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(54) INJECTION NOZZLE AND COMBUSTION DEVICE

(57)  An injection nozzle 100 includes: an inner wall
101 having a cylindrical shape; a first outer wall 102
having a cylindrical shape and being formed integrally
with the inner wall 101 through intermediation of a con-

nection portion 107; a fuel passage 108 having an an-
nular shape and being formed between the innerwall 101
and the first outer wall 102; and an inner air passage 104

formed on an inner side of the inner wall 101.
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Description
Technical Field

[0001] The present disclosure relates to an injection
nozzle and a combustion device. This application claims
the benefit of priority to Japanese Patent Application No.
2022-17901 filed on February 8, 2022, and contents
thereof are incorporated herein.

Background Art

[0002] A gas turbine system that combusts fuel in a
combustor to obtain power has been used. As the gas
turbine system, for example, there exists a gas turbine
system that uses a fuel injection nozzle configured to
premix fuel with air and inject it into a combustor, as
disclosed in Patent Literature 1. Through premixing of
the fuel with sufficient air to perform lean combustion,
emission of NOXx is suppressed.

Citation List
Patent Literature

[0003] Patent Literature 1 JP 5472863 B2

Summary of Invention
Technical Problem

[0004] In a fuel injection nozzle described in Patent
Literature 1, a fuel passage for allowing fuel to flow
therethrough and an air passage for allowing air to flow
therethrough are formed by assembling a plurality of
members. However, for example, when the plurality of
members are assembled to form the fuel passage, due to
machining accuracy, assembly errors, or the like, the fuel
sometimes flows through the fuel passage unevenly,
resulting in deteriorated combustibility in a combustor.
[0005] An object of the present disclosure is to provide
an injection nozzle and a combustion device capable of
improving combustibility.

Solution to Problem

[0006] Inordertoachieve the above-mentioned object,
according to the present disclosure, there is provided an
injection nozzle, including: an inner wall having a cylind-
rical shape; an outer wall having a cylindrical shape and
being formed integrally with the inner wall through inter-
mediation of a connection portion; a fuel passage having
an annular shape and being formed between the inner
wall and the outer wall; and an inner air passage formed
on an inner side of the inner wall.

[0007] The injection nozzle may include a swirling
portion that is formed integrally with at least one of the
inner wall and the outer wall and arranged in the fuel
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passage obliquely to a circumferential direction of the
inner wall and the outer wall.

[0008] The injection nozzle may include a swirling
blade that is formed integrally with the inner wall and
arranged in the inner air passage obliquely to the circum-
ferential direction of the inner wall.

[0009] Theinjection nozzle may include: a shaft portion
arranged on a center axis of the inner air passage and
formed integrally with the swirling blade; a distribution
portion formed inside the shaft portion; and a fuel com-
munication passage formed inside the swirling blade and
allowing communication between the distribution portion
and the fuel passage.

[0010] The injection nozzle may include: an air supply
passage connected to the inner air passage and extend-
ing tangentially to the inner air passage; and a fuel
communication passage that is formed so as to separate
from the air supply passage in the circumferential direc-
tion, and communicates with the fuel passage.

[0011] Inordertoachieve the above-mentioned object,
according to the present disclosure, the combustion de-
vice includes the above-mentioned injection nozzle.

Advantageous Effects of Invention

[0012] According to the present disclosure, combust-
ibility can be improved.

Brief Description of Drawings
[0013]

FIG. 1 is a schematic view for illustrating a config-
uration of a gas turbine system according to an
embodiment.

FIG. 2 is a schematic cross-sectional view for illus-
trating a configuration of an injection nozzle accord-
ing to the embodiment.

FIG. 3 is a schematic cross-sectional view for illus-
trating a configuration of an injection nozzle accord-
ing to a first modification example.

FIG. 4 is a schematic cross-sectional view for illus-
trating a configuration of an injection nozzle accord-
ing to a second modification example.

FIG. 5 is a schematic cross-sectional view of a
plurality of air supply passages.

Summary of Invention
Description of Embodiments

[0014] Now, with reference to the attached drawings,
an embodiment of the present disclosure is described.
The dimensions, materials, and other specific numerical
values represented in the embodiment are merely ex-
amples used for facilitating the understanding of the
disclosure, and do not limit the present disclosure other-
wise particularly noted. Elements having substantially
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the same functions and configurations herein and in the
drawings are denoted by the same reference symbols to
omit redundant description thereof. Further, illustration of
elements with no direct relationship to the present dis-
closure is omitted.

[0015] FIG. 1 is a schematic view for illustrating a
configuration of a gas turbine system 1 according to an
embodiment. As illustrated in FIG. 1, the gas turbine
system 1 includes a turbocharger 11, a power generator
12, a combustor 13, an injection nozzle mechanism 14, a
fuel tank 15, and a flow rate control valve 16.

[0016] Of the gas turbine system 1, the combustor 13,
the injection nozzle mechanism 14, the fuel tank 15, and
the flow rate control valve 16 are included in a combustion
device 10.

[0017] Theturbocharger11includesacompressor11a
and a turbine 11b. The compressor 11a and the turbine
11b rotate integrally. The compressor 11a and the turbine
11b are coupled by a shaft.

[0018] The compressor 11a is provided in an intake
flow passage 21 connected to the combustor 13. Airto be
supplied to the combustor 13 flows through the intake
flow passage 21. An intake port (not shown) is formed at
an upstream-side end portion of the intake flow passage
21. The intake port allows air to be introduced from an
outside. The air introduced through the intake port
passes through the compressor 11a and is sent to the
combustor 13. The compressor 11a compresses the air
and discharges the compressed air to a downstream
side.

[0019] The turbine 11b is provided in an exhaust flow
passage 22 connected to the combustor 13. An exhaust
gas discharged from the combustor 13 flows through the
exhaust flow passage 22. An exhaust port (not shown) is
formed at a downstream-side end portion of the exhaust
flow passage 22. The exhaust port allows the exhaust
gas to be discharged to the outside. The exhaust gas
discharged from the combustor 13 passes through the
turbine 11b and is sent to the exhaust port. The turbine
11b is rotated by the exhaust gas to generate rotational
power.

[0020] The power generator 12 is connected to the
turbocharger 11. The power generator 12 generates
electric power with use of the rotational power generated
by the turbocharger 11.

[0021] The combustor 13 includes a casing 13a, aliner
13b, and a combustion chamber 13c. The casing 13a has
a substantially cylindrical shape. The liner 13b is pro-
vided inside the casing 13a. The liner 13b has a sub-
stantially cylindrical shape. The liner 13b is arranged
coaxially with the casing 13a. The combustion chamber
13c is formed inside the liner 13b. That is, an interior
space of the liner 13b corresponds to the combustion
chamber 13c. The combustion chamber 13c is a space
having a substantially cylindrical shape. The exhaust flow
passage 22 is connected to the combustion chamber
13c.

[0022] Asdescribed later, fuel and air are supplied into
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the combustion chamber 13c. In the combustion cham-
ber 13c, a gas mixture of fuel and air is subjected to
combustion. An exhaust gas generated as a result of
combustion in the combustion chamber 13c is dis-
charged to the exhaust flow passage 22. A space S is
defined between an inner surface of the casing 13a and
an outer surface of the liner 13b. The intake flow passage
21 is connected to the space S. Airis fed into the space S
from the compressor 11a via the intake flow passage 21.
An opening is formed in an end portion (left end portion in
FIG. 1) of the liner 13b on a side that air is fed from the
compressor 11a. A plate P is provided in the vicinity of the
opening in the end portion of the liner 13b.

[0023] The injection nozzle mechanism 14 is provided
on the plate P. The plate P retains the injection nozzle
mechanism 14. An opening is formed in a center of the
plate P. A gas mixture of fuel and air to be injected from the
injection nozzle mechanism 14 is introduced into the
combustion chamber 13c through the opening of the
plate P. The injection nozzle mechanism 14 includes
an injection nozzle 100 and a fuel supply pipe 150.
[0024] FIG. 2 is a schematic cross-sectional view for
illustrating a configuration of the injection nozzle 100
according to the present embodiment. As illustrated in
FIG. 2, the injection nozzle 100 includes an inner wall
101, a first outer wall 102, a second outer wall 103, an
inner air passage 104, a shaft portion 105, inner swirling
blades 106, a connection portion 107, a fuel passage
108, a resistance portion 109, a swirling portion 110, an
outer air passage 111, and outer swirling blades 112.
[0025] The inner wall 101, the first outer wall 102, and
the second outer wall 103 are each formed into a cylind-
rical shape. However, the presentdisclosure is notlimited
thereto, and the inner wall 101, the first outer wall 102,
and the second outer wall 103 may be formed into, for
example, a truncated cone shape. Further, the inner wall
101, thefirstouterwall 102, and the second outerwall 103
may have an inclined shape inclined in a direction in
which a part of the cylinder comes close to or separates
away from a center axis. Thus, the innerwall 101, the first
outer wall 102, and the second outer wall 103 may have
such aninclined shape that atleast a part ofthe cylinderis
inclined along a center axis direction. The inner wall 101,
the first outer wall 102, and the second outer wall 103
separate from each other in a radial direction. The inner
wall 101 is arranged radially inward of the first outer wall
102 and the second outer wall 103. The first outer wall
102 is arranged between the inner wall 101 and the
second outer wall 103, and is arranged radially outward
of the inner wall 101 and radially inward of the second
outer wall 103. The second outer wall 103 is arranged
radially outward of the inner wall 101 and the first outer
wall 102. The second outer wall 103 is connected to the
plate P (see FIG. 1).

[0026] Theinner air passage 104 is formed by an inner
peripheral surface of the inner wall 101. An air inlet 104a
is formed at one end of the inner air passage 104, and an
air outlet 104b is formed at another end thereof. The air
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inlet 104a communicates with the space S (see FIG. 1)
into which the air is fed from the compressor 11a. The air
flows through the inner air passage 104 from the air inlet
104atoward the air outlet 104b. The shaft portion 105 and
the inner swirling blades 106 are provided in the inner air
passage 104.

[0027] The shaft portion 105 is formed into a substan-
tially cylindrical shape. The shaft portion 105 is arranged
on the center axis of the inner air passage 104. The
plurality of inner swirling blades 106 are provided on
an outer peripheral surface of the shaft portion 105 so
as to separate from each other in a circumferential direc-
tion. The plurality of inner swirling blades 106 are ar-
ranged at equal intervals in the circumferential direction
of the shaft portion 105. The inner swirling blades 106 are
connected to the outer peripheral surface of the shaft
portion 105 and the inner peripheral surface of the inner
wall 101. The inner swirling blades 106 are arranged in
the inner air passage 104 obliquely to the circumferential
direction of the inner wall 101 and the shaft portion 105.
The inner swirling blades 106 swirl the air in a clockwise
or counterclockwise direction about the center axis of the
inner air passage 104.

[0028] The connection portion 107 connects the inner
wall 101 and the first outer wall 102 to each other. The
connection portion 107 is provided on a side of the inner
wall 101 including the air inlet 104a, and connects the
inner wall 101 and the first outer wall 102 to each other.
[0029] The fuel passage 108 is formed between the
inner wall 101 and the first outer wall 102. The fuel
passage 108 is formed into an annular shape. At one
end of the fuel passage 108, a fuel communication pas-
sage 108a is connected to a part of the fuel passage 108
in the circumferential direction, and at another end there-
of, a fuel discharge port 108b is formed. The fuel flows
through the fuel passage 108 from the fuel communica-
tion passage 108a toward the fuel discharge port 108b.
The resistance portion 109 and the swirling portion 110
are provided in the fuel passage 108.

[0030] The resistance portion 109 is provided up-
stream of the swirling portion 110. However, the present
disclosure is not limited thereto, and the resistance por-
tion 109 may be provided downstream of the swirling
portion 110. The resistance portion 109 is, for example, a
protrusion formed over an entire circumference of an
outer peripheral surface of the inner wall 101 and pro-
truding radially from the outer peripheral surface of the
inner wall 101 toward an inner peripheral surface of the
first outer wall 102. A gap is defined between the resis-
tance portion 109 and the inner peripheral surface of the
first outer wall 102 so as to allow the fuel to flow there-
through. Owing to the resistance portion 109, a flow rate
of the fuel flowing in the fuel passage 108 can be made
uniform in the circumferential direction.

[0031] However, the present disclosure is not limited
thereto, and the resistance portion 109 may be a protru-
sion formed over the entire circumference of the inner
peripheral surface of the first outer wall 102 and protrud-
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ing radially from the inner peripheral surface of the first
outer wall 102 toward the outer peripheral surface of the
inner wall 101. Further, a pair of resistance portions 109
may be formed over the entire circumference of the outer
peripheral surface of the inner wall 101 and the entire
circumference of the inner peripheral surface of the first
outerwall 102. The pair of resistance portions 109 are, for
example, protrusions that are arranged to be opposed to
each other in the radial direction and protrude in direc-
tions of approaching to each other. Thus, the resistance
portion 109 is the protrusion that is formed on atleast one
of the inner wall 101 and the first outer wall 102 and
reduces a cross-sectional area of the flow passage of the
fuel passage 108. The resistance portion 109 is not
limited to a protrusion, and may be, for example, a slit
formed in at least one of the outer peripheral surface of
the inner wall 101 and the inner peripheral surface of the
first outer wall 102. A plurality of slits may be formed so as
to separate from each other in the circumferential direc-
tion. Further, the resistance portion 109 may be a hole,
such as an orifice, formed between the inner wall 101 and
the first outer wall 102. A plurality of holes may be formed
so as to separate from each other in the circumferential
direction.

[0032] The swirling portion 110 is formed on, for ex-
ample, the inner wall 101, and at least a part of the
swirling portion 110 is arranged obliquely to the circum-
ferential direction of the inner wall 101. Owing to oblique
arrangement of the swirling portion 110, the fuel can be
swirled in a clockwise or counterclockwise direction
about the center axis of the inner air passage 104. How-
ever, the present disclosure is not limited thereto, and the
swirling portion 110 may be formed on the first outer wall
102 or on both the inner wall 101 and the first outer wall
102. Thatis, the swirling portion 110 may be formed on at
least one of the inner wall 101 and the first outer wall 102,
and may be arranged in the fuel passage 108 obliquely to
the circumferential direction of the inner wall 101 and the
first outer wall 102.

[0033] The outerairpassage 111 is formed between an
inner peripheral surface of the second outer wall 103 and
an outer peripheral surface of the first outer wall 102. The
outer air passage 111 has an annular shape. An air inlet
111a is formed at one end of the outer air passage 111,
and an injection port 111b is formed at another end
thereof. The air inlet 111a communicates with the space
S into which the air is fed from the compressor 11a. The
air flows through the outer air passage 111 from the air
inlet 111a toward the injection port 111b. In the outer air
passage 111, the outer swirling blades 112 are provided.
[0034] The plurality of outer swirling blades 112 are
provided on the outer peripheral surface of the first outer
wall 102 so as to separate from each other in the circum-
ferential direction. The plurality of outer swirling blades
112 are arranged at equal intervals in the circumferential
direction of the first outer wall 102. The outer swirling
blades 112 are connected to the outer peripheral surface
of the first outer wall 102 and the inner peripheral surface
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of the second outer wall 103. The outer swirling blades
112 swirl the air in a clockwise or counterclockwise
direction about the center axis of the outer air passage
111.

[0035] The fuel supply pipe 150 is connected at one
end to the connection portion 107 and the outer periph-
eral surface of the first outer wall 102, and connected at
another end to a flow passage 24 (see FIG. 1) to be
described later. The fuel supply pipe 150 supplies the fuel
from the flow passage 24 to the injection nozzle 100. A
fuel supply passage 160 is formed in the fuel supply pipe
150. The fuel supply passage 160 communicates with the
fuel passage 108 via the fuel communication passage
108a.

[0036] Returningto FIG. 1, the fuel is stored in the fuel
tank 15. The fuel is, for example, natural gas or hydrogen.
The hydrogen may be liquid or gaseous in the fuel tank
15. The fuel tank 15 is connected to the flow rate control
valve 16 via a flow passage 23. The flow rate control valve
16 is connected to the fuel supply pipe 150 via the flow
passage 24. The fuel stored in the fuel tank 15 is supplied
into the fuel supply pipe 150 via the flow passage 23, the
flow rate control valve 16, and the flow passage 24. The
flow rate control valve 16 controls (i.e., adjusts) a flow rate
of the fuel to be supplied from the fuel tank 15 into the fuel
supply pipe 150. Through adjustment of an opening
degree of the flow rate control valve 16, a supply amount
of the fuel from the fuel tank 15 into the fuel supply pipe
150 is adjusted.

[0037] ReturningtoFIG.2,thefuel supply passage 160
of the fuel supply pipe 150 is connected to the fuel
communication passage 108a. The fuel is supplied from
the fuel supply pipe 150 into the fuel passage 108 via the
fuel communication passage 108a. The fuel supplied into
the fuel passage 108 merges with the air having flowed
through the inner air passage 104, and is mixed there-
with, when the fuel is injected from the fuel discharge port
108b.

[0038] Here, the air flowing through the inner air pas-
sage 104 is swirled by the inner swirling blades 106, and
the fuel flowing through the fuel passage 108 is swirled by
the swirling portion 110. When the swirling air and fuel
merge with each other, a shear force atomizes the fuel
and accelerates mixing of the air and the fuel. In the
present embodiment, a swirling direction of the air
caused by the inner swirling blades 106 and a swirling
direction of the fuel caused by the swirling portion 110 are
the same direction. However, the present disclosure is
not limited thereto, and the swirling direction of the air
caused by the inner swirling blades 106 and the swirling
direction of the fuel caused by the swirling portion 110
may be directions opposite to each other.

[0039] The gas mixture of air and fuel is discharged
from a gas mixture injection port 102a of the first outer
wall 102 and flows into the outer air passage 111 of the
second outer wall 103. The gas mixture discharged from
the gas mixture injection port 102a merges with the air
having flowed through the outer air passage 111, and is
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mixed therewith.

[0040] Here, the air flowing through the outer air pas-
sage 111 is swirled by the outer swirling blades 112.
When the swirling air and the gas mixture merge with
each other, a shear force atomizes the fuel and accel-
erates mixing of the air and the gas mixture. In the present
embodiment, the swirling direction of the air caused by
the outer swirling blades 112 and the swirling direction of
the fuel caused by the inner swirling blades 106 and the
swirling portion 110 are the same direction. However, the
present disclosure is not limited thereto, and the swirling
direction of the air caused by the outer swirling blades 112
and the swirling direction of the air caused by the inner
swirling blades 106 or the swirling direction of the fuel
caused by the swirling portion 110 may be directions
opposite to each other. The gas mixture mixed in the
second outer wall 103 is injected from the injection port
111b into the combustion chamber 13c.

[0041] When the inner wall, the outer walls, the con-
nection portion, and the like, which form the injection
nozzle, are formed of separate members and each mem-
beris assembled to form the injection nozzle, the fuel may
flow through the fuel passage unevenly or the fuel may
leak from gaps between the plurality of members due to
machining accuracy, assembly errors, or the like. When
the fuel flows through the fuel passage unevenly, com-
bustibility in the combustor may deteriorate.

[0042] Accordingly, in the present embodiment, parts
forming the injection nozzle 100 are integrally formed.
Specifically, the innerwall 101, the first outer wall 102, the
second outer wall 103, the shaft portion 105, the inner
swirling blades 106, the connection portion 107, the
resistance portion 109, the swirling portion 110, and
the outer swirling blades 112 are integrally formed by
additive manufacturing technology.

[0043] Through integral forming of parts forming the
injection nozzle 100 by the additive manufacturing tech-
nology, it is possible to prevent the fuel from flowing
through the fuel passage unevenly and the fuel from
leaking from gaps between the plurality of members
due to machining accuracy, assembly errors, or the like.
[0044] Specifically, the innerwall 101 and the first outer
wall 102 are integrally formed. Thus, a gap between the
inner wall 101 and the first outer wall 102 can be elimi-
nated, thereby being capable of preventing fuel leakage.
Further, no machining or assembly is required. Thus, a
radial width of the fuel passage 108 can be made uniform
over the entire circumference. That is, it is possible to
reduce eccentricity between the center axis of the inner
wall 101 having a cylindrical shape and the center axis of
the first outer wall 102 having a cylindrical shape, whichis
caused by assembly. As aresult, the flow rate of the fuel in
the circumferential direction of the fuel passage 108 can
be made uniform, thereby being capable of improving the
combustibility in the combustion chamber 13c.

[0045] Further, the resistance portion 109 is formed
integrally with the inner wall 101 or the first outer wall 102.
Thus, influences of machining accuracy and assembly
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errors are eliminated, thereby being capable of making
the flow rate of the fuel flowing through the fuel passage
108 uniform in the circumferential direction. In addition,
the swirling portion 110 is formed integrally with the inner
wall 101 or the first outer wall 102. Thus, influences of
machining accuracy and assembly errors are eliminated,
thereby being capable of making the swirling flow of the
fuel uniform in the circumferential direction. Similarly, the
inner swirling blades 106 are formed integrally with the
inner wall 101, and the outer swirling blades 112 are
formed integrally with the first outer wall 102. Thus,
influences of machining accuracy and assembly errors
are eliminated, thereby being capable of making the
swirling flow of the air uniform in the circumferential
direction.

[0046] FIG. 3 is a schematic cross-sectional view for
illustrating a configuration of an injection nozzle 200
according to a first modification example. Components
that are substantially the same as those of the injection
nozzle 100 according to the above-mentioned embodi-
ment are denoted by the same reference symbols, and
descriptions thereof are omitted. As illustrated in FIG. 3,
the injection nozzle 200 according to the first modification
example differs from the above-mentioned embodiment
in that fuel communication passages 208a are formed in
the inner swirling blades 106 and a distribution portion
210 is formed in the shaft portion 105.

[0047] In the first modification example, the inner wall
101, thefirst outer wall 102, the second outer wall 103, the
shaft portion 105, the inner swirling blades 106, the
connection portion 107, the resistance portion 109, the
swirling portion 110, and the outer swirling blades 112 are
integrally formed by the additive manufacturing technol-
ogy. At this time, the fuel communication passages 208a
and the distribution portion 210 are formed in the inner
swirling blades 106 and the shaft portion 105, respec-
tively.

[0048] The distribution portion 210 is formed inside the
shaft portion 105, and is an internal space into which the
fuel is supplied. The fuel supply pipe 150 is connected to
the shaft portion 105. The fuel supply passage 160 of the
fuel supply pipe 150 is connected to the distribution
portion 210. The distribution portion 210 communicates
with the fuel supply passage 160. The plurality of fuel
communication passages 208a are connected to the
distribution portion 210. The fuel communication pas-
sages 208a each have the same shape and size. One
fuel communication passage 208a is formed inside one
inner swirling blade 106. Each fuel communication pas-
sage 208a is connected at one end to the distribution
portion 210, and connected at another end to the fuel
passage 108.

[0049] The fuel having passed through the fuel supply
passage 160 of the fuel supply pipe 150 is supplied to the
distribution portion 210. The distribution portion 210
evenly distributes the fuel that is supplied from the fuel
supply passage 160 to each of the fuel communication
passages 208a. The fuel communication passages 208a
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supply the fuel that is distributed by the distribution por-
tion 210 to the fuel passage 108. The plurality of inner
swirling blades 106 are arranged at equal intervals in the
circumferential direction of the shaft portion 105, and thus
the plurality of fuel communication passages 208a can
supply the fuel evenly over the entire circumference of the
fuel passage 108.

[0050] According to the first modification example, the
fuel communication passages 208a are formed in the
inner swirling blades 106. Thus, the injection nozzle 200
can be downsized as compared to that according to the
above-mentioned embodiment. Further, the fuel supply
pipe 150 is connected to the shaft portion 105 but is not
connected to the outer peripheral surface of the first outer
wall 102. Thus, for example, inhibition of air flow into the
outer air passage 111 by the fuel supply pipe 150 can be
reduced.

[0051] FIG. 4 is a schematic cross-sectional view for
illustrating a configuration of an injection nozzle 300
according to a second modification example. Compo-
nents that are substantially the same as those of the
injection nozzle 100 according to the above-mentioned
embodiment are denoted by the same reference sym-
bols, and descriptions thereof are omitted. As illustrated
in FIG. 4, theinjection nozzle 300 according to the second
modification example differs from the above-mentioned
embodiment in that a plurality of air supply passages 310
are provided instead of the inner swirling blades 106. A
configuration in which the inner swirling blades 106
cause the air to swirl is hereinafter also referred to as
an axial swirler, and a configuration in which the air supply
passages 310, which are described later, cause the air to
swirl is hereinafter also referred to as a tangential swirler.
Further, the injection nozzle 300 differs from the above-
mentioned embodiment in that a distribution portion 320
and a plurality of fuel communication passages 308a are
formed in the connection portion 107.

[0052] In the second modification example, the inner
wall 101, the first outer wall 102, the second outer wall
103, the shaft portion 105, the connection portion 107, the
resistance portion 109, the swirling portion 110, and the
outer swirling blades 112 are integrally formed by the
additive manufacturing technology. At this time, the plur-
ality of air supply passages 310, the plurality of fuel
communication passages 308a, and the distribution por-
tion 320 are formed in the connection portion 107.
[0053] FIG.5isaschematic cross-sectional view of the
plurality of air supply passages 310. As illustrated in FIG.
5, the plurality of air supply passages 310 are formed in
the connection portion 107 so as to be connected to the
inner air passage 104 and separate from each otherin the
circumferential direction. In the second modification ex-
ample, four air supply passages 310 are formed at equal
intervals in the circumferential direction of the inner air
passage 104. However, the present disclosure is not
limited thereto, and the plurality of air supply passages
310 may be formed at unequal intervals in the circumfer-
ential direction of the inner air passage 104. Further, the
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number of the air supply passages 310 may be one, two,
or three, or five or more air supply passages 310 may be
formed.

[0054] Each air supply passage 310 is connected at
one end to an outer edge portion of the inner air passage
104, and is opened at another end in an outer peripheral
surface of the connection portion 107 or the first outer wall
102. The air supply passages 310 communicate with the
space S (see FIG. 1) into which the air is fed from the
compressor 11a. The air supply passages 310 extend
tangentially to an outer periphery of the inner air passage
104. This can cause the air supplied into the inner air
passage 104 to swirl even when the inner swirling blades
106 are not provided. With reference to FIG. 4, the
injection nozzle 300 according to the second modification
example may include air supply passages similar to the
plurality of air supply passages 310 described above
instead of the outer swirling blades 112.

[0055] The distribution portion 320 is formed inside the
connection portion 107, and is an internal space into
which the fuel is supplied. The fuel supply pipe 150 is
connected to the connection portion 107. The fuel supply
passage 160 of the fuel supply pipe 150 is connected to
the distribution portion 320. The distribution portion 320
communicates with the fuel supply passage 160. The
plurality of fuel communication passages 308a are con-
nected to the distribution portion 320. The plurality of fuel
communication passages 308a are formed in the con-
nection portion 107, and are formed so as to separate
from each other in the circumferential direction of the
inner air passage 104 asillustrated in FIG. 5. The plurality
of fuel communication passages 308a are formed, for
example, at equal intervals in the circumferential direc-
tion of the inner air passage 104. However, the present
disclosure is not limited thereto, and the plurality of fuel
communication passages 308a may be formed at un-
equal intervals in the circumferential direction of the inner
airpassage 104. The fuel communication passages 308a
each have the same shape and size.

[0056] Each fuel communication passage 308ais con-
nected at one end to the distribution portion 320, and
connected at another end to the fuel passage 108. Each
fuel communication passage 308a extends along the
center axis direction of the inner wall 101 and the first
outerwall 102 from the distribution portion 210 toward the
fuel passage 108. As illustrated in FIG. 5, the fuel com-
munication passages 308a are formed in the connection
portion 107 so as to separate from the air supply pas-
sages 310 in the circumferential direction. Thus, without
communication with the air supply passages 310, the fuel
communication passages 308a can prevent the fuel flow-
ing through the fuel communication passages 308a from
leaking into the air supply passages 310.

[0057] The fuel having passed through the fuel supply
passage 160 of the fuel supply pipe 150 is supplied to the
distribution portion 320. The distribution portion 320
evenly distributes the fuel that is supplied from the fuel
supply passage 160 to each of the fuel communication
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passages 308a. The fuel communication passages 308a
supply the fuel that is distributed by the distribution por-
tion 320 to the fuel passage 108. The plurality of fuel
communication passages 308a are arranged at equal
intervals in the circumferential direction of the inner air
passage 104, and thus the plurality of fuel communication
passages 308a can supply the fuel evenly over the entire
circumference of the fuel passage 108.

[0058] According to the second modification example,
the plurality of air supply passages 310 extending tan-
gentially to the inner air passage 104 are provided, and
thus a swirl angle of the swirling flow of the air can be
increased as compared to the case in which the inner
swirling blades 106 are provided as in the above-men-
tioned embodiment and the first modification example.
This is because in additive manufacturing, there is a limit
to an inclination angle of the inner swirling blades 106
with respect to the center axis direction of the shaft
portion 105 in the above-mentioned embodiment, and
it is difficult to increase the inclination angle of the inner
swirling blades 106 beyond a predetermined angle or
more. In the second modification example, the air supply
passages 310 extending tangentially to the inner air
passage 104 are formed in parallel to the center axis
direction of the shaft portion 105, and hence the swirl
angle of the swirling flow of the air in the inner air passage
104 can be increased as compared to that in the above-
mentioned embodiment.

[0059] Further, the fuel supply pipe 150 is not con-
nected to the outer peripheral surface of the first outer
wall 102. Thus, for example, inhibition of air flow into the
outer air passage 111 by the fuel supply pipe 150 can be
reduced.

[0060] The embodiment of the present disclosure has
been described above with reference to the attached
drawings, but, needless to say, the present disclosure
is not limited to the above-mentioned embodiment. It is
apparent that those skilled in the art may arrive at various
alternations and modifications within the scope of claims,
and those examples are construed as naturally falling
within the technical scope of the present disclosure.
[0061] There has been described above the example
in which the rotational power generated by the turbochar-
ger 11 is used as energy for driving the power generator
12 in the gas turbine system 1. However, the present
disclosure is not limited thereto. For example, the com-
bustion device 10 in the gas turbine system 1 may be
applied to other combustion devices, such as ajetengine
and an industrial furnace. Further, in the gas turbine
system 1, the rotational power generated by the turbo-
charger 11 may be used for other purposes (e.g., for
driving a moving object such as a ship).

[0062] Inthe embodiment, the first modification exam-
ple, and the second modification example described
above, description has been given of the example of
providing the resistance portion 109 and the swirling
portion 110 in the fuel passage 108. However, the resis-
tance portion 109 and the swirling portion 110 are not
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essential components, and it is not always required that
the resistance portion 109 and the swirling portion 110 be
provided in the fuel passage 108.

[0063] In the above-mentioned embodiment, descrip-
tion has been given of the example of providing the shaft
portion 105 and the inner swirling blades 106 in the inner
air passage 104. However, in the above-mentioned em-
bodiment, the shaft portion 105 and the inner swirling
blades 106 are not essential components, and it is not
always required that the shaft portion 105 and the inner
swirling blades 106 be provided in the inner air passage
104.

[0064] Inthe embodiment, the first modification exam-
ple, and the second modification example described
above, description has been given of the example of
providing the outer swirling blades 112 in the outer air
passage 111. However, the outer swirling blades 112 are
not essential components, and it is not always required
that the outer swirling blades 112 be provided in the outer
air passage 111.

Reference Signs List
[0065]

1: gas turbine system

10: combustion device

100: injection nozzle

101: inner wall

102: first outer wall

103: second outer wall

104: inner air passage

105: shaft portion

106: inner swirling blade

107: connection portion

108: fuel passage

108a: fuel communication passage
109: resistance portion

110: swirling portion

111: outer air passage

112: outer swirling blade

200: injection nozzle

208a: fuel communication passage
210: distribution portion

300: injection nozzle

308a: fuel communication passage
310: air supply passage

320: distribution portion

Claims
1. Aninjection nozzle, comprising:
an inner wall having a cylindrical shape;
an outer wall having a cylindrical shape and

being formed integrally with the inner wall
through intermediation of a connection portion;
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a fuel passage having an annular shape and
being formed between the inner wall and the
outer wall; and
an inner air passage formed on an inner side of
the inner wall.

2. Theinjection nozzle according to claim 1, comprising

aswirling portion thatis formed integrally with atleast
one of the inner wall and the outer wall and arranged
in the fuel passage obliquely to a circumferential
direction of the inner wall and the outer wall.

3. The injection nozzle according to claim 1 or 2, com-

prising a swirling blade that is formed integrally with
the inner wall and arranged in the inner air passage
obliquely to the circumferential direction of the inner
wall.

4. The injection nozzle according to claim 3, compris-

ing:

a shaft portion arranged on a center axis of the
inner air passage and formed integrally with the
swirling blade;

a distribution portion formed inside the shaft
portion; and

afuel communication passage formed inside the
swirling blade and allowing communication be-
tween the distribution portion and the fuel pas-
sage.

5. The injection nozzle according to claim 1 or 2, com-
prising:

an air supply passage connected to the inner air
passage and extending tangentially to the inner
air passage; and

a fuel communication passage that is formed so
as to separate from the air supply passage in the
circumferential direction, and communicates
with the fuel passage.

6. A combustion device, comprising the injection noz-
zle of claim 1 or 2.

7. A combustion device, comprising the injection noz-
zle of claim 3.

8. A combustion device, comprising the injection noz-
zle of claim 4.

9. A combustion device, comprising the injection noz-
zle of claim 5.
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