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(54) Gas turbine burner for reactive fuels

(57)  The invention relates to a burner (1) for a gas
turbine with a supply zone (2) for supplying fuel and air
and a subsequent mixing zone (3) for premixing fuel and
air, the mixing zone (3) having an upstream end (4) and
a downstream end (5) and comprising a plurality of
premix jet pipes (6) for mixing air and fuel, each with an
inlet (7) and an outlet (8), arranged around a central burn-
er axis (9) and extending between the upstream end (4)
and the downstream end (5), wherein closer to the up-

FIG 1 1

\

stream end (4) the premix jet pipes (6) are straight and
parallel to each other and wherein closer to the down-
stream end (5) the premix jet pipes (6) are bent away
from the central burner axis (9) wherein a bending of the
premix jet pipes (6) increases with the distance between
premix jet pipe (6) and central burner axis (9), wherein a
diameter (11) of the premix jet pipes (6) is between 0.5
mm and 10 mm.
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Description

[0001] The present invention relates to a gas turbine
burner for reactive fuels, in particular for annular com-
bustors.

Background of the Invention

[0002] In a gas turbine engine, a working fluid, like air,
being compressed by a compressor enters a burner sec-
tion where combustion of a mixture of the working fluid
and a fuel occurs. The resulting combustion gas drives
a turbine through the expansion and deflection of the gas
through the turbine of the gas turbine engine. The turbine
work or a part thereof is transferred to the compressor
through an interconnecting shaft. The compressor dis-
charge temperature in modern gas turbine engines may
be well above 420°C. In case the gas turbine engine is
operated with highly reactive fuels, like hydrogen, auto-
ignition of a hydrogen/air mixture may occur with these
temperatures. Since the burner is situated after the com-
pressor it may have surface temperatures like the tem-
perature of the compressor discharge. Thus, a risk for
flashbacks may be disadvantageously enhanced.
[0003] In diffusion combustion, the oxidizer (e.g. air)
combines with the fuel by diffusion, and as a result, the
flame speed is limited by the rate of diffusion with rela-
tively high emissions. Premix combustion is a combus-
tion process intended to be used for low exhaust pollu-
tion. Fuel and air are mixed before entering a combustion
chamber. As an example, fuel is introduced by a jet in
crossflow arrangement where the fuel is injected perpen-
dicular to the airstream passing through the burner. Un-
fortunately, near these fuel jets there are always low
speed zones, where the fuel concentration is sufficiently
high to be ignited by the hot burner geometry. Conse-
quently, itis currently avoided to use highly reactive fuels
in this kind of combustion system.

[0004] Modern gas turbines featuring advanced dual
fuel Dry Low Emission, DLE combustion systems expe-
rience limitations in the ability to use high amounts of
hydrogen in the fuel. The main hurdles are flashback risk
and high Nitrogen Oxide emissions, NOx.

[0005] The problem has up to now been tried to be
solved by adjusting the fuel concentration in the standard
burner, also the swirl number has been adjusted. These
measures have not been enough to enable stable oper-
ation with low emissions for highly reactive fuels such as
blends with high amounts of hydrogen.

[0006] Itis an objective of the present invention to pro-
vide a burner with which the above-mentioned shortcom-
ings can be mitigated, and especially, a secure and reli-
able operation of the burner can be ensured.

[0007] This objective may be solved by a burner ac-
cording to claim 1.
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Summary of the Invention

[0008] Accordingly, the present invention provides a
burner for a gas turbine with a supply zone for supplying
fuel and air and a subsequent mixing zone for premixing
fuel and air, the mixing zone having an upstream end
and a downstream end and comprising a plurality of
premix jet pipes for mixing air and fuel, each with an inlet
and an outlet, arranged around a central burner axis and
extending between the upstream end and the down-
stream end, wherein closer to the upstream end the
premix jet pipes are straight and parallel to each other
and wherein closer to the downstream end the premix
jet pipes are bent away from the central burner axis
wherein a bending of the premix jet pipes increases with
the distance between premix jet pipe and central burner
axis, wherein a diameter of the premix jet pipes is be-
tween 0.5 mm and 10 mm.

[0009] The multiple premix jet pipes premixing main
fuel with air offer an opportunity to operate with up to
100% hydrogen in the fuel. This is enabled by the fact
that the relatively small diameter of the tubes prevents
the flame to protrude upstream into the burner, so called
flashback. The risk for flashback is also reduced by the
fact that there is low or no swirl in the tubes. The stability
of the combustion system is maintained by outer recir-
culation zones created by the plug flow created by the
bundle of the premixed jets combined with sudden ex-
pansion outside the burner.

[0010] It is preferable, that the bending of the premix
jet pipes is not limited to the radial direction but also has
a tangential component, thereby creating a collective
gross swirl of the exiting flow, if needed.

[0011] Preferably inlets of premix jet pipes at the up-
stream end of the mixing zone are connected to an air
plenum. Hence, air can be supplied to all premix jet pipes
commonly avoiding the need to connect individually to a
relatively large number of premix jet pipes. Further, the
air flow is balanced, and assembly is easy.

[0012] Preferably the downstream end of the burner is
formed by a convex end cover with evenly distributed
openings, wherein premix jet pipe outlets are aligned with
the openings of the end cover.

[0013] Moreover, the plurality of premix jet pipes is sur-
rounded by a shell extending between the air plenum and
the end cover such that a space is formed in which the
premix jet pipes extend, the space being closed at the
downstream end and having an annular gap at its up-
stream end between the shell and the air plenum. Fuel
fed through this gap to this space is equally distributed
therein and enters the premix jet pipes through lateral
openings arranged in the premix jet pipes. Under oper-
ating conditions, the premix jet pipes are surrounded by
main fuel, cooling the burner body and tip.

[0014] Preferably the burner comprises a pilot fuel cav-
ity arranged in the shell and extending in circumferential
direction and from which pilot fuel channels branch off
and extend parallel to the premix jet pipes in the direction
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to the downstream end. The stability and the start-up
ability of the burner are further enhanced by the outer
pilot adding pilot fuel in the outer recirculation zones.
[0015] It is advantageous when the burner comprises
a fuel stem with hollow struts connecting the fuel stem
mechanically to the shell, and fluidly to the space and
the pilot fuel cavity for providing fuel. It also enables com-
bustion air to reach the air plenum and the premix pipes
with low pressure drop without swirl. This construction
finally allows for a simple and safe provision of fuel and
air to the mixing zone.

[0016] The proposed burner has an architecture that
enables main burner geometry to be kept inside existing
DLE (= dry low emission) burner types for normal gase-
ous fuel which makes this burner type very attractive for
retrofit in existing DLE systems. Also, Additive Manufac-
turing is beneficial to achieve the multiple small air and
fuel passages.

[0017] This burnertype can be adapted to many types
of combustion systems but is especially suited for an an-
nular gas turbine combustor characterized by a plurality
of burners, combustor backwall, outer wall and inner wall.

Brief Description of the Drawings

[0018] The presentinvention will be described with ref-
erence to drawings in which:

FIG 1 shows schematically a sectional view of the
gas turbine burner according to the invention,

FIG 2 shows a close-up view of the premix pipes of
the burner of FIG 1,

FIG 3 shows a view of the burner of FIG 1 from the
upstream side and

FIG 4 shows a view from the downstream side of an
example of a plurality of burners in an annular com-
bustor.

[0019] FIG 1 shows a burner 1 for a gas turbine ac-
cording to the invention in a sectional view. Said burner
1 comprises a supply zone 2 for supplying fuel and air
and a subsequent mixing zone 3 for premixing fuel and
air, the mixing zone 3 having an upstream end 4 and a
downstream end 5.

[0020] The mixing zone 3 comprises a plurality of
premix jet pipes 6 for mixing air and fuel, each with an
inlet 7 and an outlet 8, arranged around a central burner
axis 9 and extending between the upstream end 4 and
the downstream end 5. It can be seen from FIG 1 that
closer to the upstream end 4 the premix jet pipes 6 are
straight and parallel to each other and closer to the down-
stream end 5 the premix jet pipes 6 are bent away from
the central burner axis 9 wherein a bending of the premix
jet pipes 6 increases with the distance between premix
jet pipe 6 and central burner axis 9. The pipe bending
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shown in Fig 1 is indicated only in the radial direction.
However, bending of pipes is not limited to this direction,
also tangential bending is possible.

[0021] The diameter 11 of the premix jet pipes 6 is be-
tween 0.5mm and 10 mm to prevent the flame to protrude
upstream into the burner 1, so called flashback.

[0022] Inlets 7 of the premix jet pipes 6 at the upstream
end 4 of the mixing zone 3 are connected to an air plenum
12.

[0023] The downstream end 5 of the mixing zone 3 is
formed by a convex end cover 13 with evenly distributed
openings 14, and premix jet pipe outlets 8 are aligned
with the openings 14 of the end cover 13.

[0024] The plurality of premix jet pipes 6 is surrounded
by a shell 15 extending between the air plenum 12 and
the end cover 13 such that a space 16 is formed in which
the premix jet pipes 6 extend, the space 16 being closed
at the downstream end 5 and having an annular gap 17
at its upstream end 4 between the shell 15 and the air

plenum 12.
[0025] Lateral openings 18 are arranged in the premix
jet pipes 6.
[0026] A pilot fuel cavity 19 is arranged in the shell 15

and extending in circumferential direction and from which
pilot fuel channels 20 branch off and extend parallel to
the premix jet pipes 6 in the direction to the downstream
end 5.

[0027] The burner 1 is built on a traditional fuel stem
21 bringing fuel from outside the gas turbine. Hollow
struts 22 connect the fuel stem 21 mechanically to the
shell 15, and fluidly to the space 16 and the pilot fuel
cavity 19 for providing fuel. The main fuel 25 and the pilot
fuel 26 are led in channels 23 inside the struts 22 and
are transported to the premix jet pipes 6, which are sur-
rounded by main fuel, cooling the burner body and tip,
and the pilot fuel cavity 19. The pilot fuel 26 is tangentially
distributed in the pilot fuel cavity 19 and then distributed
to the pilot fuel nozzles 24.

[0028] This open structure defined by the struts 22 en-
ables combustion air 27 to reach the premix jet pipes 6
with low pressure drop without swirl.

[0029] FIG 2 shows a close-up view of the premix jet
pipes 6 with a part of the air plenum 12 as well as the
pilot fuel cavity 19 of the burner 1 of FIG 1. The pilot fuel
cavity 19 is arranged in the shell 15 and extends in cir-
cumferential direction. Pilot fuel channels 20 branch off
the pilot fuel cavity 19 and extend parallel to the premix
jet pipes 6 in the direction to the downstream end 5.
[0030] The close-up view of FIG 2 shows quite clearly
the lateral openings 18 which are arranged in the premix
jet pipes 6 as well as the detailed structure of the premix
jet pipes 6 themselves with their inlets 7 on the left of FIG
2 to the air plenum 12 as well as their outlets 8 on the
right of FIG 2 to the combustion chamber 28 through
openings 14 in the convex end cover 13.

[0031] FIG 3 shows a view of the burner of FIG 1 from
the upstream side at the position of the fuel stem 21,
which is positioned on the central burner axis 9. From
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the fuel stem 21 struts 22 branch off in downstream di-
rection outwardly in order to connect to the shell 15 sur-
rounding the evenly in a circle distributed premix jet pipes
6, which are also shown in FIG 3 unless hidden by the
stem 21 and the struts 22 in this view.

[0032] FIG 4 shows a view from the downstream side
in upstream direction of an example of a plurality of burn-
ers 1in an annular combustor. Each burner 1 shows an
inner circle with premix jet pipe 6 outlets 8 surrounded
by a ring with evenly distributed pilot fuel nozzles 24.

Claims

1. Burner (1) for a gas turbine with a supply zone (2)
for supplying fuel and air and a subsequent mixing
zone (3) for premixing fuel and air, the mixing zone
(3) having an upstream end (4) and a downstream
end (5) and comprising a plurality of premix jet pipes
(6) for mixing air and fuel, each with an inlet (7) and
an outlet (8), arranged around a central burner axis
(9) and extending between the upstream end (4) and
the downstream end (5), wherein closer to the up-
stream end (4) the premix jet pipes (6) are straight
and parallel to each other and wherein closer to the
downstream end (5) the premix jet pipes (6) are bent
away from the central burner axis (9) wherein a bend-
ing of the premix jet pipes (6) increases with the dis-
tance between premix jet pipe (6) and central burner
axis (9), wherein a diameter (11) of the premix jet
pipes (6) is between 0.5 mm and 10 mm.

2. Burner (1) according to claim 1, wherein the bending
of the premix jet pipes (6) has also a tangential com-
ponent.

3. Burner (1) according to claim 1 or claim 2, wherein
inlets (7) of the premix jet pipes (6) at the upstream
end (4) of the mixing zone (3) are connected to an
air plenum (12).

4. Burner (1) according to claim 1 or claim 2, wherein
the downstream end (5) of the mixing zone (3) is
formed by a convex end cover (13) with evenly dis-
tributed openings (14), wherein premix jet pipe out-
lets (8) are aligned with the openings (14) of the end
cover (13).

5. Theburner (1) according to claim 4, wherein the plu-
rality of premix jet pipes (6) is surrounded by a shell
(15) extending between the air plenum (12) and the
end cover (13) such that a space (16) is formed in
which the premix jet pipes (6) extend, the space (16)
being closed at the downstream end (5) and having
an annular gap (17) at its upstream end (4) between
the shell (15) and the air plenum (12).

6. Burner (1) according to one of the preceding claims,
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wherein lateral openings (18) are arranged in the
premix jet pipes (6).

Burner (1) according to claim 1 further comprising a
pilot fuel cavity (19) arranged in the shell (15) and
extending in circumferential direction and from which
pilotfuel channels (20) branch off and extend parallel
to the premix jet pipes (6) in the direction to the down-
stream end (5).

Burner (1) according to claim 1, comprising a fuel
stem (21) with hollow struts (22) connecting the fuel
stem (21) mechanically to the shell (15), and fluidly
to the space (16) and the pilot fuel cavity (19) for
providing fuel.
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