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(54) ANNULAR COMBUSTOR FOR A GAS TURBINE ENGINE

(57) An annular combustor (10) for a gas turbine en-
gine (1), axially extending between a first axial burner
end (11) and a second axial outlet end (12) and radially
extending between an annular inner liner (15) and an
annular outer liner (16), wherein the annular combustor
(10) is at least an assembly of:
- a first part (21) including the annular inner liner (15) and
a first connection element (31) for connecting the first

part (21) to the gas turbine engine (1),
- a second part (22) including the annular outer liner (16)
and a second connection element (32) for connecting the
second part (22) to the gas turbine engine (1),
- at least one of the first connection element (31) and of
the second connection element (32) being adjacent to
the outlet end (12) of the combustor (10).
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Description

Field of invention

[0001] The present invention relates to an annular
combustor for a gas turbine engine and to a gas turbine
engine including such a combustor.

Art Background

[0002] Annular combustors are well known in the field
of gas turbine engines.
[0003] An annular combustor is normally included in a
gas turbine engine 1 comprising, arranged in flow series:
a compressor section, a burner, the annular combustor
and a gas turbine section. In operation of the gas turbine
engine, air is compressed by the compressor section and
delivered to the combustion section, including the burner
and the annular combustor. The compressed air exiting
from the compressor enters the burner, where is mixed
with a gaseous or liquid fuel. The air/fuel mixture is then
burned and the combustion gas from the combustion is
channelled through the combustor to the gas turbine sec-
tion, for transforming the energy from the operative gas
into working power.
[0004] The annular combustor for the above described
application normally extends axially between a first axial
burner end, close to the burner and a second axial outlet
end, adjacent to the inlet of the gas turbine section. Fur-
ther the annular combustor radially extends between an
annular inner liner and an annular outer liner. At first axial
burner end, the annular combustor comprises an annular
backwall for connecting the annular inner liner and the
annular outer liner. The backwall comprises at least a
hole for coupling at least a respective burner to the an-
nular combustor.
[0005] According to a known possible prior art solution,
the annular combustor described above is normally man-
ufactured in one piece including at least the annular inner
liner, the annular outer liner and the backwall. Such uni-
tary piece is then attached to the gas turbine engine by
means of one or more connections provided between the
combustor and a casing of the gas turbine engine. Such
a connection is typically remote from the interface be-
tween the outlet of the combustor and the inlet of the gas
turbine, therefore a gap is necessary between the com-
bustor and the gas turbine for allowing thermal expan-
sions.
[0006] Such an annular combustor and attachment de-
termines a plurality of inconveniences:

- the gap in the interface between the combustor and
the inlet of the turbine section cannot be reduced
below a lower limit. This leads to damages to the
components, due to hot gas ingestion, i.e. the hot
gas exiting the second axial outlet end of the com-
bustor and leaking through the gap between com-
bustor and gas turbine section;

- when a reparation is required, repairing an annular
combustor like the one described above, i.e. a com-
bustor manufactured in a unitary piece attached to
the casing of the gas turbine engine, is expensive.

[0007] Prior art solutions to above inconveniences may
be, respectively:

- purging air has in the cavity between the combustor
and the gas turbine section;

- cutting the combustor into several pieces, that, after
reparation, have nevertheless to be welded back to-
gether.

[0008] The above solutions are not yet considered op-
timal and therefore it is still desirable to provide a new
annular combustor design for efficiently overcoming the
above described drawbacks.

Summary of the Invention

[0009] It may be an object of the present invention to
provide an annular combustor for a gas turbine engine
permitting to reduce at the minimum or eliminating the
gap between the combustor and the inlet of the turbine
section, in such a way that the phenomenon of hot gas
ingestion is avoided or limited to a minimum.
[0010] It may be a further object of the present inven-
tion to provide an annular combustor for a gas turbine
engine, whose maintenance is easier and less expen-
sive, with respect to the prior art.
[0011] It may be an additional object of the present
invention to provide a gas turbine engine including an
annular combustor having a reduced gap between the
combustor and the inlet of the turbine section and whose
maintenance is easier and less expensive, with respect
to the prior art.
[0012] In order to achieve the objects defined above,
an annular combustor for a gas turbine is provided in
accordance with the independent claim. The dependent
claims describe advantageous developments and mod-
ifications of the invention.
[0013] According to a first aspect of the present inven-
tion, an annular combustor for a gas turbine engine, the
annular combustor axially extending between a first axial
burner end and a second axial outlet end, the annular
combustor radially extending between an annular inner
liner and an annular outer liner, the annular combustor
being at least an assembly of:

- a first part including the annular inner liner and a first
connection element for connecting the first part to
the gas turbine engine,

- a second part including the annular outer liner and
a second connection element for connecting the sec-
ond part to the gas turbine engine,

- at least one of the first connection element and of
the second connection element being adjacent to
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the outlet end of the combustor.

[0014] The segmentation of the annular combustor al-
lows reducing at the minimum or eliminating the gap be-
tween the outlet of the combustor and the inlet of the gas
turbine. As a result, hot gas ingestion is eliminated or
effectively reduced, thus producing a much more robust
design, which would be also easier and therefore cheap-
er to repair. In particular, with the design of the present
invention, it is also possible to replace only a certain part
of the combustor (for example only the inner liner or only
the outer liner) on site, because no cutting and welding
would be needed.
[0015] Further, reducing the slot between the combus-
tor and the turbine makes it possible to improve the flow
path aerodynamics of the transition between combustor
and turbine.
[0016] According to an exemplary embodiment of the
present invention, the first or the second part further in-
cludes a backwall for connecting the annular inner liner
and the annular outer liner at the first axial burner end,
the backwall comprising at least an hole for coupling a
burner to the annular combustor.
[0017] According to another exemplary embodiment
of the present invention, the annular combustor is an as-
sembly of the first part, the second part, and at least a
third part including:

- a backwall for connecting the annular inner liner and
the annular outer liner at the first axial burner end,
the backwall providing at least an hole for letting a
gas including fuel and air inside the annular combus-
tor,

- a third connection element for connecting the third
part to a casing of the gas turbine engine.

[0018] According to the last two described embodi-
ments, it is either possible that the annular combustor of
the present invention is made part of two parts, one in-
cluding the backwall, or is made of three parts, respec-
tively including inner liner, outer liner and backwall. Ad-
vantageously, these variants give the possibility to adapt
the combustor design of the present invention to the de-
sign of different gas turbine engines, for example gas
turbine engines having different overall dimensions.
[0019] According to a further embodiment of the
present invention, between the backwall and at least one
of the inner liner and the annular outer liner a sealing is
provided.
[0020] More particularly, the sealing may comprise at
least a finger seal.
[0021] The sealing avoids leakages through the con-
tacts between first, second and third part of the annular
combustor at the backwall, i.e. where the first, second
and third part contact each other.
[0022] According to another exemplary embodiment
of the present invention, the annular inner liner and/or
the annular outer liner comprise a plurality of effusion

holes for letting compressed air to enter the combustor
through the annular inner liner and /or the outer liner, in
order to cool the annular inner liner and /or the outer liner,
respectively.
[0023] According to yet another exemplary embodi-
ment of the present invention, the annular inner liner
and/or the annular outer liner comprises at least a cooling
passage inside the liner. The cooling passage may be
provided between two panels of the annular inner liner
and/or of the annular outer liner, bonded together.
[0024] The effusion holes or the cooling passages pro-
vide the necessary cooling to the walls of the inner and
outer liners.
[0025] According to a second aspect of the present
invention, a gas turbine engine comprises a burner, a
gas turbine and an annular combustor as above de-
scribed, between the burner and the gas turbine.
[0026] According to a third aspect of the present inven-
tion, a gas turbine comprises an inlet section and at least
one connection element adjacent to the inlet section for
coupling with an annular combustor as above described.

Brief Description of the Drawings

[0027] The aspects defined above and further aspects
of the present invention are apparent from the examples
of embodiment to be described hereinafter and are ex-
plained with reference to the examples of embodiment.
The invention will be described in more detail hereinafter
with reference to examples of embodiment but to which
the invention is not limited.

Fig. 1 is a partial schematic view, sectioned along a
longitudinal direction, of a gas turbine engine includ-
ing a first embodiment of an annular combustor ac-
cording to the present invention,

Fig. 2 is a partial schematic view, sectioned along a
longitudinal direction, of a gas turbine engine includ-
ing a second embodiment of an annular combustor
according to the present invention,

Fig. 3 is a partial schematic view, sectioned along a
longitudinal direction, of a gas turbine engine includ-
ing a third embodiment of an annular combustor ac-
cording to the present invention,

Fig. 4 is a partial schematic view, sectioned along a
longitudinal direction, of a gas turbine engine includ-
ing a fourth embodiment of an annular combustor
according to the present invention,

Fig. 5 shows a magnified view of the detail V of figure
4.

Detailed Description

[0028] Hereinafter, above-mentioned and other fea-
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tures of the present invention are described in details.
Various embodiments are described with reference to
the drawings, wherein the same reference numerals are
used to refer to the same elements throughout. The il-
lustrated embodiments are intended to explain, and not
to limit the invention.
[0029] Figure 1 shows an example of a gas turbine
engine 1 in a partial schematic sectional view.
[0030] The gas turbine engine 1 (not shown as a whole)
comprises, in flow series, a compressor section 4 (not
shown as a whole), a plurality of burners 2 (only one
burner 2 shown in each of the section figures 1 to 4) an
annular combustor 10 and a gas turbine 3, which are
generally arranged in flow series within a casing 5.
[0031] The gas turbine engine 1 is generally arranged
about a rotational axis X, which is the rotational axis for
rotating components, in particular the compressor sec-
tion 4 and the gas turbine 3. The rotational axis X is also
coincident with the axis of symmetry of the annular com-
bustor 10, when the annular combustor 10 is assembled
to the gas turbine engine 1.
[0032] In operation of the gas turbine engine 1, air is
compressed by the compressor section 4 and delivered
to the combustion section, including the burner 2 and the
annular combustor 10. The compressed air exiting from
the compressor 4 and flowing towards the combustion
section is schematically represented in the attached fig-
ures by arrows A. The compressed air enters the burner
2 where is mixed with a gaseous or liquid fuel. The air/fuel
mixture is then burned and the combustion gas from the
combustion is channelled through the combustion cham-
ber 10 to the gas turbine section 1, for transforming the
energy from the operative gas into working power. The
combustion gas flows along the combustion chamber 10
along a main direction oriented from the burner 2 to the
gas turbine 3. The combustion section 4 and the burner
2 are not a specific object of the present invention and,
therefore, in the following, they will not be described in
further detail.
[0033] In the following the terms radial, circumferential
and axial are with respect to the rotational and symmetry
axis X.
[0034] The annular combustor 10 extends axially be-
tween a first axial burner end 11 and a second axial outlet
end 12 and radially between an annular inner liner 15
and an annular outer liner 16.
[0035] The annular combustor 10 further includes:

- a first part 21 including the annular inner liner 15 and
a first connection element 31 for connecting the first
part 21 to the gas turbine engine 1,

- a second part 22, distinct from first part 21, including
the annular outer liner 16 and a second connection
element 32 for connecting the second part 22 to the
gas turbine engine 1,

- a backwall 25 for connecting the annular inner liner
15 and the annular outer liner 16 at the first axial
burner end 11. The backwall 25 comprises a plurality

of holes 26, distributed about the axis X, for coupling
a plurality of respective burners 2 to the annular com-
bustor 10.

[0036] According with the different embodiments of the
present invention, at least one of the first connection el-
ement 31 and of the second connection element 32 is
adjacent to the outlet end 12 of the combustor 10 and is
connectable to a respective gas turbine connection ele-
ment 17, 18 on the gas turbine 3, respectively radially
inner and outer. The connection elements 17, 18 are ad-
jacent to the inlet section 13 of the gas turbine 3.
[0037] Optionally, the annular combustor 10 further
comprises a third part 23, distinct from first part 21 and
from the second part 22. The third part 23 includes the
backwall 25 and a third connection element 33 for con-
necting the third part 22 to the casing 5 of the gas turbine
engine 1.
[0038] With reference to the embodiment of figure 1,
the annular combustor 10 is an assembly of:

- the first part 21, with the first connection element 31
connecting the first part 21 to the inner connection
element 17 of the gas turbine 3,

- the second part 22, with the second connection el-
ement 32 connecting the second part 22 to the outer
connection element 18 of the gas turbine 3,

- the third part 23, with the third connection element
33 connecting the third part 23 to a casing connection
element 35 on the casing 5.

[0039] The coupling between the first, second and third
part 21, 22, 23 and the gas turbine 3 and the casing 5,
respectively, is circumferentially distributed about the ax-
is X. According to the different embodiments of the
present invention, this may be obtained with circumfer-
ential elongated connection elements 31, 32, 33, 17, 18,
35. As an alternative each of the first part 21, second part
22 and third part 23 comprises a respective plurality of
connection elements 31, 32, 33 to be coupled to a re-
spective plurality of connection elements 17, 18 on the
gas turbine 3 and of connection elements 35 on the cas-
ing 5.
[0040] With reference to the embodiment of figures 2
and 3, the third part 23 is not present and the backwall
25 is comprised in the first part 21 and in the second part
22, respectively. The annular combustor 10 of figure 2 is
therefore an assembly of:

- the first part 21, including the annular inner liner 15
and the backwall 25, with the first connection ele-
ment 31 connecting the first part 21 to the casing
connection element 35,

- the second part 22, with the second connection el-
ement 32 connecting the second part 22 to the outer
connection element 18 of the gas turbine 3.

[0041] The coupling between the first and the second
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part 21, 22 and the casing and 5 the gas turbine 3, re-
spectively, is circumferentially distributed about the axis
X. According to the different embodiments of the present
invention, this may be obtained with circumferential elon-
gated connection elements 31, 32, 18, 35. As an alter-
native each of the first part 21 and second part 22 com-
prises a respective plurality of connection elements 31,
32 to be coupled to a respective plurality of casing con-
nection elements 35 and of outer connection elements
18 on the gas turbine 3.
[0042] The annular combustor 10 of figure 3 is instead
an assembly of:

- the first part 21, with the first connection element 31
connecting the first part 21 to the inner connection
element 17 of the gas turbine 3,

- the second part 22, including the annular outer liner
16 and the backwall 25, with the second connection
element 32 connecting the second part 22 to the cas-
ing connection element 35.

[0043] The coupling between the first and the second
part 21, 22 and the gas turbine 3 and the casing 5, re-
spectively, is circumferentially distributed about the axis
X. According to the different embodiments of the present
invention, this may be obtained with circumferential elon-
gated connection elements 31, 32, 17, 35. As an alter-
native each of the first part 21 and second part 22 com-
prises a respective plurality of connection elements 31,
32 to be coupled to a respective plurality of inner con-
nection elements 17 on the gas turbine 3 and of casing
connection elements 35.
[0044] In all the embodiments above described, the
couplings between the first, second and third part 21, 22,
23 and the gas turbine 3 and/or the casing 5 are detach-
able and may performed by means of screw (or other
threaded connection) and/or bolts. This allows connect-
ing and disconnecting each part 21, 22, 23 of the annular
combustor 10 independently from the others.
[0045] In all embodiments, the mounting of the first,
second and third part 21, 22, 23 in the gas turbine engine
is made in such a way that the outlet end 12 of the annular
combustor 10 is mounted adjacent to the inlet section 13
of the gas turbine 3. This avoids or limits hot gas leakages
when hot gases from the annular combustor 10 enter the
gas turbine 3.
[0046] The first, second and third part 21, 22, 23 con-
tact each other along the edges of the backwall 25. To
avoid leakages through the contacts between first, sec-
ond and third part 21, 22, 23, a sealing 40 is provided
between the backwall 25 and at least one of the inner
liner 15 and the annular outer liner 16.
[0047] In the embodiments of the attached figures 1 to
4, the sealing 40 comprises an inner finger seal 41 be-
tween the backwall 25 and the inner liner 15 and/or an
outer finger seal 42 between the backwall 25 and the
outer liner 16.
[0048] In the embodiment of figures 1 and 4, where the

first, second and third part 21, 22, 23 are present, both
the inner and outer finger seals 41, 42 are present.
[0049] In the embodiment of figure 2, where the back-
wall 25 is integrated in the first part 21 of the annular
combustor 10, only the outer finger seal 42 is present.
[0050] In the embodiment of figure 3, where the back-
wall 25 is integrated in the second part 22 of the annular
combustor 10, only the inner finger seal 41 is present.
[0051] According to other embodiments of the present
invention, other sealing devices may be used between
the parts 21, 22, 23 of the annular combustor 10, in order
to avoid hot gas leakages between the backwall 25 and
the inner liner 15 and/or between the backwall 25 and
the outer liner 16.
[0052] In the embodiment of figures 1 to 3, the annular
inner liner 15 and the annular outer liner 16 comprise a
plurality of effusion holes 50 for letting compressed air
(represented by arrows A) to enter the combustor 1)
through the walls of the annular inner liner 15 and the
outer liner 16, in order to cool the annular liners 15 and
16, respectively.
[0053] The embodiment of figure 4 is similar to the em-
bodiment of figure 1, i.e it comprises the first, second and
third parts 21, 22, 23 of the annular combustor independ-
ently attached to the gas turbine 3 and to the casing 5.
The embodiment of figure 4 is different from the embod-
iment of figure 1 for the fact that the annular inner liner
15 and the annular outer liner 16 comprises one or more
cooling passages 60 inside the respective liner 15, 16,
for providing cooling by letting a flow of compressed air
A enter the annular combustor 10 through the cooling
passages 60. Each cooling passage 60 is obtained inside
the walls of the annular inner liner 15 and the annular
outer liner 16 by means of at least two panels 61, 62,
respectively internal (i.e. facing the inner volume of the
combustor 10, where hot gasses flow) and external (i.e.
facing a volume external to the combustor 10, where
compressed air A from the compressor 4 flows). Each
cooling passage 60 comprises an inlet 63, through which
compressed air A enters the passage 60, and an outlet
64, through which compressed air A exits the passage
60 to enter the annular combustor 10.
[0054] According to other embodiments (not shown)
of the present invention, mixed solutions are possible:

- the annular liners 15, 16 comprise both effusion
holes 50 and cooling passages 60, for example on
different zones of the annular liners 15, 16,

- one of the annular liners 15, 16 comprises effusion
holes 50, while the other comprises cooling passag-
es 60.

Claims

1. An annular combustor (10) for a gas turbine engine
(1), the annular combustor (10) axially extending be-
tween a first axial burner end (11) and a second axial
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outlet end (12), the annular combustor (10) radially
extending between an annular inner liner (15) and
an annular outer liner (16), the annular combustor
(10) being at least an assembly of:

- a first part (21) including the annular inner liner
(15) and a first connection element (31) for con-
necting the first part (21) to the gas turbine en-
gine (1),
- a second part (22) including the annular outer
liner (16) and a second connection element (32)
for connecting the second part (22) to the gas
turbine engine (1),
- at least one of the first connection element (31)
and of the second connection element (32) be-
ing adjacent to the outlet end (12) of the com-
bustor (10).

2. The annular combustor (10) according to claim 1,
wherein the first (21) or the second part (22) further
includes a backwall (25) for connecting the annular
inner liner (15) and the annular outer liner (16) at the
first axial burner end (11), the backwall (25) compris-
ing at least an hole (26) for coupling a burner to the
annular combustor (10).

3. The annular combustor (10) according to claim 1,
wherein the annular combustor (10) is an assembly
of the first part (21), the second part (22), and at least
a third part (23) including:

- a backwall (25) for connecting the annular inner
liner (15) and the annular outer liner (16) at the
first axial burner end (11), the backwall (25) pro-
viding at least an hole (26) for letting a gas in-
cluding fuel and air inside the annular combustor
(10),
- a third connection element (33) for connecting
the third part (22) to a casing of the gas turbine
engine (1).

4. The annular combustor (10) according to claim 2 or
3, wherein between the backwall (25) and at least
one of the inner liner (15) and the annular outer liner
(16) a sealing (40) is provided.

5. The annular combustor (10) according to claim 4,
wherein the sealing comprises at least a finger seal
(41, 42).

6. The annular combustor (10) according to any of the
claims 2 to 5, the annular inner liner (15) and/or the
annular outer liner (16) comprise a plurality of effu-
sion holes (50) for letting compressed air to enter
the combustor (10) through the annular inner liner
(15) and /or the outer liner (16), in order to cool the
annular inner liner (15) and /or the outer liner (16),
respectively.

7. The annular combustor (10) according to any of the
claims 2 to 5, the annular inner liner (15) and/or the
annular outer liner (16) comprises at least a cooling
passage (60) inside the liner.

8. The annular combustor (10) according to claim 7,
wherein the cooling passage (60) is provided be-
tween two panels (61, 62) of the annular inner liner
(15) and/or of the annular outer liner (16), bonded
together.

9. A gas turbine engine (1) comprising a compressor
(4), a gas turbine (3), a burner (2), and an annular
combustor (10) according to any of the previous
claims, between the burner (2) and the gas turbine
(3).

10. A gas turbine engine (1) according to claim 9, where-
in the gas turbine (3) comprises an inlet section (13)
and at least one connection element (17, 18) adja-
cent to the inlet section (13) for coupling with at least
one of the first connection element (31) and the sec-
ond connection element (32) of the annular combus-
tor (10).

11. A gas turbine engine (1) according to claim 9 or 10,
further including a casing (5) with a further connec-
tion element (35) for coupling with one of the first or
second or the third connection element (31, 32, 33)
of the annular combustor (10).

12. A gas turbine engine (1) according to claim 10 or 11,
wherein at least one of said couplings of the first,
second or third connection element (31, 32, 33) is of
the threaded type.

13. A gas turbine engine (1) according to any of the
claims 9 to 12, wherein the outlet end (12) of the
annular combustor (10) is mounted adjacent to the
inlet section (13) for avoiding or limiting leakages of
hot gases when hot gases from the annular combus-
tor (10) enters the gas turbine (3).

14. A gas turbine (3) for a gas turbine engine (1) com-
prising an inlet section (13) and at least one connec-
tion element (17, 18) adjacent to the inlet section
(13) for coupling with at least one of the first connec-
tion element (31) and the second connection ele-
ment (32) of an annular combustor (10) according
to any of the claims 1 to 8.
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