
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

22
0 

05
0

A
1

TEPZZ¥  ZZ5ZA_T
(11) EP 3 220 050 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
20.09.2017 Bulletin 2017/38

(21) Application number: 16160740.3

(22) Date of filing: 16.03.2016

(51) Int Cl.:
F23R 3/14 (2006.01) F23R 3/36 (2006.01)

F23R 3/34 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(71) Applicant: Siemens Aktiengesellschaft
80333 München (DE)

(72) Inventors:  
• Bulat, Ghenadie

Lincoln, LN6 8BD (GB)
• Sadasivuni, Suresh

Lincoln, LN5 7RH (GB)

(74) Representative: Maier, Daniel Oliver
Siemens AG 
Postfach 22 16 34
80506 München (DE)

(54) BURNER FOR A GAS TURBINE

(57) It is described a burner (100, 200, 300, 400) for
a gas turbine (10), comprising: a chamber (201, 203) for
combusting a fuel mixture; a first injector (205) for inject-
ing a first fuel (204) into the chamber; a downstream swirl-
er (211) for introducing a mixture of a second fuel (213,

CH4) and air into the chamber; and a upstream swirler
(217) for introducing a mixture of a third fuel (219, NH3)
different from the second fuel and further air into the
chamber.
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Description

Field of invention

[0001] The present invention relates to a burner for a
gas turbine, to a gas turbine and to a method for operating
a burner of a gas turbine.

Art Background

[0002] Gas turbines are commonly used in industrial
applications. To achieve the goal of an environmental
friendly operation of the gas turbine, the gas turbine may
be operated in a DLE (dry low emission) combustion
mode, wherein the gas turbine produces low emissions,
especially low NOx emissions. To achieve this goal, a
good and uniform mixing of air and fuel in a burner of the
gas turbine has to be achieved.
[0003] Generally, combustion hardware for gas turbine
(GT) engines is designed for a specific fuel (i.e. natural
gas, diesel, syngas, landfill gas and other hydrocarbon
fuels with varying Wobbe Index). However, for a hard-
ware that was originally designed for one fuel and later
when operated on a different fuel, the optimal operation
will often be missed resulting in flashback (flame burning
on the combustor surface), flameout (engine shutdown),
combustion dynamics (hardware integrity), high pressure
drop (performance loss) or high emissions.
[0004] Low NOx-emission combustors utilize reduced
peak flame temperatures within the combustor to limit
the formation of thermal NOx through staging strategies
such as lean premixed combustion. As combustion tem-
peratures are decreased in low NOx applications, several
other undesirable combustion phenomena become more
prevalent and must be addressed. The low-NOx limit is
often bounded by the onset of combustion instability in
the form of Lean Blow Out (LBO) also known as flameout.
Lean Blow Out occurs when the thermal energy gener-
ated by the burning fuel/air mixture is no longer sufficient
to heat the incoming fuel-air mixture to the ignition point.
[0005] Several conventional approaches run the en-
gine close to the Lean Blow Off limit. Generally, the fuel
will be introduced in multiple fuel injection holes and with
differing staging across the load range. A pilot/primary
fuel injection is used to control and stabilize locally the
flame, thus avoiding the LBO. Fuel schedule map or in-
telligent control of the fuel splits such as in
WO2007/082608 are generally used to determine the
running path of the engine across the load range. How-
ever, these methods do not allow in all situations to reli-
ably operate the gas turbine, in order to achieve high
efficiency and low emissions.
[0006] Thus, there may be a need for a burner for a
gas turbine and for a method for operating a burner of a
gas turbine, that allow an efficient combustion and at the
same time having low emissions.

Summary of the Invention

[0007] This need may be met by the subject matter
according to the independent claims. Advantageous em-
bodiments of the present invention are described by the
dependent claims.
[0008] According to an embodiment of the present in-
vention, it is provided a burner for a gas turbine, com-
prising a chamber for combusting a fuel mixture, a first
injector for injecting a first fuel (in particular H2) into the
chamber, an downstream swirler for introducing a mix-
ture of a second fuel (in particular CH4) and air into the
chamber, and a upstream swirler for introducing a mix-
ture of a third fuel (in particular NH3) different from the
second fuel and further air into the chamber.
[0009] The burner may be adapted to simultaneously
burn the first fuel, the second fuel and the third fuel. The
downstream swirler and the upstream swirler may be of
a similar configuration/geometry but may have different
dimensions. In particular, the upstream swirler may have
a larger size than the downstream swirler. In particular,
the upstream swirler may introduce a larger amount (e.g.
per time) of the third fuel into the chamber than the down-
stream swirler introduces an amount (e.g. per time) of
the second fuel into the chamber. The second fuel and
the third fuel are different and may have different com-
bustion properties and also different thermo-chemical
properties, such as diffusivity, calorific value, ignition
temperature, flame speed. Depending on the combustion
property of the second fuel and/or the third fuel, the con-
figurations (in particular relative configuration or dimen-
sions) of the downstream and the upstream swirler may
be selected. Further, the relative positioning of the down-
stream swirler and the upstream swirler in the burner may
depend on the different combustion properties of the dif-
ferent fuels and may also depend on the relative amounts
of the second fuel and the third fuel being introduced into
the chamber during the operation of the burner.
[0010] The burner may achieve a reliable combustion
of the three different fuels and may also achieve relatively
low NOx emissions. A controller may control the opera-
tion of the burner, wherein the controller in particular may
adjust the mass flows of the first fuel, the second fuel and
the third fuel and may also control the amount of air in-
troduced via the downstream swirler and/or via the up-
stream swirler.
[0011] According to an embodiment of the present in-
vention, a volume flow rate of the upstream swirler and/or
a position of the upstream swirler relative to the down-
stream swirler is selected based on a combustion prop-
erty of the third fuel, in particular relative to a combustion
property of the second fuel, and/or based on a mass flow
of the third fuel into the combustion chamber, in particular
relative to a mass flow of the second fuel into the com-
bustion chamber, wherein the volume flow rate of the
upstream swirler is in particular between 2 and 5 times
the volume flow rate of the downstream swirler.
[0012] Thereby, an efficient combustion of the different
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fuels may be achieved. The combustion property of the
fuel may include for example diffusivity, calorific value,
ignition temperature, flame speed among others. Taking
into account the combustion properties of the second fuel
and the third fuel may allow to optimally design the ge-
ometry and/or size of the downstream and upstream
swirler.
[0013] In general, the downstream swirler and/or the
upstream swirler may have a design of a so-called radial
swirler which introduces air and the respective fuel using
swirler vanes which guide the air into an inside of the
respective swirler, wherein one or more injectors for the
respective fuel are provided at the swirler vanes, in order
to achieve a mixing of the air with the respective fuel.
The downstream swirler and/or the upstream swirler may
have substantially a cylindrical geometry and may at least
partially surround the chamber of the burner, in particular
a pre-chamber of the burner.
[0014] According to an embodiment of the present in-
vention, the burner is adapted to simultaneously burn a
second fuel together with a third fuel, the third fuel mass
flow rate being between 70% and 97% of a total mass
flow rate burned, wherein a calorific value of the second
fuel is in particular between 1.2 and 5 times a calorific
value of the third fuel, which may in particular comprises
ammonia (NH3According to an embodiment of the
present invention, a position of the downstream swirler
is, in an axial direction away from the first injector (pilot
burner), spaced apart from a position of the upstream
swirler, in particular between 0.5 and 2 times a diameter
of a prechamber of the combustion chamber.
[0015] The upstream swirler may thus be closer (in the
axial direction) located at the first injector from pilot burner
than the downstream swirler. Thereby, the third fuel in-
troduced via the upstream swirler into the chamber of the
burner may stream along a longer mixing path to reach
a combustion region of the burner than the second fuel
which is introduced via the downstream swirler. Thereby,
a larger amount of the third fuel is efficiently supported
and also a lower calorific value relative to the calorific
value of the second fuel may be accounted for.
[0016] According to an embodiment of the present in-
vention, the first, the second and the third fuels flow rates,
at least partially mixed with air, along flow paths having
a first, second and third premixing length (L1, L2, L3),
respectively from an injection location in the burner to a
combustion region within the burner, wherein the burner
is adapted such that the first premixing length is smaller
than the second premixing length and the second premix-
ing length is smaller than the third premixing length,
wherein the first premixing length is in particular between
20 mm and 100 mm, wherein the second premixing
length is in particular between 40 mm and 300 mm,
wherein the third premixing length is in particular between
60 mm and 400 mm.
[0017] The first fuel may have a highest calorific value,
the second fuel may have a medium calorific value and
the third fuel may have the lowest calorific value of all

fuels used during operation of the burner.
[0018] According to an embodiment of the present in-
vention, the downstream swirler comprises second injec-
tors and the upstream swirler comprises third injectors
for supplying the second and third fuels respectively, into
the swirlers, wherein a diameter (e.g. inner pitch circle
diameter) of the upstream swirler is in particular between
150 mm and 450 mm, wherein inner pitch circle diameter
of the downstream swirler is in particular between 50 mm
and 250 mm.
[0019] The diameters of the upstream swirler and the
downstream swirler may be selected based on an
amount of the respective fuel introduced via the respec-
tive swirler into the chamber of the burner and may also
be selected based on the respective calorific value
(and/or other combustion properties) of the fuel. The
more the mass flow per time is introduced via the respec-
tive swirler into the chamber, the larger the diameter of
the respective swirler may be selected. Thereby, an ef-
ficient premixing within the respective swirler of the re-
spective fuel with the air may be achieved before intro-
ducing the premixed fuel/air into the chamber of the burn-
er.
[0020] The higher the calorific value of the fuel that is
introduced by the respective swirler into the chamber of
the burner the farther away (in the axial direction) from
the first injectors the respective swirler may be located.
[0021] According to an embodiment of the present in-
vention, the swirler comprises plural swirler vanes, cir-
cumferentially spaced apart, for guiding air entering from
radially outwards into the swirler radially inwards and par-
tially in a circumferential direction, wherein the upstream
swirler comprises plural further swirler vanes, circumfer-
entially spaced apart, for guiding upstream air entering
from radially outwards into the upstream swirler radially
inwards and partially in a circumferential direction.
[0022] The swirler vanes may comprise each a sub-
stantially flat or plane surface along which air introduced
radially is guided towards inwards section of the swirler.
The injectors may be formed as one, two or more holes
within the surface of the swirler vane. Thereby, an effi-
cient premixing of the fuel with the air may be achieved
and the premixed air and fuel may be efficiently guided
radially (and partially circumferentially) inwards into the
swirler and from there into the chamber of the burner.
[0023] According to an embodiment of the present in-
vention, the second injectors are arranged on the swirler
vanes such as to partially mix the second fuel with the
guided air, wherein the third injectors are arranged on
the upstream swirler vanes such as to partially mix the
third fuel with the guided further air, wherein in particular
two or more injectors in the swirlers are formed at each
of the swirler vanes. The swirlers may in particular be
configured as radial swirlers.
[0024] According to an embodiment of the present in-
vention, the chamber comprises a prechamber and a
combustion chamber, having a larger radial extent than
the prechamber, wherein the swirler and the further swirl-
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er enclose the prechamber such that the second fuel par-
tially mixed with air enters the prechamber radially in-
wards and such that the third fuel partially mixed with air
enters the prechamber radially inwards. Thereby, a sim-
ple efficient design is achieved.
[0025] The first injectors may be arranged on a front
face (of a wall) of the combustor. Thereby, the first fuel
is enabled to be injected closer to a central axis (running
in the axial direction) of the burner than the second fuel
and the third fuel. The combustion chamber may have a
cylindrical shape and the central axis may represent a
cylinder axis of the combustion chamber. The first fuel
may have a highest reactivity compared of the reactivities
of the second fuel and the third fuel. Thus, the first fuel
may be ignited fastest and may provide a flame close to
the central axis and also close to the first injector. This
initial flame may act to ignite the mixture of the second
fuel and air and also to ignite the mixture of the third fuel
and air further axially downstream away from the first
injector, such that an extended flame region is formed.
During operation of the burner, a pilot zone may be
formed close to the first injector and close to the central
axis of the burner. A central recirculation zone may be
formed close to the central axis of the burner and axially
spaced apart or extending from the region where the first
injector or first injectors are arranged. Within the burner
or in particular within the chamber of the burner, a forward
flow (away from the front plate and streaming substan-
tially in an axial direction) may be formed primarily by a
mixture of the second fuel and air and a mixture of the
third fuel and air in a region radially close to the down-
stream and upstream swirler but spaced apart from the
central axis of the burner. A backflow may be formed in
a region close to the central axis of the burner. The flame
may form/establish in a region where the burning velocity
of a fuel and air mixture is relatively close to the incoming
flow speed so that equilibrium is formed or the difference
(between burning velocity against the flow speed) is small
or substantially zero. During a stable operation, the flame
may extend in the axial direction and may be spaced
apart from the central axis the more, the more the flame
is axially spaced apart from the front plate or the first
injectors.
[0026] The three different fuels or fuel air mixtures may
contribute in different regions of the flame to a different
amount. For example, the first fuel mixed with air may
contribute to the flame to a highest degree axially close
to the front plate or close to the first injectors and also
close to the central axis of the burner. The mixture of the
second fuel with air may contribute most to the flame in
a region farther spaced apart from the central axis (to a
medium degree) and also spaced apart in the axial di-
rection from the front plate in a medium degree. Further,
the third fuel mixed with air may contribute to the flame
in a region of the flame which is spaced by an even larger
amount in the axial direction from the front plate and
which is spaced also in the radial direction from the cen-
tral axis more than the mixtures of the other fuels with

the air. Other configurations are possible.
[0027] According to an embodiment of the present in-
vention, the burner further comprises at least one tem-
perature sensor arranged to measure a temperature in
at least one region of the inside of the burner and a con-
troller adapted to adjust a mass flow of fuel and/or a mass
flow of air into the downstream swirler and/or the up-
stream swirler and/or the first injector based on the meas-
ured temperature. The controller may allow to optimally
adjust the mass flow of the fuels and the air to efficiently
burn the fuels, while limiting the emissions.
[0028] According to a further embodiment of the
present invention it is provided a gas turbine which com-
prises the burner as described in the embodiments above
and which further comprises a compressor stage and a
turbine stage of a rotor having plural blade vanes con-
nected to it. According to an embodiment it is provided
a gas turbine, comprising a shaft having blade vanes
connected to it and at least one burner according to one
of the embodiments described above, arranged such that
combustion gas expelled by the burner impacts on the
blade vanes and thereby drives the shaft.
[0029] It should be understood that features which
have been disclosed, individually or in any combination,
with respect to a burner for a gas turbine may also be
applied to a method for operating a burner of a gas turbine
according to an embodiment of the present invention and
vice versa.
[0030] According to an embodiment of the present in-
vention, the air or at least a portion of the air required to
burn the first fuel is provided via the upstream swirler
and/or via the downstream swirler. In particular, the up-
stream swirler may provide the majority of air required to
burn the first fuel. Advantageously for this is, when the
upstream swirler is located axially close to the first injector
or first injectors. A compromise may be found in order to
optimize a premixing path length of a mixing path of the
third fuel mixed or mixing with air and the requirement
that sufficient air is supplied close to the first injector out-
lets, in order to ignite and burn the first fuel.
[0031] In addition to conventional hydrocarbon fuels
for gas turbines, a synthetic fuel such as ammonia (NH3)
or hydrogen (H2) is used according to embodiments of
the present invention to generate the required energy.
Due to different thermo-chemical properties (such as dif-
fusivity, calorific value, ignition temperatures, flame
speed) of these synthetic fuels the combustion process
becomes complex. For example, in conventional gas tur-
bines the hydrogen-air combustion occurs at higher
flame speeds and may result in flashback. The invention
provides a solution for these disadvantages.
[0032] In spite of the lower calorific value of ammonia
(around 22.5 MJ/kg), ammonia-air combustion may be
initiated efficiently in embodiments of the present inven-
tion. Reliable combustion in gas turbine engines may be
achieved in embodiments of the present invention where-
in a mixture of these synthetic fuels is used within the
system.
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[0033] Embodiments of the present invention present
an injection system capable to achieve reliable combus-
tion of differing synthetic fuels (such as NH3 and H2) as
well as acceptable NOx emissions. This is achieved if
the combustion dynamics is reduced and/or ensuring a
better mixing of the pilot fuel stream.
[0034] A further improvement on the control and func-
tionality of the method is described with the emphasis on
the fuel split controller.
[0035] Hence this invention disclosure proposes the
DLE combustion system for efficient burning of ammonia
(on its own) and also the combination of ammonia and
Hydrogen enriched with hydrocarbon fuels such as meth-
ane and propane.
[0036] Embodiments of the invention improve the ca-
pability of the combustion system of a gas turbine to burn
primarily synthetic fuels such as NH3 or H2.
[0037] It has to be noted that embodiments of the in-
vention have been described with reference to different
subject matters. In particular, some embodiments have
been described with reference to method type claims
whereas other embodiments have been described with
reference to apparatus type claims. However, a person
skilled in the art will gather from the above and the fol-
lowing description that, unless other notified, in addition
to any combination of features belonging to one type of
subject matter also any combination between features
relating to different subject matters, in particular between
features of the method type claims and features of the
apparatus type claims is considered as to be disclosed
with this document.
[0038] 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.

Brief Description of the Drawings

[0039] Embodiments of the present invention are now
described with reference to the accompanying drawings.
The invention is not restricted to the described or illus-
trated embodiments.

Fig. 1 schematically illustrates in a sectional view a
gas turbine according to an embodiment of the
present invention including a burner according to an
embodiment of the present invention;

Fig. 2 illustrates in a schematic sectional view a burn-
er according to an embodiment of the present inven-
tion which may for example be used within the gas
turbine illustrated in Fig. 1;

Fig. 3 schematically illustrates in a sectional view a
burner according to an embodiment of the present

invention which may for example be used in the gas
turbine illustrated in Fig. 1; and

Fig. 4 illustrates in a perspective view a burner ac-
cording to an embodiment of the present invention
which may for example be used in the gas turbine
illustrated in Fig. 1.

Detailed Description

[0040] The illustration in the drawings is in schematic
form.
[0041] FIG. 1 shows an example of a gas turbine en-
gine 10 in a sectional view. The gas turbine engine 10
comprises, in flow series, an inlet 12, a compressor sec-
tion 14, a combustor section 16 and a turbine section 18
which are generally arranged in flow series and generally
about and in the direction of a longitudinal or rotational
axis 20. The gas turbine engine 10 further comprises a
shaft 22 which is rotatable about the rotational axis 20
and which extends longitudinally through the gas turbine
engine 10. The shaft 22 drivingly connects the turbine
section 18 to the compressor section 14.
[0042] In operation of the gas turbine engine 10, air
24, which is taken in through the air inlet 12 is compressed
by the compressor section 14 and delivered to the com-
bustion section or burner section 16. The burner section
16 comprises a burner plenum 26, one or more combus-
tion chambers 28 and at least one burner 30 fixed to each
combustion chamber 28. The combustion chambers 28
and the burner injection portions 30 are located inside
the burner plenum 26. The compressed air passing
through the compressor 14 enters a diffuser 32 and is
discharged from the diffuser 32 into the burner plenum
26 from where a portion of the air enters the burner in-
jection portion 30 and is mixed with a gaseous or liquid
fuel. The air/fuel mixture is then burned and the combus-
tion gas 34 or working gas from the combustion is chan-
nelled through the combustion chamber 28 to the turbine
section 18 via a transition duct 17.
This exemplary gas turbine engine 10 has a cannular
combustor section arrangement 16, which is constituted
by an annular array of combustor cans 19 each having
the burner injection portion 30 and the combustion cham-
ber 28, the transition duct 17 has a generally circular inlet
that interfaces with the combustor chamber 28 and an
outlet in the form of an annular segment. An annular array
of transition duct outlets form an annulus for channelling
the combustion gases to the turbine 18.
[0043] The turbine section 18 comprises a number of
blade carrying discs 36 attached to the shaft 22. In the
present example, two discs 36 each carry an annular
array of turbine blades 38. However, the number of blade
carrying discs could be different, i.e. only one disc or
more than two discs. In addition, guiding vanes 40, which
are fixed to a stator 42 of the gas turbine engine 10, are
disposed between the stages of annular arrays of turbine
blades 38. Between the exit of the combustion chamber

7 8 



EP 3 220 050 A1

6

5

10

15

20

25

30

35

40

45

50

55

28 and the leading turbine blades 38 inlet guiding vanes
44 are provided and turn the flow of working gas onto the
turbine blades 38.
[0044] The combustion gas from the combustion
chamber 28 enters the turbine section 18 and drives the
turbine blades 38 which in turn rotate the shaft 22. The
guiding vanes 40, 44 serve to optimise the angle of the
combustion or working gas on the turbine blades 38.
[0045] The turbine section 18 drives the compressor
section 14. The compressor section 14 comprises an ax-
ial series of vane stages 46 and rotor blade stages 48.
The rotor blade stages 48 comprise a rotor disc support-
ing an annular array of blades. The compressor section
14 also comprises a casing 50 that surrounds the rotor
stages and supports the vane stages 48. The guide vane
stages include an annular array of radially extending
vanes that are mounted to the casing 50. The vanes are
provided to present gas flow at an optimal angle for the
blades at a given engine operational point. Some of the
guide vane stages have variable vanes, where the angle
of the vanes, about their own longitudinal axis, can be
adjusted for angle according to air flow characteristics
that can occur at different engine operations conditions.
[0046] The casing 50 defines a radially outer surface
52 of the passage 56 of the compressor 14. A radially
inner surface 54 of the passage 56 is at least partly de-
fined by a rotor drum 53 of the rotor which is partly defined
by the annular array of blades 48.
[0047] The present invention is described with refer-
ence to the above exemplary turbine engine having a
single shaft or spool connecting a single, multi-stage
compressor and a single, one or more stage turbine.
However, it should be appreciated that the present in-
vention is equally applicable to two or three shaft engines
and which can be used for industrial, aero or marine ap-
plications.
[0048] The terms upstream and downstream refer to
the flow direction of the airflow and/or working gas flow
through the engine unless otherwise stated. The terms
forward and rearward refer to the general flow of gas
through the engine. The terms axial, radial and circum-
ferential are made with reference to the rotational axis
20 of the engine.
[0049] The gas turbine 10 illustrated in Fig. 1 compris-
es a burner 100 according to an embodiment of the
present invention. The burner 100 may be configured in
a similar manner as the burners illustrated in Figs. 2, 3
or 4. The burner injection portion 30 may comprise fuel
injectors, swirlers and a prechamber, as detailed below.
[0050] Fig. 2 illustrates only an upper half of the sec-
tional view of the entire burner 200. The burner 200 ac-
cording to an embodiment of the present invention illus-
trated in Fig. 2 in a schematic sectional view comprises
a chamber for combusting a fuel mixture, wherein the
chamber is formed by a prechamber 201 and a combus-
tion chamber 203. The burner 200 further comprises a
first injector 205 for injecting a first fuel 204 into the pre-
chamber 201 and main combustion chamber 203. The

first fuel 204 may for example comprise hydrogen. The
injector 205 is arranged at a front face 207 of the pre-
chamber 201. Reference sign 209 indicates a central axis
of the burner 200. The injector 205 injects the first fuel
204 into the prechamber 201 and from there into the com-
bustion chamber 203.
[0051] The burner 200 further comprises a swirler 211
for introducing a mixture of a second fuel 213 and air 215
into the prechamber 201, main combustion chamber 203.
The burner further comprises a upstream swirler 217 for
introducing a mixture of a third fuel 219 and further air
221 into the prechamber 201, main combustion chamber
203. The swirler 211 has an inner space 223 in which
the second fuel 213 is at least partially mixed with the air
215. To achieve this, the swirler 211 comprises swirler
vanes which are not illustrated in detail but partially illus-
trated in Fig. 4.
[0052] The upstream swirler 217 comprises also an
inner space 225 in which the third fuel 219 is at least
partially mixed with the further air 221. The inner space
225 of the upstream swirler is larger than the inner space
223 of the downstream swirler, in particular in the case,
where a larger mass flow of the third fuel 219 is introduced
into the upstream swirler than the mass flow of the second
fuel 213 which is introduced in the downstream swirler
211. The sizes of the inner spaces 225, 223 of the up-
stream swirler and the downstream swirler, respectively,
may be selected based on the combustion properties of
the third fuel 219 and the second fuel 213.
[0053] The position P1 (for example central position)
of the downstream swirler 211 is spaced apart in the axial
direction (parallel to the central axis 209) from the front
face 207 by an amount a1. The position P2 of the up-
stream swirler 217 is spaced apart from the front face or
front wall 207 of the burner 200 by an amount a2 which
is smaller than the amount a1. The position P1 is thus
spaced apart from the position P2 by a1-a2.
[0054] In Fig. 2, a first flow path 227 of the first fuel 204
is indicated having a first premixing length L1. Further, a
second flow path 229 of the second fuel 213 is indicated
which has a second premixing length L2. Further, a third
flow path 231 of the third fuel 219 mixed or partially mixed
with the air 221 is indicated having a third premixing
length L3. As is evident from Fig. 2, L1 < L2 < L3.
[0055] In the region 233, a flame is generated during
the operation of the burner 200. As can be taken from
Fig. 2, the different fuel air mixtures generated by the first
fuel 204 injected via the injector 205, by the second fuel
213 introduced via the downstream swirler 211 and the
third fuel 219 introduced partially mixed with air using the
upstream swirler 217 contribute at different regions of
the flame 233.
[0056] For injecting the second fuel 213, the down-
stream swirler 211 comprises second injectors 235 which
are arranged at not illustrated swirler vanes. For injecting
the third fuel 219, the upstream swirler 217 comprises
third injectors 237 which may be arranged at not illustrat-
ed swirler vanes. By introducing the second fuel 213 via
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the downstream swirler 211 and partially mixing the sec-
ond fuel 213 with the air 215, the second fuel 213 partially
mixed with the air 215 enters the prechamber 201 radially
inwards.
[0057] Similarly, by introducing the third fuel 219 via
the upstream swirler 217 and mixing the third fuel 219 at
least partially with the upstream portion of air 221, the
third fuel 219 partially mixed with the air 221 enters the
prechamber 201 radially inwards.
[0058] The burner 200 (optionally) further comprises
at least one temperature sensor 239 to measure a tem-
perature in at least one region of the inside of the burner
200. The temperature sensor 239 generates a measure-
ment signal 241 which is supplied to a controller 245
which is also comprised in the burner 200. The controller
245 receives the measurement signal 241, in particular
from different regions within the burner 200 and adjusts
the mass flows of the first fuel 204, the second fuel 213
and/or the third fuel 219. The mass flow of the air is con-
trolled with the engine shaft speed 22 across the load
range and by selecting the area of the swirlers in partic-
ular the air 215 and the further air 221. The controller 245
receives the measurement signal 241, and adjust the fuel
in order to control the combustion process based on the
measured temperature or measured temperatures in dif-
ferent regions of the combustion chamber and/or the pre-
chamber 201, main combustion chamber 203. The com-
bustion chamber 203 is limited by a combustion chamber
wall 206.
[0059] Fig. 3 schematically illustrates a burner 300 ac-
cording to an embodiment of the present invention which
may for example be incorporated into the gas turbine
illustrated in Fig. 1 as the burner 100.
[0060] Elements and structures similar in structure
and/or function are labelled in Figs. 2, 3 and 4 by refer-
ence signs that differ only in the first digit.
[0061] Fig. 3 shows a burner 300 which has a number
of similarities to the burner 200 illustrated in Fig. 2. In Fig.
3, fuel galleries 351 are indicated which allow supply of
the first fuel 304 via the first injectors 305 into the pre-
chamber 301 and from there into the combustion cham-
ber 303. Further, the fuel galleries 351 allow the intro-
duction of the second fuel 313 via the downstream swirler
311 into the prechamber 301 and from there into the com-
bustion chamber 303. Further, the fuel galleries 351 allow
the introduction of the third fuel 319 via the upstream
swirler 317 into the prechamber 301 and from there into
the combustion chamber 303.
[0062] In Fig. 3, the flow field of the introduced fuels
partially mixed with air is also indicated as a forward flow
field 353, a backward flow field 355 and a further back-
ward flow field 357. The flame may stabilize between the
forward flow field 353 and the backward flow field 355.
The flow field 355 may also be referred to as central re-
circulation zone and the flow field 357 may also referred
to as outer recirculation zone. The region close to the
first injectors 305 may also be called pilot zone.
[0063] The burner 300 further comprises an outer cas-

ing 359 which is not explicitly illustrated in the burner 200
illustrated in Fig. 2. The first injectors are installed in a
pilot body 361.
[0064] Fig. 4 illustrates in a perspective view a burner
400 according to an embodiment of the present invention
which may be used in the gas turbine illustrated in Fig.
1. The burner 400 comprises a first injector 405 for in-
jecting a first fuel 404. Further, the burner 400 comprises
a downstream swirler 411 for introducing a mixture of a
second fuel 413 and air into a prechamber 401. Further,
the burner 400 comprises a upstream swirler 417 for in-
troducing a third fuel 419 into the prechamber, mixed with
air. The combustion chamber is limited by a combustion
chamber wall 406. Downstream the combustion cham-
ber, a transition duct 408 is arranged which guides the
hot combustion gas via nozzle guide vanes 410 towards
a turbine section of a gas turbine, such as turbine section
18 of the gas turbine illustrated in Fig. 1. The swirlers
comprise swirler vanes 416
[0065] The proposed invention provides a design of a
combustion system capable of burning synthetic fuels
where the synthetic fuel is a mix of at least two or more
components that have differing combustion properties.
The fuels are injected at differing positions (principally
defined by the flow-stream length to the reaction zone
(e.g. flame)), where those positions are selected based
on the combustion properties of the fuel component (dif-
fusivity, flame speed, calorific value, ignition, etc). Ded-
icated swirlers are provided so that improved mixing and
its control is achieved if simultaneous operation of fuels
is required.
[0066] The fuel injection system is designed to ensure
that fuel is introduced as a function of its combustion
property. The most reactive fuel (higher calorific value,
i.e. the first fuel) is injected at a nominal distance from
the flame location, L1, principally defined by the flow-
stream length to the reaction zone, see figure 2. The dis-
tance is designed to ensure that the fuel is delivered
quickly to the flame 233, however is not injected imme-
diately onto the flame front, thus premixing with air prior
to burning. The main purpose of this fuel stream is to
promote flame stability. It is estimated that for normal full
load operation up to 20 % of fuel is introduced in this
manner. However up to 100% of fuel can be injected
during startup or part load operation. Injection holes are
designed for base load. A typical L1 may be estimated
to be in the range of 20 mm to 150 mm with most devices
operating in the region of 50 mm.
[0067] At a distance L2, it is proposed to inject fuel with
medium reactivity/calorific value (i.e. the second fuel),
such as natural gas, whilst at L3, the (third fuel) NH3 is
being injected as it requires much longer mixing length
due to low diffusivity into air. The main purpose of the
natural gas stream is to provide back-up functionality as
well as aiding the ignition process or part load operation
in case that the H2 stream is not available. The NH3
stream however is injected furthest upstream the flame
front to ensure that the fuel and air is well premixed prior

11 12 



EP 3 220 050 A1

8

5

10

15

20

25

30

35

40

45

50

55

to reaching the flame 233. Most of the power output will
be produced as result of the NH3 burning and majority of
operation would be at base load. It is expected that up
to 95% of NH3 could be used at base load. A typical L2
may be in the range of 40 mm to 300 mm with most
devices operating in the region of 100 mm. A typical L3
may be in the range of 60 mm to 400 mm with most
devises operating in the region of 150 mm.
[0068] It should be noted that the external diameter of
the NH3 swirler (i.e. the upstream swirler 217, 317, 417)
could be between 150 mm and 450 mm (typically around
250 mm), whilst the external diameter of the CH4 swirler
(i.e. the downstream swirler 211, 311, 411) could be be-
tween 50 and 250 mm (typically 100 mm). The effective
area of both swirlers may be balanced to achieve an air
mass flow for a required flame temperature. Different
heights of the injection holes may be used to ensure bet-
ter mixing within the swirler vanes.
[0069] The main advantage of the described system
may be the best premixing of each fuel stream with air
and thus resulting in a single desirable flame location
when burning synthetic fuels, i.e. stable, correct flame
location, tolerant to load or fuel changeovers.
[0070] An intelligent control method of fuel injection
such as described in WO2007/082608 may be used to
ensure the most optimal fuel ratio between the fuel
streams. The control method would rely on inputs such
as metal temperatures and differing frequency bands of
combustion dynamics.
[0071] The invention step provides a novel burner con-
figuration with a fuel injection system capable of burning
synthetic fuels. The proposed method is based on phys-
ical properties of these fuels such as diffusivity and flame
speed to ensure an optimal flame location. The advan-
tage lays in the improved and more rapid response in the
fuel delivery to the flame to avoid flameout during part
load, thus increasing the engine reliability. Low NOx due
to premixing of fuel streams and a more uniform flame
temperature across the combustion system may be
achieved. Increased reliability of the combustion system
when operated on synthetic fuels due to proximity of the
most reactive fuel stream closer to the flame and the use
of the intelligent control of the fuel streams may be
achieved.
[0072] It should be noted that the term "comprising"
does not exclude other elements or steps and "a" or "an"
does not exclude a plurality. Also elements described in
association with different embodiments may be com-
bined. It should also be noted that reference signs in the
claims should not be construed as limiting the scope of
the claims.

List of reference signs:

[0073]

10 gas turbine
12 inlet

14 compressor section
16 combustor section
17 transition duct
18 turbine section
19 combustor can
20 rotational axis
22 shaft
24 air
26 burner plenum
28 combustion chamber
30 burner injection portion
32 diffuser
34 combustion gas
36 blade disk
38 turbine blades
40 guide vanes
42 stator
44 guide vanes
46 vane stage
48 rotor blade stage
50 casing
52 radially outer surface
54 radially inner surface
56 passage
100 burner
200 burner
201 prechamber
203 main combustion chamber
204 first fuel
205 first injector
206 combustion chamber wall
207 front face or front wall or pilot face
209 central axis
211 downstream swirler
213 second fuel
215 air
217 upstream swirler
219 third fuel
221 upstream portion of air
223 inner space of the swirler
225 inner space of the further swirler
227 first flow path
229 second flow path
231 third flow path
233 flame region
235 second injectors
237 third injectors
239 temperature sensors
241 measurement signal
245 controller
P1 position of the swirler
P2 position of the further swirler
a1, a2 coordinates of the positions in the axial direc-

tion
351 fuel galleries
353 forward flow
355 backward flow
357 other backward flow
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359 outer casing
408 transition duct
410 nozzle guide vanes
416 swirler vanes

Claims

1. Burner (100, 200, 300, 400) for a gas turbine (10),
comprising:

a chamber (201, 203) for combusting a fuel mix-
ture;
a first injector (205) for injecting a first fuel (204)
into the chamber;
a downstream swirler (211) for introducing a
mixture of a second fuel (213, CH4) and air into
the chamber; and
an upstream swirler (217) for introducing a mix-
ture of a third fuel (219, NH3) different from the
second fuel and further air into the chamber.

2. Burner according to claim 1, wherein a volume of an
inner space (225) of the upstream swirler (217)
and/or a position (P1) of the further swirler relative
to the swirler (213) is selected based on a combus-
tion property of the third fuel (219), in particular rel-
ative to a combustion property of the second fuel
(213), and/or based on a mass flow of the third fuel
into the chamber (201, 203), in particular relative to
a mass flow of the second fuel into the chamber,
wherein the volume of an inner space (225) of the
further swirler (217) is in particular between 2 and 5
times the volume of an inner space (223) of the down-
stream swirler (211).

3. Burner according to one of claims 1 or 2, wherein
the burner is adapted to simultaneously burn a sec-
ond mass per time of the second fuel (CH4) together
with a third mass per time of the third fuel (NH3), the
third mass per time being between 70% and 97% of
a total mass per time burned, wherein a calorific val-
ue of the second fuel is in particular between 1.2 and
5 times a calorific value of the third fuel.

4. Burner according to one of the preceding claims,
wherein a position (P1) of the downstream swirler
(211) is, in an axial direction (209) away from the
first injector (205), spaced apart from a position (P2)
of the further swirler (217), in particular between 0.5
and 2 times a diameter of a prechamber comprised
in the combustion chamber.

5. Burner according to one of the preceding claims,
wherein the first, the second and the third fuels flow,
as a mixture with air, along flow paths (227, 229,
231) having a first, second and third premixing length
(L1, L2, L3), respectively from a respective injection

location into the burner to a combustion region (233)
within the burner,
wherein the burner is adapted such that
the first premixing length (L1) is smaller than the sec-
ond premixing length (L2) and
the second premixing length (L2) is smaller than the
third premixing length (L3),
wherein the first premixing length is in particular be-
tween 20 mm and 150 mm,
wherein the second premixing length is in particular
between 40 mm and 300 mm,
wherein the third premixing length is in particular be-
tween 60 mm and 400 mm.

6. Burner according to one of the preceding claims,
wherein the downstream swirler (211) comprises
second injectors (235) and the upstream swirler
(217) comprises third injectors (237) for supplying
the second and third fuels, respectively, into the
swirlers,
wherein a diameter (d2) of the upstream swirler (217)
is in particular between 150 mm and 450 mm,
wherein a diameter (d1) of the swirler (211) is in par-
ticular between 50 mm and 250 mm.

7. Burner according to one of the preceding claims,
wherein the downstream swirler (211) comprises
plural swirler vanes (416), circumferentially spaced
apart, for guiding air (415) entered from radially out-
wards into the swirler radially inwards and partially
in a circumferential direction, wherein the further
swirler (417) comprises plural further swirler vanes
(416), circumferentially spaced apart, for guiding fur-
ther air (421) entered from radially outwards into the
further swirler radially inwards and partially in a cir-
cumferential direction.

8. Burner according to the preceding claim, wherein
the second injectors (235) are arranged on the swirl-
er vanes (416) such as to partially mix the second
fuel (215) with the guided air, wherein the third in-
jectors (237) are arranged on the upstream swirler
vanes (417) such as to partially mix the third fuel
(219) with the guided further air,
wherein in particular two or more injectors in the
swirlers are formed at each of the swirler vanes.

9. Burner according to one of the preceding claims,
wherein the chamber comprises a prechamber (201)
and a combustion chamber (203), having a larger
radial extent than the prechamber,
wherein the downstream swirler (211) and the up-
stream swirler (217) enclose the prechamber (201)

such that the second fuel (213) partially mixed
with air enters the prechamber (201) radially in-
wards and
such that the third fuel (219) partially mixed with
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air enters the prechamber (201) radially in-
wards.

10. Burner according to the preceding claim, wherein
the first injectors (205) are arranged on a front face
(207) of the prechamber (201).

11. Burner according to one of the preceding claims, fur-
ther comprising:

at least one temperature sensor (239) arranged
to measure a temperature in at least one region
of the inside of the burner; and
a controller (245) adapted to adjust a mass flow
of a respective fuel and/or a mass flow of air into
the downstream swirler (211) and/or the up-
stream swirler (217) and/or the first injector (205)
based on the measured temperature.

12. Gas turbine (10), comprising:

a shaft (22) having blade vanes (38) connected
to it; and
at least one burner (100, 200, 300, 400) accord-
ing to one of the preceding claims, arranged
such that combustion gas expelled by the burner
impacts on the blade vanes (38) and thereby
drives the shaft (22).

13. Method for operating a burner (100, 200, 300, 400)
of a gas turbine (10), the method comprising:

injecting a first fuel (204) into a chamber (201,
203) using a first injector (205);
mixing a second fuel (213, CH4) and air (215)
using a swirler (211) and introducing the mixture
into the chamber; and
mixing a third fuel (219, NH3) different from the
second fuel and further air (221) using a further
swirler and introducing the further mixture into
the chamber.

14. Method according to the preceding claim, wherein
air required to burn the first fuel (204) is provided via
the upstream swirler (217) and/or the downstream
swirler (211).

15. Method according to one of the two preceding
claims, wherein the first fuel (204) comprises or is
hydrogen, the second fuel (213) comprises or is a
hydrocarbon or a mixture of hydrocarbons, the third
fuel (219) comprises or is ammonia.
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