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(54) Gas turbine combustor

(57) A gas turbine combustor includes plural multi-
coaxial-injection-hole burners 53 in which plural fuel noz-
zles 56 and plural air holes 55 provided in an air hole
plate 54 to correspond to the respective fuel nozzles 56
are coaxially arranged. Each of the multi-coaxial-injec-
tion-hole burners 53 includes a first coaxial injection burn-
er 53a disposed on an inner circumferential side, and a
second coaxial injection burner 53b disposed on an outer
circumferential side, and a diameter of the air holes of
the first coaxial injection burner 53a is smaller than a
diameter of the air holes of the second coaxial injection
burner 53b. Combustion for carrying out flame holding
of a gas turbine combustor is performed by the first co-
axial injection burner, and low NOx combustion of the
gas turbine combustor is performed by the second coax-
ial injection burner.
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Description

1. Background of the Invention

[0001] The present invention relates to a gas turbine combustor including a plurality of coaxial nozzles.
[0002] As one of power generation plants that support industrial electric power, there is a gas turbine power generation
plant that uses fossil resources such as natural gas and petroleum as fuel. Since the gas turbine power generation plant
uses the fossil resources as the fuel and emits carbon dioxide (CO2), which is a global warming substance, further
improvement of power generation efficiency is demanded.
[0003] Examples of means for improving the power generation efficiency include an increase in temperature of com-
bustion gas emitted from a gas turbine combustor.
[0004] However, according to the increase in temperature of the combustion gas, nitrogen oxides (NOx), which is an
environment inhibiting substance, included in the combustion gas exponentially increases. Therefore, a measure for
reducing NOx while improving the power generation efficiency is an important technical object.
[0005] Therefore, in recent years, from the viewpoint of global warming prevention other than a reduction in power
generation cost and effective use of resources, there is a demand for effectively using, as gasified fuel for a gas turbine
combustor used in a gas turbine for power generation, by-product gas including hydrogen (H2) such as off-gas generated
in an oil refinery and a coke oven gas (COG; hereinafter abbreviated as COG) generated in a steel manufacturing process.
[0006] In a coal gasification power generation plant (IGCC: Integrated coal Gasification Combined Cycle; hereinafter
abbreviated as IGCC) that gasifies coal, which is an abundant resource, with oxygen to generate electric power, from
the viewpoint of global warming prevention, a system for separating and collecting carbon components in gas fuel
supplied to a gas turbine combustor of the coal gasification power generation plant is studied in Japan and overseas.
Moreover, from the viewpoint of global environment protection, there is a strong demand for improvement of power
generation efficiency and a reduction in contaminated emission substances of the coal gas power generation plant.
[0007] In the oil refinery off-gas and the COG, 30% to 60% of fuel components are hydrogen. In an IGCC plant with
a carbon dioxide separating and collecting apparatus, most of components of fuel are hydrogen. Since combustion
speed of hydrogen is high, it is likely that flame formed in the gas turbine combustor approaches a combustor structure
because of a change in hydrogen concentration and causes a problem in reliability.
[0008] Not only the hydrogen concentration of the off-gas of the oil refinery and the by-product gas of the COG but
also hydrogen concentration in the IGCC plant substantially changes because of a change in a carbon dioxide collection
ratio. Therefore, there is a demand for a measure for dealing with the likelihood that combustion speed increases
according to a situation and flame approaches a structure of the gas turbine combustor and causes a problem in reliability.
[0009] Among the objects, as an example of a technique for dealing with a change in hydrogen concentration, JP-A-
2007-113487 discloses a technique for separately supplying, when a gas turbine load suddenly falls in combustion of
low-calorie gas including hydrogen in a fuel composition, a necessary amount of hydrogen gas to fuel gas to prevent
misfire of a gas turbine combustor and maintaining safe combustion in the combustor.
[0010] As an example of the structure for realizing low NOx combustion while securing combustion stability, JP-A-
2008-292139 discloses a technique for arranging, in a coaxial nozzle burner of a gas turbine combustor in which a large
number of coaxial nozzles including coaxially-arranged small-aperture fuel nozzles and air nozzles are assembled and
dispersibility of fuel and the air is structurally increased in advance to reduce NOx (hereinafter abbreviated as multi-
coaxial-injection-hole burner), plural fuel nozzles having different shapes of tips, giving distribution of an air fuel mixture
of fuel and air supplied to the multi-coaxial-injection-hole burner, and realizing low NOx combustion while securing
combustion stability.

2. Brief Summary of the Invention

[0011] However, the technique of the gas turbine combustor disclosed in JP-A-2007-113487 merely maintains nec-
essary minimum output when the gas turbine load suddenly falls. A technique for dealing with fluctuation in hydrogen
concentration with respect to a wide load range is not disclosed.
[0012] The technology of the gas turbine combustor disclosed in JP-A-2008-292139 merely maintains combustion
stability concerning fuel having a sable composition and realizes low NOx combustion. A technique for dealing with
fluctuation in hydrogen concentration with respect to a wide load range is not disclosed.
[0013] When the low-calorie gas fuel including hydrogen in a fuel composition is used for the gas turbine combustor,
since combustion speed of hydrogen is high, it is highly likely that, when flame formed in the gas turbine combustor
approaches the combustor structure, the flame causes a problem in reliability.
[0014] Even when the gas turbine combustor is designed to prevent the flame from approaching the structure of the
gas turbine combustor, not only the hydrogen concentration of the off-gas of the oil refinery and the COG but also
hydrogen concentration included in n combustion gas in the IGCC plant substantially changes because of a change in
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a carbon dioxide collection ratio. Therefore, there is a demand for dealing with the problem in which the flame approaches
the structure of the gas turbine combustor according to a situation of a change in the hydrogen concentration.
[0015] As a combustion system for securing reliability of the gas turbine combustor with respect to a change in the
concentration of hydrogen included in combustion gas, a diffusing combustion system for directly inputting only fuel into
a combustion chamber of the gas turbine combustor and performing mixing of the fuel and the air in the combustion
chamber is prospective. However, in this combustion system, since flame is formed for the air fuel mixture, which is
most easily burned, flame temperature rises and the emission of nitrogen oxides (NOx) tends to increase.
[0016] From the viewpoint of global environment protection, besides a reduction in carbon dioxide, a reduction in NOx,
which is a main causative agent of acid rain and photochemical smog is also important. A combustion system for the
gas turbine combustor for dealing with fluctuation in a wide range of hydrogen concentration and performing low NOx
combustion is necessary.
[0017] On the other hand, to perform low NOx combustion, a pre-mixing combustion system for mixing fuel and the
air in advance to be more dilute than a stoichiometric mixture ratio and supplying the air fuel mixture to the gas turbine
combustor is prospective. However, in this pre-mixing combustion system, the air fuel mixture in a combustible range
is formed before the air fuel mixture flows into the combustion chamber of the gas turbine combustor. Therefore, when
the concentration of hydrogen included in combustion gas changes to increase, since the position of flame formed in
the combustion chamber approaches the structure of the gas turbine combustor, it is highly likely that a problem in
reliability of the gas turbine combustor is caused.
[0018] Even when the hydrogen concentration changes to decrease, since the dilute air r fuel mixture is burned in the
combustion chamber, it is highly likely that combustion speed and a combustible range fluctuate to cause combustion
instability.
[0019] It is an object of the present invention to provide a gas turbine combustor that can suppress, when a hydrogen
concentration of a fuel used for the gas turbine combustor fluctuates, fluctuation in a flame position due to the fluctuation
in the hydrogen concentration in a wide load range to maintain combustion stability with high reliability and maintain low
NOx combustion performance.
[0020] According to the invention, a gas turbine combustor for combusting a gasified fuel including hydrogen as its
component, comprises a plurality of multi-coaxial-injection-hole burners, each of which burners includes a plurality of
fuel nozzles and an air plate including a plurality of air-apertures for the respective fuel nozzles, wherein in each of the
multi-coaxial-injection-hole burners, a first part of the fuel nozzles arranged circumferentially and a first part of the air-
apertures arranged circumferentially are arranged coaxially so that the fuel nozzles of the first part are for the respective
air-apertures of the first part to form a first part of the multi-coaxial-injection-hole burner, a second part of the fuel nozzles
arranged circumferentially and a second part of the air-apertures arranged circumferentially are arranged coaxially so
that the fuel nozzles of the second part are for the respective air-apertures of the second part to form a second part of
the multi-coaxial-injection-hole burner surrounding coaxially the first part of the multi-coaxial-injection-hole burner, and
a diameter or a cross sectional area (= minimum value (in a length of air-aperture or a width-or-thickness of air plate)
of a cross sectional area along an imaginary plane perpendicular to a central axis of air-aperture) of each of the air-
apertures in the first part of the multi-coaxial-injection-hole burner is smaller than a diameter or a cross sectional area
(= minimum value (in a length of air-aperture or a width-or-thickness of air plate) of a cross sectional area along an
imaginary plane perpendicular to a central axis of air-aperture) of each of the air-apertures in the second part of the
multi-coaxial-injection-hole burner, so that the first part of the multi-coaxial-injection-hole burner keeps a flame of the
gas turbine combustor and the second part of the multi-coaxial-injection-hole burner performs low NOx combustion.
[0021] According to the invention, a gas turbine combustor for combusting a gasified fuel including hydrogen as its
component, comprises a plurality of multi-coaxial-injection-hole burners, each of which burners includes a plurality of
fuel nozzles and an air plate including a plurality of air-apertures for the respective fuel nozzles, wherein in each of the
multi-coaxial-injection-hole burners, a first part of the fuel nozzles arranged circumferentially and a first part of the air-
apertures arranged circumferentially are arranged coaxially so that the fuel nozzles of the first part are for the respective
air-apertures of the first part to form a first part of the multi-coaxial-injection-hole burner, a second part of the fuel nozzles
arranged circumferentially and a second part of the air-apertures arranged circumferentially are arranged coaxially so
that the fuel nozzles of the second part are for the respective air-apertures of the second part to form a second part of
the multi-coaxial-injection-hole burner surrounding coaxially the first part of the multi-coaxial-injection-hole burner, a
third part of the fuel nozzles arranged circumferentially and a third part of the air-apertures arranged circumferentially
are arranged coaxially so that the fuel nozzles of the third part are for the respective air-apertures of the third part to
form a third part of the multi-coaxial-injection-hole burner surrounding coaxially the second part of the multi-coaxial-
injection-hole burner, a diameter or a cross sectional area (= minimum cross sectional area along an imaginary plane
perpendicular to a central axis of air-aperture) of each of the air-apertures in the first part of the multi-coaxial-injection-
hole burner is smaller than a diameter (= minimum value (in a length of air-aperture or a width-or-thickness of air plate)
of each of the air-apertures in the second part of the multi-coaxial-injection-hole burner, and the diameter (= minimum
value (in a length of air-aperture or a width-or-thickness of air plate) of each of the air-apertures in the second part of
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the multi-coaxial-injection-hole burner is smaller than a diameter or a cross sectional area (= minimum value (in a length
of air-aperture or a width-or-thickness of air plate) of each of the air-apertures in the third part of the multi-coaxial-
injection-hole burner, so that the first part of the multi-coaxial-injection-hole burners keeps the flame of the gas turbine
combustor and the second and third parts of the multi-coaxial-injection-hole burners perform the low NOx combustion.
[0022] According to the invention, a gas turbine combustor for combusting a gasified fuel including hydrogen as its
component, comprises a plurality of multi-coaxial-injection-hole burners, each of which burners includes a plurality of
fuel nozzles and an air plate including a plurality of air-apertures for the respective fuel nozzles,
wherein in each of the multi-coaxial-injection-hole burners, in each of the multi-coaxial-injection-hole burners, an ith row
of the fuel nozzles arranged circumferentially and an ith row of the air-apertures arranged circumferentially are arranged
coaxially so that the fuel nozzles of the ith row are for the respective air-apertures of the ith row to form an ith row of the
multi-coaxial-injection-hole burner, an (i+1)th row of the fuel nozzles arranged circumferentially and an (i+1)th row of the
air-apertures arranged circumferentially are arranged coaxially so that the fuel nozzles of the (i+1) th row are for the
respective air-apertures of the (i+1)th row to form an (i+1)th row of the multi-coaxial-injection-hole burner surrounding
coaxially the ith row of the multi-coaxial-injection-hole burner, so that the ith row of the multi-coaxial-injection-hole burner
keeps a flame of the gas turbine combustor and the (i+1)th row of the multi-coaxial-injection-hole burner performs low
NOx combustion,
and when a diameter of each of the air-apertures in the ith row of the multi-coaxial-injection-hole burner is Di, a total
number of the air-apertures in the ith row of the multi-coaxial-injection-hole burner is Ni, a diameter of each of the air-
apertures in the (i+1)th row of the multi-coaxial-injection-hole burner is Di+1, a total number of the air-apertures in the
(i+1)th row of the multi-coaxial-injection-hole burner is Ni+1, a base of natural logarithm is e, and i is one of 1, 2, 3 and
4, the following formula 

is satisfied.
[0023] According to the invention, a gas turbine combustor for combusting a gasified fuel including hydrogen as its
component, comprises a plurality of multi-coaxial-injection-hole burners, each of which burners includes a plurality of
fuel nozzles and an air plate including a plurality of air-apertures for the respective fuel nozzles,
wherein the air plate includes a protrusion of one of cone-shape and truncated-cone-shape protruding at an outlet side
of the air plate from which outlet side a mixture of the fuel and an air discharged, and
in each of the multi-coaxial-injection-hole burners, a first part of the fuel nozzles arranged circumferentially and a first
part of the air-apertures arranged circumferentially are arranged coaxially so that the fuel nozzles of the first part are for
the respective air-apertures of the first part to form a first part of the multi-coaxial-injection-hole burner surrounding the
protrusion, a second part of the fuel nozzles arranged circumferentially and a second part of the air-apertures arranged
circumferentially are arranged coaxially so that the fuel nozzles of the second part are for the respective air-apertures
of the second part to form a second part of the multi-coaxial-injection-hole burner surrounding coaxially the first part of
the multi-coaxial-injection-hole burner, a third part of the fuel nozzles arranged circumferentially and a third part of the
air-apertures arranged circumferentially are arranged coaxially so that the fuel nozzles of the third part are for the
respective air-apertures of the third part to form a third part of the multi-coaxial-injection-hole burner surrounding coaxially
the second part of the multi-coaxial-injection-hole burner, a diameter of each of the air-apertures in the first part of the
multi-coaxial-injection-hole burner is smaller than a diameter of each of the air-apertures in the second part of the multi-
coaxial-injection-hole burner, and a diameter of each of the air-apertures in the second part of the multi-coaxial-injection-
hole burner is smaller than a diameter of each of the air-apertures in the third part of the multi-coaxial-injection-hole
burner, so that the first part of the multi-coaxial-injection-hole burner keeps a flame of the gas turbine combustor and
the second and third parts of the multi-coaxial-injection-hole burner performs low NOx combustion.
[0024] According to the invention, even when a concentration of the hydrogen in the fuel supplied to the gas turbine
combustor varies, a change in position of the flame caused by the variation of the concentration of hydrogen is restrained
to keep reliability and stability of the combustion in a wide load range, so that the gas turbine combustor capable of
keeping the low NOx combustion performance is obtainable.
[0025] Other objects, features and advantages of the invention will become apparent from the following description
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of the embodiments of the invention taken in conjunction with the accompanying drawings. The above-described features
of the aspects of the present invention can be combined so as to form further aspects of the present invention.

3. Brief Description of the Several Views of the Drawings

[0026]

Fig. 1 is a schematic view of a coal gasification combined power generation plant including a gas turbine combustor
according to an embodiment of the present invention;
Fig. 2 is a schematic sectional view showing the structure of the gas turbine combustor according to the embodiment
of the present invention;
Fig. 3 is a partial side sectional view of an air plate of plural main multi-coaxial-injection-hole burners set in the gas
turbine combustor according to the embodiment of the present invention;
Fig. 4 is a partial view showing air holes of the air plate formed in the main multi-coaxial-injection-hole burners of
the gas turbine combustor according to the embodiment shown in Fig. 3;
Fig. 5 is a view of the air plate, viewed from a combustion chamber side, including the air holes formed in the main
multi-coaxial-injection-hole burners of the gas turbine combustor according to the embodiment shown in Fig. 3;
Fig. 6 is a view of a state of a flow near the air hole of fluid flowing through a fuel nozzle and the air hole included
in the main multi-coaxial-injection-hole burner set in the gas turbine combustor according to the embodiment of the
present invention;
Fig. 7 is a characteristic diagram showing a change in a fuel flow rate in the coal gasification combined power
generation plant according to the embodiment of the present invention shown in Fig. 1 with respect to the number
of revolutions of gas turbine operation and a gas turbine load;
Fig. 8 is a view of a state of a flow of fluid injected from fuel nozzles and the air holes included in the main multi-
coaxial-injection-hole burner of the gas turbine combustor according to the embodiment of the present invention
and combustion gas in the combustion chamber;
Fig. 9 is a characteristic diagram showing conditions for maintaining stable steady flame of the main multi-coaxial-
injection-hole burners in the gas turbine combustor according to the embodiment of the present invention;
Fig. 10 is a characteristic diagram showing conditions for not causing flame approach in the main multi-coaxial-
injection-hole burners in the gas turbine combustor according to the embodiment of the present invention;
Fig. 11 is a characteristic diagram showing a change in hydrogen concentration in an air fuel mixture that occurs
when an inner circumferential fuel ratio of the main multi-coaxial-injection-hole burners in the gas turbine combustor
according to the embodiment of the present invention is changed and a change in hydrogen concentration in the
case of a comparative example;
Fig. 12 is a characteristic diagram of a state of a change in distribution of a fuel supply amount with respect to a
change in hydrogen concentration in a rated load in the main multi-coaxial-injection-hole burners of the gas turbine
combustor according to the embodiment of the present invention and a state of a change in distribution of a fuel
supply amount in the case of the comparative example; and
Fig. 13 is a characteristic diagram of changes in combustion gas temperature on the inner circumferences of the
main multi-coaxial-injection-hole burners and emission NOx from the gas turbine combustor at the time when the
inner circumferential fuel ratio of the main multi-coaxial-injection-hole burners in the gas turbine combustor according
to the embodiment of the present invention is changed and a change in emission NOx in the case of the comparative
example.
Fig. 14 is a partial side sectional view of an air plate set in the gas turbine combustor according to a modified
embodiment of the present invention;
Fig. 15 is a partial view showing air holes of the air plate formed in the main multi-coaxial-injection-hole burners of
the gas turbine combustor according to the embodiment shown in Fig. 14;
Fig. 16 is a view of the air plate, viewed from a combustion chamber side, including the air holes formed in the main
multi-coaxial-injection-hole burners of the gas turbine combustor according to the embodiment shown in Fig. 14;

4. Detailed Description of the Invention

[0027] A gas turbine combustor, a fuel supply apparatus for the gas turbine combustor, and a fuel supply method for
the gas turbine combustor according to an embodiment of the present invention are explained below with reference to
the accompanying drawings.
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Embodiments

[0028] The gas turbine combustor according to the embodiment of the present invention is explained with reference
to Figs. 1, 2, and 12.
[0029] Fig. 1 is a schematic diagram of a coal gasification combined power generation plant including a gas turbine
plant including a gas turbine combustor according to a first embodiment of the present invention.
[0030] The gas turbine combustor according to the present invention may be applied to, besides the coal gasification
combined power generation plant explained below, a gas turbine that uses, as fuel, coke oven gas (COG), which is by-
product gas obtained from a steel manufacturing plant, blast furnace gas (BFG), or Linzer Donawiz gas (LDG) or mixed
gas of these gases and a gas turbine that uses, as fuel, by-product gas obtained from a naphtha cracking plant or the like.
[0031] Fig. 2 is a sectional view showing the schematic structure of the gas turbine combustor according to the first
embodiment of the present invention shown in Fig. 1. Figs. 3 to 5 are partial diagrams each showing air hole plates of
wall-like members, in which air holes are formed, included in multi-coaxial-injection-hole burners set in the gas turbine
combustor according to the first embodiment according to the present invention shown in Figs. 1 and 2. Figs. 14 to 16
are partial diagrams each showing air hole plates, in which air holes are formed, included in multi-coaxial-injection-hole
burners set in the gas turbine combustor according to the a modified embodiment which can alternatively be used for
the embodiment of Figs. 1 and 2.
[0032] Fig. 6 is an enlarged diagram showing a state of a flow of fluid near a single fuel nozzle included in the main
multi-coaxial-injection-hole burner and a single air hole arranged to correspond to the single fuel nozzle and formed in
the air hole plate included in the main multi-coaxial-injection-hole burner in the gas turbine combustor according to the
first embodiment of the present invention shown in Figs. 2 to 5.
[0033] ln a coal gasification combined power generation (CCS-IGCC) plant with a carbon dioxide separating and
collecting apparatus shown in Fig. 1 including the gas turbine plant including the gas turbine combustor according to
the first embodiment of the present invention, coal gasified fuel 22 including hydrogen in a fuel composition generated
by gasifying coal is supplied to the gas turbine plant.
[0034] The gas turbine plant driven by the coal gasified fuel 22 generated by the coal gasification combined power
generation plant supplies compressed air 10, which is obtained by sucking and compressing the outdoor air with a
compressor 5, to a gas turbine combustor 9 as combustion air 12 through a casing 7 and injects, together with the coal
gasified fuel 22, the combustion air 12 to a combustion chamber from main multi-coaxial-injection-hole burners 53 set
in the gas turbine combustor 9.
[0035] The gas turbine plant includes a generator 501 that causes high-temperature and high-pressure combustion
gas 13 generated by burning the coal gasified fuel 22 with the gas turbine combustor 9 to flow into a turbine 6, drives
the turbine 6, and extracts rotational power of the turbine 6 as electric power.
[0036] The gas turbine combustor 9 has a cylindrical structure including a combustor outer cylinder 2 set on the outer
circumferential side, a combustor liner 3 set on an inside of the combustor outer cylinder 2, and a combustor tail pipe 4
connected to a downstream side of the combustor liner 3. A cylindrical combustion chamber 1 for burning the coal
gasified fuel 22 and the combustion air 12 is formed on an inside of the combustor liner 3.
[0037] The combustor liner 3 having a cylindrical combustor outlet and a stationary blade inlet shape serving as an
inlet of the turbine 6 are connected by the combustor tail pipe 4 for smoothly connecting the combustor liner 3 and the
stationary blade inlet shape.
[0038] The combustion air 12 used for combustion of the coal gasified fuel 22 in the combustion chamber 1 of the gas
turbine combustor 9 is supplied through a space between the combustor outer cylinder 2 and the combustor liner 3 of
the gas turbine combustor 9. However, the combustion air 12 is stopped by a combustor end cover 8 provided at the
top of the gas turbine combustor 9. A part of the combustion air 12 is supplied to plural air holes 55 formed in an air hole
plate 54 on which the main multi-coaxial-injection-hole burners 53 are formed.
[0039] The other part of the combustion air 12 flows into the combustion chamber 1 as cooling air 11 from a large
number of air holes for combustion opened on the wall surface of the combustor liner 3. The other part of the combustion
air 12 cools the high-temperature and high-pressure combustion gas 13 generated in the combustion chamber 1 of the
gas turbine combustor 9.
[0040] The coal gasified fuel 22 supplied to the gas turbine combustor 9 is distributed from an outside of the combustor
end cover 8 to each of fuel nozzles 56 of the main multi-coaxial-injection-hole burners 53 through a distribution channel
of a fuel distributor 57 provided on an inside of the end cover 8.
[0041] The gas turbine plant including the gas turbine combustor 9 according to this embodiment is set in a coal
gasification combined power generation plant with a carbon dioxide collecting apparatus. The gas turbine plant includes
a fuel supply system 122a that separately supplies, from an outside, start fuel 15 for carrying out start of the coal
gasification combined power generation plant until the coal gasification oven 202 starts and the coal gasified fuel 22 is
supplied to the gas turbine plant.
[0042] Therefore, the gas turbine combustor 9 according to the embodiment of the gas turbine plant set in the coal
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gasification combined power generation plant has, as shown in Figs. 1, 2, and 3 to 5, structure in which a pilot burner
50 including a fuel injection nozzle for start 51 is provided in a center of the axis of the combustor and five main multi-
coaxial-injection-hole burners 53 having a multi-coaxial-injection-hole burner structure are arranged around the pilot
burner 50 on an outer circumferential side of the axis of the combustor. When the start fuel 15 can be supplied relatively
inexpensively and abundantly, to enable stable operation and simplified control, the pilot burner 50 may be a dispersion
burner operated by the start fuel 15 separately supplied from the outside for mono-fuel combustion. If the multi-coaxial-
injection-hole burner structure is adopted for the pilot burner, it is possible to configure a gas turbine combustor that can
perform lower NOx combustion.
[0043] In the coal gasification combined power generation plant shown in Fig. 1, first, the start fuel 15 is supplied to
the pilot burner 50 of the gas turbine combustor 9 according to this embodiment through a fuel supply system 122a and
the gas turbine plant is started to a fixed load in advance. The operation of the coal gasification oven 202 that generates
coal gas from coal, a coal gasification gas purifier 203, a shift reactor 206 that generates carbon dioxide and hydrogen
from the coal gas generated by the coal gasification oven 202, and a carbon dioxide collecting apparatus 207 that collects
the carbon dioxide generated by the shift reactor 206 is started. Consequently, the coal gasified fuel 21 including the
hydrogen generated by the coal gasification oven 202 is supplied to the gas turbine combustor 9 as the coal gasified
fuel 22 according to this embodiment through the fuel supply system 122a.
[0044] In gasification of coal in the coal gasification combined power generation plant, first, oxygen 17 purified by an
oxygen producing apparatus 201 and coal 16 are changed to pre-purification coal gasification gas 18, which contains
carbon monoxide and hydrogen as main components, by the coal gasification oven 202. Impurities and the like are
removed by the gas purifier 203 to produce coal gasification gas 19 before carbon dioxide collection.
[0045] A part of the produced coal gasification gas 19 before carbon dioxide collection is supplied to gas turbine fuel
supply systems 122b, 123a, and 123b on the downstream side, which lead to the gas turbine combustor 9, as the coal
gasified fuel 22 through the fuel system 22a including a hydrogen concentration detecting unit 102a via a flow regulating
valve 205. A part of the coal gasification gas 19 is led to the shift reactor 206 via a flow regulating valve 204. The
remaining gas is subjected to combustion treatment in a gas treatment oven 209.
[0046] The shift reactor 206 supplies water vapor 20 to the coal gasification gas 19 before carbon dioxide collection
to cause a shift reaction. The shift reactor 206 converts carbon monoxide in a composition into carbon dioxide and
hydrogen and sends the carbon dioxide and the hydrogen to the carbon dioxide collecting apparatus 207. The carbon
dioxide collecting apparatus 207 collects the water vapor and the carbon dioxide to purify the coal gasification gas 21
having high hydrogen concentration.
[0047] The coal gasification gas 21 having high hydrogen concentration is also supplied to the gas turbine fuel supply
systems 122b, 123a, and 123b on the downstream side, which lead to the gas turbine combustor 9, as the coal gasified
fuel 22 through the fuel system 22a including the hydrogen concentration detecting unit 102b via the flow regulating
valve 208. The remaining gas is subjected to combustion treatment in the gas treatment oven 209.
[0048] In the coal gasification combined power generation plant according to this embodiment, the coal gasified fuel
22 is supplied to the gas turbine combustor 9. The coal gasified fuel 22 includes hydrogen in the fuel composition obtained
by mixing the coal gasification gas 19 before carbon dioxide collection and the coal gasification gas 21 having high
hydrogen concentration according to operation states of the gasification oven 202, the shift reactor 206, and the carbon
dioxide collecting apparatus 207.
[0049] When the coal gasified fuel 22 is started to be supplied from the coal gasification combined power generation
plant, the start fuel 15 is replaced with the coal gasified fuel 22. Therefore, the gas turbine combustor 9 includes the
pilot burner 50 including the fuel injection nozzle for start 51 that injects the start fuel 15, which is led through the fuel
system 122b, to the center of the axis of the combustor and the air holes 55 for supplying combustion air for the start fuel 15.
[0050] The gas turbine combustor 9 has structure in which plural main multi-coaxial-injection-hole burners 53 formed
in multi-coaxial-injection-hole burner structure including the fuel nozzles 56 arranged coaxially to the air holes 55 are
arranged on an outer circumferential side of the pilot burner 50, which is the outer circumferential side of the axis of the
combustor. In the gas turbine combustor 9 according to this embodiment shown in Fig. 5, the gas turbine combustor 9
has structure in which five main multi-coaxial-injection-hole burners 53 are arranged.
[0051] Therefore, the fuel supply system 122a that supplies the start fuel 15 to the pilot burner 50 of the gas turbine
combustor 9 as pilot fuel before the start of the coal gasification combined power generation plant is disposed. A start
fuel and pilot burner fuel shut-off valve 104a that adjusts a flow rate of the start fuel 15, a start fuel and pilot burner fuel
pressure regulating valve 105a, and the start fuel and pilot burner fuel flow rate regulating valve 106a are set in the fuel
supply system 122a.
[0052] The fuel supply system 122b that supplies the coal gasified fuel 22 to the pilot burner 50 set in the gas turbine
combustor 9 as pilot fuel after the start of the coal gasification combined power generation plant is disposed. A coal
gasified fuel and pilot burner fuel shut-off valve 104b that adjusts a flow rate of the coal gasified fuel 22, a coal gasified
fuel and pilot burner fuel pressure regulating valve 105b, and the coal gasified fuel and pilot burner fuel flow rate regulating
valve 106b are set in the fuel supply system 122b.
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[0053] Further, in each of the plural main multi-coaxial-injection-hole burners 53 set in the gas turbine combustor 9,
the fuel supply system 123a that supplies the coal gasified fuel 22 to first coaxial injection burner sections 53a, which
are provided on an inner circumferential side of the main multi-coaxial-injection-hole burner 53, as fuel is disposed. An
inner circumferential side main fuel pressure regulating valve 107a and an inner circumferential side main fuel flow rate
regulating valve 108a that adjust a flow rate of the coal gasified fuel 22 are set in the fuel supply system 123a.
[0054] ln each of the plural main multi-coaxial-injection-hole burners 53 set in the gas turbine combustor 9, the fuel
supply system 123b that supplies the coal gasified fuel 22 to second coaxial injection burner sections 53b, which are
provided on the outer circumferential side of the main multi-coaxial-injection-hole burner 53 (an outer circumferential
side of the first coaxial injection burner sections 53a), as fuel is disposed. An outer circumferential side main fuel pressure
regulating valve 107b and an outer circumferential side main fuel flow rate regulating valve 108b that adjust a flow rate
of the coal gasified fuel 22 are set in the fuel supply system 123b.
[0055] Concerning the plural main multi-coaxial-injection-hole burners 53 set on an outer circumferential side of the
pilot burner 50 of the gas turbine combustor 9, the multi-coaxial-injection-hole burner structure is adopted as explained
above.
[0056] The multi-coaxial-injection-hole burners included in the main multi-coaxial-injection-hole burners 53 are burners
that form a large number of coaxial injections of fuel and the air. A degree of mixing of the fuel and the air can be adjusted
according to the shape of air nozzles and the shape of fuel nozzles included in the main multi-coaxial-injection-hole
burners 53.
[0057] A flame holding ability of a single burner included in each of the main multi-coaxial-injection-hole burners 53
can be adjusted according to mixing of and injecting directions of coaxial injections of the first coaxial injection burner
sections 53a set on an inner circumferential side facing a center axis of the main multi-coaxial-injection-hole burner 53.
Therefore, it is possible to cause the coaxial injrctions of the first coaxial injection burner sections 53a, which are inner
circumferential sections in the main multi-coaxial-injection-hole burner 53, to carry out a function of flame holding.
[0058] The mixing of the fuel and the air is adjusted by the first coaxial injection burner sections 53a on the inner
circumferential side of the main multi-coaxial-injection-hole burner 53 to intensify the function of flame holding as explained
above. Consequently, a position where an air fuel mixture in the combustible range is formed in the combustion chamber
1 can be designed in a position away from the structure of the main multi-coaxial-injection-hole burner 53 in a downstream
direction of the combustion chamber of the gas turbine combustor 9. Therefore, concerning the coaxial nozzles on the
inner circumferential side, it is possible to secure large tolerance with respect to flame approach.
[0059] Therefore, in the gas turbine combustor 9 according to this embodiment, in the main multi-coaxial-injection-
hole burners 53 included in a main burner, a fuel system is divided into the fuel supply system 123a and the fuel supply
system 123b such that the coal gasified fuel 22 is independently supplied to the first coaxial injection burner sections
53a set on an inner circumferential side and the second coaxial injection burner sections 53b set on the outer circum-
ferential side. The distribution and flow rates of the fuel supplied to the fuel supply system 123a and the fuel supply
system 123b can be adjusted.
[0060] A part of the coal gasified fuel 22 supplied to the main multi-coaxial-injection-hole burners 53 is led to a joint
port of the combustor end cover 8 of the gas turbine combustor 9 through the inner circumferential side main fuel pressure
regulating valve 107a and the inner circumferential side main fuel flow rate regulating valve 108a set in the fuel supply
system 123a and the fuel supply system 123a.
[0061] The other part of the coal gasified fuel 22 is led to the joint port of the combustor end cover 8 of the gas turbine
combustor 9 through the outer circumferential side main fuel pressure regulating valve 107b and the outer circumferential
side main fuel flow rate regulating valve 108b set in the fuel supply system 123b and the fuel supply system 123b.
[0062] The coal gasified fuel 22 led to the joint port passes through a channel on the inside of the end cover 8 and
blows out from an outer circumferential side space of the fuel distributor 57 to the air holes 55 opened in the air hole
plate 54 through the fuel nozzles 56 included in the main multi-coaxial-injection-hole burners 53. The coal gasified fuel
22 changes to an injection coaxial with the air, blows out from the main multi-coaxial-injection-hole burners 53 to the
combustion chamber 1 of the gas turbine combustor 9, and is burned.
[0063] A change in a fuel flow rate that occurs when the gas turbine plant including the gas turbine combustor according
to this embodiment included in the CCS-IGCC is operated is organized with respect to the number of revolutions of the
gas turbine and a gas turbine load and shown in Fig. 7.
[0064] As explained above, in the CCS-IGCC plant, first, the gas turbine is started to a fixed load by the start fuel 15.
The coal gasification oven 202, the coal gasification gas purifier 203, the shift reactor 206, and the carbon dioxide
collecting apparatus 207 start operation and the coal gasified fuel 21 including hydrogen is supplied.
[0065] In Fig. 1, first, the start fuel 15 is supplied to the gas turbine combustor 9 of the gas turbine plant, which is
started to the number of revolutions for ignition by a not-shown start motor, through the fuel supply system 122. Up to
a certain load through a rated number of revolutions no-load operation state (FSNL: Full Speed No Load), the gas turbine
is operated only by the pilot burner 50 of the gas turbine combustor 9 operated by the start fuel 15.
[0066] When the output of the gas turbine reaches a fixed load and house power for the oxygen producing apparatus
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201 or the like can be covered, the operation of the coal gasification oven 202 and the like is started. The supply of the
coal gasified fuel 22 is started from the CCS-IGCC plant, switching of fuel from the start fuel 15 to the coal gasified fuel
22 is carried out and the fuel is supplied to the gas turbine combustor 9.
[0067] The coal gasified fuel 22 is supplied to the pilot burner 50 and the main multi-coaxial-injection-hole burners 53
set in the gas turbine combustor 9. Thereafter, gas turbine operation is carried out only by the coal gasified fuel 22 up
to a rated load (FSFL: Full Speed Full Load).
[0068] In Fig. 7, a fuel flow rate after the fuel switching to the coal gasified fuel 22 substantially increases because a
heat value per weight of the coal gasified fuel 22 is small compared with the start fuel 15 and a larger amount of fuel is
necessary to realize the temperature of the combustion gas 13 at the turbine inlet.
[0069] However, even if the production of the coal gasified fuel 22 is started in the CCS-lGCC plant, if vapor production
in an exhaust gas boiler not shown in Fig. 1 is insufficient, a water vapor amount necessary for carbon dioxide separation
and collection cannot be secured. Therefore, at first, in the coal gasified fuel 22, a ratio of the coal gasification gas 19
before carbon dioxide collection having low hydrogen concentration. The coal gasified fuel 22 is supplied under a condition
that hydrogen concentration is low.
[0070] Therefore, in the CCS-IGCC plant, the hydrogen concentration in the coal gasified fuel 22 supplied to the gas
turbine combustor 9 substantially changes according to a gas turbine operation state.

[Table 1]

[0071]

[0072] Table 1 shows an example of a fuel composition used in the coal gasification combined power generation plant
according to the first embodiment of the present invention shown in Fig. 1. The fuel composition example shown in Table
1 is an example in the coal gasification combined power generation plant (the CCS-IGCC plant). The compositions
shown in Table 1 slightly change according to a plant operation state and a type of material coal in use. However, as it
is seen from Table 1, in the CCS-IGCC plant, hydrogen concentration substantially changes from about 25% until the
hydrogen concentration exceeds 80% according to the plant operation state.
[0073] The schematic structure of the gas turbine combustor 9 according to this embodiment is explained below with
reference to Figs. 2 and 6. The gas turbine combustor 9 according to this embodiment includes, on the inside of the
combustor outer cylinder 2, the combustor liner 3 that burns an air fuel mixture 42 of fuel and the air on an inside thereof
and the combustion chamber 1 formed on the inside of the combustor liner 3.
[0074] The compressed air 10 supplied from the compressor 5 flows into the gas turbine combustor 9 through the
space between the combustor outer cylinder 2 and the combustor liner 3. A part of the compressed air 10 changes to
the cooling air 11 for cooling the combustor liner 3. The remainder of the compressed air 10 enters a space between
the combustor end cover 8 and the air hole plate 54 as the combustion air 12.
[0075] On the other hand, the coal gasified fuel 22 flows into the fuel distributor 57 from the outside of the combustor
end cover 8 and is blown out from the plural fuel nozzles 56 arranged on an upstream side of the air hole plate 54 on
which the main multi-coaxial-injection-hole burners 53 are formed.
[0076] In the air hole plate 54, the plural air holes 55 are respectively arranged in the circumferential direction to be
coaxial with center axes of the plural burners provided in the air hole plate 54 corresponding to the plural fuel nozzles 56.
[0077] A fuel flow and an air flow blown out from the air holes 55 are burned in the combustion chamber 1 and form
a flame 45. Thereafter, the combustion gas 13 flows to the downstream side in the combustor tail pipe 4 not shown in
Fig. 2, flows into the turbine 6, and drives the generator 501.
[0078] Fig. 6 is an enlarged schematic diagram of a distal end of a single fuel nozzle 56 included in one coaxial injection
burner among a large number of coaxial injection burners included in the main multi-coaxial-injection-hole burner 53
and the air hole 55 of the air hole plate 54 set in the gas turbine combustor 9.
[0079] One fuel nozzle 56 included the main multi-coaxial-injection-hole burner 53 and the air hole plate 54 in which

Table 1

Item Unit Composition example A Composition example B Composition example C

Carbon dioxide 
collection ratio

% 0 50 90

Hydrogen 
concentration

Vol.% 27 58 82

Other gas component Vol.% 73 42 18
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one air hole 55 is formed are arranged between the fuel nozzle 56 and the combustion chamber 1. The combustion air
12 is drawn into the upstream side of the air hole plate 54. The fuel nozzle 56 is arranged coaxially with the air hole 55
on the upstream side of the air hole 55 formed in the air hole plate 54 and is configured such that the coal gasified fuel
22 blown out from the fuel nozzle 56 flows into a center of the air hole 55.
[0080] The combustion air 12 supplied from the upstream side of the air hole plate 54 also flows into the air hole 55
of the air hole plate 54 from an outer circumferential side of the fuel nozzle 56. At this point, the combustion air 12 flows
into the air hole 55 in a narrow space formed in the air hole plate 54 from a wide space formed on the upstream side of
the air hole plate 54.
[0081] Therefore, on an inside of the air hole 55, a coaxial injection of a fuel flow and an annular air flow formed on
an outer circumferential side of the fuel flow flowing down while including a fine turbulence structure such as a trailing
vortex caused downstream of the fuel nozzle 56 and a peeling vortex due to sudden contraction of the combustion air
12 at the air hole entrance is formed.
[0082] The fuel flow and the air flow passed through the air hole 55 of the air hole plate 54 blows out to the combustion
chamber 1 in a space wider than the air hole 55 at a time. The fuel flow and the air flow are quickly mixed in the combustion
chamber 1 as a vortex limited in the narrow space of the air hole 55 expands and collapses.
[0083] In this way, when the plural air holes 55 coaxial with the plural fuel nozzles 56 are arranged on the air hole
plate 54 and the fuel nozzles 56 are arranged on the upstream side of the air holes 55, the fuel flowing into the combustion
chamber 1 is quickly dispersed. Therefore, a degree of mixing of the fuel and the air increases and the fuel and the air
can be quickly mixed at a short distance.
[0084] In the main multi-coaxial-injection-hole burner 53 of the gas turbine combustor 9 having the configuration
explained above, the fuel flow flows a center on the inside of the air hole 55 included in the coaxial injection burner and
the air flow flows around the fuel flow. Therefore, the air fuel mixture is not formed in the combustible range very close
to the fuel nozzle 56. Since the mixing progresses in an extremely narrow area immediately after the fuel flows into the
inside of the air hole 55 and the combustion chamber 1, a flame less easily approaches the air the air hole plate 54. The
gas turbine combustor 9 has a characteristic that reliability is high.
[0085] One of the five main multi-coaxial-injection-hole burners 53 set in the gas turbine combustor 9 according to
this embodiment is extracted and a state of flows of the fuel flow and the air flow is explained with reference to Fig. 8.
[0086] In Fig. 8, in a positional relation between the fuel nozzles 56 and the air holes 55 included in the coaxial injection
burners of the main multi-coaxial-injection-hole burner 53 set in the gas turbine combustor 9 according to this embodiment,
center axes of burner innermost circumferential air holes 55-1 serving as a first coaxial injection burner sections 53a set
on an inner circumferential side of the main multi-coaxial-injection-hole burner 53 tilt in a circumferential direction of a
pitch circle, on which the air holes are arranged, with respect to the burner center axis.
[0087] Therefore, a fuel flow 4-1 and an air flow of inner circumferential fuel blowing out from the innermost circum-
ferential air holes 55-1 serving as the first coaxial injection burner sections 53a are injected to the combustion chamber
1 along center axes of the innermost circumferential air holes 55-1 and quickly mixed by the mechanism explained above
and changes to an air fuel mixture 42-1.
[0088] The innermost circumferential air holes 55-1 serving as the first coaxial injection burner sections 53a have a
turning angle tilting in the circumferential direction. Therefore, the air fuel mixture 42-1 injected from the innermost
circumferential air holes 55-1 changes to a turning flow 46 that flows to the downstream side while turning in a spiral
shape on the inside of the combustion chamber 1. The air fuel mixture 42-1 flows out to the downstream side while
expanding a turning radius on the inside of the combustion chamber 1.
[0089] The turning flow flowing down while expanding in this way induces a pressure gradient in an opposite direction
on a center axis of the turn. Therefore, as shown in Fig. 8, a part of a combustion gas 44 generated by a reaction in the
flame 45 in the turning flow circulates toward a stagnation area 49 caused near a burner center 60 as a circulating gas
43 and gives activation energy to the air fuel mixture 42-1, which flows in from the innermost circumferential air holes
55-1, to thereby function as an ignition source that maintains a combustion reaction. Consequently, the stable conical
steady flame 45 is formed on the inside of the combustion chamber 1.
[0090] It is also effective in securing reliability to tilt the center axes of the air holes 55-1 to a center axis side from the
tangential direction of a pitch circle diameter 61-1 define by an air hole inlet with respect to the innermost circumferential
air holes 55-1, to which a turn is given, to give an inward tilt angle ψ1 to the air fuel mixture 42-1 such that the air fuel
mixture 42-1 blows out tilting to a center side of the combustion chamber 1. The air fuel mixture 42-1 of the fuel and the
air, to which the inward tilt angle ψ1 is given in addition to a turning angle 01, blowing out from the (innermost circum-
ferential) air holes 55-1 in the first row serving as the first coaxial injection burner sections 53a turns in a spiral shape
while approaching each other to a specific position defined by the turning angle 01, the inward tilt angle ψ1, and the
pitch circle diameter 61-1 and reduces toward the axis direction of the combustion chamber 1. Therefore, a position
where the air fuel mixture 42-1 flows down while expanding a turning radius is further on the downstream side from the
air hole plate 54 and a distance between the structure and a flame increases. Therefore, reliability is improved.
[0091] On the other hand, outer circumferential side air holes 55-2 serving as the second coaxial injection burner
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sections 53b set on an outer circumferential side of the first coaxial injection burner sections 53a are arranged on the
outer circumferential side of the main multi-coaxial-injection-hole burner 53. Air hole center axes of the outer circumfer-
ential side air holes 55-2 are parallel to the burner center axis. Therefore, a fuel flow 41-2 and an air flow of outer
circumferential fuel blowing out from the outer circumferential side air holes 55-2 serving as the second coaxial injection
burner sections 53b are injected to the combustion chamber 1 in parallel to the burner center axis and quickly mixed by
the mechanism explained above and changes to an air fuel mixture 42-2. The air fuel mixture 42-2 flows straight in the
combustion chamber 1 and merges with the flame 45 that spreads in a conical shape.
[0092] In a position of the merging, the air fuel mixture 42-2 starts a combustion reaction with activation energy given
from the combustion gas 44 generated by combustion of the air fuel mixture 42-1 blowing out from the innermost
circumferential air holes 55-1 serving as the first coaxial injection burner sections 53a. The flame 45 is propagated to
an inside of the air fuel mixture 42-2.
[0093] ln this way, the combustion gas 44 generated by the combustion reaction of the air fuel mixture 42-1 from the
innermost circumferential air holes 55-1 is an ignition source for the air fuel mixture 42-2 from the outer circumferential
air holes 55-2 serving as the second coaxial injection burner sections 53b. Therefore, a start position of the combustion
reaction is on the downstream side from the air hole plate 54. The air fuel mixture 42-2 is burned in a further mixed state.
Therefore, more uniform low NOx combustion is possible.
[0094] In this embodiment, the outer circumferential side air holes are formed only in one row. However, when the
burner is applied to a gas turbine having a larger combustion amount, it is effective for performing low NOx combustion
to include third and fourth air hole rows further on the outer side of the air holes. If a turning angle θ2 is given to the
outer circumferential side air holes 55-2, it is possible to intensity an opposite pressure gradient induced by a turning
flow and improve the flame holding ability of the entire burner. If an inward tilt angle ψ2 is given after the turning angle
θ2 is given, as in the case of the innermost circumferential air holes 55-1, a combustor having high reliability and
combustion stability can be obtained.
[0095] The air hole plate 54 on which the main multi-coaxial-injection-hole burners 53 and the pilot burner 50 in the
gas turbine combustor 9 according to this embodiment are formed is shown in Figs. 3 to 5.
[0096] Fig. 5 is a diagram of the air hole plate 54 viewed from the combustion chamber 1 side. Fig. 3 is a sectional
view of one of the main multi-coaxial-injection-hole burners 53 surrounded by broken lines on the air hole plate 54 shown
in Fig. 5 taken along in the vertical direction with respect to a combustion nozzle side plate surface. Fig. 4 is a diagram
of extracted one main multi-coaxial-injection-hole burner 53 of attention among the main multi-coaxial-injection-hole
burners 53 surrounded by the broken lines on the air hole plate 54 shown in Fig. 5.
[0097] ln Fig. 5, the position of the combustor liner 3 located on the downstream outer side of the air hole plate 54 on
the fuel nozzle side is indicated by a broken line.
[0098] In Figs. 3 to 5, the plural air holes 55 corresponding to the pilot burner 50 are annularly provided in a portion
surrounded by a broken line in a center of the air hole plate 54.
[0099] A turning angle is given to the air holes 55 of the pilot burner 50 such that an air fuel mixture of the fuel and
the air blowing out from the air holes 55 turns counterclockwise viewed from the combustion chamber 1 side. A turning
angle θ given to the air holes 55 is defined as an angle formed by center axes of the air holes 55 with respect to a center
axis of the pilot burner 50.
[0100] ln the gas turbine combustor 9 according to this embodiment, the five main multi-coaxial-injection-hole burners
53 are provided on the outer circumference of the pilot burner 50. ln the air hole plate 54, in positions corresponding to
the plural fuel nozzles 56 included in each of the main multi-coaxial-injection-hole burner 53, the plural air holes 55-1
on an inner circumferential side and the plural air holes 55-2 on an outer circumferential side are respectively annularly
provided.
[0101] When attention is paid to one of the main multi-coaxial-injection-hole burners 53 surrounded by the broken
lines on the air hole plate 54, the air holes 55 of the main multi-coaxial-injection-hole burner 53 includes air hole groups
in two rows having the same pitch circle, i.e., air holes 55-1 included in the first coaxial injection burner sections 53a
and air holes 55-2 included in the second coaxial injection burner sections 53b.
[0102] As shown in Figs. 3 and 4, among the air holes 55 formed in the air hole plate 54, in a first row (innermost
circumference) included in the first coaxial injection burner sections 53a set on the inner circumferential side of the main
multi-coaxial-injection-hole burner 53, five first row (innermost circumferential) air holes 55-1 having circular sections
having an air hole diameter 62-1 are arranged on the circumference having a pitch circle diameter 61-1.
[0103] As shown in Fig. 8, the turning angle θ is given to the first row (innermost circumferential) air holes 55-1 included
in the first coaxial injection burner sections 53a such that the air fuel mixture 42-1 of the fuel and the air blowing out from
the air holes turns counterclockwise viewed from the combustion chamber 1 side.
[0104] Therefore, the innermost circumferential air holes 55-1 applied with the turning have a circular section but look
elliptical because the center axes of the air holes 55-1 tilt with respect to the normal of the air hole plate 54.
[0105] It is also effective in securing reliability to tilt the center axes of the innermost circumferential air holes 55-1
from the tangential direction to a center axis side of the pitch circle diameter 61-1 defined by the air hole inlet as explained
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above to give the inward tilt angle ψ1 such that the air fuel mixture 42-1 blows out tilting to the center side of the combustion
chamber 1.
[0106] On the outer circumference of the first row (innermost circumferential) air holes 55-1 included in the first coaxial
injection burner sections 53a, ten second row (outer circumferential side) air holes 55-2 having a circular section having
an air hole diameter 62-2 are arranged on the circumference having a pitch circle diameter 61-2 included in the second
coaxial injection burner sections 53b set on the outer circumferential side of the main multi-coaxial-injection-hole burner
53.
[0107] When the burner is applied to the gas turbine having a large combustion amount as explained above, it is
effective in performing low NOx combustion to form third and fourth air hole rows further on an outer side of the air holes.
[0108] A turn is not applied to the second row (outer circumferential side) air holes 55-2 included in the second coaxial
injection burner sections 53b as explained above. The second row (outer circumferential side) air holes 55-2 are air
holes parallel to the burner center axis. For example, when a hydrogen concentration fluctuation range in fuel is large,
if the turning angle θ2 is given to the outer circumferential side air holes 55-2 as well, it is possible to intensify an opposite
pressure gradient induced by a turning flow and improve the flame holding ability of the entire burner, lf the inward tilt
angle ψ1 is given after the turning angle θ2 is given, as in the case of the innermost circumferential air holes 55-1, a
combustor having high reliability and combustion stability can be obtained.
[0109] The air holes 55 formed in the air hole plate 54 shown in the gas turbine combustor 9 according to this embod-
iment are only air holes having a circular section. However, the air holes are also realized by a shape other than the
circular shape (e.g., rectangular slots).
[0110] The flat structure is used for the air hole plate 54 shown in the gas turbine combustor 9 according to this
embodiment. However, if a surface on a side of the air hole plate 54 facing the combustion chamber is formed in a
concave shape recessed in a conical or circular truncated cone shape, structure having higher reliability can be obtained.
Since an outlet surface of the air hole plate 54 tilts in a recessed shape, an angle formed by fluid blowing out from the
air holes 55-1 in the first row and the air holes 55-2 in the second row and the surface of the structure is steep and a
large free space cannot be secured in the normal direction of the structure surface. Therefore, a trailing vortex caused
around the air holes, in particular, on the outer circumferential side of the air holes is extremely small. If an air fuel mixture
in the combustible range enters a low-flow rate area present in the trailing vortex caused around the air r holes, in
particular, on the outer circumferential side of the air holes, this causes flame approach to the structure. Therefore, the
outlet surface of the air hole plate 54 may be formed in a shape recessed in a conical or circular truncated cone shape.
[0111] Conversely, if the surface on the side of the air hole plate 54 facing the combustion chamber is formed in a
convex shape projecting in a conical or circular truncated cone shape, structure having higher reliability can be obtained.
As in the case of the concave shape recessed in the circular truncated cone shape, since the outlet surface of the air
hole plate 54 tilts, an angle formed by fluid blowing out from the air holes 55 and the surface of the structure is steep
and a large free space cannot be secured in the normal direction of the structure surface. Therefore, a trailing vortex
caused around the air holes is extremely small. Moreover, when the outlet surface of the air hole plate 54 has a shape
projecting to the combustion chamber 1 side, since an engulfing flow of the ambient air flows on the air hole plate 54
toward a center of the main multi-coaxial-injection-hole burner 53 and washes away the fluid around the air holes to the
center of the main multi-coaxial-injection-hole burner 53, a low-flow rate area is hardly present near the air holes and
an air fuel mixture in the combustible range is not held up. Therefore, the effect of preventing flame from approaching
the structure is larger compared with that in the case of the concave shape recessed in the circular truncated cone
shape. Further, since the surface of the air hole plate 54 is covered with the engulfing flow, it is possible to prevent local
overheat and obtain the structure of the main multi-coaxial-injection-hole burner 53 having high reliability.
[0112] In the gas turbine combustor 9 according to this embodiment, in each of the axial injection burners included in
the plural main multi-coaxial-injection-hole burner 53 has a configuration of the air holes in which the diameter of the air
holes 55-1 of the first coaxial injection burner sections 53a set on the inner circumferential side is smaller than the
diameter of the air holes 55-2 of the second coaxial injection burner sections 53b set on the outer circumferential side.
[0113] In other words, the diameter 62-1 of the innermost circumferential air holes 55-1 serving as the first coaxial
injection burner sections 53a of the main multi-coaxial-injection-hole burner 53 is smaller than the diameter 62-2 of the
outer circumferential side air holes 55-2 serving as the second coaxial injection burner sections 53b.
[0114] To show the actions and the effects by the gas turbine combustor according to this embodiment to the maximum,
it is desirable that a ratio of the diameter 62-1 of the innermost circumferential air holes 55-1 included in the first coaxial
injection burner sections 53a set on the inner circumferential side of the main multi-coaxial-injection-hole burner 53 to
the diameter 62-2 of the outer circumferential side air holes 55-2 included in the second coaxial injection burner sections
53b set on the outer circumferential side of the main multi-coaxial-injection-hole burner 53 is a ratio near a value repre-
sented by Expression (2).
[0115] When the diameter 62-1 of the innermost circumferential air holes 55-1 is represented as D1, the number of
the innermost circumferential air holes 55-1 is represented as N1, the diameter 62-2 of the outer circumferential side air
holes 55-2 is represented as D2, and the number of the outer circumferential side air holes 55-2 is represented as N2, 
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where, π represents a number π (3.141592:) and e represents a base (2.71828:) of a natural logarithm.
[0116] If a ratio of the diameter 62-1 of the innermost circumferential air holes 55-1 to the diameter 62-2 of the outer
circumferential side air holes 55-2 is the ratio of Expression (2), it is possible to minimize influence of a change in a flow
rate of fuel supplied to the fuel nozzles 56-1 corresponding to the innermost circumferential air holes 55-1 on NOx
discharged from the entire burner while maximizing an effect of the change in the flow rate of the fluid supplied to the
coaxially-disposed fuel nozzles 56-1 corresponding to the innermost circumferential air holes 55-1 on combustion stability
and prevention of flame approach.
[0117] However, the ratio D1/D2 of the diameters of the air holes does not need to strictly coincide with Expression
(2). A substantially same effect can be realized by changing a control constant even if the ratio slightly fluctuates because
of convenience of processing or the like.
[0118] As explained above, when the burner is applied to the gas turbine having a large combustion amount, it is
effective in performing low NOx combustion to form the third and fourth air hole rows further on an outer side of the outer
circumferential side air holes. When the outer circumferential side air holes are set in plural rows, the diameter 62-1 of
the first row (innermost circumferential side) air holes 55-1 serving as the first coaxial injection burner sections 53a is
formed smaller than the diameter 62-2 of the second row (outer circumferential side) air holes 55-2 serving as the second
coaxial injection burner sections 53b. The diameter 62-2 of the second row (outer circumferential side) air holes 55-2
serving as the second coaxial injection burner sections 53b is formed smaller than the diameter 62-3 in third row (outermost
circumferential side) air holes 55-3 serving as third coaxial injection burner sections 53c. This makes it possible to realize
a condition that the air fuel mixture 42-2 from the second row (outer circumferential side) air holes 55-2 has hydrogen
concentration higher and combustion speed higher than those of the air fuel mixture 42-3 from the third row (outermost
circumferential side) air holes 55-3.
[0119] With the structure explained above, when the combustion gas 44 generated by combustion of the air fuel
mixture 42-1 from the innermost circumferential air holes 55-1 included in the main multi-coaxial-injection-hole burner
53 is used as an ignition source and flame is propagated to the air fuel mixture 42-2 on an outer circumferential side
and the air fuel mixture 42-3 on the outermost circumferential side, it is possible to further increase flame propagation
speed in the air fuel mixture 42-2 close to the combustion gas 44 of the air fuel mixture 42-1 from the first row air holes
serving as an ignition source and propagation of a combustion reaction is surely performed. Therefore, stability of the
flame is improved.
[0120] Because of the structural arrangement, a largest number of air holes can be arrayed in the outermost circum-
ferential side air holes 55-3 included in the main multi-coaxial-injection-hole burner 53 provided in the gas turbine
combustor 9 according to this embodiment. Therefore, if the air hole diameter 62-3 on the outermost circumferential
side is formed largest, it is possible to secure a highest content of fuel that is burned under a fuel dilute condition. An
effect for realization of low NOx combustion is also high.
[0121] It is desirable that the diameter ratio of the outer circumferential side air holes of the main multi-coaxial-injection-
hole burner 53 provided in the gas turbine combustor 9 according to this embodiment for realizing the actions and effects
explained above takes a value near the ratio specified by Expression (3) below.
[0122] When a diameter 62-i of air holes 55-i in an ith row from the innermost circumferential side to the outermost
circumferential side is represented as Di, the number of the air holes 55-i is represented as Ni, a diameter 62-(i+l) of air
holes 55-(i+1) in a (i+1)th row on the outer circumferential side of the air holes 55-i is represented as D(i+1), and the
number of the air holes 55-(i+1) is represented as Ni+1, 
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where, π represents a number π (3.141592:), e represents a base (2.71828:) of a natural logarithm, and i represents an
arbitrary natural number from 1 to 4.
[0123] When the diameter 62-(i+1) of the air holes 55-(i+1) in the (i+1)th row on the outer circumferential side (i+1) is
larger than the diameter 62-i of the air holes 55-i in the ith row on an inner circumference of the air holes 55-(i+1), an
equivalent ratio of an air fuel mixture blowing out from the air holes 55-(i+1) is lower than an equivalent ratio of an air
fuel mixture blowing out from the air holes 55-i in the ith row and the air fuel mixture blowing out from the air r holes
55-(i+1) has combustion speed lower than that of the air fuel mixture blowing out from the air holes 55-i in the ith row.
Therefore, a combustion reaction progresses further on the downstream side. A risk of flame approaching the air hole
plate 54 when hydrogen concentration rises is lower.
[0124] However, when the diameter 62-(i+1) of the air holes 55-(i+1) in the (i+1)th row on the outer circumferential
side is excessively larger than the diameter 62-i of the air holes 55-i in the ith row, mixing average temperature of a
combustion gas generated by combustion of an air fuel mixture from the air holes 55-i in the ith row and the air fuel
mixture blowing out from the air r holes 55-(i+1) falls and hydrogen concentration of the air fuel mixture blowing out from
the air holes 55-(i+1) falls. Therefore, it is likely that flame propagation is not smoothly performed.
[0125] If the diameter ratio of the outer circumferential side air holes is near the value of Expression (3), it is possible
to realize, without excessively dropping the mixing average temperature of the combustion gas generated by combustion
of the lair fuel mixture from the air holes 55-i in the ith row and the air fuel mixture blowing out from the air holes 55-(i+1),
a flame form in which combustion speed further falls toward the outer circumferential side. Therefore, it is possible to
prevent flame approach to the upstream side while securing smooth flame propagation.
[0126] However, the ratio of the air holes does not need to strictly coincide with Expression (3). A substantially same
effect can be realized even if the ratio slightly fluctuates because of convenience of processing or the like.
[0127] The actions and effects realized by adopting the gas turbine combustor according to this embodiment are
explained with reference to Figs. 9 to 13.
[0128] Fig. 9 is a diagram in which conditions for maintaining stable flame are organized concerning one of the main
burners set in the gas turbine combustor. As explained above, the innermost circumferential air holes 55-1 included in
the first coaxial injection burner sections 53a of the multi-coaxial-injection-hole burner 53 related to the gas turbine
combustor 9 according to this embodiment has the turning angle tilting in the circumferential direction. Therefore, as
shown in Fig. 8, the air fuel mixture 42-1 injected from the innermost circumferential air holes 55-1 changes to the turning
flow 46 flowing to the downstream side while turning in a spiral shape on the inside of the combustion chamber 1 and
flows out to the downstream side while expanding the turning radius on the inside of the combustion chamber 1.
[0129] The turning flow 46 flowing down while expanding in this way induces a pressure gradient in an opposite
direction on a center axis of the turn. Therefore, a part of the combustion gas 44 generated by a reaction in the flame
45 in the turning flow circulates toward the stagnation area 49 caused near the burner center 60 as the circulating gas
43 and gives activation energy to the air fuel mixture 42-1, which flows in from the innermost circumferential air holes
55-1, to thereby function as an ignition source that maintains a combustion reaction. Consequently, the stable conical
steady flame 45 is formed on the inside of the combustion chamber 1.
[0130] Therefore, whether stable steady flame can be maintained in the main multi-coaxial-injection-hole burner 53
included in the gas turbine combustor 9 depends on whether the air fuel mixture 42-1 can stably start the combustion
reaction with the activation energy given to the air fuel mixture 42-1 flowing in from the innermost circumferential air
holes 55-1 by the circulating gas 43. To stable start the combustion reaction, it is necessary to secure hydrogen con-
centration in the air fuel mixture 42-1 at a level for causing ignition with respect to mixing average temperature Tmix at
the time when the circulating gas 43 and the air fuel mixture 42-1 is mixed.
[0131] A range in which this condition is satisfied is equivalent to a stable combustion maintaining range indicated by
hatching in Fig. 9. As explained above, in the CCS-IGCC plant including the gas turbine combustor 9 according to this
embodiment, hydrogen concentration in the coal gasified fuel 22 substantially changes. Therefore, under a low hydrogen
concentration condition in which a carbon dioxide collection ratio is low, it is necessary to blow out a larger amount of
a main burner inner circumferential fuel 41-1 from the fuel nozzles 56 of the first coaxial injection burner sections 53a.
Conversely, under a high-hydrogen concentration condition in which the carbon dioxide collection ratio is high, the inner
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circumferential fuel 41-1 can be reduced.
[0132] On the other hand, conditions for not causing flame approach in the main multi-coaxial-injection-hole burner
53 are organized and shown in Fig. 10. As shown in Fig. 8, the air fuel mixture 42-2 blowing out from the outer circum-
ferential side air holes 55-2 flows straight in the combustion chamber 1 and merges with the flame 45 that spreads in a
conical shape.
[0133] In a position of the merging, the air fuel mixture 42-2 starts a combustion reaction with activation energy given
from the combustion gas 44 generated by combustion of the air fuel mixture 42-1 blowing out from the innermost
circumferential air holes 55-1. The flame 45 is propagated to the inside of the air fuel mixture 42-2.
[0134] At this point, when hydrogen concentration in the air fuel mixture 42-2 exceeds certain concentration with
respect to mixing average temperature TmixOut of the combustion gas 44 generated by the combustion of the inner
circumferential side air fuel mixture 42-1 and the air fuel mixture 42-2 from the outer circumferential side air holes 55-2,
there is a risk that combustion speed of flame propagated in an air fuel mixture is excessively large with respect to flow
velocity of the air fuel mixture and the flame approaches the air hole plate 54 on the upstream side. A range of such a
condition is shown by hatching as a flame approach range in Fig. 10.
[0135] ln the gas turbine combustor 9 according to this embodiment, to deal with fluctuation in hydrogen concentration
in a wide load range, maintain combustion stability, and realize low NOx combustion while performing highly-reliable
combustion, it is necessary to limit the air fuel mixture 42-2 on the outer circumference blowing out from the second
coaxial injection burner sections 53b included in the main multi-coaxial-injection-hole burner 53 to the combustion
chamber 1 not to reach hydrogen concentration in the flame approach range shown in Fig. 10 and secure a large
combustion amount on the outer circumferential side of the main multi-coaxial-injection-hole burner 53 as much as
possible while securing hydrogen concentration in the stable combustion maintaining range shown in Fig. 9 concerning
the air fuel mixture 42-1 on the inner circumference blowing out from the first coaxial injection burner sections 53a
included in the main multi-coaxial-injection-hole burner 53 to the combustion chamber 1.
[0136] ln Fig. 11, actions and effects by the main multi-coaxial-injection-hole burner 53 of the gas turbine combustor
9 according to the embodiment of the present invention are shown. In Fig. 11, a main burner inner circumferential fuel
ratio of a gas turbine combustor is plotted on an abscissa and hydrogen concentration in an air fuel mixture is plotted
on an ordinate with respect to the coal gasified fuel 22 having a certain composition.
[0137] The main burner inner circumferential ratio is a ratio obtained by dividing a fuel flow rate supplied to the fuel
nozzles 56 corresponding to an innermost circumferential (first row) air hole group serving as the first coaxial injection
burner sections 53a of the main multi-coaxial-injection-hole burner 53 by a fuel flow rate supplied to the entire main
multi-coaxial-injection-hole burner 53.
[0138] On the other hand, as shown in Fig. 11, in a multi-coaxial-injection-hole burner having a uniform air hole diameter
based on a technique of a gas turbine combustor according to a comparative example, hydrogen concentration of the
inner circumferential air fuel mixture 42-1 rises at a fixed rate with respect to an increase in a main burner inner circum-
ferential fuel ratio. Hydrogen concentration of the outer circumferential air fuel mixture 42-2 falls at a small rate compared
with the inner circumference.
[0139] Tilts of the rise and the fall of the hydrogen concentration are different between the embodiment of the present
invention and the comparative example because the number of air holes arranged in one row is larger on the outer
circumferential side than the inner circumferential side.
[0140] In the air hole plate 54 included in the main multi-coaxial-injection-hole burner 53 in the gas turbine combustor
according to the embodiment of the present invention, when the inner circumferential side air hole diameter 62-1 of the
inner circumferential side air holes 55-1 included in the first coaxial injection burner sections 53a is formed smaller than
the outer circumferential side air hole diameter 62-2 of the outer circumferential side air holes 55-2 included in the second
coaxial injection burner sections 53b, hydrogen concentration of the inner circumferential side air fuel mixture 42-1
blowing out from the inner circumferential side air holes 55-1 rises at a rate larger than that in the technique of the
comparative example with respect to an increase in the main burner inner circumferential fuel ratio and shifts to a high
concentration side as a whole.
[0141] Hydrogen concentration of the outer circumferential air fuel mixture 42-2 blowing out from the outer circumfer-
ential side air holes 55-2 included in the second coaxial injection burner sections 53b of the main multi-coaxial-injection-
hole burner 53 in the gas turbine combustor according to the embodiment of the present invention falls at a rate smaller
than that in the technique of the comparative example with respect to an increase in a main burner inner circumferential
fuel ratio and shifts to a low concentration side as a whole. This is because, since the diameter 62-1 of the innermost
circumferential air holes 55-1 is set smaller than the diameter 62-2 of the outer circumferential side air holes 55-2, a flow
rate of the combustion air 12 flowing into the innermost circumferential air holes 55-1 falls.
[0142] In other words, this is because a content of the air in an inner circumferential side air fuel mixture of the main
multi-coaxial-injection-hole burner 53 falls, hydrogen concentration relatively rises, and an air content increases and
hydrogen concentration relatively falls on the outer circumferential side of the main multi-coaxial-injection-hole burner 53.
[0143] Further, since a flow rate of the combustion air 12 flowing into the inner circumferential side of the main multi-
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coaxial-injection-hole burner 53 decreases, mixing average temperature Tmix at the time when the circulating gas 43
and the inner circumferential side air fuel mixture 42-1 are mixed rises. When the rise in the mixing average temperature
Tmix is combined with the rise in the hydrogen concentration, a state of the inner circumferential air fuel mixture 42-1
of the main multi-coaxial-injection-hole burner 53 in the gas turbine combustor 9 according to this embodiment shift to
an upper right side in Fig. 9.
[0144] Concerning the outer circumferential side of the main multi-coaxial-injection-hole burner 53, a flow rate of the
inner circumferential side air fuel mixture 42-1 decreases and a flow rate of the outer circumferential side air fuel mixture
42-2 increases. Therefore, the mixing average temperature TmixOut of the combustion gas 44 generated by combustion
of the inner circumferential side air fuel mixture 42-1 and the air fuel mixture 42-2 from the outer circumferential side air
holes 55-2 falls because the combustion gas 44 as a heat source decreases and a low-temperature air fuel mixture
before combustion increases.
[0145] Therefore, when the fall in the mixing average temperature TmixOut and the hydrogen concentration fall of the
outer circumferential side air fuel mixture 42-2 are combined, a state of the outer circumferential side air fuel mixture
42-2 of the main multi-coaxial-injection-hole burner 53 in the gas turbine combustor according to the embodiment of the
present invention shifts to a lower left side in an area shown in Fig. 10.
[0146] Consequently, if the structure of the main multi-coaxial-injection-hole burner 53 is adopted in the gas turbine
combustor 9 according to the embodiment of the present invention, it is possible to maintain stable combustion at a
lower main burner inner circumferential fuel ratio and suppress hydrogen concentration in the outer circumferential air
fuel mixture 42-2 of the main multi-coaxial-injection-hole burner 53 to be low. Since the mixing average temperature
TmixOut of the combustion gas 44 generated by combustion of the inner circumferential side air fuel mixture 42-1 of the
main multi-coaxial-injection-hole burner 53 and the air fuel mixture 42-2 from the outer circumferential air holes 55-2
also falls, tolerance with respect to flame approach is expanded. Therefore, it is possible to maintain combustion stability
in a wide range and perform highly-reliable combustion and it is possible to realize low NOx combustion.
[0147] In Fig. 12, a change in a main burner inner circumferential fuel ratio in the gas turbine combustor 9 according
to the embodiment of the present invention necessary for maintaining combustion stability with respect to a change in
hydrogen concentration under a rated load (FSFL) condition and performing highly-reliable combustion is shown in
comparison with the multi-coaxial-injection-hole burner having the uniform air hole diameter in the technique according
to the comparative example.
[0148] Only the five air holes 55-1 are arranged on the innermost circumference of the main multi-coaxial-injection-
hole burner 53 provided in the gas turbine combustor 9 as shown in Figs. 4 and 5. Therefore, if the main burner inner
circumferential fuel ratio is increased, on the inner circumferential side, an equivalent ratio suddenly increases to be
close to a stoichiometric mixture ratio and local flame temperature rises. Therefore, when the main burner inner circum-
ferential fuel ratio is increased, NOx emitted from the entire main burner increases.
[0149] In the case of the multi-coaxial-injection-hole burner having the uniform air hole diameter based on the technique
of the gas turbine combustor according to the comparative example, an inner circumferential fuel flow rate necessary
for securing hydrogen concentration of an inner circumferential side air fuel mixture necessary for stable combustion
maintenance decreases and a main burner inner circumferential fuel ratio decreases according to an increase in hydrogen
concentration in fuel.
[0150] On the other hand, with the structure adopted in the main multi-coaxial-injection-hole burner 53 in the gas
turbine combustor 9 according to the embodiment of the present invention, a diameter of the innermost circumferential
air holes 55-1 serving as the first coaxial injection burner sections 53a is formed to be smaller than a diameter of the air
holes 55-2 on the outer circumferential side serving as the second coaxial injection burner sections 53b. Therefore, as
shown in Fig. 12, stable combustion can be maintained by a smaller main burner inner circumferential fuel ratio and a
ratio of combustion at high temperature decreases. Therefore, since the burner shifts to an operation condition with a
low inner circumferential burner fuel ratio as a whole, it is possible to realize low NOx combustion.
[0151] On the other hand, at high hydrogen concentration, the risk of flame approach on the outer circumferential side
of the main burner explained with reference to Fig. 10 occurs. Therefore, hydrogen concentration of an air fuel mixture
on the outer circumferential side of the main burner has to be suppressed according to necessity of preventing the risk
of the flame approach. It is necessary to reduce fuel supplied to the outer circumferential side of the main burner and
increase the main burner inner circumferential fuel ratio again.
[0152] With the structure adopted in the main multi-coaxial-injection-hole burner 53 having the structure explained
above in the gas turbine combustor 9 according to this embodiment, it is possible to suppress hydrogen concentration
in the outer circumferential air fuel mixture 42-2 blowing out from the outer circumferential side air holes 55-2 serving
as the second coaxial injection burner sections 53b of the main multi-coaxial-injection-hole burner 53 to be low. The
mixing average temperature TmixOut of the fuel gas 44 generated by combustion of the inner circumferential side air
fuel mixture 42-1 blowing out from the inner circumferential side air holes 55-1 serving as the first coaxial injection burner
section 53a of the main multi-coaxial-injection-hole burner 53 and the air fuel mixture 42-2 from the outer circumferential
side air holes 55-2 also falls. Therefore, tolerance with respect to flame approach is expanded.
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[0153] An operation range in which the main burner inner circumferential fuel ratio can be reduced is expanded to
higher hydrogen concentration according to an increase in hydrogen concentration in fuel.
[0154] Further, to prevent a risk of flame approach on the outer circumferential side of the main burner, even after
necessity for increasing the main burner inner circumferential fuel ratio occurs again, in the main multi-coaxial-injection-
hole burner 53 of the gas turbine combustor 9 according to this embodiment, it is possible to suppress hydrogen con-
centration in the outer circumferential air fuel mixture 42-2 to be low as explained above. The mixing average temperature
TmixOut of the fuel gas 44 generated by combustion of the inner circumferential side air fuel mixture 42-1 and the air
fuel mixture 42-2 from the outer circumferential side air holes 55-2 also falls. Therefore, it is possible to suppress an
inner circumferential fuel ratio to be lower than that in the technique of the comparative example. It is possible to maintain
combustion stability in a wider range and realize low NOx combustion while performing highly-reliable combustion.
[0155] Actions and effects of low NOx combustion by the gas turbine combustor 9 according to the embodiment of
the present invention are explained below with reference to Fig. 13.
[0156] ln Fig. 13, changes in combustion gas temperature of the inner circumferential air fuel mixture 42-1 blowing
out from the inner circumferential side air holes 55-1 serving as the first coaxial injection burner sections 53a included
in the main multi-coaxial-injection-hole burner 53 according to this embodiment and emission of NOx emitted from the
gas turbine combustor 9 at the time when a main burner inner circumferential fuel ratio is also changed in the gas turbine
combustor with respect to the coal gasified fuel 22 having a certain composition are shown in comparison with those of
the multi-coaxial-injection-hole burner having the uniform air hole diameter of the technique according to the comparative
example.
[0157] As explained above, with the structure adopted in the main multi-coaxial-injection-hole burner 53 in the gas
turbine combustor 9 according to the embodiment of the present invention, hydrogen concentration of the inner circum-
ferential side air fuel mixture 42-1 rises at a lower main burner inner circumferential fuel ratio. Therefore, combustion
gas temperature of the high-temperature inner circumferential air fuel mixture 42-1 is obtained by the lower main burner
inner circumferential fuel ratio. As it is widely known, NOx emission increases strongly depending on size of an area of
a local high-temperature portion.
[0158] Therefore, with the multi-coaxial-injection-hole burner 53 of the gas turbine combustor 9 according to the
embodiment of the present invention, it is possible to maintain stable combustion at a lower main burner inner circum-
ferential fuel ratio. Moreover, it is possible to suppress content of fuel burned at high temperature to be low even if high-
temperature flame equivalent to that in the technique according to the comparative example is formed. Therefore, it is
possible to drop the NOx emission finally emitted from the gas turbine combustor 9.
[0159] As explained above, if the structure of the multi-coaxial-injection-hole burner 53 of the gas turbine combustor
9 according to this embodiment is adopted, it is possible to maintain stable combustion at a lower main burner inner
circumferential fuel ratio and suppress hydrogen concentration in the outer circumferential air fuel mixture 42-2 to be
low. Since the mixing average temperature TmixOut of the combustion gas 44 generated by combustion of the inner
circumferential side air fuel mixture 42-1 and the air fuel mixture 42-2 from the outer circumferential side air holes 55-2
also falls. Therefore, tolerance with respect to flame approach is expanded. It is possible to maintain combustion stability
in a wider range and realize low NOx combustion while performing highly-reliable combustion.
[0160] When an existing gas turbine combustor is the gas turbine combustor employing the multi-coaxial-injection-
hole burner according to the comparative example, the air hole plate 54 is replaced with the air hole plate 54 in which
the air holes 55 included in the main multi-coaxial-injection-hole burner 53 of the gas turbine combustor according to
this embodiment. This makes it possible to remodel the gas turbine combustor into a gas turbine combustor that can
maintain combustion stability in a wide range, perform highly-reliable combustion, and realize low NOx combustion.
[0161] The air hole plate 54 on which the main multi-coaxial-injection-hole burners 53 and the pilot burner 52 in the
gas turbine combustor 9 according to a modified embodiment are formed is shown in Figs. 14 to 16. ln particular, Fig.
16 is a diagram of the air hole plate 54 viewed from the combustion chamber 1 side according to a modified embodiment
compared with the embodiment of Fig. 5. Same reference numerals are used for similar features and the above-description
applies for similar features while the below description focuses mainly on differences.
[0162] Fig. 14 is a sectional view of one of the main multi-coaxial-injection-hole burners 53 on the air hole plate 54
shown in Fig. 16 taken along in the vertical direction with respect to a combustion nozzle side plate surface. Fig. 15 is
a diagram of extracted one main multi-coaxial-injection-hole burner 53 of attention among the main multi-coaxial-injection-
hole burners 53 on the air hole plate 54 shown in Fig. 16.
[0163] In Fig. 16, the position of the combustor liner 3 located on the downstream outer side of the air hole plate 54
on the fuel nozzle side is indicated by a broken line.
[0164] In Figs. 14 to 16, the plural air holes 55 corresponding to the pilot burner 52 are annularly provided in a portion
in a center of the air hole plate 54.
[0165] A turning angle is given to the air holes 55 of the pilot burner 50 such that an air fuel mixture of the fuel and
the air blowing out from the air holes 55 turns counterclockwise viewed from the combustion chamber 1 side. A turning
angle θ (in particular θi in an i-th row of circularly provided air holes 55-i which may be provided such as to surround an
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i-1 th row of circularly provided air holes 55-(i-1) and/or which may be provided such as to be surrounded by an i+1 th
row of circularly provided air holes 55-(i+l)) given to the air holes 55 is defined as an angle formed by center axes of the
air holes 55 with respect to a center axis of the pilot burner 50.
[0166] In the gas turbine combustor 9 according to this embodiment, the five main multi-coaxial-injection-hole burners
53 are provided on the outer circumference of the pilot burner 52. ln the air hole plate 54, in positions corresponding to
the plural fuel nozzles 56 included in each of the main multi-coaxial-injection-hole burner 53, the plural air holes 55-1
on an inner circumferential side and the plural air holes 55-2 and 55-3 on an outer circumferential side are respectively
annularly provided (the plural air holes 55-2 surrounding in a circular row the plural air holes 55-1, the plural air holes
55-3 surrounding in a circular row the plural air holes 55-2; cf. Fig. 16).
[0167] When attention is paid to one of the main multi-coaxial-injection-hole burners 53, the air holes 55 of the main
multi-coaxial-injection-hole burner 53 includes air hole groups in three rows.
[0168] As shown in Figs. 14 and 15, among the air holes 55 formed in the air hole plate 54, in a first row (innermost
circumference) of air holes 55-1 on the inner circumferential side of the main multi-coaxial-injection-hole burner 53, four
first row (innermost circumferential) air holes 55-1 having circular sections having an air hole diameter 62-1 are arranged
on the circumference having a pitch circle diameter 61-1. Moreover, among the air holes 55 formed in the air hole plate
54, in a second row (middle circumference) of air holes 55-2 on the middle circumferential portion of the main multi-
coaxial-injection-hole burner 53, eight second row air holes 55-2 having circular sections having an air hole diameter
62-2 are arranged on the circumference having a pitch circle diameter 61-2. Among the air holes 55 formed in the air
hole plate 54, in a third row (outermost circumference) of air holes 55-3 on the outer circumferential side of the main
multi-coaxial-injection-hole burner 53, twelve third row (outermost circumferential) air holes 55-3 having circular sections
having an air hole diameter 62-3 are arranged on the circumference having a pitch circle diameter 61-3.
[0169] As shown in Fig. 14, as derivable form the schematic cross section of the multi-coaxial-injection-hole burner
53 in the air plate 54 of this modified embodiment, the portions of the air plate 54 forming a multi-coaxial-injection-hole
burner 53 substantially has a cone shape.
[0170] As shown in Fig. 15, the turning angles θ1 and ϕ1 are given to the first row (innermost circumferential) air holes
55-1 such that the air fuel mixture 42-1 of the fuel and the air blowing out from the air holes turns counterclockwise
viewed from the combustion chamber 1 side. Therefore, the innermost circumferential air holes 55-1 applied with the
turning have a circular section but look elliptical because the center axes of the air holes 55-1 tilt with respect to the
normal of the air hole plate 54.
[0171] The turning angles θ2 and ϕ2 are given to the second row (middle circumferential) air holes 55-2 such that the
air fuel mixture 42-2 of the fuel and the air blowing out from the air holes turns counterclockwise viewed from the
combustion chamber 1 side. Therefore, the innermost circumferential air holes 55-2 applied with the turning have a
circular section but look elliptical because the center axes of the air holes 55-2 tilt with respect to the normal of the air
hole plate 54.
[0172] The turning angles θ3 and ϕ3 are given to the third row (outermost circumferential) air holes 55-3 such that the
air fuel mixture 42-3 of the fuel and the air blowing out from the air holes turns counterclockwise viewed from the
combustion chamber 1 side. Therefore, the innermost circumferential air holes 55-3 applied with the turning have a
circular section but look elliptical because the center axes of the air holes 55-3 tilt with respect to the normal of the air
hole plate 54.
[0173] Here, the angles θi indicate a tilt of the central axis with respect to the axis perpendicular to the central plane
of the air hole plate 54 (i.e. with respect to the normal of the air hole plate 54) and the angles ϕi indicate a tilt angle
between a central axis (or rather a projection of the central axis to the central plane of the air plate 54) and a tangential
line to the imaginary circular line along which the air holes of the i-th row are provided. As can be seen in Fig. 15,
preferably ϕ1> ϕ2> ϕ3.
[0174] As shown in Fig. 14, in the cross-sectional view, according to the angles θi and ϕi, the central axis of the air
holes 55-1 of the innermost row is tilted with respect to the central axis of the cone shaped multi-coaxial-injection-hole
burner 53 at an angle β. Also the air holes 55-2 and 55-3 have a tilt angle between the central axes of the air holes and
the central axis of the cone shaped multi-coaxial-injection-hole burner 53, wherein the tilt angle decreases towards the
outer portions so that the outermost row of the air holes has the lowest tilt angle in Fig. 14.
[0175] ln particular, Fig. 14 shows an embodiment of a gas turbine combustor for combusting a gasified fuel including
hydrogen as its component, comprising a plurality of multi-coaxial-injection-hole burners, each of which burners includes
a plurality of fuel nozzles and an air plate including a plurality of air-apertures for the respective fuel nozzles, wherein
the air plate includes a protrusion of one of a cone-shape and truncated-cone-shape protruding at an outlet side of the
air plate from which outlet side a mixture of the fuel and an air discharged, and in each of the multi-coaxial-injection-
hole burners, a first part of the fuel nozzles arranged circumferentially and a first part of the air-apertures arranged
circumferentially are arranged coaxially so that the fuel nozzles of the first part are for the respective air-apertures of
the first part to form a first part of the multi-coaxial-injection-hole burner surrounding the protrusion, a second part of the
fuel nozzles arranged circumferentially and a second part of the air-apertures arranged circumferentially are arranged
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coaxially so that the fuel nozzles of the second part are for the respective air-apertures of the second part to form a
second part of the multi-coaxial-injection-hole burner surrounding coaxially the first part of the multi-coaxial-injection-
hole burner, a third part of the fuel nozzles arranged circumferentially and a third part of the air-apertures arranged
circumferentially are arranged coaxially so that the fuel nozzles of the third part are for the respective air-apertures of
the third part to form a third part of the multi-coaxial-injection-hole burner surrounding coaxially the second part of the
multi-coaxial-injection-hole burner, a cross-sectional area of each of the air-apertures in the first part of the multi-coaxial-
injection-hole burner is smaller than a cross-sectional area of each of the air-apertures in the second part of the multi-
coaxial-injection-hole burner, and a cross-sectional area of each of the air-apertures in the second part of the multi-
coaxial-injection-hole burner is smaller than a cross-sectional area of each of the air-apertures in the third part of the
multi-coaxial-injection-hole burner, so that the first part of the multi-coaxial-injection-hole burner keeps a flame of the
gas turbine combustor and the second and third parts of the multi-coaxial-injection-hole burner performs low NOx
combustion. According to the preferred embodiment, the air-apertures arranged circumferentially are distributed along
an imaginary circumferential line, and a central axis of each of the air-apertures arranged circumferentially extends in
a respective tangential direction of the imaginary circumferential line. According to the preferred embodiment, the central
axis of each of the air-apertures arranged circumferentially extends in a respective radial direction of the imaginary
circumferential line to urge the air radially inward.
[0176] Figs. 15 and 16 show an embodiment of a gas turbine combustor for combusting a gasified fuel including
hydrogen as its component, comprising a plurality of multi-coaxial-injection-hole burners 53, each of which burners 53
includes a plurality of fuel nozzles 56 and an air plate 54 including a plurality of air-apertures 55 for the respective fuel
nozzles, wherein in each of the multi-coaxial-injection-hole burners, a first part of the fuel nozzles arranged circumfer-
entially and a first part 55-1 of the air-apertures arranged circumferentially are arranged coaxially so that the fuel nozzles
of the first part are for the respective air-apertures of the first part to form a first part 53a of the multi-coaxial-injection-
hole burner, a second part of the fuel nozzles arranged circumferentially and a second part 55-2 of the air-apertures
arranged circumferentially are arranged coaxially so that the fuel nozzles of the second part are for the respective air-
apertures of the second part to form a second part 53b of the multi-coaxial-injection-hole burner surrounding coaxially
the first part of the multi-coaxial-injection-hole burner, and a cross-sectional area of each of the air-apertures in the first
part 53a of the multi-coaxial-injection-hole burner is smaller than a cross-sectional area of each of the air-apertures in
the second part 53b of the multi-coaxial-injection-hole burner, so that the first part 53a of the multi-coaxial-injection-hole
burner keeps a flame of the gas turbine combustor and the second part 53b of the multi-coaxial-injection-hole burner
performs low NOx combustion. By means of the circular three rows of air holes, this forms an embodiment in which there
is a third part of the multi-coaxial-injection-hole burner. Here, particularly, the row of air holes 55-3 form an embodiment
of the features that a third part of the fuel nozzles arranged circumferentially and a third part of the air-apertures arranged
circumferentially are arranged coaxially so that the fuel nozzles of the third part are for the respective air-apertures of
the third part to form a third part of the multi-coaxial-injection-hole burner surrounding coaxially the second part of the
multi-coaxial-injection-hole burner, so that the first part of the multi-coaxial-injection-hole burner keeps the flame of the
gas turbine combustor and the second and third parts of the multi-coaxial-injection-hole burner perform the low NOx
combustion.
[0177] Moreover, Figs. 15 and 16 show an embodiment of the features that the air-apertures of each of the ith row
and the (i+1)th row arranged circumferentially are distributed along an imaginary circumferential line, and a central axis
of each of the air-apertures of each of the ith row and the (i+1)th row extends in a respective tangential direction of the
imaginary circumferential line and the central axis of each of the air-apertures of each of the ith row and the (i+1)th row
extends in a respective radial direction of the imaginary circumferential line to urge the air radially inward.
[0178] The present invention can be applied to a gas turbine combustor that uses fuel in which hydrogen concentration
included therein fluctuates.
[0179] It should be further understood by those skilled in the art that although the foregoing description has been made
on embodiments of the invention, the invention is not limited thereto and various changes and modifications may be
made without departing from the scope of the appended claims.
[0180] 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 modifi-
cations 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 for combusting a gasified fuel including hydrogen as its component, comprising a plurality
of multi-coaxial-injection-hole burners (53), each of which burners (53) includes a plurality of fuel nozzles (56) and
an air plate (54) including a plurality of air-apertures (55) for the respective fuel nozzles,
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wherein in each of the multi-coaxial-injection-hole burners, a first part of the fuel nozzles arranged circumferentially
and a first part (55-1) of the air-apertures arranged circumferentially are arranged coaxially so that the fuel nozzles
of the first part are for the respective air-apertures of the first part to form a first part (53a) of the multi-coaxial-
injection-hole burner, a second part of the fuel nozzles arranged circumferentially and a second part (55-2) of the
air-apertures arranged circumferentially are arranged coaxially so that the fuel nozzles of the second part are for
the respective air-apertures of the second part to form a second part (53b) of the multi-coaxial-injection-hole burner
surrounding coaxially the first part of the multi-coaxial-injection-hole burner, and a cross-sectional area of each of
the air-apertures in the first part (53a) of the multi-coaxial-injection-hole burner is smaller than a cross-sectional
area of each of the air-apertures in the second part (53b) of the multi-coaxial-injection-hole burner, so that the first
part (53a) of the multi-coaxial-injection-hole burner keeps a flame of the gas turbine combustor and the second part
(53b) of the multi-coaxial-injection-hole burner performs low NOx combustion.

2. The gas turbine combustor according to claim 1, wherein when the cross-sectional area of each of the air-apertures
in the first part of the multi-coaxial-injection-hole burner is D1, a total number of the air-apertures in the first part of
the multi-coaxial-injection-hole burner is N1, the cross-sectional area of each of the air-apertures in the second part
of the multi-coaxial-injection-hole burner is D2, a total number of the air-apertures in the second part of the multi-
coaxial-injection-hole burner is N2, and a base of natural logarithm is e, the following formula 

is satisfied.

3. The gas turbine combustor according to claim 1 or 2, wherein a third part of the fuel nozzles arranged circumferentially
and a third part of the air-apertures arranged circumferentially are arranged coaxially so that the fuel nozzles of the
third part are for the respective air-apertures of the third part to form a third part of the multi-coaxial-injection-hole
burner surrounding coaxially the second part of the multi-coaxial-injection-hole burner, so that the first part of the
multi-coaxial-injection-hole burner keeps the flame of the gas turbine combustor and the second and third parts of
the multi-coaxial-injection-hole burner perform the low NOx combustion.

4. A gas turbine combustor for combusting a gasified fuel including hydrogen as its component, comprising a plurality
of multi-coaxial-injection-hole burners, each of which burners includes a plurality of fuel nozzles and an air plate
including a plurality of air-apertures for the respective fuel nozzles,
wherein in each of the multi-coaxial-injection-hole burners, an ith row of the fuel nozzles arranged circumferentially
and an ith row of the air-apertures arranged circumferentially are arranged coaxially so that the fuel nozzles of the
ith row are for the respective air-apertures of the ith row to form an ith row of the multi-coaxial-injection-hole burner,
an (i+1)th row of the fuel nozzles arranged circumferentially and an (i+1)th row of the air-apertures arranged circum-
ferentially are arranged coaxially so that the fuel nozzles of the (i+1)th row are for the respective air-apertures of the
(i+1)th row to form an (i+1)th row of the multi-coaxial-injection-hole burner surrounding coaxially the ith row of the
multi-coaxial-injection-hole burner, so that the ith row of the multi-coaxial-injection-hole burner keeps a flame of the
gas turbine combustor and the (i+1)th row of the multi-coaxial-injection-hole burner performs low NOx combustion,
and when a cross-sectional area of each of the air-apertures in the ith row of the multi-coaxial-injection-hole burner
is Di, a total number of the air-apertures in the ith row of the multi-coaxial-injection-hole burner is Ni, a cross-sectional
area of each of the air-apertures in the (i+1)th row of the multi-coaxial-injection-hole burner is Di+1, a total number
of the air-apertures in the (i+1)th row of the multi-coaxial-injection-hole burner is Ni+1, a base of natural logarithm is
e, and i is one of 1, 2, 3 and 4, the following formula 
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is satisfied.

5. The gas turbine combustor according to at least one of claims 1 to 3, wherein the air-apertures arranged circum-
ferentially are distributed along an imaginary circumferential line, and a central axis of each of the air-apertures
arranged circumferentially extends in a respective tangential direction of the imaginary circumferential line.

6. The gas turbine combustor according to claim 5, wherein the central axis of each of the air-apertures arranged
circumferentially extends in a respective radial direction of the imaginary circumferential line to urge the air radially
inward.

7. The gas turbine combustor according to claim 4, 5 or 6, wherein the air-apertures of each of the ith row and the
(i+1)th row arranged circumferentially are distributed along an imaginary circumferential line, and a central axis of
each of the air-apertures of each of the ith row and the (i+1)th row extends in a respective tangential direction of the
imaginary circumferential line.

8. The gas turbine combustor according to claim 7, wherein the central axis of each of the air-apertures of each of the
ith row and the (i+1)th row extends in a respective radial direction of the imaginary circumferential line to urge the
air radially inward.

9. A gas turbine combustor for combusting a gasified fuel including hydrogen as its component, comprising a plurality
of multi-coaxial-injection-hole burners, each of which burners includes a plurality of fuel nozzles and an air plate
including a plurality of air-apertures for the respective fuel nozzles,
wherein the air plate includes a protrusion of one of cone-shape and truncated-cone-shape protruding at an outlet
side of the air plate from which outlet side a mixture of the fuel and an air discharged, and
in each of the multi-coaxial-injection-hole burners, a first part of the fuel nozzles arranged circumferentially and a
first part of the air-apertures arranged circumferentially are arranged coaxially so that the fuel nozzles of the first
part are for the respective air-apertures of the first part to form a first part of the multi-coaxial-injection-hole burner
surrounding the protrusion, a second part of the fuel nozzles arranged circumferentially and a second part of the
air-apertures arranged circumferentially are arranged coaxially so that the fuel nozzles of the second part are for
the respective air-apertures of the second part to form a second part of the multi-coaxial-injection-hole burner
surrounding coaxially the first part of the multi-coaxial-injection-hole burner, a third part of the fuel nozzles arranged
circumferentially and a third part of the air-apertures arranged circumferentially are arranged coaxially so that the
fuel nozzles of the third part are for the respective air-apertures of the third part to form a third part of the multi-
coaxial-injection-hole burner surrounding coaxially the second part of the multi-coaxial-injection-hole burner, a cross-
sectional area of each of the air-apertures in the first part of the multi-coaxial-injection-hole burner is smaller than
a cross-sectional area of each of the air-apertures in the second part of the multi-coaxial-injection-hole burner, and
a cross-sectional area of each of the air-apertures in the second part of the multi-coaxial-injection-hole burner is
smaller than a cross-sectional area of each of the air-apertures in the third part of the multi-coaxial-injection-hole
burner, so that the first part of the multi-coaxial-injection-hole burner keeps a flame of the gas turbine combustor
and the second and third parts of the multi-coaxial-injection-hole burner performs low NOx combustion.

10. The gas turbine combustor according to claim 9, wherein the air-apertures arranged circumferentially are distributed
along an imaginary circumferential line, and a central axis of each of the air-apertures arranged circumferentially
extends in a respective tangential direction of the imaginary circumferential line.

11. The gas turbine combustor according to claim 10, wherein the central axis of each of the air-apertures arranged circum-
ferentially extends in a respective radial direction of the imaginary circumferential line to urge the air radially inward.



EP 2 345 847 A2

22



EP 2 345 847 A2

23



EP 2 345 847 A2

24



EP 2 345 847 A2

25



EP 2 345 847 A2

26



EP 2 345 847 A2

27



EP 2 345 847 A2

28



EP 2 345 847 A2

29



EP 2 345 847 A2

30



EP 2 345 847 A2

31



EP 2 345 847 A2

32



EP 2 345 847 A2

33

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2007113487 A [0009] [0011] • JP 2008292139 A [0010] [0012]


	bibliography
	description
	claims
	drawings

