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(54) A LINER ELEMENT FOR A COMBUSTOR, AND A RELATED METHOD

(57) There is disclosed a liner element (30) for a gas
turbine combustor (24) having a structural wall (28) with
fixing apertures (46) provided therethrough. The liner el-
ement (30) has a unitary construction defining a cooling
side (37) and combustion side (38), and a plurality of
effusion holes (35) extending between a cooling side sur-
face (34) of the element and a combustion side surface
(36) of the element. The liner element (30) is configured
to be affixed to the structural wall (28) of a combustor

(24) with its cooling side surface (34) spaced from the
wall (28) to define a chamber (31) between the cooling
side surface (34) and the wall (28), and the liner element
further includes integrally formed and non-threaded pro-
tuberances (40) on its cooling side (37), the protuberanc-
es (40) being arranged to engage and extend through
respective fixing apertures (46) in the combustor wall
(28). Also disclosed is a method of thermally insulating
the liner element (30).
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Description

[0001] The present invention relates to a liner element
for a gas turbine combustor, and to a method of thermally
insulating such a liner element.
[0002] The combustion process which takes place
within the combustor of a gas turbine engine results in
the combustor walls being exposed to extremely high
temperatures. The alloys which are typically used in com-
bustor wall construction are normally unable to withstand
these temperatures without some form of cooling ar-
rangement. It is therefore known to make use of pressu-
rised air derived from the engine’s compressor for cooling
purposes within the combustor.
[0003] One way of cooling the combustor wall with
compressor air in this manner involves the provision of
a double wall combustor construction having a continu-
ous outer wall and an inner wall made up of a number of
separate and replaceable wall elements in the form of
tiles which are affixed to the outer wall in a tessellated
manner. The inner wall tiles are each configured to be
affixed to the outer wall of the combustor so as to define
a chamber between a cooling side surface of the tile and
the outer wall. The outer wall is provided with a number
of feed holes through which cooling air drawn from the
engine’s compressor is directed so as to pass into the
chambers defined between each inner tile and the outer
wall, for impingement on the aforementioned cooling side
surface of the inner tile, thereby providing impingement
cooling to the inner tile. The inner tiles are each further-
more provided with a plurality of so-called effusion holes
which define flow passages through the tiles from their
cooling side surfaces to oppositely directed combustion
side surfaces which face the interior of the combustor
where combustion will take place during operation of the
engine. The cooling air which is directed into the cham-
bers and which impinges on the cooling side surface of
the tiles is thus exhausted through the effusion holes and
in doing so provides convective heat removal from the
tiles. The air subsequently forms a thin film of air over
the tiles’ combustion side surfaces which helps to protect
the tiles from the combustion flame inside the combustor.
In order to aid the formation of this thin film of air, the
effusion holes are often inclined relative to the combus-
tion side surface. Combustor wall arrangements of the
type described above thus provide both impingement and
effusion cooling of the combustor wall construction, and
the tiles are sometimes referred to as impingement/effu-
sion ("IE") tiles.
[0004] US 5,435,139 describes a tile system of the
general type described above. This document also
shows how the tiles are typically affixed to the outer wall
of the combustor. Each tile has a number of integrally-
formed threaded studs which protrude outwardly from
the cold side of the tile and which are received through
respective apertures formed in the outer wall of the com-
bustor and engaged by respective self-locking nuts on
the outer side of the outer wall.

[0005] Tiles of the type described above are typically
formed from a nickel based alloy, and have their com-
bustion side surfaces protected by a thermal barrier coat-
ing to insulate the tile and thereby maintain the temper-
ature of the metal within acceptable levels.
[0006] The thermal barrier coating is usually applied in
two parts: an initial bond coat (such as a CoNiCrAly com-
position); and a thermally insulating top coat which may
comprise Yttria Partially Stabilised Zirconia ("PYSZ") and
which is applied over the bond coat. The bond coat is
applied directly to the metal of the tiles, for example by
air plasma spray, to ensure adherence of the subsequent
top coat. The bond coat may typically have a thickness
of between 0.05mm and 0.2mm, whilst the top coat usu-
ally has a thickness of between 0.1 mm and 0.5mm.
[0007] As will be appreciated, it is important for proper
functioning of the tiles that their effusion holes are not
blocked by the application of the thermal barrier coating.
This represents a significant technical challenge, and
various processes have been proposed in the prior art
to prevent effusion hole blockage.
[0008] One such process, known as a so-called "coat-
drill" process involves applying the thermal barrier coat
to the combustion side surface of a tile, and then subse-
quently forming the effusion holes through both the alloy
of the tile and the coating. This usually involves forming
the holes either by mechanical drilling or by laser from
the combustion side, firstly through the thermal barrier
coating and then through the metal of the tile. Although
this process is relatively simple, in the case of laser-cut-
ting the effusion holes the laser must be operated at re-
duced power to avoid excessive damage to the brittle
ceramic thermal barrier coating. Reducing the power of
the cutting laser increases the cycle time necessary to
form the holes which can significantly increase the pro-
duction cost of the tiles. Furthermore, forming the effu-
sion holes through the thermal barrier coating can cause
cracking and delamination in the coating which can lead
to premature loss of the coating during service, resulting
in potential thermal damage to the tiles.
[0009] Alternatively, it is possible to form the effusion
holes through the tile before the thermal barrier coating
is then applied. This process, known as a so-called "drill-
coat" process, is also relatively simple and has the benefit
of allowing full-power operation of a cutting laser to form
the effusion holes. However an inevitable consequence
of this process is that some or all of the effusion holes
then become either partially or completely blocked by the
thermal barrier coating when it is applied. These block-
ages reduce the effective flow area of the tile and thus
have a deleterious effect on convective heat removal
within the effusion holes and the formation of a cooling
film of air across the combustion side surface of the tile
during service.
[0010] It is therefore considered preferable to use a
so-called "drill-coat-clean" process, which is basically
similar to the "drill-coat" process but which includes a
subsequent cleaning process effective to clean the effu-
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sion holes to remove any coating material blocking the
effusion holes. This cleaning step can be done via the
use of a high pressure water or air jet, which may contain
abrasive particles, and which is directed towards and
through the holes to blast out any coating material there-
from. The water or air jet is usually directed towards the
effusion holes from the cooling side of the tile. US
8,262,802 discloses this type of technique.
[0011] A cleaning step of the type described above,
carried out either after the entire thickness of the thermal
barrier coating has been applied or as an intermediate
step carried out after the initial bonding layer has been
applied, has been found to provide clean effusion holes
with slightly rounded edges. Also, the thermal barrier
coating remains free from cracks and delamination which
can arise via use of a laser to cut the holes after appli-
cation of the coating.
[0012] However, in the specific context of a combustor
liner tile, it can be difficult to direct the cleaning jet properly
at all of the effusion holes because of obstruction by the
attachment studs which project outwardly from the cold
side of the tile. This problem is illustrated schematically
in Figure 1 which shows an IE tile 1 having a cooling side
2 and a combustion side 3. The cooling side 2 of the tile
defines a cooling side surface 4, and the combustion side
3 of the tile defines a combustion side surface 5 which
in use will be directed to the region of a combustor in
which combustion will take place. The effusion holes 6
can be seen to extend between the cooling side surface
4 and the combustion side surface 5 at an inclined angle
to the combustion side surface 5. Figure 1 also illustrates
a pair of externally threaded attachment studs 7 of the
type described above in the prior art, which protrude from
the cooling side 2 of the tile for receipt through respective
apertures formed in the outer wall of a combustor (not
shown). As will be appreciated, the attachment studs
must have sufficient length to extend across the cavity
which will be formed between the cooling side surface 4
of the tile and the outer wall of the combustor, and then
project through the apertures in the outer wall by a suf-
ficient degree to engage a threaded nut. A typical IE tile
may have up to eight attachment studs 7 of this type,
provided in spaced-apart relation to one another over the
cooling side of the tile.
[0013] Figure 1 also shows a cleaning nozzle 8 which
is used to direct a jet of cleaning water or air towards the
effusion holes 6 as illustrated, in order to clean the effu-
sion holes of any coating material that may collect therein
during the step of applying a thermal barrier coating to
the combustion side surface 5 as described above. The
nozzle 8 is positioned to direct a jet along a jet axis 9
towards each effusion hole 6, the jet axis 9 being inclined
relative to the combustion side surface 5 by the same
angle as the effusion holes so that the jet is directed
through the holes. The nozzle 8 may be moved across
the cooling side of the tile 1, for example in a scanning
manner, to direct its cleaning jet though successive ef-
fusion holes.

[0014] However, it has been found that the length of
the attachment studs 7, which can typically be approxi-
mately 15mm, obstructs the nozzle 8 and can therefore
prevent effective cleaning of the effusion holes 6. In order
to clean the effusion holes effectively it has been found
that the nozzle 8 should be spaced from the cooling side
surface 4 by a distance of approximately 30mm or less,
as measured along the jet axis 9. The length of the at-
tachment studs 7 precludes this because clashes occur
between the nozzle 8 and the studs 7 as the nozzle is
moved across the cooling side 2 of the tile at a range of
anything less than 50mm measured along the jet axis 9.
Also the length of the studs 7 can also preclude the jet
being properly directed towards several effusion holes
proximate to each stud, those holes thus effectively sit-
ting in the "shadow" of the studs.
[0015] Another problem which arises from the prior art
configuration of the attachment studs 7 is that they rep-
resent a limiting factor in the efficiency with which the IE
tiles can be manufactured by a Direct Laser Deposition
("DLD") technique. DLD is a type of additive layer man-
ufacturing technique which is considered to be advanta-
geous for the production of IE tiles from their base alloy
because it allows all features of the tiles, including the
effusion holes and the attachment studs, to be formed
integrally in a single process. In order to maximise the
number of tiles which can be produced simultaneously
via a DLD process it is optimal to form the tiles in a ver-
tically stacked array on the DLD machine bed. However,
it has been found that this orientation often produces an
unacceptable quality of threads on the attachment studs
of the tiles. Improved threads can be obtained by forming
the tiles in a horizontally arranged array, but in this ori-
entation the number of tiles which can be formed simul-
taneously in any given DLD machine is significantly re-
duced, which thus increases the production cost per tile.
[0016] According to the present invention, there is pro-
vided a liner element for a gas turbine combustor having
a structural wall with fixing apertures provided there-
through, the liner element having a unitary construction
defining a cooling side and combustion side , and a plu-
rality of effusion holes extending between a cooling side
surface of the element and a combustion side surface of
the element; the liner element being configured to be
affixed to the structural wall of a combustor with its cooling
side surface spaced from the wall to define a chamber
between the cooling side surface and the wall and having
a peripheral flange configured to engage said wall of the
combustor when the liner element is affixed thereto,
wherein the liner element further includes integrally
formed and non-threaded protuberances on its cooling
side, the protuberances being arranged to engage and
extend through respective fixing apertures in the com-
bustor wall and at least some of said protuberances pro-
jecting from said flange.
[0017] Conveniently, each protuberance is provided in
the form of a lug projecting from the cooling side of the
liner element.
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[0018] Advantageously, said protuberances projecting
from the flange protrude by a distance of between 2mm
and 8mm.
[0019] Conveniently, said protuberances projecting
from the flange protrude by a distance of approximately
5mm.
[0020] Optionally, the liner element has at least one
centrally located web projecting from said cooling side
surface, the or each said web supporting a said protu-
berance.
[0021] Preferably, said effusion holes define respec-
tive flow channels through the liner element having re-
spective axes which are inclined relative to said combus-
tion side surface. Advantageously, some of said effusion
holes are proximate to said protuberances and are larger
than other effusion holes which are distal to said protu-
berances.
[0022] Conveniently, the liner element is provided in
combination with a plurality of fixing elements, wherein
the protuberances and the fixing elements are configured
such that each fixing element mechanically engages a
respective protuberance in an interlocking manner.
[0023] Preferably, each fixing element defines a re-
cess which is shaped to slidingly receive a correspond-
ingly shaped part of a respective protuberance.
[0024] Advantageously, each fixing element has an in-
tegrally formed threaded stud extending therefrom.
[0025] Conveniently, each fixing element is of a size
which will not pass through said fixing apertures.
[0026] The liner element may be provided in combina-
tion with a gas turbine combustor having a structural wall
with fixing apertures provided therethrough, wherein the
liner element is affixed to the structural wall of the com-
bustor using said fixing elements such that each protu-
berance extends through a respective fixing aperture in
the combustor wall from one side of the combustor wall
and is mechanically engaged by a respective fixing ele-
ment arranged on the opposite side of the combustor
wall.
[0027] Advantageously, the arrangement further com-
prises a plurality of clamping elements, each clamping
element being fitted over a respective fixing element and
being urged towards the structural wall by a nut which
threadedly engages the threaded stud of the fixing ele-
ment.
[0028] According to a second aspect of the present
invention, there is provided a method of thermally insu-
lating a liner element according to the first aspect, the
method involving the steps of: coating the combustion
side surface of the liner element with a thermal barrier
material; and subsequently cleaning the effusion holes
to remove any of said material deposited inside the holes
during said coating step; wherein said cleaning step in-
volves directing a jet along a jet axis and through said
effusion holes from the cooling side of the liner element,
said jet being produced by a nozzle which is moved
across the cooling side of the liner element in spaced
relation to the cooling side surface whilst the distance of

said nozzle to said cooling side surface, measured along
said jet axis, is maintained at less than or equal to 30mm.
[0029] Conveniently, said jet axis is substantially par-
allel to said axes of the flow channels defined by the
effusion holes.
[0030] Advantageously, said cleaning step involves
moving said nozzle over at least one said protuberance,
the or each protuberance being sized so as not to inter-
fere with the movement of the nozzle.
[0031] So that the invention may be more readily un-
derstood, and so that further features thereof may be
appreciated, embodiments of the invention will now be
described by way of example with reference to the ac-
companying drawings in which:

Figure 1 (discussed above) is a schematic cross-
sectional view through a prior art combustor liner el-
ement, showing a cleaning step used to clean the
element’s effusion holes;

Figure 2 is a schematic longitudinal cross-sectional
view through a gas turbine engine of a type in which
the present invention may be provided;

Figure 3 is a cross-sectional view through part of the
engine’s combustor, the combustor having a liner
element in accordance with the present invention;

Figure 4 is a perspective view of a liner element in
accordance with the present invention, as viewed
from the cooling side of the element;

Figure 5 is an enlarged perspective view showing
the region of the liner element denoted V in Figure 4;

Figure 6 is a perspective view generally similar to
that of Figure 5, but which shows the region of the
liner element in combination with a corresponding
region of the outer wall of a combustor;

Figure 7 is a cross-sectional view showing the ar-
rangement in combination with other fixing compo-
nents;

Figure 8 is a perspective cross-sectional view
through a corresponding region of a liner element in
accordance with another embodiment; and

Figure 9 is a cross-sectional view similar to that of
figure 1, but which shows part of a liner element in
accordance with the present invention being subject-
ed to a cleaning step to clean the element’s effusion
holes.

[0032] Turning now to consider Figures 2 to 9 of the
drawings in more detail, Figure 2 shows a ducted fan gas
turbine engine 10 which incorporates the invention and
has a principal and rotational axis X-X. The engine com-
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prises, in axial flow series, an air intake 11, a propulsive
fan 12, an intermediate pressure compressor 13, a high-
pressure compressor 14, combustion equipment 15, a
high-pressure turbine 16, an intermediate pressure tur-
bine 17, a low-pressure turbine 18 and a core engine
exhaust nozzle 19. A nacelle 21 generally surrounds the
engine 10 and defines the intake 11, a bypass duct 22
and a bypass exhaust nozzle 23.
[0033] During operation, air entering the intake 11 is
accelerated 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.
[0034] 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.
[0035] The combustion equipment 15 comprises an
annular combustor 24 having radially inner and outer
walls 25, 26 respectively. Fuel is directed into the com-
bustor 24 through a number of fuel nozzles located at
the upstream end 27 of the combustor. The fuel nozzles
are circumferentially spaced around the engine 10 and
serve to spray fuel into air derived from the high pressure
compressor 14. The resultant fuel/air mixture is then
combusted within the combustor 24.
[0036] The combustion process which takes place
within the combustor 24 naturally generates a large
amount of heat energy. It is therefore necessary to ar-
range that the inner and outer wall structures 25, 26 are
capable of withstanding this heat while functioning in a
normal manner.
[0037] A region of the radially outer wall structure 26
is shown in more detail in Figure 3. It is to be appreciated,
however, that the radially inner wall structure 25 is of the
same general configuration as the radially outer wall
structure 26.
[0038] Referring to Figure 3, the radially outer wall
structure 26 comprises an outer structural wall 28 and
an inner wall 29. As will become apparent hereinafter,
the inner wall 29 is formed from a plurality of liner ele-
ments 30, one of which is illustrated in figure 4, which
are affixed to the outer wall 28 so as to lie adjacent one
another in a tessellated manner. The liner elements 30
making up the inner wall thus each define a respective
tile and collectively define a liner to the outer structural
wall 28 of the combustor 24. As will become apparent,
and as shown in Figure 3, the major extent of each liner

element 30 is spaced from the outer wall 28 to define a
chamber 31 between the outer wall 28 and each liner
element 30 in the manner of a conventional IE tile of the
type described in the introduction above.
[0039] During engine operation, some of the air ex-
hausted from the high pressure compressor 14 is per-
mitted to flow over the exterior surfaces of the combustor
24 to provide combustor cooling, whilst some is directed
into the combustor to assist in the combustion process.
A large number of feed holes 32 are provided through
the outer wall 28 as shown in figure 3, to permit the flow
(illustrated schematically by arrows 33 in Figure 3) of
some of this compressor air into the chambers 31. As
illustrated in Figure 3, the air passing through the holes
32 impinges upon the radially outward surfaces 34 of the
liner elements 30. This impingement of the compressor
air serves to cool the liner elements 30.
[0040] The air is then exhausted from the chambers
31 though a plurality of angled effusion holes 35 provided
through each liner element 30. The effusion holes 35 thus
define respective flow channels through the liner element
30 having respective axes which are inclined relative to
the radially outward surface 34. The effusion holes 35
are so angled as to be aligned in a generally downstream
direction with regard to the general fluid flow direction
through the combustor. The air exhausted from the effu-
sion holes 35 forms a film of cooling air over the radially
inward surface 36 of each liner element 30, which is the
surface confronting the combustion process which takes
place within the combustor 24. This film of cooling air
assists in protecting the liner elements 30 from the effects
of the high temperature gases within the combustor 24.
[0041] As will thus be appreciated, each liner element
30 effectively has a radially outward cooling side, indi-
cated generally at 37 in Figure 3, and a radially inward
combustion side, indicated generally at 38 in Figure 3.
The radially outward surface 34 of each liner element,
on its cooling side, can thus be considered to represent
a cooling side surface. Similarly, the radially inward sur-
face 36 of each liner element, on its combustion side,
can thus be considered to represent a combustion side
surface.
[0042] Turning now to consider Figure 4, there is
shown a complete liner element 30 in the form of an IE
tile. The liner element 30 is illustrated as viewed from its
cooling side 37, with its oppositely directed combustion
side 38 facing downwardly in the orientation shown. The
major extent of the liner element, in which the effusion
holes 35 are provided, is shown cross-hatched in Figure
4, the individual effusion holes not actually being shown.
As will therefore be appreciated, the cooling side surface
34 is shown facing upwardly, and the combustion side
surface 36 faces downwardly and so is not visible in Fig-
ure 4.
[0043] The liner element 30 is formed from a suitable
metal such as a superalloy. Suitable metals for the liner
element 30 include nickel-based superalloy, cobalt-
based superalloy and iron-based superalloy. The liner
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element 30 is preferably formed as a unitary, one-piece,
construction via either a casting process or an additive
layer manufacturing technique such as direct laser dep-
osition. In the case of the liner element 30 being cast,
then it envisaged that the effusion holes 35 will be formed
after the casting process, for example by a laser cutting
technique. In the event that the liner element 30 is formed
by an additive layer manufacturing technique, then the
effusion holes 35 can be formed simultaneously with the
rest of the liner element as it is built up.
[0044] The liner element 30 has an integrally formed
peripheral flange 39, which extends radially in the orien-
tation illustrated in Figure 4, away from the cooling side
37 of the liner element 30. The flange 39 is configured
to engage the outer wall 28 of the combustor 24 when
the liner element 30 is affixed to the outer wall, and there-
by serves to define the perimeter of the chamber 31 de-
fined between the outer wall 28 and the liner element 30
and to space the cooling side surface 34 from the outer
wall 28 in the manner illustrated in Figure 3.
[0045] At positions spaced around the peripheral
flange 39 the flange supports respective integrally formed
protuberances 40 which extend radially away from the
cooling side surface 34 of the liner element and thus
project from the cooling side 37 of the liner element. Each
protuberance 40 comprises a small lug 41 which is sup-
ported by a short post 42 extending radially outwardly
from a buttress 43 formed integrally with the flange 39 in
the region of the protuberance 40, as illustrated in more
detail in Figure 5.
[0046] As will be noted, the lug 41 of each protuberance
is somewhat larger in a direction parallel to the local re-
gion of the flange 39 than its supporting post 42, and so
a pair of re-entrant recesses 44 are thus defined in each
protuberance, between the lug 41 and its corresponding
buttress 43.
[0047] Also shown in Figure 4 is a centrally located
protuberance 40 of generally identical form to the above-
described peripheral ones, and which extends rearward-
ly from a central region of the cooling side 37 of the liner
element 30. This non-peripheral and centrally located
protuberance 40 is supported by a web 45, which pro-
trudes from the cooling side surface 34, rather than by a
buttress 43 of the type which support the peripheral pro-
tuberances around the flange 39. Nevertheless, the sup-
porting post 42 and the lug 41 are of similar configuration
to that described above, and so re-entrant recesses 44
are defined between the lug 41 and the web 45. It is to
be appreciated that whilst the particular liner element il-
lustrated in Figure 4 has only one non-peripheral protu-
berance 40 of this type, it is possible for a liner element
to have more than one such protuberance 40.
[0048] Figures 6 and 7 show part of the liner element
30, in the region of one of its peripheral protuberances
40 and a neighbouring liner element 30’, in combination
with the outer structural wall 28 of the combustor 24, and
more particularly illustrate the function of the protuber-
ances 40 in attaching the liner elements 30 to the outer

wall 28. Additional fixing parts are also illustrated, as will
be described in more detail below. As will be noted, each
protuberance 40 is arranged and configured to engage
the outer wall 28, and more particularly to engage and
extend through a respective fixing aperture 46 (not visible
in Figure 6) provided through the outer wall 28.
[0049] In order to affix a liner element 30 to the outer
wall 28 of the combustor 24, the liner element 30 is offered
up to the radially inward side of the outer wall 28, with its
protuberances 40 aligned with respective fixing aper-
tures 46. The protuberances 40 are then inserted through
the fixing apertures 46 and the liner element 30 is pressed
towards the outer wall 28 such that its lugs 41 all pass
completely through respective fixing apertures 46, until
its peripheral flange 39 engages the radially inward sur-
face of the outer wall 28. Similarly each web 45, from
which a centrally located protuberance 40 projects, also
engages the radially inward surface of the outer wall 28.
In this position the supporting posts 42 of each protuber-
ance are received within respective fixing apertures 46
and protrude slightly from the opposite side, whilst the
lug 41 of each protuberance become spaced from the
outer wall 28. A sealing washer 47 may then be fitted
over each protuberance 40, from the radially outward
side of the combustor wall 28. As will be noted, each
sealing washer 47 has a generally rectangular central
aperture which is sized to pass freely over the lug 41 of
a respective protuberance 40, and which then fits closely
around the protruding region of the corresponding sup-
porting post 42.
[0050] After a sealing washer 47 has been installed
over each protuberance 40 in the manner described
above, a separate fixing element 48 is then mechanically
engaged with the protuberance 40. Each fixing element
48 is formed as a unitary, one-piece, component (for ex-
ample by casting, forging, metal injection moulding, or a
DLD process), and comprises a generally C-shaped sad-
dle region 49 from which extends an externally threaded
stud 50. As illustrated most clearly in Figure 6, the saddle
region 49 of each fixing element 48 defines a recess 51
which is shaped to slidingly receive the correspondingly
shaped lug 41 of a respective protuberance 40 such that
the fixing element 48 engages the protuberance 40 in an
interlocking manner. Each fixing element 48 is of a size
which is too large to fit through a fixing aperture 44.
[0051] Following application of the sealing washer 47
and engagement of the fixing element 48 in the manner
described above, a clamping element 52 is then fitted
over the fixing element 48. The clamping element 52 may
take various forms, but in the arrangement illustrated in
Figure 7 is generally cup-shaped. The clamping element
52 has a central aperture which is sized to fit over the
threaded stud 50 of the fixing element 48 as illustrated.
Finally, a threaded nut 53 is threadedly engaged with the
threaded stud 50, and is drawn tight against the clamping
element 52 as illustrated in Figure 7, thereby urging the
clamping element 52 towards the outer wall 28 of the
combustor 24 and into tight engagement against the seal-
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ing washer 47, and thus securely fixing the liner element
30 to the combustor’s outer wall 28.
[0052] Figure 8 illustrates a slightly modified version
of the general fixing arrangement described above, in
which the protuberance 40, the sealing washer 47 and
the clamping element 52 are provided with respective
cooling airflow passages 54, 55, 56. Whilst it is envisaged
that wherever possible the protuberances 40 and the
above-described additional fixing components will be po-
sitioned in relative cool regions of the engine’s combustor
24, this is not always possible to achieve and so the cool-
ing airflow passages 54, 55, 56 will permit the flow of
cooling air through their respective component parts and
thus the fixing arrangement as a whole, thereby providing
additional cooling to the arrangement where required.
[0053] Because the protuberances 40 are each con-
figured for engagement by a respective fixing element
48 on the opposite side of the combustor outer wall 28,
rather than being externally threaded for direct engage-
ment by a nut, they can be configured to be significantly
shorter than the externally threaded studs 7 used in the
prior art IE tiles. This is because the protuberances 40
do not need to project through the fixing apertures 46 as
far as the externally threaded studs of the prior art.
[0054] The lower profile of the protuberances 40, in
comparison to the externally threaded studs 7 of the prior
art, is shown most clearly in figure 9. It is envisaged that
the peripheral protuberances 40 around the flange 39
may be configured such that they protrude from the flange
by a distance x of only 2 to 8mm, and optionally approx-
imately 5mm. The shorter configuration of the protuber-
ances offers a significant advantage when applying a
thermal barrier coating to the combustion side surface
36 of the liner element 30 by the so-called "drill-coat-
clean" method described above, as will now be explained
below.
[0055] Figure 9 depicts the liner element 30 after it has
had a thermal barrier coating 57 applied to its combustion
side surface 36, which may be achieved by any conven-
ient known process such as air plasma spraying. As will
be appreciated from the foregoing, it is thus necessary
then to clean the effusion holes 35 to remove any coating
material that may have become deposited within the ef-
fusion holes during the coating step and which may thus
block the holes. This is achieved by a cleaning step which
uses a similar jetting process to that described above in
connection with the prior art, and Figure 9 thus illustrates
a jet nozzle 8 positioned on the cooling side 37 of the
liner element 30 and which is oriented to direct a jet of
cleaning water or air along a jet axis 9 towards and
through the effusion holes 35 from the cooling side 37 of
the liner element. As will be noted, the nozzle 8 is oriented
so that the jet axis 9 is substantially parallel to the axes
58 of the flow channels defined by the effusion holes 35.
The nozzle 8 will be moved across the cooling side 37
of the liner element 30 in spaced relation to the cooling
side surface 34, in order to direct the jet through all, or
as many as possible, of the effusion holes 35.

[0056] Because of the protuberance 40 protruding
from the cooling side 37 of the liner element 30 are rel-
atively short as explained above, and hence have a low
profile as viewed in cross-section in Figure 8, the nozzle
8 can be moved across the cooling side 37 of the liner
element in this manner at a much closer spacing from
the cooling side surface 34 than in the case of the prior
art, without being obstructed by the protuberances 40.
In particular, with the protuberances 40 configured as
described above, the nozzle can be maintained at a dis-
tance of less than or equal to 30mm from the cooling side
surface 34 as measured along the jet axis 9 throughout
the cleaning procedure and without fouling or clashing
with the protuberances 40. The closer range of the clean-
ing nozzle 8 thus permits significantly improved cleaning
of the effusion holes 35.
[0057] Furthermore, the shorter configuration of the
protuberances also means that there will be fewer effu-
sion holes 35 proximate the protuberances which fall into
the "shadow" of the protuberances 40 (such as the left-
most effusion holes shown in Figure 9) and which cannot
be targeted so effectively by the cleaning jet. Neverthe-
less there may still remain some effusion holes 35 prox-
imate the protuberances 40 which may not be conven-
iently targeted by the cleaning jet in the orientation illus-
trated, and so it is proposed that some of these effusion
holes could be made larger than other more easily tar-
geted holes distal to the protuberances 40, thereby per-
mitting more variation in the jetting angle used to clean
the holes in these regions, and also reducing the likeli-
hood of the thermal barrier coating material completely
blocking them.
[0058] In the case that the liner elements 30 are made
via an additive layer manufacturing technique such as
direct laser deposition, then the effusion holes 35 will be
formed simultaneously with the rest of the liner element.
In the case that the liner elements 30 are cast, then of
course the effusion holes will need to be drilled before
the thermal barrier coating is applied.
[0059] In the case of the liner elements 30 being made
by an additive layer manufacturing method then the
shorter length of the protuberances 40 also permits more
efficient production of the liner elements 30 because they
permit a larger number of liner elements 30 to be formed
simultaneously in a vertically stacked array, thereby ob-
viating another problem associated with the prior art.
[0060] Whilst the invention has been described above
with reference to specific embodiments, it is to be appre-
ciated that various modifications can be made without
departing from the scope of the present invention. For
example, whilst the liner element 30 described above
and shown in the drawings has only non-threaded pro-
tuberances 40 and no externally threaded studs 7 such
as those of the prior art, embodiments are envisaged
which could have a mixture of both. Having regard to
Figure 9, which shows the angled effusion holes 35 being
arranged to direct a flow of air from the cooling side 37
to the combustion side 38 of the liner element and in a
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generally downstream direction with regard to the gen-
eral fluid flow direction though a combustor, it will be ap-
preciated that the liner element 30 could have conven-
tional fixing studs 7 provided at its downstream end with-
out adversely affecting the cleaning process as described
above. It is therefore possible for the liner element 30 to
have conventional threaded fixing studs 7 along its down-
stream edge, but non-threaded protuberances 40 of the
type described herein elsewhere. As will be appreciated,
however, given the problems described above in relation
to forming conventional fixing studs 7 by a direct laser
deposition process, it is envisaged that a liner element
30 of this configuration would be cast.
[0061] When used in this specification and claims, the
terms "comprises" and "comprising" and variations there-
of mean that the specified features, steps or integers are
included. The terms are not to be interpreted to exclude
the presence of other features, steps or integers.
[0062] The features disclosed in the foregoing descrip-
tion, or in the following claims, or in the accompanying
drawings, expressed in their specific forms or in terms of
a means for performing the disclosed function, or a meth-
od or process for obtaining the disclosed results, as ap-
propriate, may, separately, or in any combination of such
features, be utilised for realising the invention in diverse
forms thereof.
[0063] The exemplary embodiments of the invention
set forth above are considered to be illustrative and not
limiting. Various changes to the described embodiments
may be made without departing from the scope of the
invention as defined in the accompanying claims.

Claims

1. A liner element (30) for a gas turbine combustor (24)
having a structural wall (28) with fixing apertures pro-
vided therethrough, the liner element (30) having a
unitary construction defining a cooling side (37) and
combustion side (38), and a plurality of effusion holes
(35) extending between a cooling side surface (34)
of the element and a combustion side surface (36)
of the element; the liner element (30) being config-
ured to be affixed to the structural wall (28) of a com-
bustor (24) with its cooling side surface (34) spaced
from the wall (28) to define a chamber (31) between
the cooling side surface (34) and the wall (28) and
having a peripheral flange (39) configured to engage
said wall (28) of the combustor (24) when the liner
element (30) is affixed thereto, wherein the liner el-
ement further includes integrally formed and non-
threaded protuberances (40) on its cooling side (37),
the protuberances (40) being arranged to engage
and extend through respective fixing apertures (46)
in the combustor wall (28) and at least some of said
protuberances (40) projecting from said flange (39);
and one or more fixing elements (48), each fixing
element (48) configured to mechanically engage a

respective protuberance (40) in an interlocking man-
ner.

2. A liner element provided in combination with a plu-
rality of fixing elements (48) according to claim 1,
wherein each fixing element (48) defines a recess
(51) which is shaped to slidingly receive a corre-
spondingly shaped part (41) of a respective protu-
berance (40).

3. A liner element provided in combination with a plu-
rality of fixing elements according to claim 1 or claim
2, wherein each fixing element (48) has an integrally
formed threaded stud (50) extending therefrom.

4. A liner element provided in combination with a plu-
rality of fixing elements according to any one of
claims 1 to 3, wherein each fixing element (48) is of
a size which will not pass through said fixing aper-
tures (46).

5. A liner element according to any one of claims 1 to
3 provided in combination with a gas turbine com-
bustor (24) having a structural wall (28) with fixing
apertures (46) provided therethrough, wherein the
liner element (30) is affixed to the structural wall (28)
of the combustor (24) using said fixing elements (48)
such that each protuberance (40) extends through
a respective fixing aperture (46) in the combustor
wall (28) from one side of the combustor wall and is
mechanically engaged by a respective fixing ele-
ment (48) arranged on the opposite side of the com-
bustor wall (28).

6. A liner element provided in combination with a gas
turbine combustor according to claim 3 further com-
prising a plurality of clamping elements (52), each
clamping element (52) being fitted over a respective
fixing element (48) and being urged towards the
structural wall (28) by a nut (53) which threadedly
engages the threaded stud (50) of the fixing element
(48).

7. A liner element according to any preceding claim,
wherein each protuberance (40) is provided in the
form of a lug (41) projecting from the cooling side
(37) of the liner element (30).

8. A liner element according to claim any preceding
claim, wherein said protuberances (40) projecting
from the flange (39) protrude by a distance of be-
tween 2mm and 8mm.

9. A liner element according to claim 8, wherein said
protuberances (40) projecting from the flange (39)
protrude by a distance of approximately 5mm.

10. A liner element according to any preceding claim
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having at least one centrally located web (45) pro-
jecting from said cooling side surface (34), the or
each said web (45) supporting a said protuberance
(40).

11. A liner element according to any preceding claim,
wherein said effusion holes (35) define respective
flow channels through the liner element (30) having
respective axes (58) which are inclined relative to
said combustion side surface (36).

12. A liner element according to any preceding claim,
wherein some of said effusion holes (35) are proxi-
mate to said protuberances (40) and are larger than
other effusion holes (35) which are distal to said pro-
tuberances (40).

13. A method of thermally insulating a liner element (30)
according to any preceding claim, the method involv-
ing the steps of: coating the combustion side surface
(36) of the liner element (30) with a thermal barrier
material (57); and subsequently cleaning the effu-
sion holes (35) to remove any of said material de-
posited inside the holes (35) during said coating step;
wherein said cleaning step involves directing a jet
along a jet axis (9) and through said effusion holes
(35) from the cooling side (37) of the liner element
(30), said jet being produced by a nozzle (8) which
is moved across the cooling side (37) of the liner
element (30) in spaced relation to the cooling side
surface (34) whilst the distance of said nozzle (8) to
said cooling side surface (34), measured along said
jet axis (9), is maintained at less than or equal to
30mm.

14. A method according to claim 13 used for thermally
insulating a liner element according to any preceding
claim, wherein said jet axis (9) is substantially par-
allel to axes (58) of the flow channels defined by the
effusion holes (35).

15. A method according to claim 13 or claim 14, wherein
said cleaning step involves selecting a nozzle, sizing
the or each protuberance (40) so as not to interfere
with the movement of the nozzle (8) and moving said
nozzle (8) over at least one said protuberance (40).
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