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(54) Wall section for the working gas annulus of a gas turbine engine, corresponding shroud ring 
and gas turbine engine

(57) A seal segment is provided for a shroud ring of
a rotor of a gas turbine engine. The seal segment is po-
sitioned, in use, radially adjacent the rotor. The seal seg-
ment has two or more spaced passageways. In use, a
respective support bar can be contained within each pas-
sageway. The support bars allow attachment of the seal
segment to the engine casing. Each passageway has an

elliptical or substantially elliptical cross-section with a mi-
nor diameter and a major diameter, the minor diameter
being substantially aligned with the radial direction. The
respective support bar has a correspondingly elliptical or
substantially elliptical cross-section for a close fit in the
passageway. Corresponding shroud ring and gas turbine
engine are also provided.
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Description

Field of the Invention

[0001] The present invention relates to a wall section
for the working gas annulus of a gas turbine engine, such
as a seal segment for a shroud ring of a rotor of a gas
turbine engine, and particularly, but not exclusively, to
such a wall section which is formed of ceramic.

Background of the Invention

[0002] The performance of gas turbine engines,
whether measured in terms of efficiency or specific out-
put, is improved by increasing the turbine gas tempera-
ture. It is therefore desirable to operate the turbines at
the highest possible temperatures. For any engine cycle
compression ratio or bypass ratio, increasing the turbine
entry gas temperature produces more specific thrust (e.g.
engine thrust per unit of air mass flow). However, as tur-
bine entry temperatures increase, it is necessary to de-
velop components and materials better able to withstand
the increased temperatures.
[0003] This has led to the replacement of metallic
shroud segments with ceramic matrix composite shroud
segments having higher temperature capabilities. To ac-
commodate the change in material, however, adapta-
tions to the segments have been proposed. For example,
EP 0751104 discloses a ceramic segment having an
abradable seal which is suitable for use with nickel base
turbine blades, and EP 1965030 discloses a hollow sec-
tion ceramic seal segment.
[0004] A conventional method of attaching shroud seg-
ments to other components is a "birdmouth" type assem-
bly, in which a slot in one component is attached to a
hook in another component. When assembled, the two
components can then locate across an interface which
is perpendicular to the direction of the primary load.
[0005] However, such an assembly approach is prob-
lematic to implement in a ceramic matrix composite com-
ponent. For example, when the slot is cut into such a
component, reinforcing fibres in the composite may be
severed. Further, undesirable stress concentrations may
be formed at the base of the slot.
[0006] US 2007/0031258 proposes an attachment
method for a ceramic shroud segment in which pins are
inserted in respective bores formed in the segment. The
pins are then supported by U-shaped clevis bars. To re-
duce the contact stress of the pins on the ceramic, US
2007/0031258 proposes introducing a compliant layer
such as a bushing in the bore and increasing the diameter
of the pins.

Summary of the Invention

[0007] It would be desirable to provide improved at-
tachment of a wall section for the working gas annulus
of a gas turbine engine, such as a seal segment.

[0008] Accordingly, in a first aspect, the present inven-
tion provides a wall section for the working gas annulus
of a gas turbine engine, wherein the wall section has two
or more spaced passageways such that, in use, a re-
spective support bar is contained within each passage-
way, the support bars allowing attachment of the wall
section to the engine casing, characterised by: each pas-
sageway having an elliptical or substantially elliptical
cross-section with a minor diameter and a major diame-
ter, the minor diameter being substantially aligned with
the radial direction, and the respective support bar having
a correspondingly elliptical or substantially elliptical
cross-section for a close fit in the passageway.
[0009] By adopting an elliptical or substantially ellipti-
cal cross-sectional shape, a relatively large contact area
can be achieved between the support bar and the wall
section, even if the cross-sections of the bar and the re-
spective passageway become misaligned. In this way,
high contact stresses in the wall section can be avoided,
and other precautions to reduce contact stresses, such
as over-sized cross-sectional areas and compliant lay-
ers, may be unnecessary. In addition, the elliptical or sub-
stantially elliptical cross-sections are robust in terms of
manufacturing tolerances.
[0010] In a second aspect, the present invention pro-
vides a wall section according to the first aspect and con-
taining respective support bars in the passageways.
[0011] In a third aspect, the present invention provides
a shroud ring of a rotor of a gas turbine engine, the shroud
ring including an annular array of wall sections of the first
or second aspect, the wall sections being seal segments
of the shroud ring.
[0012] In a fourth aspect, the present invention pro-
vides a gas turbine engine having the shroud ring of the
third aspect.
[0013] Optional features of the invention will now be
set out. These are applicable singly or in any combination
with any aspect of the invention.
[0014] Preferably each passageway has an elliptical
cross-section, and the respective support bar has a cor-
respondingly elliptical cross-section. Nonetheless, sub-
stantially elliptical cross-sections (such as oval cross-
sections) can provide at least some of the benefits of true
elliptical cross-sections.
[0015] The wall section can be a seal segment for a
shroud ring of a rotor of a gas turbine engine, the seal
segment being positioned, in use, radially adjacent the
rotor. Another option, however, is for the wall section to
be an annulus filler, e.g. positioned forward of the inner
or outer platform of a nozzle guide vane.
[0016] The wall section may be formed of ceramic, and,
in particular, may be formed of ceramic matrix composite.
For example, the wall section may be formed of contin-
uous fibre reinforced ceramic matrix composite. In such
a section, the reinforcing fibres may be contained in lay-
ered plies which extend parallel to the annulus-facing
surface of the wall section.
[0017] An abradable ceramic coating can form the an-
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nulus-facing surface of the wall section. For example, the
coating may comprise hollow ceramic spheres in a ce-
ramic matrix, e.g. as disclosed in EP 0751104. An abrad-
able coating is of particular utility for forming the radially
inward facing surface of a seal segment. Alternatively or
additionally, a thermal barrier coating can form the an-
nulus-facing surface of the wall section. Indeed, the coat-
ing at the annulus-facing surface can be a dual purpose
abradable/ thermal barrier coating.
[0018] The support bars may be metallic. Typically,
therefore, the support bars have a higher coefficient of
thermal expansion than the seal segment. Thus the sup-
port bars may be a clearance fit in the passageways when
cold, transitioning to a sliding interference fit in the pas-
sageways when at operating temperature. Another op-
tion, however, is that support bars may maintain the clear-
ance though all operating conditions.
[0019] The ratio of the major diameter to the minor di-
ameter may be 1.5 or more. The ratio of the major diam-
eter to the minor diameter may be 5 or less.
[0020] The passageways may be coated or surface
treated to better distribute contact loads from the support
bars, create a hardwearing face, and /or protect from
gasses or chemical attack. The passageways may ex-
tend in a fore and aft direction and may be circumferen-
tially spaced from each other. For example, the passage-
ways may extend from a front face to rear face of the wall
section, the support bars projecting from the front and
rear faces for mounting of the wall section at complemen-
tary formations of the engine casing. Another option,
however, is for two or more spaced passageways to be
formed at a front face of the wall section and two or more
separate passageways to be formed at a rear face of the
section. In this configuration, the support bars can still
project from the front and rear faces for mounting of the
section at complementary formations of the engine cas-
ing. However, the support bars may be cantilevered from
the formations.
[0021] Typically, in the case of a wall section which is
a shroud segment, the complementary formations pro-
vided by the casing of the engine are formed by a backing
plate of a shroud ring, although other arrangements for
providing the formations may be may be adopted.
[0022] The wall section may have circumferentially op-
posing side faces, each side face providing a respective
slot which extends in the fore and aft direction and which
contains a respective strip seal for sealing the wall section
to a circumferentially adjacent wall section.
[0023] The wall section may have a substantially plate-
like shape, i.e. with passageways in the form of through-
holes extending in the plain of the plate. Alternatively,
the wall section may have a plate-like base forming the
annulus surface of the section, and walls projecting ra-
dially therefrom away from the annulus e.g. to define a
space for cooling air therebetween. Each passageway
can then be formed by a pair of aligned through-holes in
opposing (e.g. front and rear) walls. Other configurations
for the wall section are also possible.

[0024] The support bars may attach the wall section
into the engine casing directly or indirectly e.g. via a (me-
tallic or ceramic) holder or carrier arrangement.
[0025] The support bars may be configured to reduce
or prevent axial sliding of the wall section thereon under
axial "piston" loading of the section. One option is for one
or more of the support bars to have an abutment forma-
tion which abuts against a rearward facing surface of the
wall section. Another option is for one or more of the
support bars to have a stepped or gradual increase in
diameter to produce a tighter fit if the wall section slides
axially thereon. The support bars may be straight. Alter-
natively, however, the bars may be bent or curved, for
example so that they can compensate for distortions (i.e.
bends or curves in the opposite direction) caused by ther-
mal gradients to which they may be exposed in service.
[0026] Further optional features of the invention are
set out below.

Brief Description of the Drawings

[0027] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings in which:

Figure 1 shows a longitudinal sectional elevation
through a ducted fan gas turbine engine;

Figure 2 shows schematically a sectional elevation
through a portion of the high pressure turbine of the
engine of Figure 1;

Figure 3 shows schematically a perspective view of
a seal segment; and

Figure 4(a) shows schematically, at left, an aligned
elliptical cross-section support bar and correspond-
ing through-hole, and, at right, a misaligned elliptical
cross-section support bar and corresponding
through-hole, and Figure 4(b) shows schematically,
at left, a circular cross-section support bar and cor-
responding through-hole, at centre, an aligned rec-
tangular cross-section support bar and correspond-
ing through-hole, and, at right, a misaligned rectan-
gular cross-section support bar and corresponding
through-hole.

Detailed Description and Further Optional Features of 
the Invention

[0028] With reference to Figure 1, a ducted fan gas
turbine engine generally indicated at 10 has a principal
and rotational axis X-X. The engine comprises, in axial
flow series, an air intake 11, a propulsive fan 12, an in-
termediate pressure compressor 13, a high-pressure
compressor 14, combustion equipment 15, a high-pres-
sure turbine 16, and intermediate pressure turbine 17, a
low-pressure turbine 18 and a core engine exhaust noz-
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zle 19. A nacelle 21 generally surrounds the engine 10
and defines the intake 11, a bypass duct 22 and a bypass
exhaust nozzle 23.
[0029] The gas turbine engine 10 works in a conven-
tional manner so that air entering the intake 11 is accel-
erated by the fan 12 to produce two air flows: a first air
flow A into the intermediate pressure compressor 13 and
a second air flow B which passes through the bypass
duct 22 to provide propulsive thrust. The intermediate
pressure compressor 13 compresses the air flow A di-
rected into it before delivering that air to the high pressure
compressor 14 where further compression takes place.
[0030] The compressed air exhausted from the high-
pressure compressor 14 is directed into the combustion
equipment 15 where it is mixed with fuel and the mixture
combusted. The resultant hot combustion products then
expand through, and thereby drive the high, intermediate
and low-pressure turbines 16, 17, 18 before being ex-
hausted through the nozzle 19 to provide additional pro-
pulsive thrust. The high, intermediate and low-pressure
turbines respectively drive the high and intermediate
pressure compressors 14, 13 and the fan 12 by suitable
interconnecting shafts.
[0031] The high pressure turbine 16 includes an annu-
lar array of radially extending rotor aerofoil blades 24,
the radially outer part of one of which can be seen if ref-
erence is now made to Figure 2, which shows schemat-
ically a sectional elevation through a portion of the high
pressure turbine. Hot turbine gases flow over nozzle
guide vanes 25 and the aerofoil blades 24 in the direction
generally indicated by the arrow. A shroud ring 27 in ac-
cordance with the present invention is positioned radially
outwardly of the shroudless aerofoil blades 24. The
shroud ring 27 serves to define the radially outer extent
of a short length of the gas passage 26 through the high
pressure turbine 16.
[0032] The turbine gases flowing over the radially in-
ward facing surface of the shroud ring 27 are at extremely
high temperatures. Consequently, at least that portion of
the ring 27 must be constructed from a material which is
capable of withstanding those temperatures whilst main-
taining its structural integrity. Ceramic materials are par-
ticularly well suited to this sort of application.
[0033] The shroud ring 27 is formed from an annular
array of seal segments 28 (i.e. wall sections) attached to
a part of the engine casing which takes the form of an
annular, metallic backing plate 29 having a central portion
and radially inwardly projecting, front and rear flanges.
Cooling air for the ring 27 enters a space 30 formed be-
tween the backing plate 29 and each segment 28, the air
being continuously replenished as it leaks, under a pres-
sure gradient, into the working gas annulus through suit-
able holes (not shown) in the segments 28. The backing
plate 29 is sealed at its front and rear sides to adjacent
parts of the engine casing by piston ring-type sealing
formations 31 of conventional design.
[0034] Figure 3 shows schematically a perspective
view of one of the seal segments 28. The segment 28

has a substantially plate-like, rectangular base portion
32. The radially outer part 33a of the base portion is
formed from continuous fibre reinforced ceramic matrix
composite. The radially inner part 33b of the base portion
is formed by an abradable coating comprising hollow ce-
ramic spheres in a ceramic matrix, as disclosed in EP
0751104. The abradable coating also acts as a thermal
barrier coating.
[0035] The seal segment 28 has pair of radially out-
wardly projecting front 34 and rear 35 walls at the front
and rear edges of the base portion 32, and further has a
pair of radially outwardly projecting side walls 36, 37
which join at their ends to the front and rear walls to en-
close the space 30 for cooling air therebetween. A gas-
ket-type sealing ring 38 runs around the top surface of
the walls for sealing with the backing plate 29.
[0036] Two circumferentially spaced passageways,
each in the form of a front through-hole 39a of elliptical
cross-section in the front wall 34 and an aligned rear
through-hole 39b of the same elliptical cross-section in
the rear wall 35, extends from the front to the rear face
of the segment 28. The minor diameter of the elliptical
cross-section is substantially aligned with the radial di-
rection. The front and rear faces each contain a shelf 40
which runs between circumferentially opposing side fac-
es of the base portion 32 of the segment 28 at the foot
of the respective wall 34, 35.
[0037] The passageways contain respective cylindri-
cal metallic support bars 41, of correspondingly elliptical
cross-section. The support bars 41 project from the en-
trances of the through holes 39a, 39b to be approximately
level at their ends with the front and rear surfaces of the
base portion 32. To mount the seal segment 28 to the
backing plate 29, the seal segment is offered to the plate
29 so that the front and rear shelves 40 engage compli-
mentary surfaces formed at the radially inner ends of the
front and rear flanges of the plate 29, and the sealing ring
38 seals to the central portion of the plate 29. When thus-
positioned, the through holes 39a, 39b are aligned with
matching holes formed in the flanges, and the support
bars 41 are inserted through the through-holes 39a, 39b
and the matching holes to attach the segment 28 to the
plate 29. The bars may make fixed or sliding joints to the
plate.
[0038] Another option, however, is for each front
through-hole 39a and each rear through-hole 39b to form
a respective passageway, whereby four separate sup-
ports bars can be inserted in the through-holes, two at
the front and two at the rear. The supports bars in this
configuration can be cantilevered from the plate 29. Fur-
ther, pairs of front 39a and rear 39b through-holes do not
need to be aligned.
[0039] In the as-built condition, the support bars 41 are
a clearance fit in the through-holes 39a, 39b, but at op-
erating conditions differential thermal expansion be-
tween the metal of the support bars 41 and the ceramic
matrix composite of the seal segment 28 changes this to
a sliding interference fit. The through-hole and support
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bar attachment technique avoids the use of sharp ge-
ometries, such as hooks or internal corners, which can
cause undesirable stress concentrations in ceramics.
Particularly if the support bars are a clearance fit at all
operating conditions, the bars may be configured to re-
duce or prevent axial sliding of the seal segment thereon
under axial "piston" loading of the segment. For example,
the support bars may have abutment formations which
abut the rear face of the rear wall 35 to prevent such
sliding.
[0040] The through-hole 39a, 39b may be coated or
surface treated to better distribute contact loads from the
support bars 41, create a hardwearing face, and /or pro-
tect from gasses or chemical attack.
[0041] The radially outer part 33a of the base portion
32 and the walls 34, 35, 36, 37 can be produced from
fibre reinforced ceramic matrix composite. More partic-
ularly, these elements can be produced by stacking suc-
cessive plies formed from a cloth of woven continuous
reinforcement. As each ply is stacked it is covered in a
slurry containing a binder, water and ceramic. Alterna-
tively, the plies may be pre-impregnated with the slurry.
The stacked plies are pressed to remove excess slurry,
and heated which allows, the binder to form a self-sup-
porting green form. The green is then heated in a furnace
to drive off residual moisture and sinter the ceramic par-
ticles to form the surrounding matrix. Lightly curved or
straight-sided blocks can readily be formed in this way.
Features such as the through-holes 39a, 39b and the
shelves 40 can be produced by subsequent machining.
In a further laying up and firing step, additional plies can
then be used to line the through-holes to better distribute
contact loads. Another option for lining the through-holes
is to bond sintered lining tubes in the holes using ceramic
cement. Indeed, more generally, at least some of the
walls 34, 35, 36, 37 may be produced separately, and
then bonded to the radially outer part 33a of the base
portion 32 using ceramic cement.
[0042] By way of example, the reinforcement fibres can
be Nextel720™ and/or Nextel610™ alumina silicate fi-
bres available from 3M, and the ceramic particles can be
alumina particles or a mixture of alumina and silicate par-
ticles. These are examples of Ox/Ox ceramic matrix com-
posite materials. Another option, however, is to form the
seal segment from a SiC/SiC ceramic matrix composite
material having a silicon carbide based matrix and silicon
carbide based reinforcement fibres. A SiC/SiC seal seg-
ment can be manufactured by CVI (Chemical vapour in-
filtration) and/or MI (melt infiltration).
[0043] The radially inner part 33b of the base portion
32 can be moulded directly on the radially outer part 32a
or cast and fired separately to the required shape (and
typically also machined) and then glued to the radially
outer part 32a, as discussed in EP 0751104.
[0044] Figure 4(a) shows schematically at left a cross-
section through a support bar and the seal segment with
the ellipses of the support bar and through-hole aligned,
and at right the same cross-section but with the support

bar and through-hole misaligned. The width of the re-
spective contact area between the support bar and the
seal segment is indicated in each case by the distance
between the outer of the three vertical lines. Advanta-
geously, the elliptical shape, combined with the elliptical
minor diameter being substantially aligned with the radial
direction, ensures that the contact area is relatively wide
independent of support bar to through-hole alignment.
[0045] By way of contrast, Figure 4(b) shows schemat-
ically at left a cross-section through a support bar and
seal segment in which the support bar and through-hole
have circular cross-sections. The support bar does not
tend to misalign, but the contact area between the sup-
port bar and the seal segment is relatively narrow. Figure
4(b) also shows at centre, a cross-section through a sup-
port bar and seal segment in which the support bar and
through-hole have rounded corner, rectangular cross-
sections. The support bar and through-hole are fully
aligned, which leads to a very wide contact area. How-
ever, as shown at right in Figure 4(b), when the support
bar and through-hole are misaligned, the contact area
narrows substantially.
[0046] Typically, the ratio of the major elliptical diam-
eter to the minor elliptical diameter of a support bar and
through-hole is in the range from 1.5 to 5. If the ratio is
less than 1.5, the ellipse tends to the circular, and the
contact becomes relatively narrow. On the other hand if
the ratio is greater than 5, the sides of the support bars
become relatively sharp, which can cause contact dam-
age with the seal segment if the segment is pushed in
the circumferential direction, as can happen during blade
rub events.
[0047] While the invention has been described in con-
junction with the exemplary embodiments described
above, many equivalent modifications and variations will
be apparent to those skilled in the art when given this
disclosure. For example, the support bars 41 could be
formed of monolithic ceramic or of ceramic matrix com-
posite. Such bars can have improved thermal expansion
coefficient matching with the ceramic matrix composite
of the segment 28. In another example, the support bars
could be attached to the backing plate 29 between the
front 34 and rear 35 walls, e.g. by a clevis bar arrange-
ment in the manner of US 2007/0031258. More generally,
the invention has been described above in relation to
shroud segments, but the passageway and support bar
mounting arrangement can be applied to other wall sec-
tions of the engine working gas annulus. For example,
such a wall section could be an annulus filler located
forward of the inner or outer platform of a nozzle guide
vane. Accordingly, the exemplary embodiments of the
invention set forth above are considered to be illustrative
and not limiting. Various changes to the described em-
bodiments may be made without departing from the spirit
and scope of the invention.
[0048] All references referred to above are hereby in-
corporated by reference.
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Claims

1. A wall section (28) for the working gas annulus of a
gas turbine engine (10), wherein the wall section has
two or more spaced passageways (39a, 39b) such
that, in use, a respective support bar (41) is con-
tained within each passageway, the support bars al-
lowing attachment of the wall section to the engine
casing,
characterised by:

each passageway having an elliptical or sub-
stantially elliptical cross-section with a minor di-
ameter and a major diameter, the minor diame-
ter being substantially aligned with the radial di-
rection, and the respective support bar having
a correspondingly elliptical or substantially ellip-
tical cross-section for a close fit in the passage-
way.

2. A wall section according to claim 1 which is a seg-
ment (28) for a shroud ring (27) of a rotor of a gas
turbine engine, the seal segment being positioned,
in use, radially adjacent the rotor.

3. A wall section according to claim 1 or 2 which is
formed of ceramic.

4. A wall section according to any one of the previous
claims which is formed of ceramic matrix composite.

5. A wall section according to any one of the previous
claims which is formed of continuous fibre reinforced
ceramic matrix composite.

6. A wall section according to any one of the previous
claims, wherein an abradable ceramic coating forms
the annulus-facing surface of the wall section.

7. A wall section according to any one of the previous
claims, wherein a thermal barrier coating forms the
annulus-facing surface of the wall section.

8. A wall section according to any one of the previous
claims, wherein the ratio of the major diameter to the
minor diameter is 1.5 or more.

9. A wall section according to any one of the previous
claims, wherein the ratio of the major diameter to the
minor diameter is 5 or less.

10. A wall section according to any one of the previous
claims, wherein the passageways extend in a fore
and aft direction and are circumferentially spaced
from each other.

11. A wall section according to any one of the previous
claims containing respective support bars in the pas-

sageways.

12. A shroud ring of a rotor of a gas turbine engine, the
shroud ring including an annular array of wall sec-
tions of any one of the previous claims, the wall sec-
tions being seal segments of the shroud ring.

13. A gas turbine engine having the shroud ring of claim
12.
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