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Title of Invention

COMBUSTION DEVICE FOR & GAS TURBINE

Detailed Explanation of the Invention
TECHNICAL FIELD

The present invention relates to a combustion device
for a gas turbine.

In particular the present invention refers to lean
premixed low emigsion combustion devices.

The combustion device may be the first and/or the
gecond combustion device of a sequential combustion gas
turbine or a combustion device of a traditional gas turbine
{i.e. a gag turbine not being a seguential combustion gas
turbine) .

For sake of simplicity and clarity, in the following
only reference to a reheat combustion device (i.e. the
second combustion device of a seguential combusticon gas

turbine) is made.

BACKGROUND OF THE INVENTION

During gas turbine operation, heavy thermo acoustic
pulsations may be generated in the combustion chamber, due
to an unfavourable coupling of acoustic and fluctuation of
heat release rate (combustion). The risk of thermc accustic
pulsation generation 1s particularly high when the gas
turbine 1ig provided with lean premixed low emission
combustion devices.

These pulgations act upon the hardware of the

combustion device and the turbine to heavy mechanical
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vibrations that can result in the damage of individual
parts of the combustion device or turbine; therefore
pulgation must be suppressed.

In oxder to suppress oscillations, combustion devices
are usually provided with damping devices; typically
damping devices consist of guarter wave tubes, Helmholtz
dampers or acoustic screens.

US2005/0224581 discloses a reheat combustion device
with a mixing tube and a front plate. The front plate has
an acoustic screen having holes; parallel to the accustic
gcreen and apart from it, an impingement plate also
provided with holes, ensuing cooling of the device, is
provided.

During operation, air {from a plenum containing the
combustion device) passes through the impingement plate,
impinges on the acoustic screen (cooling it) to then pass
through the acoustic screen and enter the combustion
chamber.

Nevertheless this damping system hag some drawbacks.

In fact, cooling of the acoustic screen reguires a
large air mass flow, which must be diverted from the plenum
into the damping volume in corder to cool it.

Thisg, in addition to reducing the damping efficiency,
also increases the air mass flow, which does not take part
in the combustion, such that the flame temperature

increages and the NO, emigsions are congsegquently high.
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SUMMARY OF THE INVENTION

The technical aim of the present invention is
therefore to provide a combustion device by which the said
problems of the known art are eliminated.

Within the gcope of thig technical aim, an cbject of
the invention isg to provide a combustion device in which a
reduced air mass flow (when compared to traditional
combustion devices) is diverted from the plenum into the
damping volume.

Another aspect of the invention i1g to provide a
combustion device that has a high damping efficiency and
limited N0, emigsicns when compared to corresponding
traditional devices.

The technical aim, together with these and further
aspects, are attained according to the invention by
providing a combusticon device in accordance with the
accompanying claims.

Advantageously, the cooling device in the embodiments
of the invention dces not have any influence or only a
limited influence on the damping performance in terms of

frequency and efficiency.

Furthexr characteristics and advantages of the
invention will be more apparent from the desgcription of a
preferred but non-exclusive embodiment o©of the combustion
device according to the invention, illustrated by way of

non-limiting example in the accompanying drawings.
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Brief Explanation of the Drawings

Figure 1 1s a schematic view of a reheat combustion
device;

Figure 2 is a cross section of the front plate of the
mixing tube;

Figure 3 ig a cross section through lines III-III of
figure 2;

Figures 4-8 are top views of plate portions for
manufacturing a front plate according to figure Z;

Figures 9-12 are different embodiments of the plate
defining conduits parallel to a wall delimiting the innerx
of the combustion device; and

Figure 13 is a further embodiment of the plate
defining conduits parallel to a wall delimiting the inner

of the combustion device; the conduits have a coil shape.

DETAILED DESCRIPTION OF THE INVENTION

With reference to the figures, these show a combustion
device generally indicated by the reference number 1.

The combustion device 1 has a mixing tube 2 and a
combustion chamber 3 connected to each other via a front
plate 4; these elements are contained in a plenum 5 into
which compressed air coming from a compressor (the
compregsor of the gas turbine) is fed.

Above a combustion device being the second combustion
device cf a seguential combustion gas turbine was described,

it is anvhow c¢lear that in different embodiments of the
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invention the combustion device may also be the first
combustion device of a sequential combustion gas turbine or
also the combustion device of a traditional gas turbine
having one single combustion device or combustion device
row. These combusticon devices are well known in the art and
are not described in detail in the folliowing; for sake of
simplicity and clarity reference only toc the second
combustion device of a seguential combustion gas turbine is
hereinafter wmade.

The combustion device 1 comprises portions 6 provided
with an inner and an outer wall 7, 8.

These portions 6 may be located at the front plate 4
and partiy at the combusticon chamber wall (as shown in
figure 1) or, in other embodiments, at the mixing tube wall,
at the front plate, at the combustion chamber wall or also
a combination therecf (i.e. at the wall of the mixing tube
2 and/or combustion chamber 3 and/or front plate 4).

The inner wall 7 has first passages 9 connecting the
zone between the inner and outer wall 7, 8 to the inside 10
of the combustion device 1.

In addition second passages 12 are provided, having
inlets 13 connected to the outer 14 of the combustion
device 1 and passing through the outer wall 8 for cooling
the inner wall 7.

Between the inner and outer wall 7, 8 an intermediate
laver 17 is provided defining a plurality of chambers 18.

Each chamber 18 is connected to one or mere than one

first passage 9 and a plurality of second passages 12 and
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defines one or a plurality of Helmholtz dampers.

The second passages 12 open in third passages 22
connected to the chamber 18; in addition, the second
passages 12 have facing outlets 23.

The third passages 22 open at the same side of the
chambers 18 as the first passages 9 and the second passages
12 have a portion extending parallel to the inner wall 7.

For sake of clarity, in figure 2 the first passage 9
and the third passage 22 are shown with a different
diameter; it is anyhow clear that in different embodiments
thelr diameter may alsco be the same or each between the
first passage 9 and the third passage 22 may have the
largest and/or the smallest diameter.

Ags gshown, the sgecond passages 12 have portions
assoclated in couples with overlapping longitudinal axis 25.

Preferably, between the facing outlets 23 of the
associated second passages 12 an obstacle 26 in provided,
for example defined by a wall interposed between the
assoclated passages 12.

Iin addition, advantageously each of the second
pasgages 12 has a diffuser 27 at its outlet 23.

The portion 6 has a layered structure made of at least
the inner wall 7, the intermediate layer 17 and ocuter wall
8 {and eventually also one or more further layers
interposed between the first and second wall 7, 8); this
layered structure is made of a plurality of plates
{(defining the imnner and outer wall 7, &, the interposed

layer 17 and the eventual further layers) connected one to
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the other and provided with apertures to define the first,
the second and the third passages 9, 12, 22 and the
chambers 18.

In one embodiment the apertures defining the first,
the second and the third passages 9, 12, 22 and the
chambers 18 are through apertures; this embodiment is shown
in figure 2.

In this embodiment between the first and the second
wall 7, 8, in addition to the intermediate layer 17, also
two  further lavers 29 {cooling passage layer), 30
{gseparation laver) are provided, such that the layered
gtructure is made of five plates one connected to the other
(for example brazed or via screws).

In a different embodiment the apertures defining the
first, the second and the third passages 9, 12, 22 and the
chambers 18 comprise one or more blind apertures.

In this respect the inner wall 7 and the layer 2% may
be manufactured in ocone element, in this case the portions
of the first passages 12 in the layer 29 are defined by
blind apertureg (for example blind millings); the portions
of the third passages 22 are defined by a portion of the
same millings or by a blind aperture connected thereto (for
example a blind hole, example not shown). The portions of
the first passages 9 in the wall 7 and layer 29 are defined
by through apertures (for example through holesg) .

The layer 30 may be realised in one element with
through apertures {such as through holesg} defining the

portion of the first, second and third passages 9, 12, 22
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through it.

The outer wall 8 and the intermediate layer 17 may be
realised in one element with through apertures (through
heoles) defining the portion of the second passages 12
through it and blind apertures (blind holesg) defining the
chambers 18.

Naturally further different embodiments are possible,
for example the inner wall 7 may be manufactured in one
element, the two layvers 29, 30 may also be manufactured in
one element and the intermediate layers 17 and outer wall 8
in one element; alternatively the outer layers may be
manufactured in one element, the layers 17 and 30 in one
element and the inner wall 7 and laver 29 in one element.
It ig clear that algo further embodiments are possible that
are not described in detail for brevity and because they
are clear for the skilled in the art on the bagis of what
explained.

For sake of clarity, figures 4-8 ghow a possgible
implementation o©of a layered structure made of five
different elements; all the apertures in these elements are
through apertures (heles or millings) .

Figure 4 shows the outer wall 8; in this figure the
apertures defining the portion of the second passages 12
through this wall are shown; in addition the chamber 18
(defined in the intermediate layer 17) is shown in dotted
line,

Figure 5 shows the intermediate wall 17; in this

figure the apertures defining the portion of the second
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pagssages 12 through this wall and the chamber 18 are shown.

Figure 6 shows the layer 30; in this figure the
apertures defining the portion of the second passages 12
and of the first passages 9 and, in addition, the thirxd
passage 22 through this wall are shown; in addition the
chamber 18 (defined in the intermediate layer 17) is shown
in dotted line.

Figure 7 shows the layer 29; in this figure the
apertures {millings) defining the portion of the second
paggages 12 and the aperture (typically a hole) defining
the portion of the first pasgsages 9 through this wall are
gshown; the third passage 22 (defined in the layer 30) and
the chamber 18 {(defined in the intermediate layer 17) are
also shown in dotted line; in addition the portion of the
third passages 22 in the layer 29 and the outlets 23 are
indicated. Also the obstacle 26 is shown in this figure.

Figure 8 ghowg the inner wall 7; in this figure the
portion of the firgt passage 9 through this wall is shown;
in addition the chamber 18 (defined in the intermediate
layer 17) is also shown in dotted line.

In compliance with what already described, figures 9-
11 show further possible embodiments for the layer 29. Like
reference numbers define in these figures identical or
gimilar elementg; the other walls and layver must be
modified accordingly and are not shown 1in the attached
figures. Also in these figures all apertures are through
apertures.

Figure ¢ shows an embodiment with four apertures
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(millings} defining porticons of the gecond passages 12,
alsc 1in this figure the aperture (hole) defining the
portion of the first passages 9 through this wall is shown.
Moreover, the third passage 22 (defined in the layer 30),
the chamber 18 {(defined in the intermediate layer 17}, the
outlets 23 defined when the layexs 29 and 30 are connected
one cnto the other are shown.

Figure 10 shows an embodiment with two apertures
(being millings} having the diffuser 27, figure 11 shows an
embodiment without the obstacle 26 between the second
passages 12 and figure 12 ghows an embodiment with three
second passages 12 having facing ocutlets 23 associated to
each third passage 22.

Figure 13 shows a further embodiment with two coil
shaped apertures.

The operation of the combustion device in the
embodiments of the invention 1is apparent £from what
described and illustrated and is  substantially the
folliowing.

Air enters via the inlet 13 and passes through the
second passages 12, cooling the portion 6; afterwards air
is discharged intco the chamber 18. In additicn, hot gas
cscillates 1in the first passage 9 damping acoustic
pulsations.

When entering the chamber 18, gince each air flow
coming Ifrom a pagsgage 12 impinges on another air flow
coming from a facing passage 12, there is no intense air

flow entering the chamber 18, but air enters the chamber 18
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spreading in all directionsg; this avoids the formation of
an air recirculation zone inside the chamber 18 that may
influence the gas oscillation through the first passage 9
affecting the damping effect. For the sgsame yeason, the
obstacle 26 is preferably provided, such that before each
alr flow impinges on another alr flow, it impinges on the
obstacle 26 sgpreading towards the chamber 18 in all
directions.

Likewise, the diffuser 27 causes the ailr flow that
enters the chamber 18 to reduce its Kkinetic energy, in
order to reduce the probkability of formation of air
recirculation zones within the chamber 18.

Since cooling ig wvery efficient a reduced amount of
alr may be provided via the second passages 12 into the
chambers 18 in order to c¢ool the chambers 18 and the
layered structure; this allows high damping efficiency and
reduced NO, emissions.

In addition, thanks to the improved cooling, an impact
of the cooling on the damping performance ig prevented or
hindered.

Naturally the features described may be independently
provided from one another.

In practice the materials used and the dimensions can
be chogsen at will according to reguirements and to the

state of the art.
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REFERENCE NUMBERS
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mixing tube
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front plate
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longitudinal axis of porticn cf 12
obstacle

diffuser
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Claims

1. Combustion device (1) for a gas turbine comprising a
portion (6) provided with an inner and an outer wall
(7, 8), the inner wall (7 compriging first passages
(%) connecting the zone between the Iinner and outer
wall {7, 8) to the inner (10) of the combustion
device (1) and said outer wall (8) comprising second
passages (12) for c¢ooling the inner wall (7),
characterised in that between the inner and outer
wall (7, 8) an intermediate layer (17) is provided
defining a plurality of chambers (18}, each connected
to at least one first passage (9) and a plurality of
second passages (12} and defining Helmholtz dampers,
wherein said second passages (12} open in thirxd
passages (22), connected to said chambers (18), and
have facing outlets (23).

2. Combustion device (1) ag claimed in ¢laim 1,
characterised in that saild second passages {12) are
agsociated in couples.

3. Combustion device (1} as c¢laimed in claim 2,
characterised in that said associated second passages
(12} have overlapping longitudinal axis (25}.

4. Combustion device (1) as c¢laimed in c¢laim 2,
characterised in that between the facing cutliets (23)
of associated second passages (12) an obstacle ({26)
is provided.

5. Combustion device (1} as c¢laimed in c¢laim 4,

characterised in that said obstacle (26) is defined
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by a wall interposed between the assgsociated second
passages (26} .

Combustion device (1) as claimed in claim 2,
characterised in that each of the second passages
(12) has a diffuser (27) at its outlet (23).
Combustion device (1) as claimed in claim 1,
characterised in that said portion {6) has a layered
structure made of at least said inner wall (7},
intermediate layer (17) and outer wall {(8).
Combustion device {1) as claimed in cilaim 7,
characterised in that said layered structure is made
of a plurality of plate connected one over the other
and provided with apertures to define said first,
said second and said third passages (9, 12, 22) and
said chambexrs (18).

Combustion device {1) ag c¢laimed in c¢laim 8,
characterised in that at least some of or all said
apertures are through apertures.

Combustion device (1) as claimed in claim 8§,
characterised in that at least some of said apertures
are blind apertures.

Combustion device {1} as claimed in c¢laim 1,
characterised in that said third passages (22) open
at the same side of said chambers {(18) as the first
passages {9).

Combustion device (1) as claimed in <¢laim 11,
characteriged in that gaid second pasgsageg (12) have

a portion extending parallel to the inner wall (7}.
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13. Combustion device (1) as ¢laimed 1in c¢laim 1,
characterised by further comprising a layer (29)
adjacent to the inner wall (7) and partly defining
said second passages (12).

14. Combustion device (1} as claimed in claim 13,
characterised in that said inner wall (7) and said
layer (29) adjacent thereto are manufactured in one
piece.

15. Combusgtion device (1) ag clalmed in c¢laim 1,
characterised in that the outer wall (8} and the

intermediate layer (17) are manufactured in one piece.

Abstract

The combustion device (1) for a gas turbine comprises
a portion (6) provided with an inner and an outer wall (7,
8). The inner wall (7) comprises first passages (9)
connecting the zone between the inner and outer wall (7, 8)
to the inner {(10) of the combustion device {1). The outer
wall (8) comprises second passages (12) for cooling the
inner wall (7). Between the inner and outer wall (7, 8) an
intermediate layver (17) is provided defining a plurality of
chambers (18), each connected to at least one first passage
{9) and a plurality of gecond passageg (12} and defining
Helmholtz dampers. These second passages (12) open in third
passages {(22) connected tc¢ the chambers {318) and have
facing outlets (23).

(Fig. 2)
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