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ABSTRACT

A gas turbine engine shroud includes a plurality of shroud segments disposed
circumferentially one adjacent to another to form a full, circumferentially segmented
ring about the rotor. The radial seal between each pair of adjacent shroud segments
1s positioned on the back side of the shroud platform. Cooling underneath the radial
seals may be done by conduction heath transfer through the platform of the shroud

segments.
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SEALING AND COOLING AT THE JOINT BETWEEN
SHROUD SEGMENTS

TECHNICAL FIELD

The application relates generally to gas turbine engines and, more

particularly, to a seal mounting arrangement for providing sealing and cooling at the

joint area between circumferentially adjacent segments of a segmented shroud.

BACKGROUND OF THE ART

Turbine shroud segments typically have slots or pockets defined in the
opposed circumferential ends of their respective platforms for receiving strip seals to
prevent leakage between circumferentially adjacent shroud segments. The presence
of such seal receiving slots in the opposed circumferential adjoining ends of the
shroud segments limits conduction heat transfer through the shroud platform from the
radially inner hot gas path side to the radially outer cold back side of the platforms at
the seal region between adjacent shroud segments. Consequently, the thin lip of
material underneath each seal receiving slot tends to remain hotter than the remainder

of the shroud platform and is, thus, subject to premature deterioration.

Various attempts have been made to improve cooling of the seal region
between adjacent shroud segments. However, the various proposed designs remain to
some extend unsatistactory. A new shroud sealing arrangement addressing the above

mentioned concerns and other limitations of the prior art is thus desirable.

SUMMARY

In a first aspect of the present application, there is thus provided a gas
turbine engine shroud surrounding a rotor mounted for rotation about a central axis of
a gas turbine engine, the shroud comprising a plurality of shroud segments disposed
circumterentially one adjacent to another to form a full ring about the rotor, each of
the shroud segments having a platform extending circumferentially between opposed
first and second ends and opposed front and rear axially facing sides, the platform
having a radially inner gas path surface and an opposed radially outer back surface,
and a plurality of radially facing seals provided between adjacent shroud segments,

the circumferentially opposed first and second ends of the platform of the shroud
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segments being free of seal receiving slots, the radially facing seals being disposed
radially outwardly of the platform of the shroud segments with a radially inner facing
surface of the radial seals laying on the radially outer surface of adjacent platforms,
thereby providing for a continuous conduction heat transfer path underneath the
radially facing seals through the platform from the radially inner gas path surface to

the radially outer back surface.

In a second aspect, there is provided a shroud segment of a
circumferentially segmented shroud of a gas turbine engine, comprising a platform
having a gaspath side and an opposed back side extending circumferentially between
opposed first and second ends and opposed front and rear axially facing sides, axially
spaced-apart front and rear legs extending radially from said back side of the
plattorm, said front and rear legs defining with said back side of the platform a
plenum for receiving cooling air, and oppositely axially facing slots defined in each
circumferential end face of said front and rear legs for holding a radially facing inter-
segment seal in cooperation with an adjacent pair of slots of the front and rear legs of
an adjacent shroud segment.

In a third aspect, there is provided a method for sealing and cooling
circumferentially adjacent shroud segments in a gas turbine engine, each shroud
segment being provided with a platform having a gas path side and an opposed back
side, the method comprising: a) mounting radially facing inter-segment seals on the
back side of the platform between each pair of adjacent shroud segments, and b)
cooling underneath the inter-segment seals by conduction heat transfer from the gas

path side to the opposed back side of the platform.

DESCRIPTION OF THE DRAWINGS

Reterence is now made to the accompanying figures, in which:
Fig. 1 is a schematic cross-section view of a turbofan gas turbine engine;

Fig. 2 is an enlarged cross-section view of a portion of the turbine section of
the engine shown in Fig. 1, illustrating a stationary segmented shroud closely

surrounding the tip of the blades of a turbine rotor;
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Fig. 3 is an isometric view of one of the segments of the shroud illustrated in

Fig. 2; and

Fig. 4 is an end view of the shroud segment with a seal member mounted on
the radially outermost surface of the shroud segment, the seal projecting from one
circumferential end of the segment for spanning the circumferential gap between two

adjacent shroud segments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates a turbofan gas turbine engine 10 of a type preferably
provided for use in subsonic flight, generally comprising i serial flow
communication a fan 12 through which ambient air is propelled, a multistage
compressor 14 for pressurizing the air, a combustor 16 in which the compressed air is
mixed with fuel and ignited for generating an annular stream of hot combustion

gases, and a turbine section 18 for extracting energy from the combustion gases.

Referring to Fig. 2, a high pressure (HP) turbine stage 20 of the turbine
section 18 of the engine 10 includes generally a HP turbine rotor 22 having a
plurality of radially extending blades 23 and a turbine stator vane assembly 24
comprising a plurality of vanes 25 extending between inner and outer vane platforms
27. Surrounding the turbine blades 23, and downstream of the stator vane assembly
24, 1s a stationary annular turbine shroud 26, which typically comprises a plurality of
circumferentially adjoining shroud segments 28 concentrically arranged around the
periphery of the turbine blade tips so as to define a portion of the radially outer
boundary of the engine gas path. The shroud segments 28 are individually supported
and located within the engine by an outer housing support structure 35 so as to

collectively form a continuous shroud ring about the turbine blades 23.

Figs. 3 and 4 show one of the shroud segments 28 in more detail. The shroud
segment 28 generally comprises a generally arcuate platform 30 having a radially
inner gas path surface 32 which is adapted to be exposed to the hot combustion gases
during engine operation and an opposed radially outer cold surface 34 also referred to
as the back side of the platform 30. The platform 30 extends axially between an
axially facing leading side 36 and an axially facing trailing side 38 and between

circumferentially opposed ends 40, 42. Once the shroud 26 is assembled, the first
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circumferential end 40 of the platform 30 of each shroud segment substantially mate
with a corresponding second circumferential end 42 of an adjacent segment to form
an essentially continuous annular shroud. Axially spaced-apart front and rear legs 44,
46 extend integrally radially outwardly front the radially outer surface 34 of the
platform 30. The radial legs 44, 46 are provided with respective axially projecting
distal hook or rail portions 48, 50 for engagement with corresponding mounting
flange projections 52, 54 (see Fig. 2) of the surrounding support structure 34. A
shroud plenum 55 (Fig. 2) is defined between the radial legs 44, 46 and the radially
outer surtace 34 of the platform 30 for receiving cooling air from a cooling air

source, for example bleed air from the compressor 14.

Referring to Fig. 3, radially extending slots 56, 58 are respectively defined in
the front and rear radial legs 44 and 46 at both circumferential ends 40, 42 of each
shroud segment 28. Recess or slot 60, 62 are defined in the axially opposed facing
sides of the radial legs 44, 46 (i.e. the plenum side of the legs) generally at the root
thereof that it is generally at the junction of the legs with the radially outer surface 34
of the plattorm 30. The oppositely axially facing slots 60, 62 are defined in the legs
44, 46 at both circumferential end faces 40, 42 of the shroud segment 28. The slots
60 and 62 may respectively intersect the radially inner end of radial slots 56 and 58

(i.e. the slots 60 and 62 may respectively open to the radial slots 56, 58).

As shown in Fig. 4, the oppositely axially facing slots 60, 62 in the
circumferentially spaced-apart end faces of the legs 44, 46 may be provided in the
form of slits configured to respectively loosely receive opposed axial ends of one
side of a radial inter-segment seal member 64 adapted to provide sealing between
two circumierentially adjacent shroud segments 28. Each inter-segment seal member
64 1s received within the cavity formed by the oppositely circumferentially facing
slots 60, 62 of adjacent shroud segments 28. As shown in Fig. 4, the seal member 64
may be provided in the form of a thin, flexible sheet metal seal laid in direct contact
against the radially outer surface 34 of the platform 30 and retained thereon by the
engagement of the opposed strip seal in slots 60, 62. By so positioning the inter-
segment seal members 64 on the outside of the platform 30 of the shroud segments
28, the provision of a seal receiving slot in the platform itself between gas path side

surface 32 and the back surface 34 can be avoided and as such the thickness of the
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platform 30 at the circumferentially opposed adjoining ends 40 and 42 can be
maximized, thereby providing for effective conduction heat transfer from the hot gas
path surface 32 to the cold back surface 34 underneath the seal members 64. The
elimination of the seal receiving slots in the circumferential ends of the platform 30
provides for a continuous heat conduction path through the full thickness of the
platform in the regions where the seal members overlap the platforms of adjacent
shroud segments 28, thereby allowing for more uniform heat diffusion along the
platforms 30. In this way, the platform material underneath the seal members 64 can
remain cooler and durability may be improved. By improving the cooling of the
platform at the seal areas between adjacent shroud segments, used of thermal barrier
coatings and expensive temperature resistant materials may be avoided, thereby
resulting in additional costs savings. The platform material underneath the seal
members 30 may be cooled by conduction only. No extra dedicated cooling air 1s

thus required.

Furthermore, by mounting the inter-segment seals 64 between the tront and

rear legs 44, 46 on the radially outer surface 34 of the platform 30, the seal members
64 are directly exposed to the cooling air directed in the shroud plenum 55. This may

contribute to improve the durability of the seal members 64.

As shown in Fig. 4, the front axial end portion of the seal members 64 can be
bent from axial to radial into the front radial slot 56, thereby not only providing
radial but also axial sealing between the shroud segments 28. Likewise, the rear axial
end portion of the seal member 64 could extend radially along the rear radial slot 58
to substantially prevent cooling air in the shroud plenum 55 from leaking axially
through the gap between the rear legs 46 of adjacent shroud segments 28. However,
in the illustrated embodiment, a conventional feather seal 70 is provided in the slot
58 to axially seal the gap between the oppositely facing rear legs 46 of
circumferentially adjacent shroud segments 28. As shown in Fig. 4, the rear radial
slot 58 may extend radially inwardly into the platform 30 and then axially rearwardly

towards the rear edge of the platform 38 to accommodate an L-shaped feather seal

having radial and axial components.

One skilled in the art will recognize that changes may be made to the

embodiments described. For example, it is understood that the above described
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principles are equally applicable to the constructions of any annularly segmented
shroud structures requiring cooling in a gas turbine engine and as such these

principles are not limited to a high pressure turbine shroud as exemplified herein

above.
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WHA'T IS CLAIMED IS:

1. A gas turbine engine shroud surrounding a rotor mounted for rotation about a
central axis of a gas turbine engine, the shroud comprising a plurality of shroud
segmentxs disposed circumferentially one adjacent to another to form a full ring about
the rotor, each of the shroud segments having a platform extending circumferentially
between opposed first and second ends and opposed front and rear axially facing
sides, the platform having a radially inner gas path surface and an opposed radially
outer back surface, each of the shroud segments having axially spaced-apart front and
rear legs extending radially outwardly from the radially outer back surface of the
platform, and a plurality of radially facing seals provided between adjacent shroud
segments, the circumferentially opposed first and second ends of the platform of the
shroud segments being free of seal receiving slots between the front and rear legs, the
radially facing seals being disposed radially outwardly of the platform of the shroud
segments with a radially inner facing surface of the radial seals laying on the radially
outer surface of adjacent plattforms between the front and rear legs, thereby providing
for a continuous conduction heat transfer path underneath the radially facing seals

through the platform from the radially inner gas path surface to the radially outer

back surtace.

2. The shroud defined in claim 1, wherein oppositely axially facing slots are
respectively defined in said front and rear legs, the radially facing seals being
received 1n said axially facing slots of the front and rear legs of circumferentially

adjacent ones ot said shroud segments.

3. The shroud defined 1in claim 2, wherein said oppositely axially facing slots are
provided at a root portion of said front and rear legs at a junction ot the front and rear

legs with the radially outer back surface of the platform.
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4, The shroud defined in claim 3, wherein said oppositely axially facing slots
Intersect respective radially extending front and rear slots respectively defined in said

front and rear legs.

. The shroud defined in claim 4, wherein said radially facing seals have a radial

component extending into at least one of said front and rear slots.

6. The shroud defined in claim 1, wherein said platform is free of cooling holes

underneath said radially facing seals.

7. The shroud defined in claim 1, wherein a plenum is defined between said
front and rear legs, said radially facing seals being provided at a bottom of said

plenum.

8. The shroud defined in claim 1, wherein the radially facing seals are laid flat in
direct contact over a major surface area thereof against the radially outer back surface

of the platform of the shroud segments.

9. A shroud segment of a circumferentially segmented shroud of a gas turbine
engine, comprising a platform having a gaspath side and an opposed back side
extending circumferentially between opposed first and second ends and opposed
front and rear axially facing sides, axially spaced-apart front and rear legs extending
radially from said back side of the platform, said front and rear legs defining with
said back side of the platform a plenum for receiving cooling air, and oppositely
axially facing slots defined in each circumferential end face of said front and rear
legs at a junction region of the front and rear legs and the platform for holding a
radially facing inter-segment seal in cooperation with an adjacent pair of slots of the
front and rear legs of an adjacent shroud segment, and wherein the opposed first and
second ends of the platform of the shroud segment are free of seal recetving slots
between the front and rear legs, the radially facing inter-segment seal being spaced

from the gas path side by a locally full thickness of the platform between the front

and rear legs.
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10.  The shroud segment defined in claim 9, wherein said oppositely axially

facing slots respectively intersect radially extending seal receiving slots defined in

said front and rear legs.

11.  The shroud segment defined in claim 9, wherein the platform is free of

cooling holes in the inter-segment seal area of the platform.

12. A method for sealing and cooling circumferentially adjacent shroud segments
in a gas turbine engine, each shroud segment being provided with a platform having a
gas path side surface and an opposed back side surface, the method comprising: a)
mounting radially facing inter-segment seals against the back side surface of the
platform between each pair of adjacent shroud segments, and b) cooling underneath
the inter-segment seals by conduction heat transter from the gas path side to the

opposed back side of the platform.

13.  The method defined in claim 12, wherein a) comprises inserting the inter-
segment seal in axially facing slots defined in axially spaced-apart front and rear
mounting legs extending radially from the back side of the plattorm of each shroud

segment.

14.  The method defined in claim 13, wherein the axially facing slots intersect
radial slots defined in the front and rear legs, and wherein a) comprising engaging a
radial component of the inter-segment seals in the radial slots to provide axial sealing

as well as radial sealing.
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