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(57) ABSTRACT

In a burner for 1njecting mixed gas fuel containing at least
one of hydrogen and carbon monoxide into a combustion
chamber of a gas turbine combustor, the burner includes a
tuel nozzle for startup from which liquid fuel 1s 1njected nto
the combustion chamber, and a mixed fuel nozzle disposed
around the fuel nozzle for mnjecting the mixed gas fuel. An
air swirler 1s disposed at a downstream end of the mixed tuel
nozzle and has a plurality of flow passages from which
compressed air 1s 1njected into the combustion chamber, and
the mixed fuel nozzle has injection ports disposed 1n the
inner peripheral side of the flow passages of the air swirler.
Cooling holes formed 1n the nozzle surface and positioned to
face the combustion chamber introduce a part of the mixed
gas fuel injected from the mixed fuel nozzle into the
combustion chamber.
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BURNER, GAS TURBINE COMBUSTOR, BURNER
COOLING METHOD, AND BURNER MODIFYING
METHOD

BACKGROUND OF THE INVENTION

0001] 1. Field of the Invention

0002] The present invention relates to a burner using
mixed fuel containing at least one of hydrogen and carbon
monoxide, and also relates to a gas turbine combustor, a
burner cooling method, and a burner modifying method.

0003] 2. Description of the technology

0004] Recently, the varieties of fuel for use in gas tur-
bines have been increased. The use of multi-component
mixed gas fuel containing hydrogen, carbon monoxide, etc.
(heremafiter referred to simply as “mixed fuel”) has been
proposed 1n addition to conventional primary fuel for gas
turbines, such as LNG (liquefied natural gas), light oil, and
A-heavy oil. Such mixed fuel has a higher flame temperature
than LNG. In particular, hydrogen has a wider flammable
range and a faster burning velocity and 1s easy to burn.

[0005] LNG is burned primarily by employing a premixed
combustion system. However, when the mixed fuel 1is
burned by employing the premixed combustion system,
flashback 1s apt to occur due to change of combustion
characteristics caused by change of fuel composition and the
presence of hydrogen and/or carbon oxide 1n the mixed fuel.
It 1s therefore ditlicult to burn the mixed fuel by employing
the premixed combustion system. For that reason, the mixed
tuel 1s generally burned by a burner employing a diffusive
combustion system in which fuel and air are separately
injected into a combustion chamber (see, e.g., Patent Docu-

ment 1: JP,A 2004-37730).

SUMMARY OF THE INVENTION

[0006] In the case of using the mixed fuel containing
hydrogen, even when the mixed fuel 1s burned 1n a manner
of diffusive combustion, due care has to be paid to safety at
the time of 1gnition 1n a gas turbine. It 1s hence desired that
another kind of fuel, e.g., light o1l, be used at the startup of
the gas turbine. When another kind of fuel, e.g., light o1l 1s
used to start up the gas turbine, the operating mode 1s shifted
from a mode using fuel for the startup to a gas combustion
mode using only the mixed fuel after the steps of startup,
acceleration and application of load. Herein, the term “gas
combustion mode” means the operating mode in which only
the mixed fuel 1s supplied to a combustor. However, after the
shift to the gas combustion mode using only the mixed fuel,
there 1s a fear that a flame may become apt to come close to
a nozzle surface and metal temperature at the nozzle surface
may rise excessively because the mixed fuel has a higher
flame temperature and a faster burning velocity.

[0007] An object of the present invention is to provide a
burner, a gas turbine combustor, a burner cooling method,
and a burner modifying method, which can hold metal
temperature at a nozzle surface within a proper range and
can increase reliability even when mixed fuel containing at
least one of hydrogen and carbon monoxide 1s used as fuel.

[0008] (1) To achieve the above object, the present inven-
tion provides a burner for mnjecting mixed fuel containing at
least one of hydrogen and carbon monoxide into a combus-
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tion chamber of a gas turbine combustor, wherein the burner
comprises a fuel nozzle for startup from which fuel for
startup 1s 1njected into the combustion chamber; a mixed
tuel nozzle disposed around the fuel nozzle for startup and
injecting the mixed fuel; an air swirler disposed at a down-
stream end of the mixed fuel nozzle positioned in the
combustion chamber and having a plurality of flow passages
through which a part of compressed air from a compressor
1s 1njected 1nto the combustion chamber to hold a flame, the
mixed fuel nozzle having injection ports disposed in the
inner peripheral side of the tlow passages of the air swirler;
and cooling holes formed 1n a nozzle surface positioned to
face the combustion chamber and introducing a part of the
mixed fuel injected from the mixed fuel nozzle into the
combustion chamber, to thereby reduce flame temperature
near the nozzle surface.

[0009] (2) In above (1), preferably, the fuel nozzle for
startup comprises a liquid fuel nozzle for mjecting liquid
tuel for the startup of the gas turbine, and an atomizing air
nozzle disposed around the liquid fuel nozzle and 1njecting
atomizing air to atomize the liquid fuel.

[0010] (3) In above (1), preferably, the fuel nozzle for
startup 1s disposed at a center of a combustion liner forming
the combustion chamber in the radial direction.

[0011] (4) In above (1), preferably, the burner further
comprises an mert gas supply system for supplying inert gas
to the fuel nozzle for startup, wherein the inert gas from the
iert gas supply system 1s supplied to the fuel nozzle for
startup such that the mert gas 1s injected to the vicinity of the
nozzle surface from the fuel nozzle for startup during a gas
combustion mode using only the mixed tfuel.

[0012] (5) In above (1), preferably, the mixed fuel 1s any

of coke oven gas, blast furnace gas, LD gas, coal, and heavy
o1l gasification gas.

[0013] (6) Also, to achieve the above object, the present
invention provides a gas turbine combustor for burning
mixed fuel contaiming at least one of hydrogen and carbon
monoxide, wherein the combustor comprises an outer casing
serving as a pressure vessel; a combustion liner disposed
inside the outer casing and forming a combustion chamber
therein; a burner for forming a flame in the combustion
chamber within the combustion liner; and a transition piece
for introducing, to a burner, the burned gas generated with
the formation of the flame by the burner, the burner com-
prising a fuel nozzle for startup from which fuel for startup
1s 1njected 1nto the combustion chamber; a mixed fuel nozzle
disposed around the fuel nozzle for startup and injecting the
mixed fuel; an air swirler disposed at a downstream end of
the mixed fuel nozzle positioned in the combustion chamber
and having a plurality of flow passages through which a part
of compressed air from a compressor 1s 1jected into the
combustion chamber to hold a flame, the mixed fuel nozzle
having mjection ports disposed 1n the inner peripheral side
of the tlow passages of the air swirler; and cooling holes
formed 1n a nozzle surface positioned to face the combustion
chamber and introducing a part of the mixed fuel injected
from the mixed fuel nozzle into the combustion chamber, to
thereby reduce tlame temperature near the nozzle surface.

10014] (7) Further, to achieve the above object, the present
invention provides a method of cooling a burner employing
a diffustve combustion system and injecting mixed fuel
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containing at least one of hydrogen and carbon monoxide
into a combustion chamber of a gas turbine combustor,
wherein the method comprises the steps of forming cooling,
holes 1n a nozzle surface positioned to face the combustion
chamber such that a part of the mixed fuel i1s injected
through the cooling holes; and injecting the part of the mixed
tuel into the combustion chamber through the cooling holes,
to thereby reduce flame temperature near the nozzle surface
and suppress a rise of metal temperature at the nozzle
surface.

10015] (8) Still further, to achieve the above object, the
present invention provides a burner for injecting mixed fuel
containing at least one of hydrogen and carbon monoxide
into a combustion chamber of a gas turbine combustor,
wherein the burner comprises a fuel nozzle for startup which
comprises a liquid fuel nozzle for injecting liquid fuel for the
startup of the gas turbine, and an atomizing air nozzle
disposed around the liqud fuel nozzle and injecting atom-
izing air to atomize the liquid fuel; a mixed fuel nozzle
disposed around the fuel nozzle for startup and 1njecting the
mixed fuel; an air swirler disposed at a downstream end of
the mixed fuel nozzle positioned in the combustion chamber
and 1njecting a part of compressed air from a compressor
into the combustion chamber to hold a flame; and an 1nert
gas supply system for supplying inert gas to the fuel nozzle
for startup, the mert gas from the iert gas supply system
being supplied to the fuel nozzle for startup such that the
inert gas 1s 1mjected to the vicinity of a nozzle surface from
the fuel nozzle for startup during a gas combustion mode
using only the mixed fuel.

10016] (9) Still further, to achieve the above object, the

present invention provides a gas turbine combustor for
burning mixed fuel containing at least one of hydrogen and
carbon monoxide, wherein the combustor comprises an
outer casing serving as a pressure vessel; a combustion liner
disposed 1nside the outer casing and forming a combustion
chamber therein; a burner for forming a flame 1n the com-
bustion chamber within the combustion liner; and a transi-
tion piece for introducing, to a turbine, burned gas generated
with the formation of the flame by the burner, the burner
comprising a fuel nozzle for startup which comprises a
liquid fuel nozzle for injecting liquid fuel for the startup of
the gas turbine, and an atomizing air nozzle disposed around
the liquid fuel nozzle and injecting atomizing air to atomize
the liquid fuel; a mixed fuel nozzle disposed around the fuel
nozzle for startup and 1njecting the mixed fuel; an air swirler
disposed at a downstream end of the mixed fuel nozzle
positioned in the combustion chamber and 1njecting a part of
compressed air from a compressor into the combustion
chamber to hold a flame; and an ert gas supply system for
supplying inert gas to the fuel nozzle for startup, the inert gas
from the inert gas supply system being supplied to the fuel
nozzle for startup such that the inert gas i1s injected to the
vicinity of a nozzle surface from the fuel nozzle for startup
during a gas combustion mode using only the mixed fuel.

10017] (10) Still further, to achieve the above object, the
present invention provides a method of cooling a burner
employing a diffusive combustion system and injecting
mixed fuel containing at least one of hydrogen and carbon
monoxide ito a combustion chamber of a gas turbine
combustor, wherein the method comprises the steps of
providing a mixed fuel nozzle for mnjecting the mixed fuel to
be disposed around a fuel nozzle for startup from which fuel
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for startup i1s injected into the combustion chamber; and
supplying inert gas from an inert gas supply system to the
tuel nozzle for startup such that the inert gas 1s injected to
the vicinity of a nozzle surface from the fuel nozzle for
startup during a gas combustion mode using only the mixed
fuel, thereby reducing flame temperature near the nozzle
surface and suppressing a rise of metal temperature at the
nozzle surface.

[0018] (11) Still further, to achieve the above object, the
present invention provides a burner for injecting mixed fuel
containing at least one of hydrogen and carbon monoxide
into a combustion chamber of a gas turbine combustor,
wherein the burner comprises a fuel nozzle for startup from
which fuel for startup 1s mjected mto the combustion cham-
ber; a mixed fuel nozzle disposed around the fuel nozzle for
startup and injecting the mixed fuel; an air swirler disposed
at a downstream end of the mixed fuel nozzle positioned 1n
the combustion chamber and having a plurality of flow
passages through which a part of compressed air from a
compressor 1s 1njected nto the combustion chamber to hold
a tlame, the mixed fuel nozzle having injection ports dis-
posed 1n the inner peripheral side of the flow passages of the
air swirler; and a unit for purging the fuel residing 1n the tuel
nozzle for startup.

[0019] (12) In above (11), preferably, the unit for purging
the fuel includes a system for supplying a part of the mixed
tuel, which 1s supplied to the mixed fuel nozzle, to the fuel
nozzle for startup.

[10020] (13) Still further, to achieve the above object, the
present invention provides a burner for 1njecting mixed fuel
containing at least one of hydrogen and carbon monoxide
into a combustion chamber of a gas turbine combustor,
wherein the burner comprises a fuel nozzle for startup from
which fuel for startup 1s 1njected into the combustion cham-
ber; a mixed fuel nozzle disposed around the fuel nozzle for
startup and 1njecting the mixed fuel; a swirler disposed to
face the combustion chamber and including an air swirler
disposed at a downstream end of the mixed fuel nozzle
positioned in the combustion chamber and having a plurality
of flow passages through which a part of compressed air
from a compressor 1s injected into the combustion chamber
to hold a flame, the mixed tuel nozzle having injection ports
disposed 1n the inner peripheral side of the tlow passages of
the air swirler; and a unit for reducing flame temperature in
the vicimity of the swirler disposed to face the combustion
chamber to be lower than the melting point of a swirler
material.

10021] (14) Still further, to achieve the above object, the
present invention provides a method of modifying a burner
for mjecting mixed fuel containing at least one of hydrogen
and carbon monoxide 1into a combustion chamber of a gas
turbine combustor, the burner comprising a fuel nozzle for
startup which comprises a liquid fuel nozzle for imjecting
liquid fuel for the startup of the gas turbine, and an atom-
1zing air nozzle disposed around the liquid fuel nozzle and
injecting atomizing air to atomize the liquid fuel; a mixed
tuel nozzle disposed around the fuel nozzle for startup and
injecting the mixed fuel; and a plurality of flow passages
which are formed in a downstream end of the mixed fuel
nozzle positioned in the combustion chamber and through
which a part of compressed air from a compressor 1s mjected
into the combustion chamber to hold a flame, wherein the
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method includes the step of additionally providing, on the
burner, a unit for supplying inert gas to the atomizing air
nozzle.

[0022] According to the present invention, even when the
mixed fuel containing at least one of hydrogen and carbon
monoxide 1s used as fuel, the flame temperature can be
reduced by increasing a fuel concentration near the nozzle
surface, whereby the metal temperature at the nozzle surface
can be held within a proper range and reliability can be
increased. In addition, the metal temperature at the nozzle
surface can also be held within the proper range by supply-
ing inert gas to the vicinity of the nozzle surface.

BRIEF DESCRIPTION OF THE DRAWINGS

10023] FIG. 1 is a schematic view of a gas turbine plant
equipped with a burner related to a first embodiment of the
present mvention;

[10024] FIG. 2 is a partial enlarged side sectional view of
the burner related to a first embodiment of the present
imnvention;

[0025] FIG. 3 1s a front view, looking from the combustion
chamber side, of the burner related to the first embodiment
of the present invention;

[0026] FIG. 4 is a partial enlarged side sectional view of
a burner related to a second embodiment of the present
imnvention;

10027] FIG. 51s a front view, looking from the combustion
chamber side, of the burner related to the second embodi-
ment of the present invention;

10028] FIG. 6 is a schematic view of a gas turbine plant
equipped with the burner related to the second embodiment
of the present invention;

[10029] FIG. 7 is a graph showing the relationship between
a mass flow ratio of fuel (mixed gas of hydrogen, methane
and nitrogen) to air and adiabatic flame temperature;

[0030] FIG. 8 is a graph showing the correlation between
supply of atomizing air and inert gas and metal temperature
at a nozzle surface after a shift to a gas combustion mode
using only the mixed fuel; and

[0031] FIG. 9 is a schematic view showing a system for
purging liquid fuel residing 1n a nozzle for startup.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

10032] Embodiments of the present invention will be
described below with reference to the drawings.

10033] FIG. 1 is a schematic view of a gas turbine plant
equipped with a burner related to a first embodiment of the
present mvention.

[0034] The gas turbine plant equipped with the burner
related to this first embodiment comprises an air compressor
2, a combustor 3, a turbine 4, a generator 6, a startup motor
8 for driving a gas turbine, and so on. Inlet air 101 1s
compressed 1n the air compressor 2, and compressed air 102
from the air compressor 2 1s burned 1n the combustor 3
together with fuel 200 and 201. When burned gas 110 from
the combustor 3 1s supplied to the turbine 4, the turbine 4
produces torque with the burned gas 110, and the torque
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produced by the turbine 4 1s transmitted to both the air
compressor 2 and the generator 6. The torque transmitted to
the air compressor 2 1s used as power for compressing air,
and the torque transmitted to the generator 6 1s converted to
clectrical energy.

[0035] While the generator 6 is shown as being load
equipment 1n FIG. 1, a pump, etc. may also be used as the

load equipment. Further, the turbine 4 1s not limited to the
one-shait type, and 1t may be of the two-shalt type.

[0036] The combustor 3 in this first embodiment burns
multi-component mixed gas fuel (hereinafter referred to
simply as “mixed fuel”) containing at least one of hydrogen
(H,) and carbon monoxide (CO). The gas turbine plant
includes supply systems for supplying not only gas fuel 201,
1.€., the mixed fuel, but also liquid tuel 200 used as fuel for
startup of the gas turbine, atomizing air 103 for atomizing
the liquid fuel 200, and 1nert gas (steam) 104 necessary for
reducing NOx. The gas fuel 201 burned in the combustor 3
1s, for example, multi-component gas fuel such as coke oven
gas, blast furnace gas and LD gas, or coal containing
hydrogen and carbon monoxide which are obtained by
gasitying coal, heavy o1l and other materials with the aid of
oxygen, or heavy o1l gasification gas. The liqud fuel 200 1s,
for example, light o1l or A-heavy oil.

[0037] The combustor 3 comprises an outer casing 10
working as a pressure vessel, a combustion liner 12 disposed
inside the outer casing 10 and forming a combustion cham-
ber therein, a burner 13 for forming a flame i the combus-
tion chamber within the combustion liner 12, and a transition
piece (not shown) for introducing, to the turbine 4, the
burned gas 110 generated with the formation of the flame by
the burner 13. In this first embodiment, the burner 13
employs a diffusive combustion system and 1s provided one
for each unit of the combustor.

[0038] FIG. 2 is a partial enlarged side sectional view of
the burner 13, and FIG. 3 15 a front view, looking from the
combustion chamber side, of the burner 13.

[0039] As shown in FIGS. 1, 2 and 3, the burner 13
comprises a fuel nozzle 15 for startup from which the liquid
fuel 200 used as the fuel for startup i1s injected into the
combustion chamber, a mixed fuel nozzle 16 for 1injecting
the gas fuel 201, and an air swirler 17 for mjecting a part
102a of the compressed air 102 from the air compressor 2
into the combustion chamber 1n order to hold the flame.

[0040] The fuel nozzle 15 for startup is disposed at a
center of the combustion chamber 1n the radial direction, and
it comprises a liquid fuel nozzle 20 for mjecting the liquid
tuel 200 for the startup of the gas turbine, and an atomizing
air nozzle 21 for imjecting the atomizing air 103 to atomize
the liquid fuel 200. The atomizing air nozzle 21 1s formed by
an mner casing 22 disposed so as to surround the liquid fuel
nozzle 20. The atomizing air 103 and the inert gas (steam)
104 flow through a flow passage formed between an 1nner
wall surface of the liner 22 and an outer wall surface of the
liquid fuel nozzle 20. The atomizing air 103 and the mert gas
(steam) 104 both 1njected through an i1njection port 21a of
the atomizing air nozzle 21, which 1s positioned to face the
combustion chamber, interfere with the liquid fuel 200
injected through an injection port 20a of the liqud fuel
nozzle 20. As a result, the liquid fuel 200 1s atomized and
injected nto the combustion chamber.
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[0041] The mixed fuel nozzle 16 has a main body, 1.e., a
body 23, disposed so as to surround the atomizing air nozzle
21. The gas tuel 201 tlows through a flow passage formed
between an 1mner wall surface of the body 23 and an outer
wall surface of the mner casing 22 of the atomizing air
nozzle 21. The air swirler 17 1s disposed at a downstream
end of the mixed fuel nozzle 16 positioned 1n the combustion
chamber. As shown 1n FIGS. 2 and 3, the air swirler 17 has
a plurality of flow passages 17a formed at constant intervals
in the circumierential direction so that a swirl component 1s
grven to the compressed air 102a. The tlow passages 17a are
formed to radially obliquely extend with respect to an outer
circumierence of the body 23 on the side close to the
combustion chamber. A part 102a of the compressed air 102
supplied from the air compressor 2 to the combustor 3 1s
introduced to the flow passages 17a of the air swirler 17 by
the action of pressure balance. The remaining compressed
air 102 flows into the combustion chamber through com-
bustion air holes and cooling holes which are formed 1n the
combustion liner 12. Accordingly, the combustion liner 12
can be cooled by the compressed air from the air compressor
2 at the same time.

10042] Injection ports 16a of the mixed fuel nozzle 16 are
disposed at the inner peripheral side of the flow passage 17a
of the air swirler 17 such that the gas fuel 201 injected
through the 1njection ports 164 1s introduced into the com-
bustion chamber together with the swirl tflow mjected from
the air swirler 17. Thus, the swirled compressed air 1024
from the air swirler 17 and the gas fuel 201 are mixed,
whereby the flame 1s held 1n front of the air swirler 17.

10043] Cooling holes 53 are formed in a nozzle surface
(swirler surface) 18 of the burner 13, which 1s positioned to
face the combustion chamber. The cooling holes 53 are
formed 1n large numbers 1n a region between the 1njection
port 21a of the atomizing air and the tlow passages 17a of
the air swirler 17 to be communicated with a tlow passage
of the mixed fuel nozzle 16. A part 2014 of the gas fuel 201
injected from the mixed fuel nozzle 16 is introduced 1nto the
combustion chamber through the cooling holes 53. As a
result, the fuel concentration near the nozzle surface 18 1s
enriched.

[0044] In this first embodiment, there are independently
provided a startup fuel supply system for supplying the
liquad fuel 200 to the fuel nozzle 15 for startup, and a mixed
tuel supply system for supplying the gas tuel 201 to the
mixed fuel nozzle 16. The startup fuel supply system 1s
connected to an inlet port 2056 of the liquid fuel nozzle 20,
and the mixed fuel supply system 1s connected to an inlet
port 165 of the mixed fuel nozzle 16. Each of those supply

systems includes a control valve (not shown) for adjusting a
fuel mass flow.

[0045] On the other hand, an atomizing air supply system
for supplying the atomizing air 103 to the atomizing air
nozzle 21 1s connected to an inlet port 215 of the atomizing
air nozzle 21, and an 1ert gas supply system for supplying
the mnert gas 104 to the air swirler 17 1s connected to an inlet
port 105 of the combustor outer casing 10. The atomizing air
supply system and the inert gas supply system are connected
to each other through a bypass line. In the bypass line
interconnecting those two supply systems, a shutofl valve
300 1s disposed to selectively open and close a tlow passage
of the bypass line. Further, in a portion of the inert gas
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supply system downstream of the bypass line, a shutofl
valve 301 for selectively opening and closing a flow passage
of the 1nert gas supply system and a steam flow control valve
302 for adjusting a mass flow of the steam flowing through
the 1nert gas supply system are disposed 1n this order from
the upstream side.

[0046] At the startup of the gas turbine plant constructed
as described above, the gas turbine 1s driven by an external
motive power supplied from, e.g., the startup motor 8 and
ignition 1s started in the combustor 3 by using the com-
pressed air 102 discharged from the air compressor 2 and the
liquid fuel 200. The burned gas 110 from the combustor 3 1s
supplied to the turbine 4 so that torque 1s given to the turbine
4. As the mass tlow of the liquid tuel 200 increases, the
rotational speed of the turbine 4 1s increased, and by
stopping the startup motor 8, the gas turbine 1s shifted to a
self-sustaiming operation. When the rotational speed of the
turbine 4 reaches a non-load rated speed, the generator 6 1s
brought into operation and the mass flow of the liquid fuel
200 1s further increased, whereby the inlet gas temperature
in the turbine 4 rises and a load 1s 1ncreased.

[0047] After application of the load, the steam 104 is
injected into the combustor 3 from the iert gas supply
system to suppress the amount of NOx emission. The steam
104 supplied to the combustor 3 passes through the shutofl
valve 301 and 1s adjusted to a proper mass tlow by the steam
flow control valve 302. Then, the steam 104 1s mixed with
the combustion air 102a from the air compressor 2 and 1s
injected into the combustion chamber through the flow
passages 17a of the air swirler 17. The oxygen concentration
of the combustion air 102q 1s reduced after being mixed with
the steam 104. As a result, since the liquid fuel 200 1s burned
with air having the reduced oxygen concentration, the flame
temperature in the combustion chamber lowers and the NOx
emission 1s suppressed.

[0048] Adfter a subsequent operation of increasing the load,
it becomes possible to perform a fuel changeover operation
from the liquid fuel 200 to the gas fuel 201, 1.e., the mixed
gas fuel. The fuel changeover operation 1s to decrease the
mass flow of the liquid fuel 200 and to increase the feed rate
of the gas fuel 201 while the load of the gas turbine 1s kept
constant. Finally, when the fuel changeover operation from
the liquid fuel 200 to the gas fuel 201 1s completed and the
operating mode 1s shifted to a gas combustion mode using
only the mixed fuel, the load can be further increased with
an increase in the mass tlow of the gas fuel 201. After the
shift to the gas combustion mode using only the mixed fuel,
the supply of the liquid tuel 200 1s stopped and then the
supply of the atomizing air 103 for atomizing the liquid fuel
200 1s also stopped.

10049] In the burner for the diffusive combustion as in this
first embodiment, air 1s usually injected from the down-
stream nozzle surface of the burner positioned in the com-
bustion chamber so that the fuel for startup 1s atomized.
However, the supply of air for that purpose atlects the metal
temperature at the nozzle surface to a large extent when the
multi-component mixed gas 1s burned. The reasons will be
described below with reference to FIGS. 7 and 8.

[0050] FIG. 7 is a graph showing the relationship between
a mass tlow ratio (F/A) of fuel (mixed gas of hydrogen,
methane and nitrogen) to air and adiabatic flame tempera-
ture.
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[0051] As shown in FIG. 7, the adiabatic flame tempera-
ture (° C.) has such a tendency to rise as F/A (kg/kg) 1s
increased, to maximize at a certain F/A condition, and
thereatter to lower gradually when F/A 1s further increased.
The F/A at which the adiabatic flame temperature 1s maxi-
mized 1s called a stoichiometric ratio. Also, the region in
which F/A 1s lower than that ratio 1s called a fuel lean region,
and the region 1n which F/A 1s higher than that ratio 1s called
a fuel rich region. Considering the behavior of F/A 1n the
tuel rich region, the F/A value comes closer to the stoichio-
metric ratio when the atomizing air 1s supplied (area A in

FIG. 7) than that when the atomizing air 1s not supplied (area
B in FIG. 7).

[0052] In this first embodiment, it deems that the fuel rich
region 1s formed near the nozzle surface of the combustor 3.
With the supply of the atomizing air, F/A comes closer to the
stoichiometric ratio and the flame temperature (combustion
temperature) rises. On the other hand, when the inert gas,

¢.g., steam, 1s supplied, the adiabatic flame temperature
tends to lower (area C 1n FIG. 7).

[0053] FIG. 8 is a graph showing the correlation between
the supply of the atomizing air and the mnert gas and the
metal temperature at the nozzle surface after the shift to the
gas combustion mode using only the mixed fuel.

[0054] FIG. 8 represents the case where the mixed gas of
hydrogen, methane and nitrogen 1s burned. As shown i FIG.
8, regardless of the load condition of the gas turbine, the
metal temperature 1s higher when the atomizing air 1s
supplied than that when the atomizing air 1s not supplied,
and the metal temperature 1s lower when the inert gas is
supplied than that when the 1nert gas 1s not supplied. This 1s
presumably attributable to the fact that F/A near the nozzle
surface 1s changed and the combustion temperature 1s also
changed depending on the atomizing air and the inert gas
supply. In the case of using the mixed fuel containing
hydrogen and carbon monoxide, particularly, because the
flame tends to approach the nozzle surface because of a
higher burning velocity, the metal temperature 1s more
strongly aflected by the flame temperature. Accordingly,
when the mixed tuel containing hydrogen and carbon mon-
oxide 1s burned as in this first embodiment, a rise of the
metal temperature at the nozzle surface can be suppressed by
paying consideration such that F/A near the nozzle surface
does not satisty the condition providing the value of F/A 1n
the vicinity of the stoichiometric ratio.

[0055] In this embodiment using the mixed fuel, if the
nozzle surface i1s cooled by employing a part of the air
discharged from the compressor, F/A comes closer to the
stoichiometric ratio and the flame temperature rises. There-
fore, when the mixed fuel containing hydrogen and/or
carbon monoxide 1s burned, it 1s diflicult to cool the nozzle
surface by employing air because the flame approaches the
swirler and the metal temperature 1s apt to rise. Also, if F/A
near the nozzle surface 1s set to fall within the fuel lean
region, for example by increasing the amount of air sup-
plied to the air swirler 17, this method 1s not practical for the
reason that unburned hydrogen 1s 1ncreased and blow-ofl 1s
apt to occur under low-load conditions where the fuel mass
flow 1s reduced. Conversely, if F/A near the nozzle surface
1s 1ncreased by extremely reducing the amount of air sup-
plied to the air swirler 17, this method gives rise to another
problem 1n flame stability, e.g., blowout, because F/A
decreases 1n the fuel rich region beyond a flammable range.
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[0056] In contrast, according to this first embodiment,
since the cooling holes 53 for introducing a part of the mixed
gas fuel 201 are formed in the nozzle surface, the fuel
concentration near the nozzle surface 1s enriched. Therefore,
F/A 1n an area near the nozzle surface can be increased and
the flame temperature near the nozzle surface can be
reduced. It 1s hence possible to avoid a phenomenon of an
increase 1n the flame temperature, which 1s caused due to a
shift of F/A toward the stoichiometric ratio 1n the case of air
cooling, and to lower the metal temperature at the nozzle
surtace.

[0057] Although the temperature of fuel supplied to the
gas turbine differs to some extent depending on the kind of
fuel, the temperature of coke oven gas or the like 1s not
higher than 100° C. and the temperature of gasification gas
obtained by gasifying coal with the aid of oxygen 1s not
higher than 200-300° C. Those temperatures are lower than
the temperature (about 390° C.) of the air discharged from
the compressor (1.e., the compressor discharge temperature).

Therefore, a thher cooling capability than that in the case
of air cooling can be obtained by utilizing sensible heat of
the fuel. Thus, the metal temperature at the nozzle surface
can be held within a proper range while ensuring combus-
tion stability within a working load range of the gas turbine,
whereby reliability can be improved.

[0058] Further, according to this first embodiment, since
the 1njection ports 16a for the gas fuel 201 are formed at the
inner peripheral side of the flow passages 17a of the air
swirler 17, the injection ports 16a are subjected to the
dynamic pressure of the compressed air 102a. During the
operation using only the liquid fuel 200, therefore, the
compressed air 102a from the air compressor 2 1s supplied
to the mixed fuel nozzle 16 through the 1njection ports 16a,
and then the compressed air 102q 1s mtroduced into the
combustion chamber through the cooling holes 53 formed 1n
the nozzle surface. At that time, the mnjected liquid fuel 200
and the compressed air 102q introduced through the cooling
holes 33 are mixed. In comparison with the case where the
liquid fuel 200 1s mixed with only the compressed air 102qa
supplied from the air swirler 17, therefore, a larger amount
of air 1s supplied to the fuel nozzle 15 for startup, and this
1s more eflective 1n suppressing soot generated during the
combustion of the liquid fuel.

[0059] Generally, liquid fuel 1s burned through processes
ol atomization of the liquid fuel, vaporization of the atom-
1zed fuel, mixing of the vaporized fuel and air, and com-
bustion. Therefore, 11 the mixing of the fuel and air 1s
insuflicient, the carbonaceous concentration, such as soot, 1s
increased during the combustion. In this first embodiment,
the compressed air 102a 1s supplied through the cooling
holes 53 for mtroducing the gas fuel 201 in the vicinity of
an atomizing sheath (injection hole 21a) through which the
liquid fuel for startup 1s injected while being atomized. This
leads to an additional advantage of suppressing the genera-

tion of soot, which 1s caused with combustion of the liquid
fuel.

[0060] In addition, according to this first embodiment, by
opening the shutoil valve 300, a part of the mert gas 104,
¢.g., steam, which 1s used to reduce NOx, can be supplied to
the atomizing air supply system constituted by the fuel
nozzle 15 for startup. The steam 104 required for reducing
NOx 1s supplied after the operating mode 1s shifted to the gas
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combustion mode using only the gas fuel 201 and the supply
of the atomizing air 103 1s stopped. Since the flame tem-
perature near the nozzle surface lowers (see also FIG. 7) by
injecting the steam 104 through the fuel nozzle 15 for
startup, which 1s disposed at the center of the nozzle surface,
the metal temperature at the nozzle surface can be reduced.

[0061] Further, a check valve has to be disposed in the
atomizing air supply system to prevent backilow of the
stcam 104 when the steam 104 1s supplied to the fuel nozzle
15 for startup. While the first embodiment has been
described, by way of example, in connection with the case
of employing steam to reduce NOX, 1t 1s also possible to
employ another kind of mert gas, e.g., nitrogen or carbon
dioxide, which 1s generally obtained in the gas turbine plant.
Such a case can also provide similar advantages to those
described above.

[0062] Moreover, after burning the liquid fuel 200, by
injecting the mert gas through the fuel nozzle 15 for startup
through the supply system for the atomizing air 103 which
1s here utilized as the inert gas supply system, triple fuel of
o1l, atomizing air, and gas can be supplied with a simpler
structure.

[0063] While the above-described embodiment includes
both the structure for injecting the gas fuel 201 through the
cooling holes 33 and the structure for injecting the nert gas
from the atomizing air supply system for the fuel nozzle 135
for startup, a high cooling effect can also be obtained with
cither one of those two structures. When the function of
cooling the nozzle surface by 1njecting the inert gas through
the center of the nozzle surface 1s omitted, for example, 1t 1s
just required to omit the shutoil valve 300 and the bypass
line 1n which the shutofl valve 300 1s disposed. Conversely,
when the cooling function obtained by injecting the mixed
tuel through the cooling holes 53 i1s omitted, the eflect of
cooling the nozzle surface can be obtained by 1njecting the
iert gas through the center of the nozzle surface.

[0064] FIG. 4 is a partial enlarged side sectional view of
a burner according to a second embodiment of the present
invention, 1n which the cooling holes 33 in the first embodi-
ment are omitted, and FIG. 5 1s a front view, looking from
the combustion chamber side, of the burner according to the
second embodiment. In FIGS. 4 and 3, similar components
to those mn FIGS. 1, 2 and 3 are denoted by the same
reference numerals and a description of those components 1s
omitted here.

[0065] In the burner shown in FIGS. 4 and 5, the injection
ports 16a are formed at the imnner peripheral side of the flow
passages 17a of the air swirler 17, and the fuel nozzle 15 for
startup 1s disposed at the center of the air swirler 17 1n the
radial direction. Stated another way, the burner according to
the second embodiment has the same structure as that shown
in FIGS. 2 and 3 except for that the cooling holes 53 are
omitted. A rise of the metal temperature at the nozzle surface
18 can also be suppressed even with the burner having the
structure that the cooling holes 53 are not formed and the
fuel concentration 1n the area near the nozzle surface 18
cannot be enriched with the absence of the cooling holes 53
for introducing a part of the gas fuel.

[0066] FIG. 6 is a schematic view of a gas turbine plant
equipped with the burner, shown in FIGS. 4 and 5, according
to the second embodiment of the present invention.
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[0067] As inthe gas turbine plant shown in FIG. 1, the gas
turbine plant shown in FIG. 6 employs the gas fuel 201 made
of a multi-component gas containing hydrogen and/or car-
bon monoxide, the liquid fuel 200 serving as the fuel for the
startup of the gas turbine, the atomizing air 103 for atom-
1izing the liquid fuel 200, and the steam (inert gas) 104 for
reducing NOx. Also, as in the gas turbine plant shown in
FI1G. 1, the shutofl valve 301 and the flow control valve 302
are disposed 1n the 1nert gas supply system, and the shutoil
valve 300 1s disposed in the bypass line connecting the
atomizing air supply system and the 1nert gas supply system
to each other. Stated another way, the gas turbine plant
according to the second embodiment has substantially the
same construction as that shown 1n FIG. 1 except for that the
cooling holes 1n the nozzle surface are omitted.

[0068] Further, as in the gas turbine plant shown in FIG.
1, the gas turbine plant according to the second embodiment
can reduce the concentration of exhausted NOx by 1njecting
the steam 104 1nto the combustion chamber after the liquid
tuel 200 1s burned and a load 1s applied. The fuel 1s changed
over from the liqud fuel 200 to the gas fuel 201 with a
subsequent 1ncrease ol the load, and the supply of the
atomizing air 103 1s stopped after the shift to the gas
combustion mode using only the mixed fuel. After the
supply of the atomizing air 103 1s stopped, the shutofl valve
300 1s opened so that the steam 104 1s mjected from the
center of the nozzle surface through the fuel nozzle 15 for
startup. With the supply of the steam 104 to the combustion
chamber through the fuel nozzle 15 for startup which 1s
disposed at the center of the nozzle surface of the air swirler
17, the temperature of the flame formed near the nozzle
surface lowers. As a result, the metal temperature at the
nozzle surface can be reduced and the reliability can be
improved.

[0069] Also, by utilizing the atomizing air supply system
to supply the steam 104 to the fuel nozzle 15 for startup,
there 1s no need of providing a new supply system which
supplies the inert gas to the fuel nozzle 15 for startup.
Another major advantage 1s as follows. Since it 1s general
that the cooling holes for imjecting fuel are not formed 1n the
nozzle surface, the burner according to the second embodi-
ment can be easily constructed by employing a known
general burner adapted for the diflusive combustion system.

[0070] FIG. 9 is a schematic view of a gas turbine plant
equipped with a burner according to a third embodiment of
the present invention, the plant including a system for
purging liquid fuel residing 1n a nozzle for startup.

[0071] In the first and second embodiments, the liquid fuel
200 1s used for the startup of the gas turbine, and the supply
of the liquid fuel 200 1s stopped after the operating mode 1s
shifted to the gas combustion mode using only the mixed
fuel 1n a certain load condition. In such a process, if the
liquid fuel 200 resides i the liquid fuel nozzle 20, there
occurs a phenomenon (coking) that the liquid fuel nozzle 20
1s heated by heat from the flame and the residing liquid fuel
200 1s solidified in the nozzle. To avoid such a phenomenon,
alter completion of the shift to the gas combustion mode
using only the mixed fuel, gas such as nitrogen 1s supplied
to the liquid tuel nozzle 20 to purge the residing liquid fuel
200 into the combustion chamber, to thereby prevent the
flow passage of the liquid fuel nozzle 20 being clogged by
coking.
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[0072] Also, after the operating mode is shifted from the
gas combustion mode using only the mixed fuel (1.e., gas
exclusive combustion) to the operation using only the liquid
tuel for startup (1.e., o1l exclusive combustion) and the gas
turbine 1s stopped a sunllar phenomenon may occur because
the temperature in the combustor 3 1s high. After the stop of
the gas turbine, therefore, 1t 1s similarly required to purge the
liguid fuel from the liquid fuel nozzle 20.

10073] FIG. 9 shows, in enlarged scale, the burner includ-
ing the fuel nozzle 15 for startup and the surroundings
thereol. The gas turbine plant according to this third embodi-
ment includes a nitrogen-supply purge system for supplying
nitrogen 400 to the startup fuel supply system, and a
gas-tuel-supply purge system 201a which 1s branched from
the mixed fuel supply system and 1s used to supply a part of
the gas fuel 201 to the startup fuel supply system. A shutoil
valve 401 1s disposed 1n the nitrogen-supply purge system,
and a shutoil valve 2015 1s disposed in the gas-fuel-supply
purge system 201a, respectively.

|0074] The operations for changing over fuel and purging
the fuel for startup are as follows. When the load condition
reaches a level adaptable for changeover to the gas fuel 201
after the startup using the liquid fuel 200, the fuel changing-
over operation 1s performed by increasing the mass flow of
the gas fuel 201 while reducing the mass flow of the liquid
tuel 200 supplied to the liquid fuel nozzle 20 of the com-
bustor. When the predetermined mass flow of the gas fuel
201 1s supplied and the mass flow of the liquid fuel 200 1s
reduced to zero, the fuel changing-over operation 1s com-
pleted. At that time, 1f the liquid tuel 200 1s leit residing in
the liqud fuel nozzle 20, coking occurs in the liquid fuel
nozzle 20 by heat from the flame. Accordingly, the shutoil
valve 401 for the nitrogen 400 is released to supply the
nitrogen 400 to the liquid fuel nozzle 20, whereby the
residing liquid fuel 200 can be purged into the combustion
chamber and the occurrence of coking can be prevented.
This purge system 1s itended to purge the liquid fuel. By
continuously supplying the nitrogen 400 to the combustor 3
even alter completion of the purge, the tlame temperature
near the swirler surface lowers, thus resulting 1n an advan-
tage that the metal temperature at the swirler surface can be
reduced during the gas combustion mode using only the
mixed fuel (1.e., gas exclusive combustion).

[0075] Also, a similar advantage can be obtained when the
residing liquid fuel 1s purged by supplying, to the liquid fuel
nozzle 20, the part 201a of the gas fuel 201 which 1s
branched from the mixed fuel supply system and introduced
to the startup fuel supply system. Further, by so purging the
liquid fuel 200 residing 1n the liquid fuel nozzle 20 into the
combustion chamber and then continuously supplying the
gas fuel to the combustion chamber even after completion of
the purge, the fuel concentration near the swirler surface 1s
enriched and the fuel rich region 1s formed. Accordingly, the
flame temperature near the swirler surface lowers so that the
metal temperature at the swirler surface can be reduced.

[0076] The cooling means in the above-described purge
systems, 1.., the means for continuously supplying the
nitrogen 400 and the part 201a of the gas tuel 201 through
the liqud fuel nozzle 20 in the fuel nozzle 135 for startup
during the gas combustion mode using only the mixed fuel
(1.e., gas exclusive combustion), can be combined with the
method for cooling the swirler surface in the first embodi-
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ment. As a result, the swirler surface can be eflectively
cooled even in the case of burning the fuel containing
hydrogen, carbon monoxide, etc.

[0077] Additionally, as shown in FIG. 2, the swirler sur-
face 18 has the mjection port 21a through which the atom-
1zing air 1s 1njected, the cooling holes 53 through which the
gas fuel 201 1s injected into the combustion chamber, and the
flow passages 17a of the air swirler 17 through which the
compressed air 1s supplied to the combustion chamber. Also,
the mjection ports for mjecting the gas fuel and the atom-
1zing air respectively from the mixed fuel nozzle 16 and the
atomizing air nozzle 21 to the combustion chamber corre-
spond to the nozzle surface 1n which those 1njection ports are
formed.

[0078] As described above, the first to third embodiments
include means for reducing the flame temperature 1n the
vicinity of the air swirler, 1.e., near the respective surfaces of
the fuel nozzle 15 for startup and the mixed fuel nozzle 16
which are positioned to face the combustion chamber. As
seen from FIG. 8, 1f the atomizing air 103 1s supplied after
the shift to the gas combustion mode using only the mixed
tuel, there 1s a possibility that the metal temperature at the
swirler surface rises and exceeds the melting point of the
material forming the air swirler. For example, the melting
point of SUS steel 1s 650° C. If the metal temperature
exceeds that melting point, the air swirler 17 fails to develop
the normal function due to burning-out of the swirler by the
flame, or the burner can no longer maintain the flame due to
clogging of the injection ports 16a of the mixed fuel nozzle
16, thus resulting 1n deterioration of reliability of the com-
bustor. With the provision of the means for reducing the
flame temperature near the swirler surface, which 1s posi-
tioned to face the combustion chamber, to be lower than the
melting point of the swirler matenal, 1t 1s possible to prevent
the burning-out of the swirler material, and to improve the
reliability of the combustor.

[0079] Also, the first to third embodiments are useful in
moditying the existing burners. For example, when the
existing burners employ LNG (liquefied natural gas), gas oil,
and A-heavy oil, change 1n the kind of used fuel can be
adapted with a simple modification.

[0080] More specifically, the first and second embodi-
ments are useful in modifying the existing burners 1n the
following point. Supposing, for example, the case where the
existing burner includes the fuel nozzle 135 for startup and
the mixed fuel nozzle 16 and uses the liquid fuel 1n the fuel
nozzle 135 for startup, it 1s thought that the relevant burner
includes the atomizing air supply system for atomizing the
liquid fuel. Therefore, the metal temperature 1n the vicinity
of the air swirler can be reduced by just modifying the
relevant burner such that the iert gas can be supplied to the
atomizing gas supply system upstream of the atomizing air
nozzle 21.

[0081] In addition, the metal temperature in the vicinity of
the air swirler can be further reduced by replacing the nozzle
surface (swirler surface) 18 of the burner 13, which 1s
positioned to face the combustion chamber, with the nozzle
surface having the cooling holes 53 formed therein. How-
ever, because the replacement of the nozzle surface requires
the burner to be disassembled from the combustor, 1t 1s
casier to carry out a modification such that the mert gas 1s
supplied to the atomizing gas supply system, without dis-
assembling the burner from the combustor.




US 2007/0003897 Al

[0082] Further, the third embodiment is also useful in
moditying the existing burners. Namely, a similar advantage
to that i the third embodiment can be obtained just by
adding the purge system for supplying the nitrogen 400 to
the startup fuel supply system 1n order to purge the liquid
tuel 200 residing 1n the liquid fuel nozzle 20. However, the
supply of nitrogen 400 requires auxiliary equipment, thus
resulting 1n an increased plant size. To avoid such a draw-
back, the mixed fuel supply system 1s branched to addition-
ally provide the gas-fuel-supply purge system 201a so that
a part of the gas fuel 201 1s supplied to the startup fuel
supply system. With that modification, the delivery pressure
of a gas compressor disposed in the existing mixed fuel
supply system for supplying the mixed fuel to the burner can
also be utilized to supply the part of the gas fuel 201 through
the gas-tuel-supply purge system 201a, whereby the plant
equipment can be downsized.

What 1s claimed 1s:

1. A burner for injecting mixed fuel containing at least one
of hydrogen and carbon monoxide into a combustion cham-
ber of a gas turbine combustor, said burner comprising:

a fTuel nozzle for startup from which fuel for startup 1s
injected into said combustion chamber;

a mixed fuel nozzle disposed around said fuel nozzle for
startup and injecting the mixed fuel;

an air swirler disposed at a downstream end of said mixed
fuel nozzle positioned 1n said combustion chamber and
having a plurality of flow passages through which a
part ol compressed air from a compressor 1s mjected
into said combustion chamber to hold a flame, said
mixed fuel nozzle having injection ports disposed 1n the
inner peripheral side of the flow passages of said air
swirler; and

cooling holes formed 1n a nozzle surface positioned to

face said combustion chamber and introducing a part of

the mixed fuel injected from said mixed fuel nozzle
into said combustion chamber, to thereby reduce flame
temperature near the nozzle surface.

2. The burner according to claim 1, wherein said fuel
nozzle for startup comprises a liquid fuel nozzle for injecting
liguad fuel for the startup of said gas turbine, and an
atomizing air nozzle disposed around said liquid fuel nozzle
and 1njecting atomizing air to atomize the liquid fuel.

3. The burner according to claim 1, wherein said fuel
nozzle for startup 1s disposed at a center of a combustion
liner forming said combustion chamber in the radial direc-
tion.

4. The burner according to claim 1, further comprising an
mert gas supply system for supplying inert gas to said fuel
nozzle for startup, wherein the mert gas from said nert gas
supply system 1s supplied to said fuel nozzle for startup such
that the mert gas 1s injected to the vicinity of the nozzle
surface from said fuel nozzle for startup during a gas
combustion mode using only the mixed fuel.

5. The burner according to claim 1, wherein the mixed
tuel 1s any of coke oven gas, blast furnace gas, LD gas, coal,
and heavy o1l gasification gas.

6. A gas turbine combustor for burning mixed fuel con-
taining at least one of hydrogen and carbon monoxide, said
combustor comprising:
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an outer casing serving as a pressure vessel;

a combustion liner disposed inside said outer casing and
forming a combustion chamber therein;

a burner for forming a flame in said combustion chamber
within said combustion liner; and

a transition piece for itroducing, to a turbine, burned gas
generated with the formation of the flame by said
burner,

said burner comprising:

a fuel nozzle for startup from which fuel for startup 1s
injected into said combustion chamber;

a mixed fuel nozzle disposed around said fuel nozzle for
startup and injecting the mixed fuel;

an air swirler disposed at a downstream end of said mixed
fuel nozzle positioned in said combustion chamber and
having a plurality of flow passages through which a
part ol compressed air from a compressor 1s mjected
into said combustion chamber to hold a flame, said
mixed fuel nozzle having injection ports disposed 1n the
inner peripheral side of the flow passages of said air
swirler; and

cooling holes formed 1n a nozzle surface positioned to
face said combustion chamber and introducing a part of
the mixed fuel injected from said mixed fuel nozzle
into said combustion chamber, to thereby reduce flame
temperature near the nozzle surface.

7. A method of cooling a burner employing a diflusive
combustion system and 1njecting mixed fuel contaiming at
least one of hydrogen and carbon monoxide into a combus-
tion chamber of a gas turbine combustor, said method
comprising the steps of:

forming cooling holes in a nozzle surface positioned to
face said combustion chamber such that a part of the
mixed fuel 1s injected through said cooling holes; and

injecting the part of the mixed fuel into said combustion
chamber through said cooling holes, to thereby reduce
flame temperature near the nozzle surface and suppress
a rise of metal temperature at the nozzle surface.
8. A burner for injecting mixed fuel containing at least one
of hydrogen and carbon monoxide into a combustion cham-
ber of a gas turbine combustor, said burner comprising:

a fuel nozzle for startup which comprises a liquid fuel
nozzle for injecting liquid fuel for the startup of said
gas turbine, and an atomizing air nozzle disposed
around said liquid fuel nozzle and injecting atomizing
air to atomize the liquid fuel;

a mixed fuel nozzle disposed around said fuel nozzle for
startup and injecting the mixed fuel;

an air swirler disposed at a downstream end of said mixed
fuel nozzle positioned 1n said combustion chamber and
injecting a part of compressed air from a compressor
into said combustion chamber to hold a flame; and

an 1nert gas supply system for supplying mert gas to said
fuel nozzle for startup,

wherein the mert gas from said inert gas supply system 1s
supplied to said fuel nozzle for startup such that the
iert gas 1s mjected to the vicinity of a nozzle surface
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from said fuel nozzle for startup during a gas combus-
tion mode using only the mixed fuel.
9. A gas turbine combustor for burning mixed fuel con-
taining at least one of hydrogen and carbon monoxide, said
combustor comprising:

an outer casing serving as a pressure vessel;

a combustion liner disposed 1nside said outer casing and
forming a combustion chamber therein;

a burner for forming a flame in said combustion chamber
within said combustion liner; and

a transition piece for introducing, to a turbine, burned gas
generated with the formation of the flame by said
burner,

said burner comprising;:

a fuel nozzle for startup which comprises a liquid fuel
nozzle for ijecting liquid fuel for the startup of said
gas turbine, and an atomizing air nozzle disposed
around said liquid tuel nozzle and mjecting atomizing
air to atomize the liquid fuel;

a mixed fuel nozzle disposed around said fuel nozzle for
startup and injecting the mixed fuel;

an air swirler disposed at a downstream end of said mixed
fuel nozzle positioned in said combustion chamber and
injecting a part of compressed air from a compressor
into said combustion chamber to hold a flame; and

an 1nert gas supply system for supplying inert gas to said
fuel nozzle for startup,

wherein the inert gas from said nert gas supply system 1s
supplied to said fuel nozzle for startup such that the
iert gas 1s ijected to the vicinity of a nozzle surface
from said fuel nozzle for startup during a gas combus-
tion mode using only the mixed fuel.

10. A method of cooling a burner employing a diffusive
combustion system and injecting mixed fuel contaiming at
least one of hydrogen and carbon monoxide nto a combus-
tion chamber of a gas turbine combustor, said method
comprising the steps of:

providing a mixed fuel nozzle for injecting the mixed fuel
to be disposed around a fuel nozzle for startup from
which fuel for startup 1s 1njected 1nto said combustion
chamber; and

supplying mnert gas from an 1nert gas supply system to said

fuel nozzle for startup such that the inert gas 1s injected

to the vicinity of a nozzle surface from said fuel nozzle

for startup during a gas combustion mode using only

the mixed fuel, thereby reducing flame temperature

near the nozzle surface and suppressing a rise ol metal
temperature at the nozzle surface.

11. A burner for mjecting mixed fuel containing at least

one of hydrogen and carbon monoxide mmto a combustion

chamber of a gas turbine combustor, said burner comprising:

a fTuel nozzle for startup from which fuel for startup 1s
injected into said combustion chamber;
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a mixed fuel nozzle disposed around said fuel nozzle for
startup and injecting the mixed fuel;

an air swirler disposed at a downstream end of said mixed
fuel nozzle positioned 1n said combustion chamber and
having a plurality of tlow passages through which a
part of compressed air from a compressor 1s 1njected
into said combustion chamber to hold a flame, said
mixed fuel nozzle having injection ports disposed 1n the
inner peripheral side of the flow passages of said air
swirler; and

means for purging the fuel residing 1n said fuel nozzle for

startup.

12. The burner according to claim 11, wherein said means
for purging the fuel includes a system for supplying a part
of the mixed fuel, which 1s supplied to said mixed fuel
nozzle, to said tuel nozzle for startup.

13. A burner for injecting mixed fuel containing at least
one of hydrogen and carbon monoxide mnto a combustion
chamber of a gas turbine combustor, said burner comprising:

a fuel nozzle for startup from which fuel for startup 1s
injected nto said combustion chamber;

a mixed fuel nozzle disposed around said fuel nozzle for
startup and injecting the mixed fuel;

a swirler disposed to face said combustion chamber and
including an air swirler disposed at a downstream end
of said mixed fuel nozzle positioned in said combustion
chamber and having a plurality of flow passages
through which a part of compressed air from a com-
pressor 1s 1njected ito said combustion chamber to
hold a flame, said mixed fuel nozzle having injection
ports disposed in the inner peripheral side of the flow
passages of said air swirler; and

means for reducing flame temperature 1n the vicinity of

said swirler disposed to face said combustion chamber

to be lower than the melting point of a swirler material.

14. A method of modifying a burner for injecting mixed

fuel containing at least one of hydrogen and carbon mon-

oxide mto a combustion chamber of a gas turbine combustor,
said burner comprising:

a fuel nozzle for startup which comprises a liquid fuel
nozzle for injecting liquid fuel for the startup of said
gas turbine, and an atomizing air nozzle disposed
around said liquid fuel nozzle and injecting atomizing
air to atomize the liquid fuel;

a mixed fuel nozzle disposed around said fuel nozzle for
startup and injecting the mixed fuel; and

a plurality of flow passages which are formed in a
downstream end of said mixed fuel nozzle positioned 1n
said combustion chamber and through which a part of
compressed air from a compressor 1s 1njected 1nto said
combustion chamber to hold a flame,

said method including the step of additionally providing,
on said burner, means for supplying inert gas to said
atomizing air nozzle.
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