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(54) COMBUSTION CHAMBER FOR A GAS TURBINE ENGINE

(57) A combustion chamber for a gas turbine engine
includes a casing (2) and a heat shield (3), having ce-
ramic tiles (4) arranged in rows and removably fastened
to the casing (2) by respective supporting devices (5).
The casing (2) has grooves (7) receiving the supporting
devices (5) of a respective row of tiles (4). Each support-
ing device (5) has a first portion (10) in the form of a plate
engaging a respective groove (7) and a second portion
(12) in the form of a hooked head coupled to a coupling
structure (8) of a respective tile (4). The first portions (10)
of the supporting devices (5) of each tile (4) are separated

from each other by a respective separation region at a
central portion of the respective tile (4). First cooling holes
(27) and second cooling holes (23) direct first cooling jets
(28) and second cooling jets (25) against the first portions
(10) and the second portions (12) of respective support-
ing device (5). Each supporting device (5) has a through
opening at a connection of the first portion (10) and the
second portion (12) and spacers (15) on a face (12c) of
the respective second portion (12) and wherein a channel
(16) aligned with the through opening (17) is defined be-
tween the face (12c), the spacers (15) and the tile (4).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a gas turbine
engine with selected outlet temperature measurements
and to a method of operating a gas turbine engine.

BACKGROUND

[0002] As known, the combustion chamber of a gas
turbine engines need be internally protected by a ther-
moinsulating shield of ceramic material, due to the high
temperatures reached during the operation. The ther-
moinsulating shield generally consists of a plurality of
tiles of ceramic material arranged in contiguous rows on
the inner surface of the casing of the combustion cham-
ber, so as to define a substantially continuous surface.
In annular combustion chambers, for example, the tiles
are arranged to form circles around the (horizontal) rotor
axis. In combustion chambers of the silo type, the rows
may still form circles, yet around vertical axes, or vertical
columns.
[0003] Normally, the tiles are fastened to the casing by
supporting devices which couple to seats on the sides of
the tiles themselves. More precisely, a supporting device
comprises a plate, configured to engage a corresponding
groove in the casing of the combustion chamber, and a
hooked head, protruding outside the groove and config-
ured to be coupled to an edge of the tile. The hooked
head has a first portion extending orthogonally from the
plate and a second portion parallel to the plate. The edges
of the tiles are normally provided with seats configured
to receive the second portion of the hooked head. The
supporting devices are elastic and, are loaded to ensure
stable mounting, once the tiles are placed in their seats.
[0004] The supporting devices may be subject to sever
thermal stress, because of thermal conduction with the
ceramic material ingestion of hot gas that may penetrate
between adjacent tiles of the same row or of contiguous
rows. In fact, gaps between adjacent tiles are not sealed
and hot gas may reach the supporting devices.
[0005] In particular, high temperature and mechanical
stress due to vibrations may induce creeping and cause
the elastic material forming the supporting devices to ex-
ceed the fatigue threshold.

SUMMARY OF THE INVENTION

[0006] It is thus an object of the present invention to
provide combustion chamber that allow to overcome or
at least attenuate the above described limitations.
[0007] According to the present invention, there is pro-
vided a combustion chamber for a gas turbine engine
comprising:

a casing; and
a heat shield comprising a plurality of ceramic tiles

arranged in rows and removably fastened to the cas-
ing by respective supporting devices;
wherein the casing has grooves configured to re-
ceive the supporting devices of a respective row of
tiles at respective locations;
wherein each tile has opposite coupling sides with
respective coupling structures;
wherein each supporting device has a respective first
portion in the form of a plate configured to engage a
respective groove and a respective second portion
in the form of a hooked head configured to couple
to the coupling structure on one of the coupling sides
of a respective tile;
wherein each tile is fastened to the casing by at least
one pair of supporting devices, which engage the
same groove and are coupled to opposite coupling
sides of the tile;
wherein the first portions of the supporting devices
of each tile are separated from each other by a re-
spective separation region at a central portion of the
respective tile;
wherein, for each supporting device, the casing has
at least one first cooling hole at least one first cooling
hole in the respective groove, the at least one first
cooling hole being configured to direct a first cooling
jet of cooling air against the second portion of the
supporting device and the at least one first cooling
hole being configured to direct a first cooling jet of
cooling air against the first portion of the supporting
device;
wherein each supporting device has a through open-
ing at a connection of the first portion and the second
portion and spacers on a face of the respective sec-
ond portion, wherein the spacers are interposed be-
tween the face and the respective tile and wherein
a channel aligned with the through opening is defined
between the face, the spacers and the tile.

[0008] The configuration of the supporting device al-
lows introduction of the first cooling jets directly into the
channel so that the hooked head may be reached by
impingement flow. The first cooling holes and the second
cooling holes provide protection of the supporting devic-
es, specifically directed to the plates (first portions) and
to the hooking heads (second portions), which are mostly
exposed to hot gas. An impingement scheme is used,
thus taking advantage from the associated efficiency.
The risk of creeping and of exceeding the fatigue thresh-
old of the material forming the supporting devices is
avoided or at least substantially mitigated. Due to the
provision of the spacers, moreover, the channel may be
defined in practice in the supporting device and the re-
spective tile only delimits one side. No special shape of
the coupling sides of the tiles is required and, in particular,
there is no need to create recesses in the tiles to allow
passage of air.
[0009] According to an aspect of the invention, the
combustion chamber comprises a plurality of second
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cooling holes configured to direct respective second cool-
ing jets against the second portion of the supporting de-
vice.
[0010] According to an aspect of the invention, the
combustion chamber comprises a plurality of first cooling
holes configured to direct respective first cooling jets
against respective portions of the first portion of the sup-
porting device.
[0011] According to an aspect of the invention, the first
cooling holes associated with supporting devices of ad-
jacent tiles of the same row of tiles are configured to
deliver the respective first cooling jets so that the respec-
tive first cooling jets flow along the first portions of the
respective supporting devices and interact with each oth-
er at a gap between the respective supporting devices,
thereby sealing the gap.
[0012] Cooling air supplied by the first cooling holes
flows along the plates toward the spaces between adja-
cent tiles. Opposite flows interact in such space and help
seal gaps, further reducing the risk of hot gas ingestion.
[0013] According to an aspect of the invention, the sec-
ond cooling holes are aligned with the through openings
and the channels of the respective supporting devices,
whereby the second cooling jets are directed into the
through openings and the channels of the respective sup-
porting devices.
[0014] According to an aspect of the invention, the sec-
ond portion of each supporting device is T-shaped and
has a stem projecting perpendicularly from the respective
first portion and a hook, extending transversely to the
stem and wherein the second cooling jets are directed
against the hooks of the respective supporting devices
through the respective channels.
[0015] According to an aspect of the invention, where-
in, in each supporting device, the spacers are L-shaped
and have respective first legs, parallel to the stem and
defining the channel, and respective second legs, parallel
to the hook and extending in opposite directions from the
respective first legs.
[0016] According to an aspect of the invention, in each
supporting device, the respective channel is split into two
opposite branches each defined between the hook and
the second leg of a respective one of the spacers, the
branches discharging on opposite sides of the hook.
[0017] According to an aspect of the invention, wherein
the coupling structures comprise continuous ribs extend-
ing along respective coupling sides of the tiles.
[0018] According to an aspect of the invention, the ribs
have respective flat faces resting against the second por-
tions of the respective supporting devices.
[0019] According to an aspect of the invention, the cas-
ing has a plurality of sealing holes in the grooves at the
separation regions and the sealing holes are configured
to direct respective sealing jets of cooling air through the
separation regions to impinge on the central portions of
respective tiles, thereby sealing a space between the re-
spective tile and the casing.
[0020] The sealing action provided by the sealing holes

avoids ingestion of hot gas in the space between the tiles
and the casing of the combustion chamber, thus allowing
additional protection against high temperature. The seal-
ing holes are also configured to cause cooling of the cen-
tral portions of the tiles by impingement of the respective
sealing jets. In addition to sealing action, therefore, also
in this case an impingement cooling scheme is exploited,
which is particularly effective.
[0021] According to an aspect of the invention, the
sealing holes associated with each tile are organized in
rows extending longitudinally in the respective grooves.
[0022] According to an aspect of the invention, the cas-
ing has a plurality of parallel rows of sealing holes at each
separation region.
[0023] The arrangement of the sealing holes may be
flexibly selected in accordance with design preferences
to obtain the desired effect, also in consideration of the
specific position in the combustion chamber. For exam-
ple, the number, size and location of the sealing holes
may vary from a groove to another in order to optimize
protection of the supporting elements and consumption
of cooling air.
[0024] According to an aspect of the invention, the
sealing holes are configured to direct the respective seal-
ing jets perpendicularly to the tiles.
[0025] The sealing holes are also configured to cause
cooling of the central portions of the tiles by impingement
of the respective sealing jets. In addition to sealing action,
therefore, an impingement cooling scheme is exploited,
which is particularly effective.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The present invention will now be described
with reference to the accompanying drawings, which il-
lustrate some non-limitative embodiments thereof, in
which:

- figure 1 is a side view, cut along a vertical axial plane,
of a combustion chamber for a gas turbine engine in
accordance with an embodiment of the present in-
vention;

- figure 2 is a rear view of the combustion chamber of
figure 1, cut along the plane A-A of figure 1, with
parts removed for clarity;

- figure 3 is a perspective view of an enlarged detail
of the combustion chamber of figure 1, partly explod-
ed and with parts removed for clarity;

- figure 4 is a top plan view of a portion of the com-
bustion chamber of figure 1;

- figure 5 is a front perspective view of a supporting
device for thermoinsulating tiles of the combustion
chamber of figure 1;

- figure 6 shows a first enlarged detail of the combus-
tion chamber of figure 1, cut along the plane B-B of
figure 4;

- figure 7 shows a second enlarged detail of the com-
bustion chamber of figure 1, cut along the plane B-
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B of figure 4;
- figure 8 is a simplified top plan view with parts re-

moved for clarity of a detail of a combustion chamber
in accordance with a different embodiment of the
present invention; and

- figure 9 is a simplified top plan view with parts re-
moved for clarity of a detail of a combustion chamber
in accordance with another embodiment of the
present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0027] Figures 1-3 illustrate a combustion chamber 1
of a gas turbine engine, not shown in its entirety, in ac-
cordance with a non-limiting embodiment of the present
invention. In the embodiment herein described, in partic-
ular, the combustion chamber is of the annular type. It is
however understood that the invention may be exploited
also in combustion chambers of different type, such as
silo combustion chambers.
[0028] The combustion chamber 1 comprises an an-
nular casing 2 extending around an axis R and is provided
with a heat shield 3 that covers internally the casing 2.
The heat shield 3 comprises a plurality of thermoinsulat-
ing tiles 4 of a ceramic material, fastened to the casein
arranged in adjacent rows, along circumferences, around
the axis R of the combustion chamber 1.
[0029] With reference to figures 3 and 4, the tiles 4 are
fastened to the casing 2 by respective supporting devices
5. The supporting devices 5 engage circumferential
grooves 7, which are formed on an inner face of the cas-
ing 2 around the axis R and are configured to receive the
supporting devices 5 of a respective row of tiles 4 at re-
spective locations. More in detail, the tiles 4 have a quad-
rangular shape and have, respective ribs 8 extending
along opposite coupling sides for coupling with the sup-
porting devices 5. The ribs 8 define coupling structures
of the tiles 4 and have flat and continuous faces resting
against the respective supporting devices 5. Each tile 4
is fastened by two pairs of respective supporting devices
5. Each pair of supporting devices 5 engage a respective
one of two adjacent grooves 7 and the supporting devices
5 of each pair are coupled to opposite coupling sides of
the tile 4.
[0030] Once the supporting devices 5 for a coupling
side of a tile 4 have been slidingly inserted in adjacent
grooves 7 and secured to the casing 2 by screws 9, the
tile 4 is placed in its seat and the supporting devices 5
for the other coupling side of the tile 4 are fitted. Prefer-
ably, the supporting devices 5 for the other coupling side
of the tile 4 are not secured to the casing to accommodate
thermal expansion.
[0031] One of the supporting devices 5 is illustrated
with more detail in figure 5. The supporting device 5 has
a first portion in the form of a plate 10 configured to en-
gage a respective groove 7 and a second portion in the
form of a hooked head 12 configured to couple to the rib

8 on one of the coupling sides of a respective tile 4. The
hooked head 12 of the supporting device 5 is T-shaped
and has a stem 12a projecting perpendicularly from the
respective plate 10 and a hook 12b, extending trans-
versely to the stem 12a. Spacers 15 are provided on a
face 12c of the hooked head 12 oriented toward the re-
spective tile 4. In use, the spacers 15 are interposed be-
tween the face 12c of the hooked head 12 and the re-
spective tile 4 and a channel 16 is defined between the
face 12c of the hooked head 12, the spacers 15 and the
tile 4. The channel 16 is also aligned with a through open-
ing 17 formed at a connection 14 of the plate 10 and the
hooked head 12. The spacers 15 are L-shaped and have
respective first legs 15a, parallel to the stem 12a and
defining the channel 16, and respective second legs 15b,
parallel to the hook 12b and extending in opposite direc-
tions from the respective first legs 15a. Thus, the channel
16 is split into two opposite branches 16a, each defined
between the hook 12b and the second leg 15b of a re-
spective one of the spacers 15. The branches are open
and discharge on opposite sides of the hook 12b.
[0032] With reference again to figure 3 and 4, the plates
10 of each pair of supporting devices 5, which are coupled
to the same tile 4 and engage the same groove 7, are
separated from each other by a respective separation
region 19 at a central portion of the respective tile 4.
[0033] The casing 2 has a plurality of sealing holes 20
in the grooves 7 at the separation regions 19. The sealing
holes 20 are configured to create and direct respective
sealing jets 21 of cooling air through the separation re-
gions 19 perpendicularly to the tiles 4. The sealing jets
21 are mixed in a cross or transverse flow thereby sealing
the separation region 19 and, in general, a space be-
tween the respective tile 4 and the casing 2. More pre-
cisely, the sealing holes 20 are configured to direct the
respective sealing jets 21 perpendicularly to the tiles 4.
The sealing holes 20 associated with each tile 4 are or-
ganized in rows extending longitudinally in the respective
grooves 7. The casing 2 may have one or more parallel
rows of sealing holes 20 at each separation region (two
in the embodiment of figure 4).
[0034] For each supporting device, the casing 2 has
at least one head cooling hole 23, configured to direct a
head cooling jet 25 of cooling air against the hooking
head 12 and at least one plate cooling hole 27 configured
to direct a plate cooling jet 28 of cooling air against the
plate 10 of the supporting device.
[0035] The head cooling holes 23 are aligned with the
through openings 17 and the channels 16 of the respec-
tive supporting devices 5. Thus, the head cooling jets 25
delivered by the head cooling holes 23 are directed
against the hooks of 12b the respective supporting de-
vices 5 through the respective through openings 17 and
channels 16.
[0036] The plate cooling holes 27 are configured to de-
liver the respective plate cooling jets 28 so that the re-
spective plate cooling jets 28 impinge on the plates 10
of the respective supporting devices 5 and flow along the
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plates 10 toward the respective hooked heads 12, thus
also providing a convective cooling effect. Moreover,
plate cooling jets 28 delivered by the plate cooling holes
27 associated with supporting devices of adjacent tiles
4 of the same row of tiles 4 interact with each other at a
gap 30 between the respective supporting devices 5. The
gap 30 is therefore sealed by the interacting plate cooling
jets 28.
[0037] As illustrated in figures 4 and 7, one head cool-
ing hole 23 and one plate cooling holes 27 are provided
for each supporting device 5. Other configurations are
possible, however, as illustrated e.g. in figures 8 and 9.
[0038] In the embodiment of figure 8, the casing 2 has
one head cooling hole 23 as already described and a
plurality of plate cooling holes 27, all aligned in a single
row.
[0039] In the embodiment of figure 9, the casing 2 has
a plurality of head cooling holes 23 (four), arranged in a
matrix and directing the respective head cooling jets 25
against the hook 12b of the respective supporting device
5, and a plurality of plate cooling holes 27, arranged in
parallel rows.
[0040] In general, the number, size and location of the
sealing holes 20, of the head cooling holes 23 and of the
plate cooling holes 27 may be selected in accordance
with design preferences and may be different as required
in distinct grooves 7.
[0041] It is finally apparent that changes and variations
may be made to the combustion chamber described and
illustrated without departing from the scope of protection
of the accompanying claims.

Claims

1. A combustion chamber for a gas turbine engine com-
prising:

a casing (2); and
a heat shield (3) comprising a plurality of ceramic
tiles (4) arranged in rows and removably fas-
tened to the casing (2) by respective supporting
devices (5);
wherein the casing (2) has grooves (7) config-
ured to receive the supporting devices (5) of a
respective row of tiles (4) at respective locations;
wherein each tile (4) has opposite coupling sides
with respective coupling structures (8);
wherein each supporting device (5) has a re-
spective first portion (10) in the form of a plate
configured to engage a respective groove (7)
and a respective second portion (12) in the form
of a hooked head configured to couple to the
coupling structure (8) on one of the coupling
sides of a respective tile (4);
wherein each tile (4) is fastened to the casing
(2) by at least one pair of supporting devices (5),
which engage the same groove (7) and are cou-

pled to opposite coupling sides of the tile (4);
wherein, for each supporting device (5), the cas-
ing (2) has at least one first cooling hole (27) at
least one second cooling hole (23) in the respec-
tive groove (7), the at least one first cooling hole
(27) being configured to direct a first cooling jet
(28) of cooling air against the first portion (10)
of the supporting device (5) and the at least one
second cooling hole (23) being configured to di-
rect a second cooling jet (25) of cooling air
against the second portion (12) of the supporting
device (5);
wherein each supporting device (5) has a
through opening at a connection of the first por-
tion (10) and the second portion (12) and spac-
ers (15) on a face (12c) of the respective second
portion (12), wherein the spacers (15) are inter-
posed between the face (12c) and the respective
tile (4) and wherein a channel (16) aligned with
the through opening (17) is defined between the
face (12c), the spacers (15) and the tile (4).

2. The combustion chamber according to claim 1, com-
prising a plurality of second cooling holes (23) con-
figured to direct respective second cooling jets (25)
against the second portion (12) of the supporting de-
vice (5) .

3. The combustion chamber according to claim 1 or 2,
comprising a plurality of first cooling holes (27) con-
figured to direct respective first cooling jets (28)
against respective portions of the first portion (10) of
the supporting device (5).

4. The combustion chamber according to claim 3,
wherein the first cooling holes (27) associated with
supporting devices (5) of adjacent tiles (4) of the
same row of tiles (4) are configured to deliver the
respective first cooling jets (28) so that the respective
first cooling jets (28) impinge on and flow along the
first portions (10) of the respective supporting devic-
es (5) and interact with each other at a gap (30) be-
tween the respective supporting devices (5), thereby
sealing the gap (30).

5. The combustion chamber according to any one of
the preceding claims, wherein the second cooling
holes (23) are aligned with the through openings (17)
and the channels (16) of the respective supporting
devices (5), whereby the second cooling jets (25)
are directed into the through openings (17) and the
channels (16) of the respective supporting devices
(5).

6. The combustion chamber according to claim 5,
wherein the second portion (12) of each supporting
device (5) is T-shaped and has a stem (12a) project-
ing perpendicularly from the respective first portion
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(10) and a hook (12b), extending transversely to the
stem (12a) and wherein the second cooling jets (25)
are directed against the hooks of (12b) the respective
supporting devices (5) through the respective chan-
nels (16).

7. The combustion chamber according to claim 6,
wherein, in each supporting device (5), the spacers
(15) are L-shaped and have respective first legs
(15a), parallel to the stem (12a) and defining the
channel (16) between each other, and respective
second legs (12b), parallel to the hook (12b) and
extending in opposite directions from the respective
first legs (15a).

8. The combustion chamber according to claim 7,
wherein, in each supporting device (5), the respec-
tive channel (16) is split into two opposite branches
(16a) each defined between the hook (12b) and the
second leg (15b) of a respective one of the spacers
(15), the branches (16a) discharging on opposite
sides of the hook (12b).

9. The combustion chamber according to any one of
the preceding claims, wherein the coupling struc-
tures (8) comprise continuous ribs extending along
respective coupling sides of the tiles (4).

10. The combustion chamber according to claim 9,
wherein the ribs have respective flat faces (12c) rest-
ing against the second portions (12) of the respective
supporting devices (5) .

11. The combustion chamber according to any one of
the preceding claims, wherein the first portions (10)
of the supporting devices (5) of each tile (4) are sep-
arated from each other by a respective separation
region at a central portion of the respective tile (4);
and wherein the casing (2) has a plurality of sealing
holes (20) in the grooves (7) at the separation regions
and the sealing holes (20) are configured to direct
respective sealing jets (21) of cooling air through the
separation regions to impinge on the central portions
of respective tiles (4), thereby sealing a space be-
tween the respective tile (4) and the casing (2).

12. The combustion chamber according to claim 11,
wherein the sealing holes (20) associated with each
tile (4) are organized in rows extending longitudinally
in the respective grooves (7).

13. The combustion chamber according to claim 12,
wherein the casing (2) has a plurality of parallel rows
of sealing holes (20) at each separation region.

14. The combustion chamber according to any one of
claims 11 to 13, wherein the sealing holes (20) are
configured to direct the respective sealing jets (21)

perpendicularly to the tiles (4).
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