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(57) Abréegée/Abstract:

A gas turbine facility 10 in an embodiment includes: a combustor 20; a fuel nozzle 21; a turbine 22; a heat exchanger 24 cooling
the combustion gas. The gas turbine facility 10 includes: a pipe 42 guiding a part of the cooled combustion gas to an oxidant
supply pipe; a pipe 44 passing a mixed gas composed of the oxidant and the combustion gas through the heat exchanger 24 to
heat It, and guising It to the fuel nozzle 21; a pipe 40 passing another part of the cooled combustion gas through the heat
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(57) Abrege(suite)/Abstract(continued):

exchanger 24 to heat it, and guiding It to the combustor 20; a pipe 45 passing still another part of the cooled combustion gas
through the heat exchanger 24 to heat it, and guiding it to the fuel nozzle 21; and a pipe 46 exhausting a remaining part of the
cooled combustion gas.
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ABSTRACT

A gas turbine facility 10 in an embodiment includes: a combustor 20; a fuel
nozzle 21; a turbine 22; a heat exchanger 24 cooling the combustion gas. The gas turbine
facility 10 includes: a pipe 42 guiding a part of the cooled combustion gas to an oxidant
supply pipe; a pipe 44 passing a mixed gas composed of the oxidant and the combustion gas
through the heat exchanger 24 to heat it, and guising it to the fuel nozzle 21; a pipe 40 passing
another part of the cooled combustion gas through the heat exchanger 24 to heat it, and
guiding it to the combustor 20; a pipe 45 passing still another part of the cooled combustion
gas through the heat exchanger 24 to heat it, and guiding it to the fuel nozzle 21; and a pipe 46

exhausting a remaining part of the cooled combustion gas.



CA 02906503 2015-09-29

GAS TURBINE FACILITY

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based upon and claims the benefit of priority from Japanese

Patent Application No. 2014-201927, filed on September 30, 2014; the entire contents of which

are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a gas turbine facility.
BACKGROUND

(0003} Increasing the efficiency of power generation plants 1S in progress in response

to demands for reduction of carbon dioxide, resource conservation, and the like.
Specifically, increasing the temperature of a working fluid of a gas turbine and a steam
turbine, employing a combined cycle, and the like are actively in progress. Further,
research and development of collection techniques of carbon dioxide are in progress.
[0004] Fig. 5 1s a system diagram of a conventional gas turbine facility 200 in which a
part of carbon dioxide produced in a combustor 210 is circulated as a working fluid.

[0005] As illustrated in Fig. 5, a combustion gas exhausted from the combustor 210 1s
guided to a turbine 211 and rotates the turbine 211. Then, the rotation of the turbine 211

drives a power generator 212.

[0006] The combustion gas exhausted from the turbine 211 is cooled by passing

through a heat exchanger 213. The combustion gas passed through the heat exchanger
213 further passes through a heat exchanger 214. By passing through the heat exchanger
214, water vapor contained in the combustion gas 1s removed, and the combustion gas
becomes a dry carbon dioxide. Here, by passing through the heat exchanger 214, the
water vapor condenses into water. The water passes through, for example, a pipe 230 and

is discharged to the outside.
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[0007] The carbon dioxide is pressurized by a compressor 215 and becomes a
supercritical ﬂuid. A part of the pressurized carbon dioxide flows into a pipe 232
branched off from a pipe 231. Then, the carbon dioxide flowed into the pipe 232 is
regulated in flow rate by a flow rate regulating valve 240, and then guided into a pipe 233
supplying an oxidant. Through the pipe 233, oxygen separated from the atmosphere by an air
separating apparatus (not illustrated) tlows, as the oxidant. In the pipe 233, a compressor
216 pressurizing the oxidant and a flow rate regulating valve 241 regulating the flow rate of
the oxidant are interposed.

[0008] A mixed gas composed of the oxidant and the carbon dioxide flows through a
pipe 234 and passes through the heat exchanger 213, and is guided to a fuel nozzle 217.
Note that the mixed gas obtains heat quantity from the combustion gas exhausted from the
turbine 211 and 1s thereby heated in the heat exchanger 213.

[0009] On the other hand, another part of the carbon dioxide pressurized by the
compressor 215 1s regulated in flow rate by a flow rate regulating valve 243 1n the pipe 231
and passes through the heat exchanger 213, and is guided to the combustor 210. The
carbon dioxide tflowing through the pipe 231 obtains heat quantity from the combustion gas
exhausted from the turbine 211 and is thereby heated in the heat exchanger 213. The
carbon dioxide guided to the combustor 210 cools, for example, a combustor liner and 1s
then guided to the downstream stde of a combustion area in the combustor liner through a
dilution hole. The carbon dioxide rotates the turbine 211 together with the combustion gas
produced by combustion and therefore functions as a working fluid.

[0010] On the other hand, the remaining part of the carbon dioxide pressurized by the
compressor 215 flows into a pipe 236 branched oftf from the pipe 231, and is then
exhausted to the outside.

[0011] The fuel is regulated in flow rate by a flow rate regulating valve 242 and
supplied to the fuel nozzle 217. Then, the fuel 1s introduced together with the mixed gas

oguided to the fuel nozzle 217, into the combustion area from the tuel nozzle 217. For

example, the fuel is jetted from the center of the fuel nozzle 217, and the mixed gas is
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jetted from the outer periphery of the fuel. In the combustion area, the fuel and the oxygen

react with each other (combust). When the fuel and the oxygen combust, carbon dioxide
and water vapor as the combustion gas are produced. The flow rates of the fuel and the
oxygen are regulated to have a stoichiometric mixture ratio (theoretical mixture ratio) in a
state that they are completely mixed together.

[0012] The combustion gas produced in the combustor 210 is introduced into the
turbine 211. As described above, a part of the carbon dioxide produced in the combustor
210 circulates in the system.

[0013] As the fuel, a hydrocarbon gas fuel or a liquid fuel is used in the above-described
conventional gas turbine facility 200 and, for example, use of a coal gasification gas fuel
besides those fuels 1s also under discussion at present.

[0014] The coal gasification gas fuel is produced from coal. The coal is large in
reserves and is easy and inexpensive to procure. However, when using the coal gasification
gas as the fuel, the emission of carbon dioxide increases as compare with the case of using
the hydrocarbon gas fuel or the liquid fuel. Hence, if the emission of carbon dioxide can be
suppressed, it is beneficial to use the coal gasification gas fuel as the fuel in the gas turbine

facility 200.

[0015] The coal gasification gas fuel is the one made by gasitying coal in a coal
gasification furnace. It takes a predetermined time to bring the gasification furnace into a
steady operation state. Therefore, when starting the coal gasification furnace together with
the gas turbine facility, it is impossible to obtain the flow rate ot the coal gasification gas

required for the gas turbine facility at start.

[0016] Therefore, in the case of using the coal gasification gas as the fuel, first, a hiquid
fuel or a hydrocarbon-based gas fuel is used to start the gas turbine in an actual gas turbine
facility. Then, after the gasification furnace is brought into the steady operation state, the
fuel 1s switched to the coal gasification gas.

[0017] Here, Fig. 6 is a chart schematically illustrating the concentration distributions

of fuel and oxygen in the combustor 210 of the conventional gas turbine facility 200.
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Note that Fig. 6 illustrates the concentration distribution on the left side of a center line (a
one-dotted chain line in Fig. 6) of the fuel nozzle 217. The concentration distribution on
the right side of the center line is the same as that on the left side of the center line. Fig. 6
ilustrates the concentration distributions in a cross section vertical to the center line at a

5>  predetermined position on the downstream side of the outlet of the fuel nozzle 217. The
concentration distributions illustrated in Fig. 6 schematically illustrate results obtained by
numerical analysis.
[0018] As illustrated in Fig. 6, the conventional fuel nozzle 217 includes a fuel flow
path 290 and a mixed gas flow path 219. These flow paths are divided by cylindrical wall

10 parts 300, 301.

[0019] The tuel tlow path 290 is provided at the center of the fuel nozzle 217. Into the
tuel flow path 290, fuel is introduced via a pipe 233 illustrated in Fig. 5. Then, the fuel is
jetted into the combustor 210 from an end portion on the combustor 210 side of the fuel flow
path 290.

15 [0020] The mixed gas flow path 291 s, for example, an annular flow path formed on
the outer periphery of the fuel flow path 290. Into the mixed gas flow path 291, the
mixed gas is introduced via the pipe 234 illustrated in Fig. 5. Then, the mixed gas is
jetted into the combustor 210 from an end portion on the combustor 210 side of the mixed gas

tlow path 291.

20  [0021]} In a reaction zone 280, the diffusing oxygen and fuel mix and react with each
other. Theretore, as illustrated in Fig. 6, the oxygen concentration and the fuel
concentration decrease in the reaction zone 280.

[0022] Fig. 7 1s a chart illustrating a maximum combustion gas temperature to an
equivalence ratio when the mass ratio of oxygen in the mixed gas 1s changed. In Fig. 7, the

25 maximum combustion gas temperature means an adiabatic flame temperature. Fig. 8 1s a
chart illustrating a concentration of carbon monoxide to an equivalence ratio when the mass
ratio of oxygen in the mixed gas is changed. In Fig. 8, the concentration of carbon

monoxide, namely, the vertical axis 1s indicated by logarithm. The concentration of
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carbon monoxide is an equilibrium composition value at the adiabatic flame temperature under
each condition. Further, the equivalence ratio in Fig. 7 and Fig. 8 is a equivalence ratio when it
is assumed that fuel and oxygen are uniformly mixed together.

[0023] Fig. 7 and Fig. 8 illustrate results when using the coal gasification gas as the
fuel. Note that in the case where the oxygen concentration is 40%, the result when using
a natural gas as the fuel is also illustrated. Here, the oxygen concentration means the ratio of
the mass of oxygen contained in the mixed gas to the mass of the whole mixed gas.

[0024) As tllustrated in Fig. 7, the maximum combustion gas temperature increases
with an increase in the ratio of oxygen. Further, in comparison between the results of the
coal gasification gas and the natural gas, though the ratios of oxygen therein are the same,
the maximum combustion gas temperature of the coal gasification gas is higher. This is
because the coal gasification gas contains hydrogen and carbon monoxide.

[0025] As tllustrated in Fig. 8, the concentration of carbon monoxide increases with an
increase in the ratio of oxygen. This is caused from an increase in flame temperature with
an increase 1n the ratio of oxygen as illustrated in Fig. 7. More specifically, the increase of
carbon monoxide is caused by an increase in flame temperature which accelerates thermal
dissociation of carbon dioxide to increase the equilibrium composition value of carbon
monoxide.

[0026] Further, in comparison between the results of the coal gasification gas and the

natural gas, though the ratios of oxygen therein are the same, the concentration of carbon
monoxide in the coal gasification gas is higher. As illustrated in Fig. 8, for example, at an
equivalence ratio of 1, in the case of using the natural gas, the concentration of carbon
monoxide becomes a CO allowable value or less, whereas in the case of using the coal
gasification gas, the concentration of carbon monoxide exceeds the CO allowable value.
[0027] As described above, in the case of using the coal gasification gas fuel as the
fuel in the conventional gas turbine facility 200, the flame temperature increases to
Increase the emission concentration of carbon monoxide. Hence, in order to decrease the

flame temperature, it can be considered to decrease the ratio of oxygen in the mixed gas.
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However, there i1s a problem that if the ratio of oxygen in the mixed gas is decreased, a

combustion unstable state becomes more likely to occur.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Fig. I is a system diagram of a gas turbine facility in an embodiment.

[0029] Fig. 2 1s a view schematically illustrating a longitudinal section of a fuel nozzle
In a gas turbine facility in the embodiment.

[0030] Fig. 3 is a chart schematically illustrating concentration distributions of fuel
and oxygen in a combustor of the gas turbine facility in the embodiment.

[0031] Fig. 4 1s a chart schematically illustrating concentration distributions of fuel
and oxygen in a combustor of a conventional gas turbine facility.

(0032] Fig. 5 1s a system diagram of a conventional gas turbine facility circulating a
part of carbon dioxide produced in the combustor as a working fluid.

[0033] Fig. 6 1s a chart schematically illustrating concentration distributions of fuel
and oxygen in the combustor of the conventional gas turbine facility.

[0034] Fig. 7 1s a chart illustrating a maximum combustion gas temperature to an
equivalence ratio when the mass ratio of oxygen in a mixed gas is changed.

[0035] Fig. 8 is a chart illustrating a concentration of carbon monoxide to an

equivalence ratio when the mass ratio of oxygen in the mixed gas is changed.

DETAILED DESCRIPTION
[0036] [n one embodiment, a gas turbine facility includes: a combustor combusting

fuel and oxidant; a fuel nozzle attached to the combustor; a turbine rotated by a combustion
gas exhausted from the combustor; and a heat exchanger cooling the combustion gas
exhausted from the turbine.

[0037] The gas turbine facility further includes: a first combustion gas supply pipe
guiding a part of the combustion gas cooled in the heat exchanger to an oxidant supply pipe

supplying the oxidant; a mixed gas supply pipe passing a mixed gas composed of the oxidant

6



10

15

20

25

CA 02906503 2015-09-29

and the combustion gas through the heat exchanger to heat the mixed gas, and guising the
heated mixed gas to the fuel nozzle; a second combustion gas supply pipe passing another
part of the combustion gas cooled in the heat exchanger through the heat exchanger to heat
the another part of the combustion gas, and guiding the heated another part of the
combustion gas to the combustor; a third combustion gas supply pipe passing still another
part of the combustion gas cooled in the heat exchanger through the heat exchanger to heat
the still another part of the combustion gas, and guiding the heated still another part of the
combustion gas to the fuel nozzle; and an exhaust pipe exhausting a remaining part of the
combustion gas cooled in the heat exchanger to an outside.

[0038] Hereinafter, an embodiment of the present invention will be described with
reference to drawings.

[0039] Fig. 1 1s a system diagram of a gas turbine facility 10 in the embodiment. As
(llustrated in Fig. 1, the gas turbine facility 10 includes a combustor 20 combusting fuel
and oxidant, a fuel nozzle 21 attached to the combustor 20, and a turbine 22 rotated by a
combustion gas exhausted from the combustor 20. For example, a power generator 23 is
coupled to the turbine 22.

[0040] Further, the gas turbine facility 10 includes a heat exchanger 24 cooling the
combustion gas exhausted from the turbine 22. The heat quantity obtained from the
combustion gas 1s given to later-described mixed gas and carbon dioxide to be supplied to the
combustor 20 and the fuel nozzle 21.

[0041] Note that the combustion gas exhausted from the combustor 20 contains a
combustion product produced by the fuel and the oxidant, and the later-described combustion
gas (carbon dioxide) supplied to the combustor 20 and exhausted from the combustor 20
together with the combustion product.

0042] As 1llustrated in Fig. 1, the combustion gas exhausted from the combustor 20 is

guided to the turbine 22 and rotates the turbine 22. Then, the rotation of the turbine 22

drives the power generator 23.

[0043] The combustion gas exhausted from the turbine 22 passes through the heat
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exchanger 24 and is thereby cooled. The combustion gas passed through the heat exchanger
24 tlows through a pipe 40 and further passes through a heat exchanger 25. By passing
through the heat exchanger 25, the combustion gas is further cooled and water vapor
contained therein is removed, and the combustion gas becomes a dry combustion gas.

[0044] Here, as the fuel to be supplied to the fuel nozzle 21, for example, a natural gas,
a hydrocarbon gas such as methane, a liquid fuel such as kerosen, or a coal gasification gas is
used. In the combustor 20 of the gas turbine facility 10, for example, the flow rates of fuel and
oxygen are regulated to take a stoichiometric mixture ratio (equivalence ratio of 1). In this
case, the component of the combustion gas from which water vapor has been removed is almost
carbon dioxide. Hence, the combustion gas which has passed through the heat exchanger 25
and trom which water vapor has been removed is called carbon dioxide hereinafter. This
carbon dioxide also includes the case of, for example, a small amount of carbon monoxide or
oxygen mixed therein.

[0045] Note that the water vapor in the combustion gas passes through the heat
exchanger 25 and thereby condenses into water. The water flows through, for example, a
pipe 41 and 1s discharged to the outside. Note that the heat exchanger 25 functions as a water
vapor remover removing water vapor.

[0046] [n the pipe 40, a compressor 26 is interposed on the downstream side of the heat
exchanger 25. The carbon dioxide flowing through the pipe 40 is pressurized by the

compressor 26 and becomes a supercritical fluid.

[0047] A part of the carbon dioxide made into the supercritical fluid by the compressor
26 tlows into a pipe 42 branched off from the pipe 40. Then, the carbon dioxide flowed
into the pipe 42 is regulated in flow rate by a flow rate regulating valve 50 interposed in the
pipe 42, and then guided into a pipe 43 supplying the oxidant.

[0048] As the oxidant, oxygen separated from the atmosphere by an air separating
apparatus (not illustrated) flows through the pipe 43. In the pipe 43, a compressor 27 and a
tflow rate regulating valve 51 are interposed. The oxidant flowing through the pipe 43 is

pressurized by the compressor 27 to become the supercritical fluid, and regulated in flow rate by
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the tlow rate regulating valve 51. Note that the pipe 42 functions as a first combustion gas
supply pipe, and the pipe 43 functions as an oxidant supply pipe.

[0049] A mixed gas composed of the oxidant and the carbon dioxide flows through a
pipe 44 provided from a coupling portion of the pipe 42 and the pipe 43 toward the fuel
nozzle 21. The mixed gas then flows through the pipe 44, passes through the heat exchanger
24, and 1s guided to the fuel nozzle 21.  Note that the pipe 44 functions as a mixed gas supply
pipe. The mixed gas obtains heat quantity from the combustion gas exhausted from the
turbine 22 and is thereby heated in the heat exchanger 24.

[0050] On the other hand, another part of the carbon dioxide made into the
supercritical fluid by the compressor 26 is regulated in flow rate by a flow rate regulating
valve 52 interposed in the pipe 40, and passes through the heat exchanger 24. In this event, the
carbon dioxide obtains heat quantity from the combustion gas exhausted from the turbine 22
and 1s thereby heated in the heat exchanger 24.

[0051] After passing through the heat exchanger 24, a part of the carbon dioxide
flowing through the pipe 40 flows through a pipe 45 branched oft from the pipe 40 and is
guided to the fuel nozzle 21. On the other hand, the remaining part of the carbon dioxide
is guided to the combustor 20. The flow rate of the carbon dioxide guided to the
combustor 20 and the flow rate of the carbon dioxide guided to the fuel nozzle 21 are
regulated by an orifice provided in the pipe 45. Further, in place of the orifice, a flow rate
regulating valve may be provided in the pipe 45.

[0052] Here, the carbon dioxide guided to the combustor 20 cools, for example, a
combustor liner and is then guided to the downstream side of a combustion area in the

combustor liner through a dilution hole. The carbon dioxide rotates the turbine 22 together
with the combustion gas produced by combustion and therefore functions as a working tluid.
[0053] Note that the pipe 40 guiding the carbon dioxide to the combustor 20 functions

as a second combustion gas supply pipe, and the pipe 45 guiding the carbon dioxide to the

fuel nozzle 21 functions as a third combustion gas supply pipe.

[0054] Further, the remaining part of the carbon dioxide made into the supercritical
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fluid by the compressor 26 is guided to a pipe 46 branched off from the pipe 40. Then,
the carbon dioxide guided to the pipe 46 is exhausted to the outside. Here, the amount of
the carbon dioxide exhausted from the pipe 46 corresponds to the amount of the carbon
dioxide produced by the reaction between the fuel and the oxygen in the combustor 20.
Note that the pipe 46 tunctions as an exhaust pipe. The carbon dioxide exhausted to the
outside can be utilized tor EOR (Enhanced Oil Recovery) employed in an oil drilling field.
[0055] The fuel flows through a pipe 47 or a pipe 48 and is supplied to the fuel nozzle
21. In the pipe 47 and the pipe 48, tlow rate regulating valves 53, 54 regulating the flow
rates of the fuels are interposed respectively. To the pipe 47, for example, a hydrocarbon
gas or a liquid fuel 1s introduced, which is used when starting the gas turbine facility 10. On
the other hand, into the pipe 48, a coal gasification gas is introduced which is used, for example,
after a gasification furnace gasifying coal becomes a steady operation state.

[0056] Here, when the gas turbine facility 10 ts in operation, the fuel is introduced into
the fuel nozzle 21 via at least any one of the pipes 47, 48. For example, when starting the
gas turbine facility 10, the fuel is introduced into the fuel nozzle 21 via the pipe 47. After
the gasification furnace becomes the steady operation state, the fuel flowing through the pipe 48
1s increased while the tuel flowing through the pipe 47 is limited. In addition, the fuel flowing
through the pipe 47 1s shut and all of the fuel is introduced into the fuel nozzle 21 from the pipe

438.

[0057] The fuel introduced into the fuel nozzle 21 is jetted into the combustor 20
together with the carbon dioxide guided by the above-described pipe 45 and the mixed gas
cutded by the pipe 44. Inside the combustor 20, the oxidant in the mixed gas and the fuel

cause a combustion reaction to produce a combustion gas.

[0058] The combustion gas produced in the combustor 20 is introduced into the
turbine 22. Thus, a part of the carbon dioxide produced in the combustor 20 circulates in
the system.

[0059] Next, a configuration of the fuel nozzle 21 will be described referring to Fig. 2.

[0060] Fig. 2 1s a view schematically illustrating a longitudinal section of the fuel
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nozzle 21 in the gas turbine facility 10 in this embodiment. As illustrated in Fig. 2, the

fuel nozzle 21 is attached to an end portion on the upstream side of the combustor 20

~ (combustor liner). The fuel nozzle 21 includes a fuel flow path 60, a carbon dioxide flow

path 61, and a mixed gas flow path 62. These flow paths are divided by cylindrical wall parts
70,71, 72. Note that the carbon dioxide flow path 61 functions as a combustion gas flow path.
[0061] The tuel flow path 60 is provided at the center of the fuel nozzle 21. Into the

fuel tlow path 60, the fuel is introduced via the pipe 47, 48 illustrated in Fig. 1. Then, the

fuel is jetted into the combustor 20 from the end portion on the combustor 20 side of the

tuel flow path 60.

[0062] The carbon dioxide flow path 61 is, for example, an annular flow path formed
on the outer periphery of the fuel flow path 60. Into the carbon dioxide flow path 61, the
carbon dioxide 1s introduced via the pipe 45 illustrated in Fig. 1. Then, the carbon
dioxide 1s jetted into the combustor 20 from the end portion on the combustor 20 side of

the carbon dioxide flow path 61.

[0063] The mixed gas flow path 62 is, for example, an annular flow path formed on

the outer periphery of the carbon dioxide flow path 61. Into the mixed gas flow path 62,
the mixed gas is introduced via the pipe 44 illustrated in Fig. 1. Then, the mixed gas is

jetted into the combustor 20 from the end portion on the combustor 20 side of the mixed

gas flow path 62.

[0064] By the fuel nozzle 21 with such a configuration, the fuel is jetted from the

center, the carbon dioxide is jetted from the outer periphery of the fuel, and the mixed gas
1s jetted from the outer periphery of the carbon dioxide, into the combustor 20.

[0065] Next, the concentration distributions, in the combustor 20, of the oxygen
contained in the mixed gas and the fuel jetted from the fuel nozzle 21 will be described.
[0066] Fig. 3 is a chart schematically tllustrating the concentration distributions of the
fuel and the oxygen in the combustor 20 of the gas turbine facility 10 in this embodiment.
[0067] Here, for comparison, a chart schematically illustrating the concentration

distributions of the fuel and the oxygen in the combustor of the conventional gas turbine
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factlity is illustrated in Fig. 4. Here, the fuel nozzle illustrated in Fig. 4 has the same
configuration as that of the fuel nozzle 217 illustrated in Fig. 6. More specifically, the
fuel 1s jetted into the combustor 210 from the fuel flow path 290 provided at the center of
the fuel nozzle 217. Further, the mixed gas is jetted into the combustor 210 from the
mixed gas flow path 291 formed on the outer periphery of the fuel flow path 290. These
flow paths are divided by the cylindrical wall parts 300, 301.

[0068] In Fig. 4, the mixed gas supplied to the mixed gas flow path 291 is the one
made by mixing the carbon dioxide supplied to the carbon dioxide flow path 61 of the fuel
nozzle 21 to the mixed gas supplied to the mixed gas flow path 62 of the fuel nozzle 21.
Theretore, as illustrated in Fig. 4, the oxygen concentration in the mixed gas jetted from
the mixed gas flow path 291 is lower than the oxygen concentration in the mixed gas jetted
from the mixed gas flow path 62 of the fuel nozzle 21.

[0069] Fig. 3 and Fig. 4 illustrate the concentration distributions on the left side of a
center line (a one-dotted chain line in Fig. 3 and Fig. 4) of the fuel nozzle 21. The
concentration distributions on the right side of the center line are the same as those on the
left side of the center line. Further, for comparison, the scales of the concentrations on
the vertical axis in Fig. 3 and Fig. 4 are the same. Note that Fig. 3 and Fig. 4 illustrate the
concentration distributions in a cross section vertical to the center line at a predetermined

position on the downstream side of a fuel nozzle outlet. The concentration distributions

tlustrated in Fig. 3 and Fig. 4 schematically illustrate results obtained by numerical

analysis.

[0070] Here, the concentration distributions of the oxygen and the fuel in the
combustor will be described referring to Fig. 3, Fig. 4, and Fig. 6. Note that the oxygen
concentration in the mixed gas supplied to the mixed gas flow path 291 of the fuel nozzle
217 in Fig. 6 1s the same as the oxygen concentration in the mixed gas supplied to the
mixed gas flow path 62 of the fuel nozzle 21 in Fig. 3. The fuels supplied by the fuel
nozzles illustrated in Fig. 3, Fig. 4, and Fig. 6 are the same, and the flow rates of the fuels

are also the same. Fig. 3, Fig. 4, and Fig. 6 illustrate the concentration distributions in a
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cross section at the same position in a downstream direction from the fuel nozzle outlet.
[0071] As tllustrated in Fig. 3, the fuel is jetted from the fuel flow path 60, the carbon
dioxide 1s jetted from the carbon dioxide flow path 61, and the mixed gas is jetted from the
mixed gas flow path 62, in an axial direction into the combustor. In an reaction zone 80,
the diffusing oxygen and fuel mix and react with each other (combust). Therefore, the
oxygen concentration and the fuel concentration decrease in the reaction zone 80. Note
that though not illustrated, the concentration of the carbon dioxide being the combustion
product increases in the reaction zone 80.

[0072] First, the concentration distribution in the reaction zone 80 illustrated in Fig. 3
1s compared with the concentration distribution in a reaction zone 280 illustrated in Fig. 6.
The fuel nozzle 21 of Fig. 3 jets the carbon dioxide from the carbon dioxide flow path 61,
so that the oxygen concentration in the reaction zone 80 is low. Therefore, the flame
temperature 1s lower in the reaction zone 80 than in the reaction zone 280. Accordingly, the
increase of carbon monoxide due to thermal dissociation of the carbon dioxide can be
suppressed in the reaction zone 80.

[0073] Next, the concentration distribution in the reaction zone 80 illustrated in Fig. 3
Is compared with the concentration distribution in the reaction zone 280 illustrated in Fig.
4. Into the mixed gas tlow path 291 of the fuel nozzle 217 illustrated in Fig. 4, the mixed

gas almost uniformly mixed and low in oxygen concentration is introduced as described
above. Therefore, the oxygen concentration is considerably lower in the reaction zone 280
than in the reaction zone 80 as illustrated in Fig. 3 and Fig. 4. Thus, the flame temperature in
the reaction zone 280 is considered to decrease to thereby cause instability of combustion.

[0074] In contrast, the fuel nozzle 21 illustrated in Fig. 3 jets the carbon dioxide
individually from the carbon dioxide flow path 61 without further mixing the carbon
dioxide into the mixed gas. Therefore, as illustrated in Fig. 3, there is an area where the
oxygen concentration is higher in the reaction zone 80 than in the reaction zone 280.
More specifically, there is an area where the flame temperature is higher in the reaction

zone 80 than that in the reaction zone 280. Accordingly, the combustion can be more
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stabilized in the reaction zone 80 than in the reaction zone 280.

[0075] For example, when the fuel is switched from the hydrocarbon gas to the coal
gasification gas, it 1s necessary to decrease the oxygen concentration in the reaction zone in
order to suppress an increase in flame temperature. In this case, use of the fuel nozzle 21

tllustrated in Fig. 3 makes it possible to decrease the oxygen concentration as a whole

while maintaining a portion where the oxygen concentration is high in the reaction zone
80.

[0076] As described above, provision of the fuel nozzle 21 in this embodiment makes
it possible to decrease the emission concentration of carbon monoxide while suppressing
the combustion unstable state.

[0077] [n the gas turbine facility 10 in this embodiment, the oxygen concentration in
the mixed gas can be regulated by the flow rate regulating valve 50 and the flow rate
regulating valve 51. Further, regulation of a flow rate regulating part such as the orifice
provided in the pipe 435 enables regulation of the flow rate of the carbon dioxide supplied to the
carbon dioxide flow path 61 of the fuel nozzle 21. These make it possible to appropriately
regulate the oxygen concentration in the mixed gas and the flow rate of the carbon dioxide
supplied to the carbon dioxide flow path 61 of the fuel nozzle 21 according to the fuel, for
example, even after the fuel is switched. Therefore, even when the fuel is switched, it 1s

possible to decrease the emission concentration of carbon monoxide while suppressing the

combustion unstable state.
[0078] As described above, according to the gas turbine tactlity 10 in this embodiment,
it 1s possible to supply the mixed gas composed of the oxidant and the carbon dioxide and

the carbon dioxide separately to the tuel nozzle 21 and to separately jet the tuel, the carbon
dioxide, and the mixed gas into the combustor 20. This makes it possible to suppress the
production amount of carbon monoxide produced by thermal dissociation of the carbon dioxide
while suppressing the combustion unstable state.

[0079] According to the above-described embodiment, it becomes possible to decrease

the emission concentration of carbon monoxide while suppressing the combustion unstable

14
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state.

[0080] While certain embodiments have been described, these embodiments have been
presented by way of example only, and are not intended to limit the scope of the inventions.
[ndeed, the novel embodiments described herein may be embodied in a variety of other forms:
furthermore, various omissions, substitutions and changes in the form of the embodiments
described herein may be made without departing from the spirit of the inventions. The

accompanying claims and their equivalents are intended to cover such forms or modifications as

would fall within the scope and spirit of the inventions.
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WHAT IS CLAIMED IS:

1. A gas turbine facility comprising:

a combustor combusting fuel and oxidant;

a fuel nozzle attached to the combustor;

a turbine rotated by a combustion gas exhausted from the combustor;

a heat exchanger cooling the combustion gas exhausted from the turbine;

a first combustion gas supply pipe guiding a part of the combustion gas cooled in
the heat exchanger to an oxidant supply pipe supplying the oxidant;

a mixed gas supply pipe passing a mixed gas composed of the oxidant and the
combustion gas through the heat exchanger to heat the mixed gas, and guising the heated
mixed gas to the fuel nozzle;

a second combustion gas supply pipe passing another part of the combustion gas
cooled in the heat exchanger through the heat exchanger to heat the another part of the
combustion gas, and guiding the heated another part of the combustion gas to the combustor;

a third combustion gas supply pipe passing still another part of the combustion
gas cooled in the heat exchanger through the heat exchanger to heat the still another part of
the combustion gas, and guiding the heated still another part of the combustion gas to the

fuel nozzle; and

an exhaust pipe exhausting a remaining part of the combustion gas cooled in the
heat exchanger to an outside.

2. The gas turbine factlity according to claim 1,

wherein the fuel nozzle comprises:
a fuel flow path jetting the fuel into the combustor;
a combustion gas flow path formed on an outer periphery of the fuel flow
path and jetting the combustion gas into the combustor; and
a mixed gas flow path formed on an outer periphery of the combustion

gas flow path and jetting the mixed gas into the combustor.
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3.  The gas turbine facility according to claim 1,

wherein the fuel is a hydrocarbon gas, a liquid fuel, or a coal gasification gas, and
the oxidant is oxygen.

4.  The gas turbine facility according to claim 2,

wherein the fuel is a hydrocarbon gas, a liquid fuel, or a coal gasification gas, and
the oxidant is oxygen.

5.  The gas turbine facility according to claim 1, further comprising

a water vapor remover removing water vapor from the combustion gas cooled by
passing through the heat exchanger.

6. The gas turbine facility according to claim 2, further comprising

a water vapor remover removing water vapor from the combustion gas cooled by
passing through the heat exchanger.

7. The gas turbine facility according to claim 3, further comprising

a water vapor remover removing water vapor from the combustion gas cooled by
passing through the heat exchanger.

8.  The gas turbine facility according to claim 4, further comprising

a water vapor remover removing water vapor from the combustion gas cooled by
passing through the heat exchanger.

9.  The gas turbine factlity according to claim 3,

wherein the combustion gas passed through the water vapor remover is carbon

dioxide.

10.  The gas turbine facility according to claim 6,

wherein the combustion gas passed through the water vapor remover is carbon
dioxide.

11.  The gas turbine facility according to claim 7,

wherein the combustion gas passed through the water vapor remover is carbon
dioxide.

12.  The gas turbine tacility according to claim 8,

17
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wherein the combustion gas passed through the water vapor remover is carbon

dioxide.

18
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