wo 2017/005694 A 1[I N0F V00O 0 00O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

12 January 2017 (12.01.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/005694 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
F23R 3/28 (2006.01) F23R 3/14 (2006.01)
F23R 3/36 (2006.01) F02C 3/20(2006.01)

International Application Number:
PCT/EP2016/065712

International Filing Date:
4 July 2016 (04.07.2016)

Filing Language: English
Publication Language: English
Priority Data:

15175472.8 6 July 2015 (06.07.2015) EP
Applicant: SIEMENS  AKTIENGESELLSCHAFT

[DE/DE]; Wittelsbacherplatz 2, 80333 Miinchen (DE).

Inventors: BULAT, Ghenadie; 29 Pavillion Gardens, Lin-
coln LN6 8BD (GB). MAY, Jonathan; 22 Post Mill
Close, North Hykeham, Lincoln LN6 SHL (GB).

Agent: MAIER, Daniel;, Postfach 22 16 34, 80506
Miinchen (DE).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: BURNER FOR A GAS TURBINE AND METHOD FOR OPERATING THE BURNER

FIG 3

30 102
/ 107 108 2
i }
106~ e {“ _2_4 1?1
1 05 ﬁ\"'D: LN
104 /’ AL .
| 2 =
1 03\/‘{]: ‘_____-E _______ :r\_,1 10 ‘Z
a
g :
(m=
o<\

(57) Abstract: The invention relates to a burner for a gas turbine (10), wherein the burner (30) comprises a combustion chamber
(28), a first injector (103) adapted to inject a first fuel into the combustion chamber (28) and a second injector (104) adapted to in-
ject a second fuel being less reactive than the first fuel into the combustion chamber (28), wherein the burner (30) is adapted to pre -
mix the fuels with an air flow before the fuel enter the reaction zone (109) of the combustion chamber (28) such that a first fuel flow
of the first fuel has a first premixing stream line (112) and a second tuel flow of the second fuel has a second premixing stream line
(113), wherein each of the premixing stream lines begins with the beginning of the premixing with the air flow and ends at the loca-
tion where the fuel enters the reaction zone (109) and the length (L.) of the second premixing stream line (113) is longer than the
length (L) of the first premixing stream line (112).
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Description

Burner for a gas turbine and method for operating the burner

The invention relates to a burner for a gas turbine and a

method for operating the burner.

A burner is conventionally designed for a specific fuel, for
example natural gas, diesel, syngas or landfill gas. However,
when the burner that was designed for one fuel is operated
with a different fuel, then the operation of the burner will
not be optimal. The operation with the different fuel can
result in a flashback that can lead to a flame burning on the
burner surface, a flameout, combustion dynamics that effect
the integrity of the burner, a high pressure drop that leads
to a performance loss, or high emissions, for example high

emissions of NO4.

In addition to conventional hydrocarbon fuels, synthetic
fuels like hydrogen can be used in the burner. The combustion
of the synthetic fuels differ from the combustion of
conventional fluids in particular in respect to diffusivity,
caloric value, ignition temperatures and flame speeds. For
example, the combustion of hydrogen with air occurs at higher
flame speeds than the combustion of natural gas with air.
Therefore, in case that hydrogen is used in a burner that is

designed for natural gas, this can result in a flashback.

It is an object of the invention to provide a burner and a
method for operating the burner, wherein the burner can be
operated with different fuels with good combustion

properties.

The burner according to the invention for a gas turbine
comprises a combustion chamber, a first injector adapted to
inject a first fuel into the combustion chamber and a second
injector adapted to inject a second fuel being less reactive

than the first fuel into the combustion chamber, wherein the
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burner is adapted to premix the fuel with an air flow before
the fuel enter the reaction zone of the combustion chamber
such that a first fuel flow of the first fuel has a first
premixing stream line and a second fuel flow of the second
fuel has a second premixing stream line, wherein each of the
premixing stream lines begin at the fuel injection into the
air flow and end at the location where the fuel enters the
reaction zone and the length of the second premixing stream
line is longer than the length of the first premixing stream

line.

The method according to the invention for operating a burner
for a gas turbine, wherein the burner comprises a combustion
chamber, a first injector adapted to inject a first fuel into
the combustion chamber and a second injector adapted to
inject a second fuel being less reactive than the first fuel
into the combustion chamber, wherein the burner is adapted to
premix the fuels with an air flow before the fuel enter the
reaction zone of the combustion chamber such that a first
fuel flow of the first fuel has a first premixing stream line
and a second fuel flow of the second fuel has a second
premixing stream line, wherein each of the premixing stream
lines begins with the beginning of the premixing with the air
flow and ends at the location where the fuel enters the
reaction zone and the length of the second premixing stream
line is longer than the length of the first premixing stream
line, comprises the step: - injecting at least one of these

fuel into the combustion chamber.

With the burner and the method for operating the burner
according to the invention it is advantageously achieved that
the best premixing of each fuel stream with air can be
achieved. Therefore, a single and correct location for the
reaction zone can be achieved which results in a stable flame
that is tolerant to load changes or changes of the ratio of
the first fuel and second fuel. Furthermore, because of the
good premixing of each fuel low emissions, in particular of

NOyx, can be achieved.
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It is conceivable that the first fuel is hydrogen and the
second fuel is natural gas. Alternatively, it is conceivable
that the first fuel is hydrogen and the second fuel is
ammonia gas. It is also conceivable that the first fuel is
natural gas and that the second fuel is ammonia gas. The
first fuel increases the flame stability. The first fuel also

enables the combustion of the low reactive ammonia gas.

It is preferred that the first injector and the second
injector are located such that the first fuel is injected
into the air flow downstream in respect to the direction of
the air flow from where the second fuel is injected into the
air flow, so that the length of the second premixing stream
line is longer than the length of the first premixing stream
line. This provides an easy way to ensure the different

lengths of the premixing stream lines.

The burner preferably comprises a third injector adapted to
inject a third fuel being less reactive than the second fuel
into the combustion chamber, wherein a third fuel flow of the
third fuel has a third premixing stream line with a length
that is longer than the length of the second premixing stream
line. This allows advantageously the combustion of three
different fuels, hence increasing the flexibility of the
burner. It is preferred that the third injector is located
such that the third fuel is injected into the air flow
upstream in respect to the direction of the air flow from
where the second fuel is injected into the air flow, so that
the length of the third premixing stream line is longer than

the length of the second premixing stream line.

It is preferred that the first fuel is hydrogen, the second
fuel is natural gas and the third fuel is ammonia gas. Here,
the hydrogen serves mainly for flame stabilisation. The
natural gas serves as a backup for the case when no hydrogen
is available. The ammonia gas provides most of the power

output. The third premixing fuel stream line is the longest
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of the three premixing stream lines, hence advantageously

compensating for the low diffusivity of the ammonia gas.

It is preferred that the length of the first premixing stream
line is from 20 mm to 150 mm, in particular from 40 mm to

60 mm, the length of the second premixing stream line is from
40 mm to 300 mm, in particular from 80 mm to 120 mm, and the
length of the third premixing stream line is from 60 mm to
400 mm, in particular from 125 mm to 175 mm. Here, the
premixing stream lines are defined as a time average, hence
compensating for fluctuations of the reaction zone. These
lengths provide optimal premixing conditions for each of the
fuels, in particular when hydrogen, natural gas and ammonia
gas are used for first fuel, the second fuel and the third

fuel, respectively.

It is preferred that the burner comprises a third injector
adapted to inject a third fuel being less reactive than the
second fuel into the combustion chamber, wherein a third fuel
flow of the third fuel has a third premixing stream line with
a length that is longer than the length of the second
premixing stream line and the method comprises the step: -
injecting the third fuel and at least one of the first fuel
and the second fuel into the combustion chamber during a base
load operation of the gas turbine. The first fuel and/or
second fuel advantageously serve to stabilise the combustion
of the third fuel. During the base load operation the
injected volume of the first fuel and the second fuel is
preferably up to 20 vol-% of the total fuel injected into the
combustion chamber. Alternatively, it is preferred that
during the base load operation the injected volume of the
third fuel is up to 95 vol-% of the total fuel injected into
the combustion chamber. Under these conditions, a stable

operation of the combustion is advantageously achieved.

It is preferred that the burner comprises a third injector
adapted to inject a third fuel being less reactive than the

second fuel into the combustion chamber, wherein a third fuel
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flow of the third fuel has a third premixing stream line that
is longer than the second premixing stream line and the
method comprises the step: - injecting at least one of the
first fuel and the second fuel and not the third fuel into
the combustion chamber during an ignition process or a part
load operation of the gas turbine. By operating the burner in
this manner it is advantageously achieved that the ignition
process is reliable and during part load operation a flameout

is unlikely.

It is preferred that the first fuel is hydrogen, the second

fuel is natural gas and the third fuel is ammonia gas.

The method preferably comprises following steps: (a)
determining if a value of a temperature of a part of the
burner to be protected from overheating has exceeded a
predetermined maximum limit; (b) if so, changing at least one
ratio of the fuel mass flows such as to reduce the value of
the temperature below its predetermined maximum limit; if
not, go to (c¢); (c) determining if a value of the amplitude
of pressure variations within a combustion area of the burner
has exceeded a predetermined maximum limit; (d) if so,
changing said at least one ratio such as to reduce the value
of the amplitude below its predetermined maximum limit; if
not, go to (e); (e) repeat (a) to (d) such as to maintain the
values of the temperature the amplitude below their
respective predetermined maximum limits. By operating the
burner in this manner it is advantageously achieved that the
pressure oscillations within the combustion system are
reduced and that the temperature of critical parts of the
burner are reduced which results in a long life time of the

burner.

The above mentioned attributes and other features and
advantages of this invention and the manner of attaining them
will become more apparent and the invention itself will be

better understood by reference to the following description
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of embodiments of the invention taken in conjunction with the

accompanying drawings, wherein

FIG. 1 shows part of a gas turbine in a sectional view and in

which the present inventive burner is incorporated,

FIG. 2 shows a longitudinal section of the burner and

FIG. 3 shows another longitudinal section of the burner.

FIG. 1 shows an example of a gas turbine 10 in a sectional
view. The gas turbine engine 10 comprises, in flow series,
an inlet 12, a compressor section 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.

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 combustion section
or burner section 16. The burner section 16 comprises a
burner plenum 26, one or more combustion chambers 28 and at
least one burner 30 fixed to each combustion chamber 28. The
combustion chambers 28 and the burners 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 30 and is mixed with a gaseous or
liquid fuel. The air/fuel mixture is then burned and the
combustion gas 34 or working gas from the combustion is
channelled through the combustion chamber 28 to the turbine

section 18 via a transition duct 17.
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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 30 and the
combustion chamber 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.

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 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.

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.

The turbine section 18 drives the compressor section 14. The
compressor section 14 comprises an axial series of vane
stages 46 and rotor blade stages 48. The rotor blade stages
48 comprise a rotor disc supporting 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
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angle of the wvanes, about their own longitudinal axis, can be
adjusted for angle according to air flow characteristics that

can occur at different engine operations conditions.

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 defined by a rotor drum
53 of the rotor which is partly defined by the annular array
of blades 48.

The present invention is described with reference 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 invention is equally applicable to two or three
shaft engines and which can be used for industrial, aero or

marine applications.

Figures 2 and 3 show that the burner 30 comprises an inner
wall 101 that confines the combustion chamber 28 in a radial
direction. Furthermore, the burner 30 comprises a burner
plate 106 that confines that combustion chamber 28 in an
axial direction. As it can be seen in Figure 3, the burner 30
comprises an outer wall 102 that is arranged radially outside
of the inner wall 101. The inner wall 101 and the outer wall
102 can be rotationally symmetric around a burner axis 35 of
the burner. The air 24 is streamed in the space between the
inner wall 101 and the outer wall 102 towards the burner
plate 106 as indicated by arrows 108, so that the inner wall
101 is cooled and the air 24 is preheated before it enters
the combustion chamber 28. The inner wall 101 can also be a

double skin arrangement for cooling efficiencies.

The burner 30 comprises a swirler 107 located on the base
plate 106 for swirling the air before it enters the
combustion chamber 28. After passing the space between the

inner wall 101 and the outer wall 102 the air 24 passes
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through the swirler 107 in a direction towards the burner

axis 35 and enters the combustion chamber 28.

The burner 30 comprises a first injector 103 adapted to
inject a first fuel into the combustion chamber 28, a second
injector 104 adapted to inject a second fuel into the
combustion chamber 28 and a third injector 105 adapted to
inject a third fuel into the combustion chamber 28. The
second fuel is less reactive than the first fuel and the
third fuel is less reactive than the second fuel. This can be
achieved for example, when the first fuel is hydrogen, the

second fuel is natural gas and the third fuel is ammonia gas.

The burner 30 is adapted to premix these fuels with an air
flow before the fuels enter a reaction zone 109 of the
combustion chamber 28 such that a first fuel flow of the
first fuel has a first premixing stream line 112, a second
fuel flow of the second fuel has a second premixing stream
line 113 and a third fuel flow of the third flow has a third
premixing stream line 114. Each of the premixing stream lines
at the fuel injection into the air flow and ends at the

location where the fuel enters the reaction zone 109.

The injectors 103, 104 and 105 are arranged in the base plate
106, wherein the first injector 103 is located closer to the
burner axis 35 than the second injector 104 and the second
injector 104 is located closer to the burner axis 35 than the
third injector 105. Therefore, the first fuel is injected
into the air flow downstream in respect to the direction of
the air flow from where the second fuel is injected into the
air flow, so that the length L, of the second premixing
stream line 113 is longer than the length I, of the first
premixing stream line 112. Furthermore, the third injector
105 is located such that the third fuel is injected into the
air flow upstream in respect to the direction of the air flow
from where the second fuel is injected into the air flow, so

that the length ILs; of the third premixing stream line 114 is
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longer than the length L, of the second premixing stream line
113.

The length I, of the first premixing stream line 112 is from
20 mm to 150 mm, in particular from 40 mm to 60 mm, the
length L, of the second premixing stream line 113 is from

40 mm to 300 mm, in particular from 80 mm to 120 mm, and the
length Ls; of the third premixing stream line 114 is from

60 mm to 400 mm, in particular from 125 mm to 175 mm.

In a relative and scalable definition of the present
arrangement, the length L, of the first premixing stream line
112 is between and including 0.25 x D, and 1 x Dy, the length
L, of the second premixing stream line 113 is between and
including 0.5 x D; and 1.5 x D;. The length L; of the third
premixing stream line 114 is between and including 1 x D, and
3 X Dy;. The relationship between the premixing tube length
(X2) and its diameter (D;) is typically about 0.5 i.e D, = 0.5
x X; and can be between 0.4 and 0.6 x X;. For the present
arrangement this relationship is without considering the

swirler 107 height (axial extent).

The premixer tube or pre-chamber, defined by inner wall 101,
is of a generally constant diameter D2. The pre-chamber,
generally denoted by 29 in Figs.2 and 3, is located
downstream of the swirler and upstream of the main combustion
chamber 28. 1In normal operation the combustion flames are
held within the combustion chamber 28. Mixing of air and
fuels occur within the swirler 107 and pre-chamber 29.
Slight variations in pre-chamber diameter are possible, but
careful design is required to maintain the combustion flame
within the combustion chamber 28 and downstream of the pre-
chamber 29.

In an embodiment of the present burner, the first injectors
103 are located radially inwardly of the second injectors 104
and the third injectors 105 and the second injectors 104 are

located radially inwardly of the third injectors 105. The
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first injector 103 and second injector 104 are located at
least partly in the swirler vane 107 such that fuel is
injected immediately away from the surface of the wvane 107.
Alternatively, the first injector 103 and/or second injector
104 can be located such that it extends through the burner
plate 106 and effectively injects fuel immediately away from
the base plate’s surface, i.e. in an axial direction. In
this embodiment, the third injector 105 is located further
away from or axially away from the first injector 103 and

second injector 104.

The first injector 103 is located radially inwardly of the
swirler vane 107 so that the fuel is directed into the
correct part of the airflow through the passageway. The
location of the first, second and third injectors 103, 104
&105 can be related to one another diameter (Dy). The first
injector 103 is typically at 0.5 x D, +/- 5% of D;. The
first injector 103 is located a distance of the downstream
edge of the swirler vane 107 within 5% of D;. In one
embodiment, second and third injectors 104, 105 are both
located approximately the same radial distance Ds = 1.6 x Ds.
In for other embodiments, second and third injectors 104, 105
have radial locations D; and Ds respectively which can each
be between 1.2 x Dy and 3.0 x D,. Where the third injector
105 injects an ammonia-based fuel, a relatively long radial
length increases the time for mixing with the air flow and

vaporisation.

Although only one injector orifice is shown on the Figures to
represent each of the first, second and third injectors 103,
104 and 105 respectively, each injector may have more than
one injector orifice. Any dimension or parameter given for
its location is to the centre of the orifices or mid-point

between orifices.

The annular array of swirler wvanes 107, burner plate 106 and
wall 116 define an annular array of passageways 115. These

passageways 115 have a central axis 117 (see Fig.3), which in
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the viewing-plane of Figs.2 and 3 is radially aligned.
Nonetheless, angles from a radial line up to 15 degrees are
possible in other embodiments. The swirler vanes 107 are
also arranged such that the passageways 115 also have a
tangential angle relative to the axis 35 as is know from the
art. Thus this tangential angle creates the vortex of fuel

and air about the axis 35.

It should be appreciated that the specific ranges of
parameters set forth herein give rise to stable and efficient
flames within the present burner arrangement. This is with
particular respect to the types of fuels being burnt and
their injection locations. Parameters outside those given
herein result in relatively poor mixing of fuels and air and
subsequent problems with efficiency, emissions and flame
stability. The specified parameters ensure that fuels are
correctly introduced into the air stream 108 passing through
the swirler passages 115 such that each fuel type is burnt
within the correct part of the flame 109.

It is conceivable that a multitude of first injectors 103 is
arranged in the burner plate 106, each having the same
distance to the burner axis 35. It is conceivable that a
multitude of second injectors 104 is arranged in the burner
plate 106, each having the same distance to the burner axis
35. It is conceivable that a multitude of third injectors 105
is arranged in the burner plate 106, each having the same

distance to the burner axis 35.

The flame in the combustion chamber 28 has an inner
recirculation zone 110 that stabilises the flame by
transporting hot combustion products to the unburned air/fuel

mixture, and an outer recirculation zone 111.

The burner can be operates during an ignition process or
during a part load operation of the gas turbine 10 such that
only the first fuel and/or second fuel is injected into the

combustion chamber 28. During a base load operation of the
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gas turbine 10 the third fuel and at least one of the first
fuel and second fuel is injected into the combustion chamber
28.

Furthermore, the burner 30 can be operated with an
intelligent control of the fuel injection with the steps: (a)
determining if a value of a temperature of a part of the
burner 30 to be protected from overheating has exceeded a
predetermined maximum limit; (b) if so, changing at least one
ratio of the fuel mass flows such as to reduce the value of
the temperature below its predetermined maximum limit; if
not, go to (c¢); (c) determining if a value of the amplitude
of pressure variations within a combustion area of the burner
30 has exceeded a predetermined maximum limit; (d) if so,
changing said at least one ratio such as to reduce the value
of the amplitude below its predetermined maximum limit; if
not, go to (e); (e) repeat (a) to (d) such as to maintain the
values of the temperature the amplitude below their
respective predetermined maximum limits. It is conceivable to
change said ratio in such a manner that the power output of

the burner remains unchanged.

Although the invention is described in detail by the

preferred embodiment, the invention is not constrained by the
disclosed examples and other variations can be derived by the
person skilled in the art, without leaving the extent of the

protection of the invention.



10

15

20

25

30

35

WO 2017/005694 14 PCT/EP2016/065712

Patent claims

1. Burner for a gas turbine (10), wherein the burner (30)
comprises a combustion chamber (28), a first injector (103)
adapted to inject a first fuel into the combustion chamber
(28) and a second injector (104) adapted to inject a second
fuel being less reactive than the first fuel into the
combustion chamber (28), wherein the burner (30) is adapted
to premix these fuels with an air flow before the fuel enter
the reaction zone (109) of the combustion chamber (28) such
that a first fuel flow of the first fuel has a first
premixing stream line (112) and a second fuel flow of the
second fuel has a second premixing stream line (113), wherein
each of the premixing stream lines begins with the beginning
of the premixing with the air flow and ends at the location
where the fuel enters the reaction zone (109) and the length
(Ly) of the second premixing stream line (113) is longer than

the length (L;) of the first premixing stream line (112).

2. Burner according to claim 1, wherein the first injector
(103) and the second injector (104) are located such that the
first fuel is injected into the air flow downstream in
respect to the direction of the air flow from where the
second fuel is injected into the air flow, so that the length
(Ly) of the second premixing stream line (113) is longer than

the length (L;) of the first premixing stream line (112).

3. Burner according to claim 1 or 2, wherein the burner (30)
comprises a third injector (105) adapted to inject a third
fuel being less reactive than the second fuel into the
combustion chamber (28), wherein a third fuel flow of the
third fuel has a third premixing stream line (114) with a
length (Ls) that is longer than the length (L;) of the second

premixing stream line (113).

4. Burner according to claim 3, wherein the third injector
(105) is located such that the third fuel is injected into

the air flow upstream in respect to the direction of the air
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flow from where the second fuel is injected into the air
flow, so that the length (L3) of the third premixing stream
line (114) is longer than the length (L;) of the second

premixing stream line (113).

5. Burner according to claim 3 or 4, wherein the first fuel
is hydrogen, the second fuel is natural gas and the third

fuel is ammonia gas.

6. Burner according to any one of claims 3 to 5, wherein the
length (L;) of the first premixing stream line (112) is from
20 mm to 150 mm, in particular from 40 mm to 60 mm, the
length (L;) of the second premixing stream line (113) is from
40 mm to 300 mm, in particular from 80 mm to 120 mm, and the
length (Ls;) of the third premixing stream line (114) is from

60 mm to 400 mm, in particular from 125 mm to 175 mm.

7. Burner according to any one of claims 1 to 6, wherein the
length L; of the first premixing stream line (112) is between
and including 0.25 x D, and 1 x Dy, the length L, of the
second premixing stream line (113) is between and including
0.5 x D, and 1.5 x Dy,

8. Burner according to any one of claims 3 to 6 and claim 7
when dependent on any one of claims 3-6, wherein the length
IL; of the third premixing stream line (114) is between and

including 1 x D, and 3 x Dj,.

9. Burner according to any one of claims 1 to 9, wherein the
relationship between the premixing tube length (X;) and its

diameter (D) is approximately D; = 0.5 x X,

10. Method for operating a burner (30) for a gas turbine
(10), wherein the burner (30) comprises a combustion chamber
(28), a first injector (103) adapted to inject a first fuel
into the combustion chamber (28) and a second injector (104)
adapted to inject a second fuel being less reactive than the

first fuel into the combustion chamber (28), wherein the
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burner (30) is adapted to premix the fuel with an air flow
before the fuel enter the reaction zone (109) of the
combustion chamber (28) such that a first fuel flow of the
first fuel has a first premixing stream line (112) and a
second fuel flow of the second fuel has a second premixing
stream line (113), wherein each of the premixing stream lines
begins with the beginning of the premixing with the air flow
and ends at the location where the fuel enters the reaction
zone (109) and the length (L;) of the second premixing stream
line (113) is longer than the length (L;) of the first
premixing stream line (112), with the step:

- injecting at least one of the fuel into the combustion
chamber (28).

11. Method according to claim 10, wherein the burner (30)
comprises a third injector (105) adapted to inject a third
fuel being less reactive than the second fuel into the
combustion chamber (28), wherein a third fuel flow of the
third fuel has a third premixing stream line (114) with a
length (Ls) that is longer than the length (L;) of the second
premixing stream line (113), with the step:

- injecting the third fuel and at least one of the first fuel
and the second fuel into the combustion chamber (28) during a

base load operation of the gas turbine (10).

12. Method according to claim 11, wherein during the base
load operation the injected volume of the first fuel and the
second fuel is up to 20 vol-% of the total fuel injected into

the combustion chamber (28).

13. Method according to claim 11, wherein during the base
load operation the injected volume of the third fuel is up to
95 vol-% of the total fuel injected into the combustion
chamber (28).

14. Method according to any one of claims 10 to 13, wherein
the burner (30) comprises a third injector (105) adapted to

inject a third fuel being less reactive than the second fuel
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into the combustion chamber (28), wherein a third fuel flow
of the third fuel has a third premixing stream line (114)
that is longer than the second premixing stream line (113),
with the step:

- injecting at least one of the first fuel and the second
fuel and not the third fuel into the combustion chamber (28)
during an ignition process or a part load operation of the

gas turbine (10).

15. Method according to any one of claims 11 to 14, wherein
the first fuel is hydrogen, the second fuel is natural gas

and the third fuel is ammonia gas.

16. Method according to any one of claims 10 to 15, with the
steps:

(a) determining if a value of a temperature of a part of the
burner (30) to be protected from overheating has exceeded a
predetermined maximum limit;

(b) if so, changing at least one ratio of the fuel mass flows
such as to reduce the value of the temperature below its
predetermined maximum limit; if not, go to (c) ;

(c) determining if a value of the amplitude of pressure
variations within a combustion area of the burner (30) has
exceeded a predetermined maximum limit;

(d) if so, changing said at least one ratio such as to reduce
the value of the amplitude below its predetermined maximum
limit; if not, go to (e) ;

(e) repeat (a) to (d) such as to maintain the values of the
temperature the amplitude below their respective

predetermined maximum limits.
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