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(54)  Burner with improved air-fuel mixing

(57)  Burner(01)fora combustor of a gas turbine, the
burner (01) comprising in fluid flow sequence a swirler
section (02) and a mixing section (12) and an outlet sec-
tion (32) generally arranged around a burner axis (10).
At the swirler section (02) air and fuel are introduced into
the burner (01). The mixing section (12) is downstream
of the swirler section (02) and comprises a tube (24) and
defines a mixing volume (13) to mix the stream of air and

FIG 1

fuel. The outlet section (32) comprises an annular bulge
(34) and a burner outlet (33) therein to introduce the
mixed stream of air and fuel into a combustion chamber.
To enhance the mixing of air and fuel the mixing section
(12) further comprises a sleeve (14) inside the tube (24)
so that an annular channel (23) is defined between the
sleeve (14) and the tube (24).
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Description

[0001] Theinventionrelatestoaburnerofagas turbine
with a swirler section, where fuel and air are introduced
into the burner, a mixing section, to enhance the mixing
of fuel and air, and an outlet section, to bring the fuel-air-
mixture into the combustion chamber.

[0002] In the state of the art there are several different
burner types in use for gas turbines. A representative
burner of that kind, which was the initiation for the inven-
tion, is described in the publication EP 2 815 184 B2. As
any common burner, it extends along an axis and com-
prises in axial order the swirler section, a mixing section
and an outlet section. The swirler section comprises a
few swirler vanes to swirl a stream of fuel and air in an
axial and circumferential direction into the burner interior.
Therefore the swirler vanes comprise several fuel noz-
zles and are spaced apart from each other in circumfer-
ential direction to enable an air stream into the burner
interior. The mixing section, downstream of the swirler
section, comprises a mixing volume to enhance the mix-
ing of fuel and air. At common burners of that kind the
mixing section is realized by the usage of a tube. In con-
nection with the mixing section is the outlet section which
comprises the outlet of the burner to pass the fuel-air-
mixture into the combustion chamber.

[0003] To achieve a high efficiency and the same time
low emissions it is important to realize the best fuel-air-
mixture. One possibility is the increase of length of the
mixing section. But this bears the risk of a flashback from
the combustion chamber into the mixing section. Other
solutions increase the number of swirler vanes. But this
slows down the flow speed, which is also a disadvantage.
[0004] Therefore the object of the invention is the en-
hancement of the fuel-air-mixture.

[0005] The task is solved by a burner according to the
claim 1. The dependent claims respectively relate to pre-
ferred embodiments of the invention respectively inven-
tive improvements.

[0006] The generic burneris determined for the usage
at combustor of a gas turbine. Therefore the burner com-
prises in the fluid flow sequence a swirler section, a mix-
ing section and an outlet section. Those three sections
are generally arranged around a burner axis.

[0007] The swirler section comprises an air flow pas-
sage. Through the air flow passage a stream of air - ox-
ygen containing fluid - can pass into the burner interior.
To enable combustion in the combustor with the usage
of the burner the necessary fuel is introduced at least
partly into the swirler section, more precisely into the
stream of air by the usage of a number of first fuel nozzles.
Therefore the first fuel nozzles are located in the swirler
section and are distributed around the air flow passage
and/or within the air flow passage. The specific arrange-
ment and the specific design of the first fuel nozzles are
not relevant for the currentinvention and known solutions
from the state of the art could be used.

[0008] The mixing section is arranged downstream of
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the swirler section and is realized first of all by the usage
of a tube. The tube extends along the axis of the burner
and has in general a constant inner and outer diameter.
But the shape of the tube could also be different from
that with a changing inner and outer diameter along the
length of the tube and could have cutouts or additions.
Relevant for the mixing section is the generation of a
mixing volume, which is defined inside the tube of the
mixing section. The mixing volume is downstream of the
air fluid passage and conducts the stream of air and fuel
from the air fluid passage through the mixing section.
While the stream of air and fuel from the swirler section
passes the mixing section the mixing of both fluids is
enhanced.

[0009] The outlet section is downstream of the mixing
section and comprises a burner outlet. The burner outlet
builds the downstream end of the mixing volume and
enables the discharge of the mixed stream of air and fuel
from the mixing volume into a combustion zone down-
stream of the burner. To achieve a sufficient stability and
to enable a fixation of the burner in the combustor the
outlet section further comprises an annular bulge. The
annular bulge is arranged at the downstream end of the
tube and can therefore be realized by a thickening of the
tube end.

[0010] According to the invention, to enhance the mix-
ing of air and fuel for an optimized combustion, a sleeve
supplements the mixing section. The sleeve is arranged
radially inwardly of the tube. This arrangement establish-
es an annular channel between the tube and the sleeve.
The arrangement of a sleeve inside of the tube further
leads to the defining of the mixing volume inside the
sleeve. In other words, the mixing section comprises two
separated volumes inside and outside the sleeve, where-
in one volume, the annular channel, substantially sur-
rounds the other volume, the mixing volume.

[0011] The split of the generic mixing volume from the
state of the art into a new mixing volume inside a sleeve
and a further annular channel outside the sleeve gives
the opportunity for a customized mixing of fuel and air
further inside the mixing section and further outside the
mixing section. As result the overall mixing of fuel and
air for a best combustion with low emissions at high ef-
ficiency could be enhanced.

[0012] A further improvement could be achieved if the
annular channel is closed at the upstream end. As result
there is substantially no fluid connection between the air
flow passage in the swirler section and the annular chan-
nel in the mixing section. In contrast the annular channel
isopenatthe downstream end. As resultthe burner outlet
connects the downstream end of both separated vol-
umes, the mixing volume inside the sleeve and the an-
nular channel outside the sleeve, so that one common
stream of mixed air and fuel is discharged through the
burner outlet of the outlet section.

[0013] To achieve the best joint mixing of fuel of air
and fuel and the best distribution of air and fuel from the
burner axis to the outside by the different streams of air
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and fuel on one hand through the mixing volume in the
inside and on the other hand through the annular channel
in the outside a preferred ratio of the cross-sectional area
should be used.

[0014] Firstthe annular channel needs a sufficient size
to enable its positive effect on the mixing of air and fuel.
In this case the annular channel should have preferably
a cross-sectional area of at least 10% of the cross-sec-
tional area defined by the mixing volume. Particular pre-
ferred the cross-sectional area defined by the annular
channel is at least 20% of the cross-sectional area of the
mixing volume.

[0015] On the other hand the annular channel should
not be to oversized compared to the mixing volume, so
that the stream of air and fluid from the air flow passage
is not hindered by a to small size of the mixing volume.
Therefore the cross-sectional area defined by the annular
channel should not exceed 50% of the cross-sectional
area of the mixing volume. Particular preferred the cross-
sectional area of the annular channel should be not more
than 40% of the cross-sectional area defined by the mix-
ing volume.

[0016] At the swirler section air and fuel is introduced
into the interior of the burner more precisely in the air
flow passage. To archive an optimized mixing of air and
fuel the swirler section comprises advantageous two or
more swirler vanes, which are distributed in circumfer-
ence. Those swirler vanes could be arranged at the be-
ginning of the air flow passage and/or within the air flow
passage. The swirler vanes are designed to increase a
circumferential velocity component which leads to a bet-
ter mixing of fuel and air especially in the downstream
mixing section.

[0017] To enable the mixing of air and fuel, first fuel
nozzles needs to be arranged at the swirler section, which
are used to inject at least a portion of fuel in the swirler
section. To archive an advantageous mixing the first fuel
nozzles are distributed in the swirler section in axial di-
rection and/or in circumferential direction. Thereby it is
particularly advantageous if the first fuel nozzles are ar-
ranged within the swirler vanes. The first fuel nozzles
could be used to introduce a first kind of fuel into the
burner.

[0018] To archive a greater flexibility it is further pos-
sible toinject a further portion of the firstkind of fuel and/or
a different second kind of fuel directly into a combustion
chamber downstream of the burner. Therefore the burner
comprises preferably at the bulge atthe downstream side
of the burner a plurality of second fuel nozzles distributed
around the circumference of the bulge. To archive an
optimization of the combustion it is advantage to arrange
the second fuel nozzles with an injection direction into
the combustion chamber pointing at least radially out-
wardly.

[0019] A bestmixture of air and fuel at the burner outlet
could be archived if fuel is further introduced into the an-
nular channel. Therefore it is an advantage if the tube
and/or the bulge comprise a plurality of third fuel nozzles
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distributed at around its circumference. Accordingly the
third fuel nozzles need to be angled at least radially in-
wardly. With the third fuel nozzles it is possible to intro-
duce the first and/or the second kind of fuel. Dependent
on the to be burned fuels also a different third kind of fuel
could be introduced into the annular channel with the
third fuel nozzles.

[0020] The length of the sleeve within the mixing sec-
tion could be different. It is advantageous if the upstream
side the sleeve starts at about the end of the swirler sec-
tion. At the downstream side the sleeve with the open
end of the annular channel the sleeve comprises a down-
stream end. Thereby the downstream end should pref-
erably extend close to the burner outlet and therefore the
downstream end is preferably located in the outlet sec-
tion. The sleeve could extend exactly to the end of the
burner or the downstream end has a certain distance to
the burner outlet.

[0021] The burner with the inventive sleeve makes it
possible to add further fourth fuel nozzles in the sleeve
distributed around the circumference of the sleeve. The
fourth fuel nozzles could be used to introduce fuel into
the mixing volume and/or into the annular channel.
[0022] Preferably the fourth fuel nozzles are arranged
at the downstream end of the sleeve and in particular
angled about parallel to the burner axis (which includes
an angle to the burner axis up to 15°) to introduce the
fuel into the combustion chamber located the down-
stream of the burner.

[0023] Itis obvious advantageous to introduce air into
the annular channel, in particular at the upstream side of
the annular channel. To carry out the task it is particular
advantageous to arrange a plurality of air openings at
the tube. Those air openings need to be distributed
around the circumference of the tube. Thereby it is obvi-
ous that the air openings pass through the tube and con-
nects the outside of the tube with the annular channel.
[0024] To increase the efficiency by the implementa-
tion of the sleeve and the annular channel it is further
advantageous if the air openings are formed to guide air
at least partially in circumference and axially into the an-
nular channel.

[0025] To increase the stability of the burner with the
sleeve it is further advantageous if the sleeve is in con-
nection with the tube by the usage of several connectors.
The connectors are at least firmly attached to the tube
and to the sleeve. Thereby they are distributed at least
in circumference. It is possible to use those connectors
only at one axial position along the length of the mixing
section, but it is also possible to arrange the connectors
axially offset with each other at two or more times. In this
case the sleeve could be made as one piece together
with the tube. But it is also possible, for example, to weld
the tube and/or the sleeve to the connectors.

[0026] To avoid thermal stress by the usage of con-
nectors or to simplify the buildup of the mixing section
preferably spacers are used to keep a certain distance
between the tube and the sleeve. Therefore several
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spacers are distributed at least in circumference, where-
by they are connected with the tube and are in contact
with the sleeve.

[0027] As further modification of the mixing of air and
fuel could be archived if further air could be guided from
outside of the tube into the mixing volume. Therefore
preferably air lines are used which pass through the tube
and the connectors and/or the spacers and next through
the sleeve.

[0028] To provide the advantage fourth fuel nozzles
with fuel fuel lines at least partly inside the sleeve are
necessary. In a first possible solution, the fuel lines ex-
tend through the complete length of the sleeve from the
upstream end to the downstream end to fourth fuel noz-
zles, respectively.

[0029] With the usage of connectors and/or spacers
preferably the fuel lines pass through the tube and the
connectors and/or the spacers and then through the
sleeve down to the fourth fuel nozzles. If the fuel lines
cross the spacers it could be acceptable if a part of the
fuel is lost in the contact of the spacer at the sleeve into
the annular channel.

[0030] A further variation of the mixing in the mixing
volume and in the annular channel could be reached by
the implementation of several mixing openings arranged
in the sleeve distributed in circumference. Obviously the
mixing openings pass through the sleeve to connect the
annular channel with the mixing volume. Here it is ad-
vantageous to form shape of the mixing volume so that
air from the annular channel is guided into the mixing
volume at least partially in circumference and axially. An-
other solution offers the guidance of air, more precisely
a mixture of air and fuel, from the mixing volume into the
annular channel by a shape of the mixing openings which
guide the air at least partially in circumference and axially
into the annular channel.

[0031] To increase the mixing of the stream of air and
fuel from the mixing volume with the stream of air and/or
fuel from the annular channel the shape of the down-
stream end of the sleeve can be varied. Thereby it is
advantageous if the downstream end has a corrugated
shape around the circumference. By the usage of this
preferably solution the distance between the tube and
the downstream end of the tube varies in a repeating
manner. Starting from a in particular circular shape of the
tube and the sleeve upstream of the downstream end
with a medium distance the least distance between the
sleeve and the tube should be lower than 0,5 times the
medium distance by the uses of a corrugated shape. At
the same time the most distance should be at least 1,5
times the medium distance. Itis particular advantageous,
if the least distance is less than 0,25 and/or the most
distance is more than 2 times the medium distance be-
tween the sleeve and the tube.

[0032] The inventive burner enables the building of a
new inventive combustor by the usage of a burner ac-
cording the preceding description.

[0033] Obviously the advantage combustor comprises
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further a combustion chamber, wherein the burner is ar-
ranged upstream of the combustion chamber. Here it is
particular advantageous to arrange the bulge of the burn-
er in the head end of the combustion chamber.

[0034] If the burner comprises second fuel nozzles ar-
ranged in the bulge and/or fourth fuel nozzles arranged
in the downstream end of the sleeve, the fuel nozzles are
preferably designed to conduct the fuel into the combus-
tion chamber.

[0035] In the following figures shows an example for
an inventive burner and a modification of it, wherein

Fig. 1 shows a perspective view on the exam-
ple of the burner;

Fig. 2 shows a longitudinal cross section
through the burner;

Fig. 3and4  shows the downstream end of a modified
burner.

[0036] Infigure 1 an example foraburner 01 according

the invention is shown in a perspective view. The burner
01 extends along a burner axis 10 and could be divided
into three different parts. Thereby it noteworthy, thatthere
is no strict separation between the three parts and it is
not relevant to define a dividing plane along the burner
axis 10. The first part at the upstream end is build by a
swirler section 02. At the swirler section 02 air and fuel,
more precisely a first kind of fuel, are introduced into the
burner. Therefore the swirler section 02 comprises in this
example 4 swirler vanes 04, which define an air flow pas-
sage 03. The air flow passage 03 starts at the free space
between the swirler vanes 04, where air can pass freely
the swirler vanes, and goes up to the downstream end
of the swirler section 02.

[0037] A mixing section 12 builds the second part of
the burner 01 and is arranged downstream of the swirler
section 02. The swirler section 12 is build first of all by a
tube 24, which is in this example cylindrical. The tube 24
surrounds a mixing volume 13 as a free space inside the
mixing section, which follows directly the air flow passage
03 to guide the stream of air and fuel - while mixing them
- to the downstream of the burner 01 located combustion
chamber 09.

[0038] The mixing section 12 is followed by the outlet
section 32. A bulge 34 is arranged at the outlet section
32, which 34 is an extension of the tube 24 just with an
enlarged outer diameter. The mixing volume 13 goes
downstream into the outlet section 32 up to aburner outlet
33. The burner outlet 33 is the interface to a combustion
chamber 09 downstream of the burner 01, whereby the
stream of air and fuel is emitted from the burner 01 into
the combustion chamber 09.

[0039] The key feature for the invention is the integra-
tion of a sleeve 14 in the mixing section 12 to divide the
free space inside the tube 24 into the mixing volume 13
located inside the sleeve 14 and an annular channel 23
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defined by the tube 24 on the outer side and by the sleeve
14 ontheinner side. In this example the sleeve 14 extend
on the downstream side up to a free downstream end
16, which 16 is located in the outlet section 32 in axial
direction close to the burner outlet 33.

[0040] The inventive solution by the integration of the
sleeve 14 could best be seen in figure 2, which shows
an longitudinal cross section through the example of the
burner 01 as shown in fig. 1.

[0041] The shown solution of the burner 01 presents
in the cross section different details (in particular the con-
nection between the tube 24 and the sleeve 14) at the
same time, which should not all be combined if the in-
vention should be realized.

[0042] On the left hand side of the drawing there is the
swirler section 02 with the swirler vanes 03 shown. Start-
ing from the swirler vanes 04 the air flow passage 03
extends as free space up the downstream end of the
swirler section. The swirler vanes 03 are formed to guide
the stream of air and fuel, which flows first of all in an
axial direction, partly in circumferential direction to en-
hance the mixing of air and fuel. Each of the swirler vanes
04 comprises several first fuel nozzles 05, which 05 are
distributed further along the axial extent of the swirler
vanes 04.

[0043] The swirler section 02 is followed downstream
by the mixing section 12 with the tube 24. Downstream
of the mixing section 12 the outlet section 32 with the
annular bulge 34 is located and shown on the right hand
side of the drawing. As obvious shown the bulge 24 com-
prises in this example the same inner diameter as the
tube 24 but with an increased outer diameter compared
to the tube 24. The function of the bulge 34 is to enable
the mounting inside the combustor on the head end side
of the combustion chamber 09. Next the bulge 34 com-
prises an annular fuel line 36 and in connection with the
fuelline 36 several second fuel nozzles 35. Those second
fuel nozzles 35 are arranged on the downstream end of
the outlet section 32 and are formed to inject the fuel
partly in axial direction and partly radially outwards into
the combustion chamber 09.

[0044] Compared to common solutions of a burner the
tube 24 comprises several air openings 27, which 27
break through the tube 24 and is distributed around the
circumference of the tube 24. The air openings 27 are
formed to guide the air from outside of the tube to the
inside of the tube partially in axial direction and partly in
circumferential direction. On the upper side of the draw-
ing a few air openings 27 spaced apart from each other
in axial direction are shown.

[0045] The inventive sleeve 14 is arranged inside the
tube 24 and extends downstream into the bulge 34 close
to the burner outlet 33. With the sleeve 14 the free space
inside the tube 24 (and bulge 34)is divided into the mixing
volume 13 defined by the sleeve 14 and the annular chan-
nel 23 defined between the tube 24 on the radial outer
side and sleeve 14 on the radial inner side.

[0046] Inthis example the annular channel 23 is closed
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at the upstream side, so that there is in particular no fluid
connection to the air flow passage 03. On the down-
stream side at the downstream end 16 of the sleeve 14
the annular channel 23 is open, so that both streams of
air and fuel pass through the mixing volume 13 first and
second through the annular channel 23 together the
burner outlet 33.

[0047] The drawing shows further different solutions
to connect the sleeve 14 with the tube 24. At the lower
side of the drawing close to the upstream end of the mix-
ing section 12 a connector 26a is used to solidly connect
the sleeve 14 with the tube 24. This will increase the
stability of the solution, but the thermal expansion needs
to be considered. The solid connection could be realized
by an integral forming of the mixing section 12 with the
tube 24 and the sleeve 14 as one piece. ltis also possible,
for example, to weld the connector 26a at the tube 24
and/or at the sleeve 14.

[0048] A different kind of a connector 26b is shown at
the end of the tube 24 on the lower side of the drawing.
This connector 26b formed like a strap will increase the
flexibility especially in radial direction, so that different
thermal expansion in radial direction could not destroy
the connection between the tube 24 and the sleeve 14.
[0049] On the other hand it is possible to use spacers
28, which 28 is shown on the upper side of the drawing.
Those spacers could be solidly connected to the tube 24
but are only in contact to the sleeve 14. With this solution
the concentricity of the sleeve 14 to the tube 24 could be
ensured but compared to the connectors 26 thermal
stress because of different thermal expansion is avoided.
[0050] As further detail the drawing shows different so-
lutions to guide air from the outside of the burner 01 into
the mixing section 12. As one solution downstream of
the air openings 27 breaking though the tube 24 a plurality
of mixing openings 17 could be arranged in the sleeve
14, whereby the mixing openings 17 are also distributed
in circumferential direction. In accordance with the air
openings 27 the mixing openings 17 could be arranged
two or more times along the axis of the burner. In this
example the mixing openings are formed to guide air from
the annular channel 23 into the mixing volume 13 partly
in axial direction and also partly in circumferential direc-
tion.

[0051] Even if not shown, it is also possible to use dif-
ferent mixing openings to guide air and fuel from the mix-
ing volume 13 into the annular channel 23 again partly
in axial direction and partly in circumferential direction.
[0052] For another solution to guide air into the mixing
volume 13 within the connector 26a and the spacer 28
air lines 18 are used. The air lines 18 pass through the
tube 24 and next though the connector 26a respectively
through the spacer 28 and then through the sleeve 14.
[0053] To enable the possibility for an optimized com-
bustion within the combustor and to enable the usage of
a different kind of fuel the burner further comprises third
fuel nozzles 15 and fourth fuel nozzles 25. The third fuel
nozzles 15 are arranged at the downstream end 16 of
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the sleeve 14 pointing downstream parallel to the burner
axis 10 into the combustion chamber 09. The fuel supply
is realized by the integration of a branched fuel line partly
through the tube 24, next to a connector 26b and partly
through the sleeve 14. To induct fuel into the annular
channel 23 several fourth fuel nozzles 25 are arranged
into the bulge 34, which each point into the annular chan-
nel 23 partly in axial direction and partly in circumferential
direction. The fuel nozzles 25 are in fluid connection with
a further annular fuel line 37 inside the bulge 34.
[0054] To enhance the mixingitis possible to vary the
design of the sleeve 64 as shown in the figures 3 and 4,
with shows a further example of a burner 51 at the down-
stream side whereby other details than the modification
have been omitted.

[0055] The sleeve 64 inside the tube 74 again divides
the space into the mixing volume 63 and the annular
channel 73. The difference to the solution shown in the
fig. 1 is characterized by the shape of the free down-
stream end 66 of the sleeve 13. Instead of a simple cy-
lindrical sleeve 13 the sleeve 64 in this example features
acorrugated downstream end 66. As aresultthe distance
between the downstream end 66 of the sleeve 64 and
the annular bulge 84 varies between about 0,4 and about
2,0 of the medium distance between the sleeve 64 and
the tube 74.

Claims

1. Burner (01, 51) for a combustor of a gas turbine, the
burner (01, 51) comprising in fluid flow sequence a
swirler section (02) and a mixing section (12, 62) and
an outlet section (32, 82) generally arranged around
a burner axis (10),

- the swirler section (02) comprises an air flow
passage (03) and a plurality of first fuel nozzles
(05) that are distributed around and/or within the
air flow passage (03),

- the mixing section (12, 62) is downstream of
the swirler section (02) and comprises a tube
(24, 74) and defines a mixing volume (13, 63),
the mixing volume (13, 63) is in fluid communi-
cation with the air flow passage (03),

- the outlet section (32, 82) is downstream of the
mixing section (12, 62) and comprises an annu-
lar bulge (34, 84) at the downstream end of the
tube (24, 74) and a burner outlet (33, 83) down-
stream of the mixing volume (13, 63),

characterized in that

the mixing section (12, 62) further comprises a
sleeve (14, 64) located radially inwardly of the tube
(24, 74) and an annular channel (23, 73) is defined
between the sleeve (14, 64) and the tube (24, 74),
wherein the mixing volume (13, 63) is defined radially
inwardly of the sleeve (14, 64).
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2.

10.

Burner (01, 51) according to claim 1,

wherein

the annular channel (23, 73) is closed at its upstream
end and is open at its downstream end.

Burner (01, 51) according to claim 1 or 2,

wherein

the annular channel (23, 73) has a cross-sectional
areaofatleast 10%, in particular atleast 20%, and/or
not more than 50%, in particular not more than 40%,
of the cross-sectional area of the mixing volume (13,
63).

Burner (01) according to any of the claims 1 to 3,
wherein

the swirler section (02) comprises swirler vanes (04)
at the beginning and/or within the air flow passage
(03) to swirl air and/or fuel atleast partially in circum-
ferential direction, wherein in particular the first fuel
nozzles (05) are arranged within the swirler vanes
(04).

Burner (01) according to any of the claims 1 to 4,
wherein

the bulge (34) comprises a plurality of second fuel
nozzles (35) distributed around its circumference
and angled at least radially outwardly.

Burner (01, 51) according to any of the claims 1 to 5,
wherein

the tube (24) and/or the bulge (34) comprises a plu-
rality of third fuel nozzles (25) distributed at around
its circumference angled at least radially inwardly.

Burner (01, 51) according to any of the claims 1 to 6,
wherein

the sleeve (14, 64) comprises a downstream end
(16, 66) located in the outlet section (32, 82).

Burner (01, 51) according to any of the claims 1to 7,
wherein

the sleeve (14) comprises a plurality of fourth fuel
nozzles (15) distributed around its circumference.

Burner (01, 51) according to claim 8,

wherein

the fourth fuel nozzles (15) are arranged at the down-
stream end (16), in particular angled about parallel
to the burner axis (10).

Burner (01, 51) according to any of the claims 1 to 9,
wherein

the tube (24) comprises a plurality of air openings
(27) distributed around its circumference, wherein in
particular the air openings (27) are formed to guide
air at least partially in circumference and axially into
the annular channel (23).
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Burner (01, 51) according to any of the claims 1to 10,
wherein

several connectors (26) are distributed at least in
circumference connecting the tube (24) with the
sleeve (14); and/or

wherein

several spacers (28) are distributed at least in cir-
cumference connected with the tube (24) and are in
contact with the sleeve (14).

Burner (01, 51) according to claim 11,

wherein

air lines (18) pass through the tube (24) and the con-
nectors (26) and/or the spacers (28) and the sleeve
(14) to guide air into the mixing volume (13); and/or
wherein

fuel lines pass through the tube (24) and the con-
nectors (26) and/or the spacers (28) and the sleeve
(14) to guide fuel to the fourth fuel nozzles (15).

Burner (01, 51) according to any of the claims 1to 12,
wherein

the sleeve (14) comprises several mixing openings
(17) distributed in circumference , wherein in partic-
ular the mixing openings (17) are formed to guide air
at least partially in circumference and axially from
the annular channel (23) into the mixing volume (13)
and/or from the mixing volume (13) into the annular
channel (23).

Burner (51) according to any of the claims 7 to 13,
wherein

the downstream end (66) has a corrugated shape
around the circumference whereby the distance to
the tube (74) respectively the bulge (84) varies re-
peating between lower than 0,5, in particular lower
than 0,25, and higher than 1,5, in particular higher
than 2,0, of the medium distance of the sleeve (64)
to the tube (74).

Combustor for a gas turbine,

characterized by

the usage of at least one burner (01, 51) according
to any of the proceeding claims.

Combustor to according claim 15,

wherein

the combustor comprises a combustion chamber,
wherein the burner (01, 51) is arranged upstream of
the combustion chamber, in particular the bulge (34,
84) is arranged in the head end of the combustion
chamber (09).

Combustor according

wherein

the second fuel nozzles (35), and in particular the
fourth fuel nozzles (15), pointing into the combustion
chamber (09).
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