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Description
{Background of the Invention}
{Technical Field}

[0001] The present invention relates to a gas turbine
combustor and an operating method of the gas turbine
combustor.

{Background Art}

[0002] There is a need for gas turbines to be lower in
NOx from the perspective of environmental protection.
[0003] One way to lower the NOx of a gas turbine com-
bustor is a premixed combustor; in this case, there is a
concern of a backfire phenomenon in which a flame en-
ters a premixing device.

[0004] Japanese Patent Laid-open No. 2003-148734
shows a gas turbine combustor that has fuel nozzles for
supplying fuel to a chamber and air holes for supplying
air located in the downstream side of the fuel nozzles in
which the ejection hole of the fuel nozzle and the air hole
are disposed coaxially to make up a fuel combustion noz-
zle. The document discloses a technology concerning a
gas turbine combustor for achieving an anti-backfiring
characteristic and low NOx combustion.

[0005] In addition, Japanese Patent Laid-open No.
2011-075172 discloses a means for preventing flame at-
tachment to an air hole exit by defining the exit location
and the exit direction of the air hole. In this technology
of gas turbine combustors, a distance for mixing fuel and
air is increased based on the technology disclosed in
Japanese Patent Laid-open No. 2003-148734 to further
reduce NOx discharge.

{Patent Literature 1} Japanese PatentLaid-open No.
2003-148734
{Patent Literature 2} Japanese PatentLaid-open No.
2011-075172

{Summary of the Invention}

[0006] A gas turbine needs to be operated stably in a
wide range of operating conditions from ignition to full
load operation. For this reason, a multi-burner with a plu-
rality of burners has been widely adopted as a gas turbine
combustor.

[0007] While the above Japanese Patent Laid-open
No. 2003-148734 and Japanese Patent Laid-open No.
2011-075172 each disclose a multi-burner configuration,
none of these known prior arts mention a technology for
reducing the discharge of unburned combustibles and
preventing an increase in liner metal temperature at the
same time in partial load conditions of the gas turbine.
[0008] An object of the present invention is to provide
a gas turbine combustor and an operating method of the
gas turbine combustor to allow the gas turbine combustor
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equipped with a multi-burner to ensure combustion sta-
bility in the entire range of load conditions of the gas
turbine and reduce the generation of unburned combus-
tibles and an increase in liner metal temperature at the
same time in partial load conditions of the gas turbine.
[0009] A gas turbine combustor of the present inven-
tion comprising: a chamber for mixing and burning sup-
plied fuel and supplied air to generate combustion gas;
an air hole plate located in an upstream side of the cham-
ber, forming a plurality of air holes for supplying the air;
a plurality of fuel nozzles for supplying the fuel to the
plurality of air holes formed in the air hole plate, wherein
the air holes are disposed in the downstream side of the
fuel nozzles that one of the fuel nozzles is paired with
one of the air holes; and a plurality of burners made up
of the plurality of air holes and the plurality of fuel nozzles
in pairs, characterized in that, the plurality of burners
are comprised a center burner disposed on an axis of
the gas turbine combustor and a plurality of outer burners
installed around the center burner, the center burner is
fixed to a first fuel supply system for supplying the fuel
to the fuel nozzles in the center burner, the plurality of
outer burners is fixed to a second fuel supply system for
supplying the fuel to the fuel nozzles in outer burner’s
inner portions which are inner regions of specific outer
burners among the outer burners, the plurality of outer
burners is fixed to a third fuel supply system for supplying
the fuel to the fuel nozzles in outer burner’s inner portions
which are inner regions of outer burners other than the
specific outer burners, the plurality of outer burners is
fixed to a fourth fuel supply system for supplying the fuel
to the fuel nozzles in outer burner’s outer portions which
are outer regions of the outer burners, wherein when a
gas turbine is operated in a low load or partial load con-
dition, the fuel is supplied to the fuel nozzles in the center
burner or to the fuel nozzles in the center burner and in
the outer burner’s inner portions which are the inner re-
gions of the specific outer burners among the plurality of
outer burners through the first to the fourth fuel supply
systems selected based on the operation condition of the
gas turbine.

[0010] Anoperatingmethod of agas turbine combustor
of the present invention having a chamber for mixing and
burning supplied fuel and supplied air to generate com-
bustion gas; an air hole plate located in an upstream side
of the chamber, forming a plurality of air holes for sup-
plying the air; a plurality of fuel nozzles for supplying the
fuelto the plurality of air holes formed in the air hole plate,
wherein the air holes are disposed in a downstream side
of the fuel nozzles that one of the fuel nozzles is paired
with one of the air holes; and a plurality of burners made
up of the plurality of air holes and the plurality of fuel
nozzles in pairs, wherein the plurality of burners are com-
prised a center burner disposed on an axis of the gas
turbine combustor and a plurality of outer burners in-
stalled around the center burner, the center burner is
fixed to a first fuel supply system for supplying the fuel
to the fuel nozzles in the center burner, the plurality of
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outer burners is fixed to a second fuel supply system for
supplying the fuel to the fuel nozzles in outer burner’'s
inner portions which are inner regions of specific outer
burners among the outer burners, the plurality of outer
burners is fixed to a third fuel supply system for supplying
the fuel to the fuel nozzles in outer burner’s inner portions
which are inner regions of the outer burners other than
the specific outer burners, and the plurality of outer burn-
ers is fixed to a fourth fuel supply system for supplying
the fuel to the fuel nozzles in outer burner’s outer portions
which are outer regions of the outer burners, the operat-
ing method of a gas turbine combustor comprising the
steps of: supplying the fuel through the first fuel supply
system to the fuel nozzles disposed in the center burner
to burn the chamber when a gas turbine is operated in a
low load condition; supplying the fuel additionally through
the second fuel supply system to the fuel nozzles dis-
posed in the outer burner’s inner portions which are the
inner regions of the specific outer burners among the
plurality of outer burners to burn the chamber when the
gas turbine is operated in a partial load condition with
load increased more than that of the low load gas turbine;
supplying the fuel additionally through the third fuel sup-
ply system to the fuel nozzles disposed in the outer burn-
er's inner portions which are the inner regions of all other
outer burners among the plurality of outer burners except
for the specific outer burners to burn the chamber when
the gas turbine is operated in a partial load condition with
load increased more than that of said partial load gas
turbine; and supplying the fuel additionally through the
fourth fuel supply system to the fuel nozzles disposed in
the outer burner’s outer portions which are the outer re-
gions of all the outer burners to burn the chamber when
the gas turbine is operated in a full load condition with
load further increased.

[0011] According to the present invention, a gas tur-
bine combustor and an operating method of the gas tur-
bine combustor can be achieved to allow the gas turbine
combustor equipped with a multi-burner to ensure com-
bustion stability in the entire range of load conditions of
the gas turbine and reduce the generation of unburned
combustibles and an increase in liner metal temperature
at the same time in partial load conditions of the gas
turbine.

{Brief Description of the Drawings}
[0012]

{Fig. 1} Figure 1 is a system diagram of a plant show-
ing a schematic structure of a gas turbine plant to
which a gas turbine combustor according to the first
embodiment of the present invention is applied.

{Fig. 2} Figure 2 is a partial cross-sectional view
showing a detailed configuration of a fuel supply por-
tion made up of fuel nozzle headers, fuel nozzles
and an air hole plate in the gas turbine combustor
according to the first embodiment of the present in-
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vention.

{Fig. 3} Figure 3 is a front view of the air hole plate,
viewed from the chamber side, in the gas turbine
combustor according to the first embodiment shown
in Fig. 2.

{Fig. 4} Figure 4 is an illustration of operation modes
showing an example of a fuel staging method for the
gas turbine combustor according to the first embod-
iment shown in Fig. 2.

{Fig. 5} Figure 5 illustrates an example of a method
of supplying fuel at ignition for the gas turbine com-
bustor according to the first embodiment shown in
Fig. 1.

{Fig. 6} Figure 6 is a front view of a variation of the
air hole plate, viewed from the chamber side, in the
gas turbine combustor according to the first embod-
iment shown in Fig. 1.

{Fig. 7} Figure 7 is a front view of an air hole plate,
viewed from the chamber side, in a gas turbine com-
bustor according to the second embodiment of the
present invention.

{Fig. 8} Figure 8 is an illustration of operation modes
showing an example of a fuel staging method for the
gas turbine combustor according to the second em-
bodiment shown in Fig. 7.

{Fig. 9} Figure 9 is a front view of an air hole plate,
viewed from the chamber side, in a gas turbine com-
bustor according to the third embodiment of the
present invention.

{Fig. 10} Figure 10 is an illustration of operation
modes showing an example of a fuel staging method
for the gas turbine combustor according to the third
embodiment shown in Fig. 9.

{Fig. 11} Figure 11 is a front view of an air hole plate,
viewed from the chamber side, in a gas turbine com-
bustor according to the fourth embodiment of the
present invention.

{Fig. 12} Figure 12 is an illustration of operation
modes showing an example of a fuel staging method
for the gas turbine combustor according to the fourth
embodiment shown in Fig. 11.

{Detailed Description of the Embodiments}

[0013] Gasturbine combustors and operating methods
of the gas turbine combustors according to the embodi-
ments of the present invention will be described below
with reference to accompanying drawings.

{Embodiment 1}

[0014] A gas turbine combustor and an operating
method of the gas turbine combustor according to the
first embodiment of the present invention will be de-
scribed with reference to Figs. 1 to 3.

[0015] Figure 1is a systemdiagram showing the entire
structure of a gas turbine plant for power generation.
[0016] In a gas turbine plant 9 shown in Fig. 1, a gas
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turbine for power generation is made up of a compressor
1 for pressurizing sucked air 15 to generate high-pres-
sure air 16, a gas turbine combustor 2 for mixing and
burning gas fuel 50 and the high-pressure air 16 gener-
ated by the compressor 1 to generate high-temperature
combustion gas 18, a turbine 3 driven by the high-tem-
perature combustion gas 18 generated in the gas turbine
combustor 2, a generator 8 for power generation rotated
by the action of the turbine 3, and a shaft 7 for joining the
compressor 1, the turbine 3 and the generator 8 together.
[0017] The gasturbine combustor2is housedin a cas-
ing 4. The head portion of the gas turbine combustor 2
is provided with a multi-burner 6 made up of a plurality
of fuel nozzles 25, and the inside of the gas turbine com-
bustor 2 in the downstream side of the multi-burner 6 is
provided with an approximately cylindrical combustor lin-
er 10 for separating the high-pressure air and fuel gas.

[0018] A chamber 5 is formed in the combustor liner
10 to mix and burn the high-pressure air 16 and the gas
fuel 50 to generate the high-temperature combustion gas
18.

[0019] An approximately cylindrical flow sleeve 11 is
disposed around the outer periphery of the combustor
liner 10, and the sleeve becomes an external wall forming
an air passage for passing the high-pressure air. The
diameter of the flow sleeve 11 is larger than that of the
combustor liner 10, and the flow sleeve 11 is disposed
concentrically with the combustor liner 10.

[0020] The downstream side of the combustor liner 10
is a transition piece 12 for introducing the high-temper-
ature combustion gas 18 generated in the chamber 5 of
the gas turbine combustor 2 into the turbine 3.

[0021] A flow sleeve 13 for surrounding the transition
piece 12 is disposed around the outer periphery of the
transition piece 12 in the downstream side of the flow
sleeve 11.

[0022] The sucked air 15 is pressurized by the com-
pressor 1 and then becomes the high-pressure air 16.
After the high-pressure air 16 fills the casing 4, it flows
into a space between the transition piece 12 and the flow
sleeve 13 for surrounding the transition piece 12 to cool
the transition piece 12 from the external surface in the
form of convection cooling.

[0023] Then, the high-pressure air 16 passes through
an annular passage formed between the flow sleeve 11
and the combustorliner 10 to flow toward the head portion
of the gas turbine combustor 2. The high-pressure air 16
is used for convection cooling of the combustor liner 10
as it flows.

[0024] Inaddition, partofthe high-pressure air 16 flows
into the combustor liner 10 from numerous cooling holes
provided to the combustor liner 10 to be used for film
cooling of the combustor liner 10.

[0025] Out of the high-pressure air 16, the remaining
combustion air 17 which was not used for the film cooling
of the combustor liner 10 flows into the chamber 5 from
numerous air holes 32 provided in an air hole plate 31
located at the upstream side of the chamber 5 of the gas
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turbine combustor 2.

[0026] The combustion air 17 flowed into the combus-
tor liner 10 from the numerous air holes 32 is burned in
the chamber 5 formed in the combustor liner 10 along
with fuel ejected from a plurality of fuel nozzles 25 of the
multi-burner 6 to generate the high-temperature combus-
tion gas 18.

[0027] The high-temperature combustion gas 18 gen-
erated by the burning in the chamber 5 in the combustor
liner 10 is supplied to the turbine 3 through the transition
piece 12 to drive the turbine 3.

[0028] Afterdriving the turbine 3, the high-temperature
combustion gas 18 is discharged from the turbine 3 as
exhaust gas 19.

[0029] The drive force obtained by the turbine 3 is
transferred to the compressor 1 and the generator 8
through the shaft 7. Part of the drive force obtained by
the turbine 3 drives the compressor 1 to pressurize air
to generate high-pressure air. The other part of the drive
force obtained by the turbine 3 rotates the generator 8
to generate power.

[0030] The multi-burner 6 made up of the plurality of
fuel nozzles 25 in the gas turbine combustor 2 is, as
shown in Fig. 1, fixed with four fuel systems for supplying
the fuel 50, which are a first fuel system 51 to a fourth
fuel system 54.

[0031] Thefirstfuel system 51 to the fourth fuel system
54 are provided with fuel rate adjusting valves 61 to 64
respectively, and the flow rates of the fuel 50 supplied
through the first fuel system 51 to the fourth fuel system
54 are adjusted by changing the opening rate of the re-
spective fuel rate adjusting valves 61 to 64 based on a
control signal from a control device 100 to control the
output of the gas turbine plant 9.

[0032] Additionally, the upstream side of the branching
point where the system is branched into four systems of
the first fuel system 51 to the fourth fuel system 54 is
provided with a fuel cutoff valve 60 for cutting off the
supply of the fuel 50.

[0033] Fig. 2is a cross-sectional view showing the de-
tailed configuration of the disk-shaped air hole plate 31,
a multi-burner 6 having the plurality of fuel nozzles 25,
and fuel nozzle headers 23 constituting a fuel supply por-
tion of the gas turbine combustor 2 according to the
present embodiment, and Fig. 3 is the front view of the
gas turbine combustor 2 in which the air hole plate 31 is
viewed from the chamber 5. The detail of the multi-burner
6 of the gas turbine combustor 2 will be described below
with reference to Figs. 2 and 3.

[0034] As shown in Figs. 2 and 3, in the gas turbine
combustor 2 of the present embodiment, the multi-burner
6 provided with the plurality of fuel nozzles 25 is made
up of a center burner 33 disposed corresponding to the
center of the disk-shaped air hole plate 31 and six outer
burners 37 disposed away from each other around the
center burner 33 between the center and the outer pe-
riphery of the air hole plate 31.

[0035] The center burner 33 and the outer burners 37
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are each installed with the numerous fuel nozzles 25 con-
stituting these center burner 33 and outer burners 37 and
the fuel nozzle headers 23 for distributing fuel to the fuel
nozzles 25 in the upstream side of the fuel nozzles 25.
[0036] Then, the numerous air holes 32 which pass air
and the fuel ejected from the fuel nozzles 25 for ejecting
them to the chamber 5 of the gas turbine combustor 2
are provided to the air hole plate 31 which is installed in
the downstream side of the fuel nozzles 25 and the up-
stream side of the chamber 5.

[0037] Furthermore, as shown in the front view of the
gas turbine combustor 2 in Fig. 3, the numerous air holes
32 formed in the air hole plate 31 correspond one-to-one
with the numerous fuel nozzles 25 provided to each of
the center burner 33 and the six outer burners 37 around
the center burner 33; the air hole plate 31 is installed so
as to partition the chamber 5.

[0038] In other words, the numerous air holes 32
formed in the air hole plate 31 are made up of a plurality
of air holes 32 in the first row in the center, a plurality of
air holes 32 in the second row around the first row, and
a plurality of air holes 32 in the third row around the sec-
ond row in the center region of the air hole plate 31 cor-
responding to the center burner 33; the three rows of air
holes 32 are arranged concentrically in the center region
of the air hole plate 31.

[0039] Inthe same manner, six areas in the peripheral
region of the air hole plate 31 corresponding to the six
outer burners 37 each have a plurality of air holes 32 in
the first row in the center, a plurality of air holes 32 in the
second row around the first row, and a plurality of air
holes 32 in the third row around the second row; the three
rows of air holes 32 are formed concentrically in each
area in the peripheral region of the air hole plate 31.
[0040] Furthermore, the numerous air holes 32 formed
in each area in the peripheral region of the air hole plate
31 corresponding to the numerous fuel nozzles 25 in-
stalled in each of the center burner 33 and the outer burn-
ers 37 are formed diagonally with respect to the axis of
the chamber 5 so that each air hole has an angle of
traverse to the chamber 5 of the gas turbine combustor 2.
[0041] The numerous air holes 32 formed in the air
holes plate 31 cause swirl flows 40 to be formed, which
are mixed flows of fuel and air formed in the chamber 5
of the gas turbine combustor 2 in the downstream side
of the center burner 33 and the outer burners 37, and the
swirl flows 40 generate recirculation flows 41 which hold
flames 42 formed by burning the fuel in the chamber 5
of the gas turbine combustor 2.

[0042] The six outer burners 37 installed to the gas
turbine combustor 2 in the present embodiment each
have numerous inner fuel nozzles 25a and numerous
outer fuel nozzles 25b, and the second fuel system 52
to the fourth fuel system 54 are separately installed to
supply fuel to the inner fuel nozzles 25a and the outer
fuel nozzles 25b.

[0043] The center burner 33 disposed in the center re-
gion of the air hole plate 31 in the gas turbine combustor
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2 of the present embodiment has the numerous fuel noz-
zles 25, to which fuel is supplied by the first fuel system
51 connected to the center burner 33.

[0044] The six outer burners 37 installed in the periph-
eral region of the air hole plate 31 each have the inner
fuel nozzles 25a, as shown in Fig. 2, corresponding to
the plurality of air holes 32 in the first row in the center
of each area in the peripheral region of the air hole plate
31 and the outer fuel nozzles 25b corresponding to the
plurality of air holes 32 in the second and the third rows
in each area in the peripheral region of the air hole plate
31, and the second fuel system 52 to the fourth fuel sys-
tem 54 are connected to the inner fuel nozzles 25a and
the outer fuel nozzles 25b separately.

[0045] In other words, the second fuel system 52 or
the third fuel system 53 is connected to the inner fuel
nozzles 25a of the outer burners 37 corresponding to the
plurality of air holes 32 in the first row in the center of
each area in the peripheral region of the air hole plate
31, and the branched fourth fuel system 54 is connected
to the outer fuel nozzles 25b of the outer burners 37 cor-
responding to the plurality of air holes 32 in the second
and the third rows in each area in the peripheral region
of the air hole plate 31.

[0046] In the gas turbine combustor 2 in the present
embodiment, the six outer burners 37 installed in the pe-
ripheral region of the air hole plate 31 are, as shown in
Fig. 3, made up of two specific outer burners 37A which
are installed obliquely lower than the center burner 33 in
either side (near crossfire tubes 76 to be described later)
of the center burner 33 located in the center of the air
hole plate 31, and the other four outer burners 37B in-
stalled above, below, and obliquely higher than the center
burner 33.

[0047] The two specific outer burners 37A are divided
into a group of outer burner’s inner portions 37a in the
inner side and a group of outer burner’s outer portions
38 around the outer burner’s inner portions 37a.

[0048] Inthe same manner, the four outer burners 37B
are divided into a group of outer burner’s inner portions
37b in the inner side and a group of outer burner’s outer
portions 38 around the outer burner’s inner portions 37b.
[0049] The second fuel system 52 is connected to the
innerfuel nozzles 25a disposed inthe outerburner’sinner
portions 37a of the two outer burners 37A, and the third
fuel system 53 is connected to the inner fuel nozzles 25a
disposed in the outer burner’s inner portions 37b of the
four outer burners 37B.

[0050] In addition, the fourth fuel system 54 is
branched and connected to the outer fuel nozzles 25b
disposed in the outer burner’s outer portions 38 of the
two specific outer burners 37A and the four outer burners
37B respectively.

[0051] Next, an operating method of the gas turbine
combustor 2 according to the present embodiment will
be described with reference to Figs. 1 to 4.

[0052] The gas turbine combustor 2 in the presentem-
bodiment is operated in operation modes shown in Fig.
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4. That is, in the operating method of the gas turbine
combustor 2 according to the present embodiment, the
opening rates of the fuel rate adjusting valves 61 to 64
installed to the first fuel system 51 to the fourth fuel sys-
tem 54 are adjusted to control the supply of fuel according
to an increase in the load of the gas turbine based on an
operation mode command outputted from the control de-
vice 100 shown in Fig. 1.

[0053] For example, when the gas turbine is operated
in a low load operation mode A where the center burner
33 of the multi-burner provided to the gas turbine com-
bustor 2 is burned alone, the opening rate of the fuel rate
adjusting valve 61 installed to the first fuel system 51 is
adjusted to control the supply of fuel based on a control
signal from the control device 100 and only the center
burner 33 of the gas turbine combustor 2 is burned by
itself.

[0054] Next, when the gas turbine is switched from the
low load operation to partial load operation with increased
load, the low load operation mode A where the center
burner 33 in the multi-burner provided to the gas turbine
combustor 2 is burned alone is switched to a partial load
operation mode B where the fuel nozzles 25a in the outer
burner’s inner portions 37a in the inner side of the two
specific outer burners 37A among the outer burners 37
are burned; in this case, not only the opening rate of the
fuel rate adjusting valve 61 installed to the first fuel sys-
tem 51 for supplying fuel to the center burner 33 but also
the opening rate of the fuel rate adjusting valve 62 in-
stalled to the second fuel system 52 is controlled based
on a control signal from the control device 100 to adjust
the supply of fuel supplied to the fuel nozzles 25a in the
outer burner’s inner portions 37a in the inner side of the
two outer burners 37A to burn the fuel nozzles 25a in the
outer burner’s inner portions 37a in the inner side of the
two outer burners 37A; in this way, the operation mode
is switched to the partial load operation mode B with in-
creased load.

[0055] Supplying fuel only to the center burner 33 and
the outer burner’s inner portions 37a in the inner side of
the two outer burners 37A can limit the number of the
fuel nozzles for supplying fuel to a small number, so that
a fuel air ratio can be increased locally in the outer burn-
er's inner portions 37a of the two outer burners 37A.
[0056] This causes diffusion flames to be formed inthe
chamber 5 of the gas turbine combustor 2, thereby re-
ducing the generation of unburned combustibles even
when a large amount of air is flowing around.

[0057] Furthermore, since air is flowing around the dif-
fusion flames from the outer burner’s outer portions 38
in the outer side of the two outer burners 37A, itis possible
to prevent the flames formed in the chamber 5 from di-
rectly interfering with the liner, and an increase in the
metal temperature can be prevented even under a con-
dition that the local fuel air ratio gets high immediately
before the operation mode is switched to an operation
mode C.

[0058] In the operating method of the gas turbine com-
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bustor 2 in the present embodiment, when the load of
the gas turbine is further increased, the operation mode
B is switched to a partial load operation mode C where
fuel is supplied not only to the center burner 33 and the
outer burner’s inner portions 37a of the two outer burners
37A but also to the fuel nozzles 25a in the outer burner’s
inner portions 37b in the inner side of the four outer burn-
ers 37B tobe burned; in this case, in addition to controlling
the opening rates of the fuel rate adjusting valve 61 in-
stalled to the first fuel system 51 for supplying fuel to the
center burner 33 and the fuel rate adjusting valve 62 in-
stalled to the second fuel system 52 for supplying fuel to
the fuel nozzles 25a in the outer burner’s inner portions
37a in the inner side of the two outer burner 37A, the
opening rate of the fuel rate adjusting valve 63 installed
to the third fuel system 53 for supplying fuel to the fuel
nozzles 25a in the outer burner’s inner portions 37b in
the inner side of the four outer burners 37B is controlled
based on a control signal from the control device 100 to
adjust the supply of fuel to be burned, and the operation
mode is switched to the partial load operation mode C
with increased load to supply the fuel to the center burner
33, the outer burner’s inner portions 37a of the two outer
burners 37A, and the outer burner’s inner portions 37b
of the four outer burners 37B to be burned.

[0059] In this operation mode C, in the same manner
as the operation mode B, the fuel is supplied only to the
center burner 33, the outer burner’s inner portions 37a
in the inner side of the two outer burners 37A, and the
outer burner’s inner portions 37b in the inner side of the
four outer burners 37B to be burned, which can limit the
number of the fuel nozzles for supplying fuel to a small
number, so that the fuel air ratio can be increased locally
in the outer burner’s inner portions 37a of the two outer
burners 37A and the outer burner’s inner portions 37b of
the four outer burners 37B.

[0060] This can increase the fuel air ratio locally in the
outer burners, and stable diffusion flames can be formed
inthe chamber 5 of the gas turbine combustor 2 to reduce
the generation of unburned combustibles.

[0061] Furthermore, since air is flowing around the dif-
fusion flames from the outer burner’s outer portions 38
in the outer side of the two outer burner 37A and the four
outer burners 38B, it is possible to prevent the flames
formed in the chamber 5 from directly interfering with the
liner, and an increase in the metal temperature can be
prevented even under a condition that the local fuel air
ratio gets high immediately before the operation mode is
switched to an operation mode D.

[0062] Inthe operating method of the gas turbine com-
bustor 2 in the present embodiment, when the load of
the gas turbine is further increased to be full load oper-
ation, the operation mode C is switched to a full load
operation mode D where fuel is supplied not only to the
center burner 33, the fuel nozzles 25a in the outer burn-
er's inner portions 37a of the two outer burners 37A, and
the fuel nozzles 25a in the outer burner’s inner portions
37b of the four outer burners 37B but also to the fuel
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nozzles 25b in the outer burner’s outer portions 38 of the
two outer burner 37A and the four outer burners 37B
through the fourth fuel system 54 to be burned.

[0063] When the partial load operation mode C is
switched to the full load operation mode D, in addition to
controlling the opening ratios of the fuel rate adjusting
valve 61 installed to the first fuel system 51 for supplying
fuel to the center burner 33, the fuel rate adjusting valve
62 installed to the second fuel system 52 for supplying
fuel to the fuel nozzles 25a in the outer burner’s inner
portions 37a in the inner side of the two outer burners
37A, and the fuel rate adjusting valve 63 installed to the
third fuel system 53 for supplying fuel to the fuel nozzles
25a in the outer burner’s inner portions 37b in the inner
side of the four outer burners 37B, the opening ratio of
the fuel rate adjusting valve 64 installed to the fourth fuel
system 54 for supplying fuel to the fuel nozzles 25b in
the outer burner’s outer portions 38 in the outer side of
the two outer burners 37A and the four outer burners 37B
are controlled based on a control signal from the control
device 100 to adjust the supply of fuel to be burned; in
this way, the operation mode is switched to the full load
operation mode D with increased load, and gas turbine
is operated in full load by supplying the fuel to the center
burner 33, the outer burner’s inner portions 37a of the
two outer burners 37A, the outer burner’s inner portions
37b of the four outer burner 37B, and the outer burner’s
outer portions 38 of the two outer burners 37A and the
four outer burners 37B to be burned.

[0064] As described above, inthe operating method of
the gas turbine combustor 2 in the present embodiment,
the operation modes A, B, and C are used in lower load
conditions than the operation mode D where fuel is sup-
plied to all the fuel systems 51 to 54; and in these modes,
the center burner 33, the outer burner’s inner portions
37a of the two outer burner 37A, and the outer burner’s
inner portions 37b of the four outer burner 37B among
the six outer burners 37 are combined to be used so that
the generation of unburned combustibles and an in-
crease in the liner metal temperature can be reduced.
[0065] Next, an embodiment of an ignition method in
the above operating method of the gas turbine combustor
2 according to the present embodiment will be described
with reference to a schematic diagram shown in Fig. 5.
[0066] In the schematic diagram of Fig. 5 showing the
ignition method of the gas turbine combustor 2, the gas
turbine combustor 2 in the present embodiment includes
a plurality of gas turbine combustors 2 installed in the
outer periphery of the gas turbine; among which one of
combustors, a gas turbine combustor 2a is provided with
an ignition plug 77, and the gas turbine combustor 2a
and a gas turbine combustor 2b installed adjacent to the
gas turbine combustor 2a are connected by a crossfire
tube 76 to propagate a flame.

[0067] In the gas turbine combustor 2a according to
the present embodiment, out of the six outer burners 37
installed around one center burner 33, the two outer burn-
ers 37A disposed obliquely lower than the center burner
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33 in either side each have the outer burner’s inner por-
tion 37a in the inner side and the outer burner’s outer
portion 38 in the outer side.

[0068] Furthermore, out of the six outer burners 37 in-
stalled around the center burner 33, the remaining four
outer burners 37B other than the two outer burners 37A
each have the outer burner’s inner portion 37b in the
inner side and the outer burner’s outer portion 38 in the
outer side.

[0069] The two outer burners 37A provided with the
outer burner’s inner portion 37a are each disposed to be
closest to the respective crossfire tube 76 among the
plurality of outer burners 37.

[0070] At the ignition of the gas turbine combustors 2,
fuel is supplied to the center burner 33 and the outer
burner’s inner portions 37a of the two outer burners 37A
in the multi-burner 6 provided in the gas turbine combus-
tor 2a having the ignition plug 77, and the ignition plug
77 is ignited to burn the fuel supplied to the center burner
33 and the fuel nozzles 25a in the outer burner’s inner
portions 37a of the outer burners 37A; in this way, flames
are formed in the center burner 33 and the outer burner’s
inner portions 37a of the two outer burner 37A located
near the crossfire tubes 76.

[0071] Then, when the inner pressure of the ignited
gas turbine combustor 2a is increased and flames are
formed near the crossfire tubes 76, high-temperature
combustion gas generated in the gas turbine combustor
2a flows into the gas turbine combustors 2b adjacent to
the gas turbine combustor 2a via the crossfire tubes 76.
[0072] The configuration of the outer burners 37 made
up of a center burner 33, two outer burners 37A installed
near the crossfire tubes 76, and four outer burners 37B
in the multi-burner 6 in the adjacent gas turbine combus-
tor 2b is the same as that of the outer burners 37 made
up of the center burner 33, the two outer burner 37A, and
the four outer burners 37B in the multi-burner 6 in the
gas turbine combustor 2a. So, in the gas turbine com-
bustor 2b also, the fuel supplied to the fuel nozzles 25a
in the outer burner’s inner portions 37a of the two outer
burners 37A located near the crossfire tubes 76 is easily
ignited by the high-temperature combustion gas flowed
from the gas turbine combustor 2a via the crossfire tube
76 to form flames in the center burner 33 and the outer
burner’s inner portions 37a of the outer burners 37A.
[0073] Then, when the inner pressure of the ignited
gas turbine combustor 2b is increased and flames are
formed near the crossfire tubes 76, the high-temperature
combustion gas generated in the gas turbine combustor
2b flows into a gas turbine combustor 2 adjacent to the
gas turbine combustor 2b via the crossfire tube 76; in this
way, fire can be propagated further to the other gas tur-
bine combustors 2.

[0074] As another example of the gas turbine combus-
tor of the present embodiment, a gas turbine combustor
2isshowninFig. 6 in whichthe center burner 33 is divided
into a center burner’s inner portion 33a and acenter burn-
er’s outer portion 33b and the fuel system 51 for supplying
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fuel to the center burner 33 is divided into two systems
for supplying fuel to the center burner’s inner portion 33a
and to the center burner’s outer portion 33b.

[0075] In this case, even when the local fuel air ratio
of the center burner 33 is low, the rate of fuel supplied to
the center burner’s inner portion 33a can be made higher
than the rate of fuel supplied to the center burner’s outer
portion 33b to keep the local flame temperature of the
center portion high, and since the center portion is the
source of flame holding, the loss of flame can be pre-
vented. This can widen a range of the operating condi-
tions of the center burner and allows greater flexibility in
using the combustor.

[0076] According to the present embodiment, a gas
turbine combustor and an operating method of the gas
turbine combustor can be achieved to allow the gas tur-
bine combustor equipped with a multi-burner to ensure
combustion stability in the entire range of load conditions
of the gas turbine and reduce the generation of unburned
combustibles and an increase in the liner metal temper-
ature at the same time in partial load conditions of the
gas turbine.

{Embodiment 2}

[0077] A gasturbine combustor 2 according to the sec-
ond embodiment of the present invention will be de-
scribed with reference to Figs. 7 and 8.

[0078] The gas turbine combustor 2 in the present em-
bodiment has the same basic configuration and effect as
the gas turbine combustor 2 in the first embodiment
shown in Figs. 1 to 5, thus redundant descriptions are
omitted and only a difference will be explained.

[0079] Fig. 7 shows the gas turbine combustor 2 in the
present embodiment; it is a front view of burners viewed
from a chamber. Each burner is divided into sections to
which fuel is supplied by the same fuel system.

[0080] In the gas turbine combustor 2 in the present
embodiment shown in Fig. 7, six outer burners 37 in-
stalled in the peripheral region of the air hole plate 31
are, as shown in Fig. 7, made up of three outer burners
37Aincluding the outer burner 37A located at the top and
the two specific outer burners 37A installed obliquely low-
er than the center burner 33 in either side (near the cross-
fire tubes 76) of the center burner 33 located in the center
of the air hole plate 31, and three outer burners 37B in-
stalled in the other locations, that is, directly below and
obliquely higher than the center burner 33. These outer
burners 37A and outer burners 37B are disposed alter-
nately.

[0081] In the present embodiment, the inner fuel noz-
zles 25a disposed in the outer burner’s inner portion 37a
ofthe outer burner 37A disposed at the top are connected
with a branched second fuel system 52.

[0082] The gas turbine combustor 2 in the present em-
bodiment is operated in the operation modes shown in
Fig. 8. A difference with those of the gas turbine com-
bustor 2 in the first embodiment shown in Fig. 4 is when
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the gas turbine is switched from the operation mode A
to the operation mode B, that is, from low load operation
to partial load operation with increased load.

[0083] In this case, notonly the opening rate of the fuel
rate adjusting valve 61 installed to the first fuel system
51 for supplying fuel to the center burner 33 but also the
opening rate of the fuel rate adjusting valve 62 installed
to the second fuel system 52 is controlled based on a
control signal from the control device 100 to adjust the
supply of fuel supplied to the fuel nozzles 25ain the outer
burner’s inner portions 37a in the inner side of the three
outer burners 37A to burn the fuel nozzles 25a in the
outer burner’s inner portions 37a in the inner side of the
three outer burners 37A,; in this way, the operation mode
is switched to the partial load operation mode B with in-
creased load.

[0084] Supplying fuel only to the center burner 33 and
the outer burner’s inner portions 37a located in the inner
side of the three outer burners 37A such as above can
limit the number of the fuel nozzles for supplying fuel to
a small number so that a fuel air ratio can be increased
locally in the outer burner’s inner portions 37a of the three
outer burner 37A.

[0085] This causes diffusion flames to be formed in the
chamber 5 of the gas turbine combustor 2, thereby re-
ducing the generation of unburned combustibles even
when a large amount of air is flowing around.

[0086] Furthermore, since air is flowing around the dif-
fusion flames from the outer burner’s outer portions 38
located in the outer side of the three outer burners 37A,
itis possible to prevent the flames formed in the chamber
5 from directly interfering with the liner, and an increase
in the metal temperature can be prevented even under
a condition that the local fuel air ratio gets high immedi-
ately before the operation mode is switched to an oper-
ation mode C.

[0087] Moreover, in the gas turbine combustor 2 in the
present embodiment at the occurrence of combustion
dynamics, a deviation can be set for the rate of fuel sup-
plied to the outer burner’s inner portions 37a and the
outer burner’s inner portions 37b and the temperatures
of combustion gas in the neighboring burners can be
changed to change the combustion speed of flames
formed.

[0088] This will shift fluctuating frequencies so that the
amplification of pressure fluctuation in the entire gas tur-
bine combustor 2 can be prevented. In the gas turbine
combustor 2 in the present embodiment, the three outer
burners 37A and the three outer burners 37B are dis-
posed alternately to configure the six outer burners 37,
allowing more effective control of the amplification of
pressure fluctuation.

[0089] According to the present embodiment, a gas
turbine combustor and an operating method of the gas
turbine combustor can be achieved to allow the gas tur-
bine combustor equipped with a multi-burner to ensure
combustion stability in the entire range of load conditions
of the gas turbine and reduce the generation of unburned
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combustibles and an increase in the liner metal temper-
ature at the same time in partial load conditions of the
gas turbine.

{Embodiment 3}

[0090] A gasturbine combustor 2 according to the third
embodiment of the present invention will be described
with reference to Figs. 9 and 10.

[0091] The gas turbine combustor 2 in the present em-
bodiment has the same basic configuration and effect as
the gas turbine combustor 2 in the first embodiment
shown in Figs. 1 to 5, thus redundant descriptions are
omitted and only a difference will be explained.

[0092] Fig.9is agasturbine combustor2inthe present
embodiment; it is a front view of burners viewed from a
chamber. Each burner is divided into sections to which
fuel is supplied by the same fuel system.

[0093] In the gas turbine combustor 2 in the present
embodiment shown in Fig. 9, six outer burners 37 in-
stalled in the peripheral region of the air hole plate 31
are, as shown in Fig. 9, made up of three outer burners
37Aincluding the outer burner 37A located at the bottom
and the specific two outer burners 37A installed obliquely
lower than the center burner 33 in either side (near the
crossfire tubes 76) of the center burner 33 located in the
center of the air hole plate 31, and three outer burners
37B installed higher than the center burner 33, that is,
directly above and obliquely higher than the center burner
33.

[0094] The gas turbine combustor 2 in the present em-
bodiment is operated in the operation modes shown in
Fig. 10. A difference with those of the gas turbine com-
bustor 2 in the first embodiment shown in Fig. 4 is when
the gas turbine is switched from the operation mode A
to the operation mode B, that is, from low load operation
to partial load operation with increased load.

[0095] Inthis case, not only the opening rate of the fuel
rate adjusting valve 61 installed to the first fuel system
51 for supplying fuel to the center burner 33 but also the
opening rate of the fuel rate adjusting valve 62 installed
to the second fuel system 52 is controlled based on a
control signal from the control device 100 to adjust the
supply of fuel supplied to the fuel nozzles 25ain the outer
burner’s inner portions 37a in the inner side of the three
outer burners 37A to burn the fuel nozzles 25a in the
outer burner’s inner portions 37a in the inner side of the
three outer burners 37A,; in this way, the operation mode
is switched to the partial load operation mode B with in-
creased load.

[0096] Supplying fuel only to the center burner 33 and
the outer burner’s inner portions 37a in the inner side of
the three outer burners 37A such as this can further re-
duce the generation of unburned combustibles since
flames are formed close to each other and cooling of the
frames by the surrounding air is decreased.

[0097] According to the present embodiment, a gas
turbine combustor and an operating method of the gas
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turbine combustor can be achieved to allow the gas tur-
bine combustor equipped with a multi-burner to ensure
combustion stability in the entire range of load conditions
of the gas turbine and reduce the generation of unburned
combustibles and an increase in the liner metal temper-
ature at the same time in partial load conditions of the
gas turbine.

{Embodiment 4}

[0098] A gas turbine combustor 2 according to the
fourth embodiment of the present invention will be de-
scribed with reference to Figs. 11 and 12.

[0099] The gas turbine combustor 2 in the presentem-
bodiment has the same basic configuration and effect as
the gas turbine combustor 2 in the first embodiment
shown in Figs. 1 to 5, thus redundant descriptions are
omitted and only a difference will be explained.

[0100] The gas turbine combustor according to the
fourth embodiment of the present invention is shown in
Fig. 11. Fig. 11 showing the gas turbine combustor 2 of
the present embodiment is a front view of the burners
viewed from the chamber. Each burner is divided into
sections to which fuel is supplied by the same fuel sys-
tem.

[0101] In the gas turbine combustor 2 in the present
embodiment shown in Fig. 11, six outer burners 37 in-
stalled in the peripheral region of the air hole plate 31
are, as shown in Fig. 11, made up of two specific outer
burners 37A installed obliquely lower than the center
burner 33 in either side (near the crossfire tubes 76) of
the center burner 33 located in the center of the air hole
plate 31 and four outer burners 37B including the two
outer burners 37B installed above and below the center
burner 33 and the two outer burners 37B installed ob-
liquely higher than the center burner 33.

[0102] Furthermore, the burners in the gas turbine
combustor 2 in the present embodiment including the
center burner 33, the two outer burners 37A, and the four
outer burners 37B each have air holes arranged in four
circular rows and fuel nozzles disposed in four rows cor-
responding to the air holes. Among the air holes, the air
holes in the two rows from the center in the outer burners
37A are controlled as the same group and the air holes
in the two rows from the center in the outer burners 37B
are also controlled as the same group.

[0103] The gas turbine combustor 2 in the presentem-
bodiment is operated in the operation modes shown in
Fig. 12 in the same manner as the operation modes of
the gas turbine combustor 2 in the first embodiment
shown in Fig. 4.

[0104] While a gas turbine combustor for a high-output
gas turbine tends to be large in size, the gas turbine com-
bustor 2 in the present embodiment can increase the
area of boundary between fuel and air by increasing the
number of nozzles without enlarging the air holes and
the fuel nozzles to promote the mixture of fuel and air.
Then, uniform premixed combustion can be achieved to
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obtain low NOx combustion.

[0105] When the size of one burner is enlarged and
the number of rows is increased, having only the center
row as a flame holding point may cause instability in hold-
ing flames.

[0106] However, the gas turbine combustor 2 in the
presentembodiment has two rows of air holes in the outer
burner’s inner portions 37a of the outer burners 37A and
the outer burner’s inner portions 37b of the outer burners
37B to enlarge the flame holding area, thus flames can
be held stably.

[0107] Asinthe gas turbine combustor 2 in the present
embodiment, having the two rows of air holes in the outer
burner’s inner portions 37 of the outer burners 37A and
the outer burner’s inner portions 37b of the outer burners
37B will lower the local fuel air ratios in partial load con-
ditions, but since the fuel rate of the entire gas turbine is
increased and the fuel is burned diffusely, the discharge
of unburned combustibles can be reduced.

[0108] According to the present embodiment, a gas
turbine combustor and an operating method of the gas
turbine combustor can be achieved to allow the gas tur-
bine combustor equipped with a multi-burner to ensure
combustion stability in the entire range of load conditions
of the gas turbine and reduce the generation of unburned
combustibles and an increase in the liner metal temper-
ature at the same time in partial load conditions of the
gas turbine.

[0109] The presentinvention is applicable to a gas tur-
bine combustor equipped with a multi-burner and an op-
erating method of the gas turbine combustor.

[0110] Features, components and specific details of
the structures of the above-described embodiments may
be exchanged or combined to form further embodiments
optimized for the respective application. As far as those
modifications are readily apparent for an expert skilled
in the art they shall be disclosed implicitly by the above
description without specifying explicitly every possible
combination, for the sake of conciseness of the present
description.

Claims

1. A gas turbine combustor comprising: a chamber (5)
for mixing and burning supplied fuel (50) and sup-
plied air (16) to generate combustion gas (18);
an air hole plate (31) located in an upstream side of
the chamber (5), forming a plurality of air holes (32)
for supplying the air (16);

a plurality of fuel nozzles (25) for supplying the fuel
(50) to the plurality of air holes (32) formed in the air
hole plate (31),

wherein the air holes (32) are disposed in the down-
stream side of the fuel nozzles (25) that one of the
fuel nozzles (25) is paired with one of the air holes
(32); and

a plurality of burners (6) made up of the plurality of
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air holes (32) and the plurality of fuel nozzles (25) in
pairs,

characterized in that,

the plurality of burners (6) are comprised a center
burner (33) disposed on an axis of the gas turbine
combustor (2) and a plurality of outer burners (37)
installed around the center burner (33),

the center burner (33) is fixed to a first fuel supply
system (51) for supplying the fuel to the fuel nozzles
(25) in the center burner (33),

the plurality of outer burners (37) is fixed to a second
fuel supply system (52) for supplying the fuel to the
fuel nozzles (25) in outer burner’s inner portions
(37a; 37b) which are inner regions of specific outer
burners (37) among the outer burners (37),

the plurality of outer burners (37) is fixed to a third
fuel supply system (53) for supplying the fuel to the
fuel nozzles (25) in outer burner’s inner portions
(37a; 37b) which are inner regions of outer burners
(37) other than the specific outer burners (37),

the plurality of outer burners (37) is fixed to a fourth
fuel supply system (54) for supplying the fuel to the
fuel nozzles (25) in outer burner’s outer portions (38)
which are outer regions of the outer burners (37),
wherein when a gas turbine (9) is operated in a low
load or partial load condition, the fuel is supplied to
the fuel nozzles (25) in the center burner (33) or to
the fuel nozzles (25) in the center burner (33) and in
the outer burner’s inner portions (37a; 37b) which
are the inner regions of the specific outer burners
(37) among the plurality of outer burners (37) through
the first to the fourth fuel supply systems selected
based on the operation condition of the gas turbine

9).

The gas turbine combustor according to claim 1,
wherein the plurality of outer burners (37) are ar-
ranged in two groups of the specific outer burners
(37) having first outer burner’s inner portions (37a;
37b) supplied with the fuel through the second fuel
supply system and the other outer burners (37) hav-
ing second outer burner’s inner portions (37a; 37b)
supplied with the fuel through the third fuel supply
system (53),

every one of the plurality of outer burners (37) has
the outer burner’s outer portion (38) in the outer side
of the outer burner (37), and the outer burner’s outer
portions (38) make up a group to be supplied with
the fuel through the fourth fuel supply system (54).

The gas turbine combustor according to claim 2,
wherein the specific outer burners (37) having the
first outer burner’s inner portions (37a; 37b) supplied
with the fuel (50) through the second fuel supply sys-
tem (52) are the outer burners (37) disposed near
crossfire tubes connecting neighboring gas turbine
combustors (2) among the plurality of outer burners
(37) installed.
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The gas turbine combustor according to claim 2 or
3, wherein the specific outer burners (37) having the
first outer burner’s inner portions (37a; 37b) supplied
with the fuel (50) through the second fuel supply sys-
tem (52) and the other outer burners (37) having the
second outer burner’s inner portions (37a; 37b) sup-
plied with the fuel through the third fuel supply system
(53) are disposed alternately.

The gas turbine combustor according to at least one
of claims 2 to 4,

wherein a plurality of the gas turbine combustors (2)
are installed, and

when the gas turbine combustors (2) are ignited, the
fuel (50) is supplied to the center burner (33) installed
to the gas turbine combustor (2) to be ignited and
the outer burner’s inner portions (37a; 37b) which
are the inner regions of the outer burners (37) dis-
posed near the crossfire tubes connecting the gas
turbine combustor (2) to be ignited and the gas tur-
bine combustors (2) adjacent to the gas turbine com-
bustor (2) to be ignited.

Anoperating method of a gas turbine combustor hav-
ing a chamber (5) for mixing and burning supplied
fuel (50) and supplied air (16) to generate combus-
tion gas (18); an air hole plate (31) located in an
upstream side of the chamber (5), forming a plurality
of air holes (32) for supplying the air (16); a plurality
of fuel nozzles (25) for supplying the fuel (50) to the
plurality of air holes (32) formed in the air hole plate
(31), wherein the air holes (32) are disposed in a
downstream side of the fuel nozzles (25) that one of
the fuel nozzles (25) is paired with one of the air
holes (32); and a plurality of burners (6) made up of
the plurality of air holes (32) and the plurality of fuel
nozzles (25) in pairs, wherein the plurality of burners
(6) are comprised a center burner (33) disposed on
an axis of the gas turbine combustor (2) and a plu-
rality of outer burners (37) installed around the center
burner (33),

the center burner (33) is fixed to a first fuel supply
system (51) for supplying the fuel (50) to the fuel
nozzles (25) in the center burner (33),

the plurality of outer burners (37) is fixed to a second
fuel supply system (52) for supplying the fuel (50) to
the fuel nozzles (25) in outer burner’s inner portions
(37a; 37b) which are inner regions of specific outer
burners (37) among the outer burners (37),

the plurality of outer burners (37) is fixed to a third
fuel supply system (53) for supplying the fuel to the
fuel nozzles (25) in outer burner’'s inner portions
(37a; 37b) which are inner regions of the outer burn-
ers (37) other than the specific outer burners (37),
and

the plurality of outer burners (37) is fixed to a fourth
fuel supply system (54) for supplying the fuel to the
fuel nozzles (25) in outer burner’s outer portions (38)
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which are outer regions of the outer burners (37),
the operating method of a gas turbine combustor
comprising the steps of:

supplying the fuel (50) through the first fuel sup-
ply system (51) to the fuel nozzles (25) disposed
in the center burner (33) to burn the chamber
(5) when a gas turbine (9) is operated in a low
load condition;

supplying the fuel additionally through the sec-
ond fuel supply system (52) to the fuel nozzles
(25) disposed in the outer burner’sinner portions
(37a; 37b) which are the inner regions of the
specific outer burners (37) among the plurality
of outer burners (37) to burn the chamber (5)
when the gas turbine (9) is operated in a partial
load condition with load increased more than
that of the low load gas turbine (9);

supplying the fuel additionally through the third
fuel supply system (53) to the fuel nozzles dis-
posed in the outer burner’s inner portions (37a;
37b) which are the inner regions of all other outer
burners (37) among the plurality of outer burners
(37) except for the specific outer burners (37) to
burn the chamber (5) when the gas turbine (9)
is operated in a partial load condition with load
increased more than that of said partial load gas
turbine (9); and

supplying the fuel (50) additionally through the
fourth fuel supply system (54) to the fuel nozzles
(25) disposed inthe outer burner’s outer portions
(38) which are the outer regions of all the outer
burners (37) to burn the chamber (5) when the
gasturbine (9) is operated in a full load condition
with load further increased.
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