in FIG. 1, illustrating the location of a shroud assembly
therein;
[0012] FIG. 3 is a perspective view of one embodiment of the shroud assembly as
disclosed herein;
[0013] FIG. 4 is a side view of the embodiment of the shroud assembly shown in
FIG. 3, illustrating one embodiment of a seal positioned therein;
[0014] FIG. 5 is a top view of the embodiment of the shroud assembly shown in
FIGS. 3 and 4, further illustrating the seal positioned therein;
[0015] FIG. 6 is a front view of the assembly shown in FIGS. 3-5, illustrating one
embodiment of the positioning of the seal relative to an adjacent stator vane;
[0016] FIG. 7 is a front view of the assembly similar to FIG. 6, illustrating
another embodiment of the positioning of the seal relative to the adjacent stator vane;
[0017] FIG. 8 is a top view of the shroud assembly, illustrating an alternate
embodiment of the seal; and
[0018] FIG. 9 is a side view of shroud assembly, illustrating an alternate

embodiment of the seal positioned therein.
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[0019] Repeat use of reference characters in the present specification and
drawings is intended to represent the same or analogous features or elements of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0020] Reference now will be made in detail to embodiments of the invention,
one or more examples of which are illustrated in the drawings. 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 various modifications and
variations can be made in the present invention without departing from the scope or
spirit of the invention. For instance, features illustrated or described as part of one
embodiment can be used with 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.
[0021] 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.
[0022] The terms “upstream” and “‘downstream” refer to the relative direction
with respect to fluid flow in a fluid pathway. For example, “upstream” refers to the
direction from which the fluid flows, and “downstream™ refers to the direction to
which the fluid flows.
[0023] 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 (“turbofan 10), which
may incorporate various embodiments of the present disclosure. 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.
[0024] 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 compressor 22 (“LP compressor
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227) and a high pressure compressor 24 (“HP compressor 24”), a combustor 26, a
turbine section having a high pressure turbine 28 (“HP turbine 28”) and a low
pressure turbine 30 (“LP turbine 307), and a jet exhaust nozzle section 32. A high
pressure shaft or spool 34 (“HP spool 347) drivingly connects the HP turbine 28 to the
HP compressor 24. A low pressure shaft or spool 36 (“LP 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 (“fan spool 387) 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.

[0025] 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
portion of the gas turbine engine 14. The nacelle 42 may 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.

[0026] FIG. 2 is a 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).

[0027] 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 and
the turbine rotor blades 58, 68 at least partially define a hot gas path 70 for routing
combustion gases from the combustor 26 (FIG. 1) through the HP turbine 28. As
shown in FIG. 1, the rows 52, 62 of the stator vanes 54, 64 are circumferentially
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spaced around the HP spool 34 and the rows 56, 66 of the turbine rotor blades 58, 68
are circumferentially spaced around the HP spool 34.

[0028] As shown in FIG. 2, various embodiments of the HP turbine 28 include at
least one turbine shroud 72. For example, the HP turbine 28 may include a first
turbine shroud 72(a) and a second turbine shroud 72(b). Each turbine shroud 72(a),
72(b) generally forms a ring or shroud around the corresponding row 56, 66 of turbine
rotor blades 58, 68.

[0029] Each turbine shroud 72(a), 72(b) may radially be spaced apart from one or
more corresponding blade tips 76, 78 of the turbine rotor blades 58, 68. One or more
pins (not shown) may couple each turbine shroud 72(a), 72(b) to a corresponding
turbine shroud mount 84(a), 84(b). The turbine shroud mount 84(a), 84(b) may
connect to a casing 82 of the turbofan 10.

[0030] This arrangement forms clearance gaps between the blade tips 76, 78 and
sealing surfaces or hot side surfaces 80(a), 80(b). As mentioned above, it is generally
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. In particular embodiments, at least one of the turbine shrouds 74(a), 74(b) may
be formed as a continuous, unitary, or seamless ring.

[0031] As illustrated in FIG. 1, air 200 enters an inlet portion 202 of the turbofan
10 during operation thereof. A first portion 204 of the air 200 flows into the bypass
flow passage 48, and a second portion 206 of the air 200 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 208 to the combustor 26 where it
mixes with fuel and burns to provide combustion gases 210.

[0032] The combustion gases 210 flow through the HP turbine 28 where the stator
vanes 54, 64 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
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rotor blades 214 coupled to the LP spool 36 extract a second portion of thermal and/or
kinetic energy from the combustion gases 210. This energy extraction causes the LP
spool 36 to rotate, thereby supporting operation of the LP compressor 22 and/or
rotation of the fan spool 38. The combustion gases 210 then flow through the jet
exhaust nozzle section 32 of the gas turbine engine 14.

[0033] Along with the turbofan 10, the 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 spool 38 of the fan section 16.

[0034] FIGS. 3-8 illustrate the various features of a shroud assembly 100. More
specifically, FIG. 3 is a perspective view of the shroud assembly 100 in accordance
with the embodiments disclosed herein. FIGS. 4 and 5 respectively are side and top
views of the shroud assembly 100, illustrating one embodiment of a seal 124. FIGS. 6
and 7 are front views of the shroud assembly 100, illustrating the positioning of the
seal 124 relative to the stator vane 64 or other adjacent hardware. FIG. 8 is a
perspective view of the shroud assembly 100, illustrating an alternate embodiment of
the seal 124. FIG. 9 is a side view of the shroud assembly, illustrating an alternate
embodiment of the seal 124.

[0035] As illustrated in FIGS. 3-8, the shroud assembly 100 defines an axial
direction A, aradial direction R, and a circumferential direction C. In general, the
axial direction A extends along the longitudinal axis 12 of the turbofan 10 (FIG. 1),
the radial direction R extends orthogonally outward from the longitudinal axis 12, and
the circumferential direction C extends concentrically around the longitudinal axis 12.
[0036] The shroud assembly 100 may correspond with or be installed in place of
any of the shrouds 74(a), 74(b). Accordingly, the shroud assembly 100 may be
incorporated into the HP turbine 28 shown in FIG. 2.

[0037] Referring now particularly to FIG. 3, the shroud assembly 100 includes a
first shroud segment 102(a), second shroud segment 102(b), and a third shroud
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segment 102(c). The first, second, and third shroud segments 102(a), 102(b), 102(c)
are aligned along the axial direction A and the radial direction R and spaced apart
along the circumferential direction C by gaps 116. More particularly, the first shroud
segment 102(a) extends between a first end 164(a) and a second end 166(a) along the
circumferential direction C. The second shroud segment defines a gap 116 with the
second end 166(a) of the first shroud segment 102(a), and the third shroud segment
102(c) defines a gap 116 with the first end 164(a) of the first shroud segment 102(a).
Although only three shroud segments 102(a), 102(b), 102(c) are shown in FIG. 3, the
shroud assembly 100 may include more or less shroud segments as is necessary or
desired. Any additional shroud segments are arranged in the same manner as the first,
second, and third shroud segments 102(a), 102(b), 102(c).

[0038] FIGS. 3-5 illustrate the various features of the first shroud segment 102(a).
More specifically, the first shroud segment 102(a) includes a radially outer surface
106(a) and a radially inner surface 104(a) spaced apart from the radially outer surface
106(a). The radially inner surface 104(a) is exposed to the combustion gases 210 if
the shroud is positioned in the HP turbine 28 or the LP turbine 30 and is, accordingly,
a flow side surface. Conversely, the radially outer surface 106(a) is not exposed to
the combustion gases 210. In this respect, the radially outer surface 102 is a non-flow
side surface. The radially inner surface 104(a) may be curved or planar in the
circumferential direction C. The first shroud segment 102(a) also includes a first axial
surface 108(a) and a second axial surface 110(a) spaced apart from the first
circumferential surface 108(a). Furthermore, the first shroud segment 102(a) includes
at the first end 164(a) a first circumferential surface 112(a) and at the second end
166(a) a second circumferential surface 114(a) spaced apart from the second axial
surface 112(a).

[0039] The first shroud segment 102(a) also includes a first mounting projection
118(a) for coupling the first shroud segment 102(a) to, e.g., the casing 82 (FIG. 2). In
the embodiment shown in FIGS. 3-5, the first mounting projection 118(a) includes a
first mounting plate 120(a) extending outward along the radial direction R from the
radially outer surface 106(a) of the first shroud segment 102(a). As shown in FIGS.
3-5, the first mounting plate 120(a) is spaced apart along the circumferential direction

C from the first and the second circumferential surfaces 112(a), 114(a). In other
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embodiments, the first mounting plate 120(a) may extend to (i.e., be circumferentially
aligned with) the first and the second circumferential surfaces 112(a), 114(a). A pair
of hangers 122(a) extends radially outwardly from the first mounting plate 120(a) and
couples to the casing 82 or other component of the turbofan 10. Nevertheless, the
first shroud segment 102(a) may include any suitable mounting projection 118(a).
[0040] FIGS. 3-5 also illustrate the various features of the second and third shroud
segments 102(b), 102(c). Referring specifically to the second shroud segment 102(b),
the second shroud segment 102(b) includes a radially outer surface 106(b) and a
radially inner surface 104(b) spaced apart from the radially outer surface 106(b). The
radially inner surface 104(b) may be curved or planar in the circumferential direction
C. The second shroud segment 102(b) also includes a first axial surface 108(b) and a
second axial surface 110(b) spaced apart from the first circumferential surface 108(a).
Furthermore, the second shroud segment 102(b) includes a first circumferential
surface 112(b) and a second circumferential surface 114(b) spaced apart from the
second axial surface 112(b).

[0041] The second shroud segment 102(b) also includes a second mounting
projection 118(b) for coupling the second shroud segment 102(b) to, e.g., the casing
82. In the embodiment shown in FIGS. 3-5, the second mounting projection 118(b)
includes a second mounting plate 120(b) extending radially outward from the radially
outer surface 106(b) of the second shroud segment 102(b). As shown in FIGS. 3-5,
the second mounting plate 120(b) is spaced apart along the circumferential direction C
from the first and the second circumferential surfaces 112(b), 114(b). In other
embodiments, the first mounting plate 120(b) may extend to (i.e., be circumferentially
aligned with) the first and the second circumferential surfaces 112(b), 114(b). A pair
of hangers 122(b) extends radially outwardly from the second mounting plate 120(b)
and couple to the casing 82 or other component of the turbofan 10. Nevertheless, the
second shroud segment 102(b) may include any suitable mounting projection 118(b).
[0042] Furthermore, as is also illustrated in FIGS. 3-5, the third shroud segment
102(¢) includes the same or similar components as the first and the second shroud
segments 102(a), 102(b). Similar numbering of the various components of the third
shroud segment 102(c) may refer to the similarly numbered, previously described

components of the first and the second shroud segments 102(a), 102(b).



WO 2017/200670 PCT/US2017/027517

[0043] As shown in FIG. 3, the shroud segment 102(b) includes an axial length
158. Although not shown, the first and third shroud segment 102(a), 102(c) also
includes the axial length 158.

[0044] The seal 124 reduces the amount of combustion gases 210 that escapes
from the hot gas path 70 between the first, the second, and the third shroud segments
102(a), 102(b), 102(c). As mentioned above, the first, the second, and the third
shroud segments 102(a), 102(b), 102(c) are spaced apart along the circumferential
direction C by the gaps 116. The seal 124 may be planar and positioned on the
radially outer surfaces 106(a), 106(b), 106(c) of the first, the second, and the third
shroud segments 102(a), 102(b), 102(c). In this respect, the seal 124 bridges the gaps
116 between the first, the second, and the third shroud segments 102(a), 102(b),
102(¢), thereby reducing the volume of combustion gases 210 that escape
therebetween.

[0045] FIGS. 3-5 illustrate one embodiment of the seal 124, which includes a first
seal portion 126, a second seal portion 128, and a third seal portion 130. The first, the
second, and the third seal portions 126, 128, 130 are preferably integrally formed.
The first seal portion 126 is positioned at least partially on the first and the third
shroud segments 102(a), 102(c) and at least partially covers the gap 116 defined by
the first and the third shroud segments 102(a), 102(c). Additionally, the second seal
portion 128 is positioned at least partially on the first and the second shroud segments
102(a), 102(b), and at least partially covers the gap 116 defined between the first and
second shroud segments 102(a), 102(b).

[0046] More particularly, the first seal portion 126 includes a first circumferential
edge 132 and a second circumferential edge 134 spaced apart along the
circumferential direction C from the first circumferential edge 132. Similarly, the
second seal portion 126 includes a first circumferential edge 136 and a second
circumferential edge 138 spaced apart along the circumferential direction C from the
first circumferential edge 136. The third seal portion 130 includes a first axial edge
140 and a second axial edge 142 spaced apart along the axial direction A from the
first axial edge 140. The first circumferential edge 132 of the first seal portion 126 is
positioned circumferentially between the first and the second circumferential surfaces

112(c), 114(c) of the third shroud segment 102(c). The second circumferential edge

10
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134 of the first seal portion 126 is positioned circumferentially between the first and
the second circumferential surfaces 112(a), 114(a) of the first shroud segment 102(a).
The first circumferential edge 136 of the second seal portion 128 is positioned
circumferentially between the first and the second circumferential surfaces 112(b),
114(b) of the second shroud segment 102(b). The second circumferential edge 138 of
the second seal portion 128 is positioned circumferentially between the first and the
second circumferential surfaces 112(a), 114(a) of the first shroud segment 102(a).
[0047] The first and the second circumferential edges 132, 134, 136, 138 of the
first and the second seal portions 126, 128 are all positioned in parallel planes. The
first and the second axial edges 140, 142 of the third seal portion 130 are positioned in
planes perpendicular to the planes in which the first and the second circumferential
edges 132, 134, 136, 138 of the first and the second seal portions 126, 128 are
positioned. In this respect, the first, the second, and the third seal portions 126, 128,
130 give the seal 124 a “U” shape in some embodiments. Nevertheless, the seal 124
may have any suitable configuration.

[0048] As mentioned above, the seal 124 is positioned on the radially outer
surfaces 106(a), 106(b), 106(c) of the first, the second, and the third seal segments
102(a), 102(b), 102(c). As best illustrated in FIG. 5, the first circumferential surface
112(a) of the first shroud segment 102(a) is positioned circumferentially between the
first and the second circumferential edges 132, 134 of the first seal portion 126.
Furthermore, the second circumferential surface 114(a) of the first shroud segment
102(a) is positioned circumferentially between the first and the second circumferential
edges 136, 138 of the second seal portion 128. Similarly, the first circumferential
surface 112(b) of the second shroud segment 102(b) is positioned circumferentially
between the first and the second circumferential edges 136, 138 of the second seal
portion 126. The second circumferential surface 114(c) of the third shroud segment
102(¢) is positioned circumferentially between the first and the second circumferential
edges 132, 134 of the first seal portion 126. For the embodiments of FIGS. 3-5, the
first mounting projection 118(a) is circumferentially positioned between the second
circumferential edges 134, 138 of the first and the second seal portions 126, 128. In
this respect, the second seal portion 128 is positioned between the first and the second

mounting projections 118(a), 118(b).
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[0049] In other exemplary embodiments, the first, the second, and/or the third
mounting plates 120(a), 120(b), 120(c) extend to the first and the second
circumferential surfaces 112(a), 112(b), 112(c), 114(a), 114(b), 114(c) of the first, the
second, and/or the third shroud segments 102(a), 102(b), 102(c). In these
embodiments, slots (not shown) may be formed in the first, the second, and/or the
third mounting plates 120(a), 120(b), 120(c) to provide clearance for the first and the
second seal portions 126, 128. Preferably, these slots extend axially through the
entirety of the mounting plates 120(a), 120(b), 120(c). That is, the slots are open on
both axial sides of the mounting plates 120(a), 120(b).

[0050] In the embodiment shown in FIG. 5, the seal 124 is shorter in the axial
direction A than the shroud segments 102(a), 102(b), 102(c). More specifically, the
first seal portion includes an axial length 160 and the second seal portion 128 also
includes an axial length 162. The axial lengths 160, 162 are the same in the
embodiment shown in FIG. 5. Nevertheless, the axial length 160, 162 may be
different. As mentioned above, the shroud segments 102(a), 102(b), 102(c) include an
axial length 158. In this respect, the axial lengths 160, 162 of the first and the second
seal portions 126, 128 are shorter than the axial lengths 158 of the shroud segments
102(a), 102(b), 102(c), but still cover a desired portion of the gaps 116. For example,
the axial lengths 160, 162 of the first and the second seal portions 126, 128 may be at
least about fifty percent as long, at least about seventy-five percent as long, or at least
about ninety percent as long as the axial lengths of the shroud segments 102(a),
102(b). The axial lengths 160, 162 of the first and the second seal portions 126, 128
and the axial lengths of the shroud segments 102(a), 102(b), 102(c) may have other
suitable relative lengths as well.

[0051] FIGS. 6 and 7 show different embodiments of the present disclosure
having a different positioning of the seal 124 with respect to the adjacent stator vanes
64 or other adjacent hardware components. FIG. 6 shows one embodiment where the
seal 124 is spaced apart along the axial direction A from the stator vanes 64. In this
respect, the third seal portion 130 may include a wall 144 extending radially
outwardly therefrom. The wall 144 may be intregally formed with the third seal
portion 130 (e.g., by bending) or separately formed and attached to the third seal

portion 130. The wall 144 may be spaced apart from the stator vanes 64 as shown in
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FIG. 6 or mated thereto. In FIG. 7, however, the first axial edge 140 of the third seal
portion 130 extends axially past the first axial surfaces 108(a), 108(b) of the first and
the second shroud segments 102(a), 102(b). That is, the first axial surfaces 108(a),
108(b) of the first and the second shroud segments 102(a), 102(b) are positioned
axially between the first and the second axial edge 140, 142 of the third seal portion
130. In this respect, the third seal portion 130 may axially overlap with a portion of
the stator vane 64.

[0052] FIG. 8 illustrates an alternate embodiment of the seal 124 in accordance
with still another embodiment of the present disclosure. More specifically, the seal
124 additionally includes the first, the second, and the third portions 126, 128, 130,
which are described in detail above. The seal 124 includes a fourth seal portion 146
having a first circumferential edge 150 and a second circumferential edge 152 spaced
apart along the circumferential direction C from the first circumferential edge 150.
The seal 124 also includes fifth seal portion 148 having a first axial surface 154 and a
second axial surface 156 spaced apart along the axial direction A from the first axial
surface 154. The fifth portion 148 couples the fourth portion 146 to the second and
the third portions 128, 130. The first and the second circumferential edge 150, 152 of
the fourth seal portion 146 are positioned in planes parallel to the planes in which the
first and the second circumferential edges 132, 134, 136, 138 of the first and the
second seal portions 126, 128 are positioned. The first and the second axial surfaces
154, 158 of the fifth seal portion 148 are positioned in planes parallel to the planes in
which the first and the second axial edges 140, 142 of the third seal portion 130 are
positioned. The first and the second axial surfaces 154, 158 of the fifth seal portion
148 are positioned in planes perpendicular to the planes in which the first and the
second circumferential edges 132, 134, 136, 138 of the first and the second seal
portions 126, 128 are positioned. In this respect, the first, the second, the third, the
fourth, and the fifth seal portions 126, 128, 130, 146, 148 give the seal 124 a “W”
shape in some embodiments. Nevertheless, the seal 124 may have any suitable
configuration. Preferably, the first, the second, the third, the fourth, and the fifth seal
portions 126, 128, 130, 146, 148 are planar and integrally formed.

[0053] The shroud segments 102(a), 102(b), 102(c), etc. in the shroud assembly

100 form a ring that circumferentially encloses one of the rows 56, 66 of turbine
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blades 58, 68 (FIG. 2). As mentioned above, the seals 124 cover the gaps 116
between each of the shroud segments 102(a), 102(b), 102(c), etc. In this respect, the
shroud assembly may include as many seals 124 as is necessary to cover all the gaps
116 in the shroud assembly. In particular, each of the seals 124 is spaced apart from
the adjacent seal 124 by one of the mounting projections. In the embodiment shown
in FIGS. 3-5, for example, the seal 124 is positioned around the first mounting
projection 118(a), thereby permitting the seal 124 to cover the gaps 116. A second
seal (not shown) would be positioned around a fourth shroud segment (not shown)
positioned adjacent to the second shroud segment 102(b), thereby covering a gap (not
shown) between the second shroud segment 102(b) and the fourth shroud segment. In
this respect, there is no need to place a seal around the second mounting projection
118(b) because both adjacent gaps 116 are already covered by the seal 124 and the
second seal. As such, the mounting projection 118(b) circumferentially spaces the
seal 124 and the second seal apart.

[0054] As mentioned above, FIG. 9 illustrates a further alternate embodiment of
the seal 124. As depicted therein, the shroud segments 102(a), 102(b), 102(c), etc. are
annularly arranged with respect to one another. That is, the shroud segments 102(a),
102(b), 102(c), etc. are curved in the circumferential direction C. In this respect, the
seal 124 is also curved in the circumferential direction C so as to sit flush on the
curved radially outer surfaces 106(a), 106(b), 106(c), etc. of the corresponding shroud
segments 102(a), 102(b), 102(c), etc. Accordingly, the first and the second
circumferential edges 132, 134, 136, 138 of the first and the second seal portions 126,
128 are positioned in planes oriented at an angle with respect to each other. The first
and the second axial edges 140, 142 of the third seal portion 130 are curved.

[0055] The seals 124 may be constructed from a suitable nickel or cobalt alloys.
Suitable nickel and cobalt alloys include RENE 41® Alloy produced by General
Electric Co. of Schenectady, New York, USA; HAYNES® alloy 188 produced by
Haynes International of Kokomo, Indiana, USA; and UDIMET® alloy L-605
produced by Special Metal Corporation of New Hartford, New York, USA.
Nevertheless, any suitable metallic material may be used.

[0056] In some embodiments, the seals 124 may be a ceramic matrix composite

(“CMC”) material. The CMC material used may be a continuous fiber reinforced
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CMC material. For example, suitable continuous fiber reinforced CMC materials
may include CMC materials reinforced with continuous carbon fibers, oxide fibers,
silicon carbide monofilament fibers, and other CMC materials including continuous
fiber lay-ups and/or woven fiber preforms. In other embodiments, the CMC material
used may be a discontinuous reinforced CMC material or unreinforced silicon carbide
slurry matrix plies. For instance, suitable discontinuous reinforced CMC materials
may include particulate, platelet, whisker, chopped fiber, weave, braid, in situ, and
nano-composite reinforced CMC materials.

[0057] The shroud assembly 100 is described above in the context of being
positioned circumferentially around the rows 56, 66 of the turbine blades 58, 68 in the
HP turbine 28. Nevertheless, the shroud assembly 100 may be positioned
circumferentially around any row of turbine blades in the HP turbine 28. Moreover,
the shroud assembly 100 may be positioned in the LP turbine 30, the LP compressor
22, or the HP compressor 24. Furthermore, the seal 124 may be used independently
of the shroud assembly 100. For example, the seal 124 may be used in connection
with the rows 52, 62 of stator vanes 54, 64.

[0058] This written description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they include structural
elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal languages

of the claims.

15



WO 2017/200670 PCT/US2017/027517

WHAT IS CLAIMED IS:

1. A shroud assembly for a gas turbine engine defining a circumferential
direction C, comprising:

a first shroud segment extending between a first end and a second end along
the circumferential direction C;

a second shroud segment spaced from the first shroud segment along the
circumferential direction C and defining a gap with the first end of the first shroud
segment;

a third shroud segment spaced from the first shroud segment along the
circumferential direction C and defining a gap with the second end of the first shroud
segment; and

a seal comprising:

a first seal portion positioned at least partially on the first shroud
segment and the third shroud segment and at least partially covering the gap
defined by the first shroud segment and the third shroud segment;

a second seal portion positioned at least partially on the first shroud
segment and the second shroud segment and at least partially covering the gap
defined between the first shroud segment and the second shroud segment; and

a third seal portion extending between and coupling the first seal
portion and the second seal portion.

2. The shroud assembly of claim 1, wherein the first shroud segment
comprises a first circumferential surface at the first end and a second circumferential
surface at the second end, wherein the first seal portion comprises a first
circumferential edge and a second circumferential edge spaced apart along the
circumferential direction C, and wherein the first circumferential surface of the first
shroud segment is positioned circumferentially between the first circumferential edge
of the first seal portion and the second circumferential edge of the first seal portion.

3. The shroud assembly of claim 1, wherein the second seal portion
comprises a first circumferential edge and a second circumferential edge spaced apart
along the circumferential direction, wherein the second circumferential surface of the

first shroud segment is positioned circumferentially between the first circumferential
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edge of the second seal portion and the second circumferential surface of the edge seal
portion.

4. The shroud assembly of claim 1, wherein the first shroud segment
comprises a radially inner surface and a radially outer surface spaced apart from the
radially inner surface, and wherein the seal is positioned on the radially outer surface
of the first shroud segment.

5. The shroud assembly of claim 4, further comprising:

a mounting projection extending radially outwardly from the radially outer
surface of the first shroud segment, wherein the mounting projection is
circumferentially positioned between the second circumferential edge of the first seal
portion and the second circumferential edge of the second seal portion.

6. The shroud assembly of claim 1, wherein the seal comprises a wall
projecting radially outwardly from the third seal portion.

7. The shroud assembly of claim 1, wherein the first shroud segment
comprises a first axial surface and second axial surface spaced apart along the axial
direction A from the first axial surface, wherein the third seal portion comprises a first
axial surface and second axial surface spaced apart along the axial direction A from
the first axial surface, and wherein the first axial surface of the first shroud segment is
positioned axially between the first axial surface of the third seal portion and the
second axial surface of the third seal portion.

8. The shroud assembly of claim 7, wherein the second axial surface of
the third seal portion is perpendicular to the second circumferential surface of the first
seal portion and the second circumferential surface of the second seal portion.

9. The shroud assembly of claim 1, wherein the second shroud segment
comprises a first circumferential surface and a second circumferential surface spaced
along the circumferential direction, wherein the first circumferential edge of the
second seal portion is positioned circumferentially between the first circumferential
surface of the second shroud segment and the second circumferential surface of the
second shroud segment, and wherein the second circumferential edge of the second
seal portion is positioned circumferentially between the first circumferential surface
of the first shroud segment and the second circumferential surface of the first shroud

segment.
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10.  The shroud assembly of claim 9, wherein the seal comprises:

a fourth seal portion comprising a first circumferential surface and a second
circumferential surface spaced apart along the circumferential direction C from the
first circumferential surface, wherein the second circumferential surface of the second
shroud segment is positioned circumferentially between the first circumferential
surface of the fourth seal portion and the second circumferential surface of the fourth
seal portion; and

a fifth seal portion coupling the second seal portion and the fourth seal portion.

11.  The shroud assembly of claim 1, wherein the third seal portion is
formed integrally with the first seal portion and the second seal portion.

12. The shroud assembly of claim 1, wherein the seal is planar.

13.  The shroud assembly of claim 1, wherein the first seal portion defines
an axial length, wherein the second seal portion defines an axial length, wherein the
first shroud segment defines an axial length, and wherein the axial length of the first
seal portion and the axial length of the second seal portion are at least about half of
the axial length of the first shroud segment.

14. A gas turbine engine defining a circumferential direction C,
comprising:

a compressor section;

a combustion section;

a turbine section, comprising:

a first shroud segment extending between a first end and a second end
along the circumferential direction C;

a second shroud segment spaced from the first shroud segment along
the circumferential direction C and defining a gap with the second end of the
first shroud segment;

a third shroud segment spaced from the first shroud segment along the
circumferential direction C and defining a gap with the first end of the first
shroud segment; and

a seal comprising:

a first seal portion positioned at least partially on the first

shroud segment and the third shroud segment and at least partially
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covering the gap defined by the first shroud segment and the third
shroud segment;

a second seal portion positioned at least partially on the first
shroud segment and second shroud segment and at least partially
covering the gap defined between the first shroud segment and the
second shroud segment; and

a third seal portion extending between and coupling the first
seal portion and the second seal portion.

15.  The gas turbine of claim 14, wherein the first shroud segment
comprises a first circumferential surface at the first end and a second circumferential
surface at the second end, wherein the second seal portion comprises a first
circumferential edge and a second circumferential edge spaced apart along the
circumferential direction C, and wherein the second circumferential surface of the
first shroud segment and the first circumferential surface of the second shroud
segment are positioned circumferentially between the first circumferential edge of the
second seal portion and the second circumferential edge of the second seal portion.

16. The gas turbine engine of claim 15, wherein the first seal portion
comprises a first circumferential edge and a second circumferential edge spaced apart
along the circumferential direction C from the first circumferential edge, and wherein
the first circumferential surface of the first shroud segment is positioned
circumferentially between the first circumferential edge of the first seal portion and
the second circumferential edge of the first seal portion.

17.  The gas turbine engine of claim 16, further comprising:

a first mounting projection extending radially outwardly from the first shroud
segment, wherein the first mounting projection is circumferentially positioned
between the second circumferential edge of the first seal portion and the second
circumferential edge of the second seal portion; and

a second mounting projection extending radially outwardly from the second
shroud segment, wherein the first circumferential edge of the second seal portion and
the second circumferential edge of the second seal portion are circumferentially
positioned between the first mounting projection and the second mounting projection.

18.  The gas turbine engine of claim 16, wherein the seal comprises:
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a fourth seal portion comprising a first circumferential edge and a second
circumferential edge spaced apart along the circumferential direction C from the first
circumferential edge, wherein the second circumferential surface of the second shroud
segment is positioned circumferentially between the first circumferential edge of the
fourth seal portion and the second circumferential edge of the fourth seal portion; and

a fifth seal portion coupling the second seal portion and the fourth seal portion.

19. The gas turbine engine of claim 18, wherein the first circumferential
edge of the first seal portion, the first circumferential edge of the second seal portion,
and the first circumferential edge of the fourth seal portion are parallel.

20.  The gas turbine engine of claim 18, wherein the third seal portion
comprises a first axial edge and second axial edge spaced apart along the axial
direction A from the first axial edge, wherein the fifth seal portion comprises a first
axial edge and second axial edge spaced apart along the axial direction A from the
first axial edge, and wherein the first axial edge of the third seal portion and the first

axial edge of the fifth seal portion are coplanar.
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