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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] Thisinvention relates to a fuel discharge mem-
ber that is preferably used to reduce the amount of NOx
exhaust, and a burner, a premixing nozzle of a combus-
tor, a combustor, a gas turbine and a jet engine, which
are equipped with this fuel discharge member.

2. Description of Related Art

[0002] A gas turbine and a jet engine each include a
compressor, a combustor, and a turbine. The compres-
sor and the turbine are connected to each other by
means of a main shaft. The combustor is connected to
an outlet of the compressor.

[0003] A working fluid gas is compressed by the com-
pressor in order to supply a high-pressure gas to the
combustor. The high-pressure gas is heated to a prede-
termined turbine inlet temperature by the combustor in
order to supply a high-pressure and high-temperature
gas to the turbine. The high-temperature and high-pres-
sure gas is expanded in a cylinder of the turbine, as the
high-temperature and high-pressure gas passes be-
tween a stator blade and a rotor blade disposed on the
main shaft of the turbine. Thereby, the main shaft is ro-
tated, so that a shaft output is generated. Since a shaft
output can be obtained, wherein the consumption power
of the compressor is excluded, the shaft output can be
used as a driving source by connecting an electric power
generator to the main shaft at the opposite side of the
turbine, for example.

[0004] The jet engine uses the output in the form of
kinetic energy of a high-velocity jet to directly propel an
aircraft.

[0005] The development of the gas turbine and the jet
engine described above has been promoted in order to
reduce the emissions of NOx and the like, in view of re-
cent environmental problems. Particularly, various re-
search and development related to combustors has
been undertaken and is disclosed in Japanese Unex-
amined Patent Application, First Publication No. Hei
8-54119, No. Hei 10-318541, No. Sho 60-126521, No.
Hei 8-21627, No. Hei 9-119639, No. Hei 4-283316, and
Japanese Examined Patent Application, Second Publi-
cation No. Hei 6-84817, for example.

[0006] In Japanese Unexamined Patent Application,
First Publication No. Hei 8-21627, a fuel nozzle, which
is used during the entire operation of a gas turbine to
reduce emissions of air pollutants in exhaust gas of the
gas turbine, is disclosed. In the following, the fuel nozzle
is described with reference to FIG. 11.

[0007] This fuel nozzle includes a housing 1 and a
central tube 2, and an annular chamber 3 is formed be-
tween the housing 1 and the central tube 2. Downstream
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of the central tube 2, an inner swirler 4 and an outer
swirler 5 are disposed so as to be connected to the
downstream side of the annular chamber 3. Down-
stream of the inner swirler 4 and the outer swirler 5, a
combustion area is provided.

[0008] In a diffusion combustion mode, when a fuel
gas is supplied to the inner swirler 4 from an aperture
2a that is provided near the front end of the central tube
2, a portion of the air, which is supplied to the annular
chamber 3, is mixed with the fuel gas by the inner swirler
4, so that diffusion flames are maintained in a diffusion
mixing cup 6 disposed at the downstream side of the
inner swirler 4. On the other hand, the remaining air
which is supplied to the annular chamber 3, is led to the
outer swirler 5 after being separated from the air which
is supplied to the inner swirler 4, by means of a splitter
vane which extends circumferentially to form the diffu-
sion mixing cup 6. At the upstream portion of the annular
chamber 3, a plurality of spokes 7 protrude toward the
inside of the annular chamber 3. In a premixing com-
bustion mode, the fuel gas is supplied to the annular
chamber 3 from apertures 7a of the spokes 7, and is
subsequently mixed with the air which is supplied to the
annular chamber 3. At that time, the flow passage of the
fuel gas, which communicates with the aperture 2a to
supply the fuel gas to the inner swirler 4, is shut, and
thereby, the entire fuel gas is supplied to the spokes 7.
In FIG. 11, a fuel source 6 and a fuel gas passage
switching valve 9 are also shown.

[0009] As described above, since the spokes 7 are
disposed at the upstream side of the inner swirler 4 and
the outer swirler 5, a fuel/air mixture in the premixing
combustion mode is supplied to the inner swirler 4 and
the outer swirler 5 from the annular chamber 3, and is
accelerated to a high-velocity swirl through an aerody-
namic vane. This high-velocity swirl prevents the flash-
back of combustion from the combustion zone into the
annular chamber 3. Therefore, the surface of the
premixing flame is stabilized, and the entirety of air
which is supplied from the compressor is used so as to
be mixed with the fuel gas which is supplied from the
spokes 7. Therefore, a lean fuel/air ratio in the premixing
combustion mode can be obtained, thereby reducing
the amount of NOx exhaust in the mid to high-load op-
erating range of the turbine.

[0010] However, in recent gas turbines and jet en-
gines, the combustion temperature in the combustor
tends to be set at a high temperature to improve the ef-
ficiency of the combustion. Even in the premixing com-
bustion mode described above, since the range of the
concentration distribution of the premixed fuel is broad
due to the reasons described below, a rich zone, where-
in the fuel concentration (fuel/air ratio) is greater than 1,
is generated, so that NOx is generated in a high con-
centration in the rich zone. Thus, it is difficult to reduce
the amount of NOx exhaust from the combustor.
[0011] Particularly, when the combustion temperature
is raised to over approximately 1600°C, it is known that
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the concentration of NOx contained in the combustion
gas is rapidly increased. Therefore, when the combus-
tion temperature is set to become near 1600°C in order
to increase the efficiency of the combustion, even if the
range of the concentration distribution of the fuel is rel-
atively narrow, NOx may be easily generated. There-
fore, it is desired to make the concentration of the
premixed fuel uniform in order to improve efficiency of
the gas turbine and the jet engine, and to reduce the
NOx exhaust at the same time.

[0012] In the following, the reasons why the range of
the concentration distribution of the fuel is broad in the
premixing combustion mode are described. In this case,
the fuel gas is supplied from the apertures 7a of the
spokes 7 of which a comparatively large cross-sectional
area protrudes into the air flow passage. Thereby, down-
stream of the spokes 7, a negative pressure zone is gen-
erated in the flow direction of the air. Then, the air flow
is engulfed by the negative pressure area, so that swirls
are generated in the negative pressure area. Due to the
generation of swirls, the fuel gas can be circumferential-
ly supplied for a short time from the apertures 7a dis-
posed perpendicular to the air flow passage, for exam-
ple. That is, the fuel gas loses penetration force through
the air flow. Therefore, the concentration distribution of
the fuel gas becomes circumferentially nonuniform.
[0013] Japanese Unexamined Patent Application,
First Publication No. Hei 8-21627, No. Hei 10-318541,
and No. Hei 9-119639 disclose spokes protruding in the
air flow passage and a device that supplies a fuel gas
from an aperture of a hollow pole, for example. However,
the concentration distribution cannot be made uniform
according to these prior art publications.

SUMMARY OF THE INVENTION

[0014] The presentinvention has been made to solve
the problems described above. An object of the present
invention is to provide a fuel discharge member, which
can be operated with high effectiveness by setting a
high-temperature of the combustion, and to reduce the
amount of NOx exhaust at the same time, and is provid-
ed with a burner, a premixing nozzle, a combustor, a gas
turbine, and a jet engine.

[0015] Inorderto achieve the object described above,
the present invention utilizes the following constitution.
[0016] A fuel discharge member according to the
present invention includes a main body to be fixed on a
fuel supply conduit. The fuel discharge member in-
cludes a main body which has an internal space that
communicates with a fuel passage in the fuel supply
conduit, fuel discharge outlets which communicated
with the internal space, and a trailing edge. The thick-
ness of the trailing edge may be no more than 5 mm, or
a flow passage block ratio of the fuel discharge member
may be no more than 10% of the cross-sectional area
of the air flow passage in which the fuel discharge mem-
ber is to be placed.
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[0017] By the use of this fuel discharge member, since
the thickness of the trailing edge is thin enough such
that the flow passage block ratio of the fuel discharge
member is no more than 10%, the effective area of the
air flow passage is enlarged, so that the generation of
swirls is suppressed at the downstream side of the fuel
discharge member with respect to the air flow.

[0018] Alternatively, the main body of the fuel dis-
charge member may be a flat tube. By the use of this
fuel discharge member, since the projected area of the
main body in the air flow direction is decreased, the ef-
fective area of the air flow passage is increased, so that
the generation of swirls is suppressed at the down-
stream side of the fuel discharge member with respect
to the air flow.

[0019] The fuel discharge member may be disposed
so that the fuel discharge outlets of the main body open
the perpendicular or approximately perpendicular to the
air flow passage. In this case, the fuel is discharged by
a strong penetration force through the air flow in which
the generation of swirls is suppressed at downstream
side of the fuel discharge member.

[0020] Inthe fuel discharge member, the trailing edge
of the main body may be inclined so that the base end
of the trailing edge extends further downstream from the
tip end of the trailing edge with respect to the air flow-
which is to be formed in the air flow passage. Thereby,
the air flows in a radially outward direction along the trail-
ing edge, so that the generation of a second flow, which
may cause the generation of swirls, is suppressed. In
this case, the trailing edge may be formed with a detach-
able inclined member. Thus, the fuel discharge member
of which the trailing edge is inclined can be easily man-
ufactured.

[0021] In the fuel discharge member, the fuel dis-
charge outlets may be disposed axially in a plurality of
lines at radially staggered positions on both sides of the
main body. Thereby, the fuel flow discharged from the
respective fuel discharge outlets can be made uniform.
[0022] In the fuel discharge member, the fuel dis-
charge outlets may open toward the downstream direc-
tion so as to discharge the fuel in the downstream direc-
tion of the fuel discharge member with respect to the air
flow. By the use of this fuel discharge member, it is pos-
sible to make the concentration distribution of the fuel
uniform.

[0023] The cross-sectional shape of the fuel dis-
charge member may be an elliptical shape, a flat oval
shape, or an annular shape. The trailing edge may be
formed with a protruding portion at the downstream side
with respect to the air flow.

[0024] A burner according to the present invention in-
cludes a fuel supply conduit in which a fuel passage is
formed so as to communicate with a fuel supply source;
the fuel discharge member described above; and swirl-
ers which are fixed on the fuel supply conduit so as to
rotate an air flow or a premixed gas flow containing air
and fuel.



5 EP 1172610 A1 6

[0025] A plurality of fuel discharge members may be
arranged axially in a plurality of lines on the fuel supply
conduit. Thereby, the number of fuel discharge outlets
can be increased without decreasing the effective area
of the air flow passage.

[0026] The fuel discharge members may be disposed
so that the fuel discharge members are circumferentially
displaced in relation to one another. In this case, the cir-
cumferential concentration distribution of the fuel can be
made uniform.

[0027] The swirlers may be disposed downstream of
the fuel discharge member with respect to the air flow.
The swirler and the fuel discharge member may be ar-
ranged circumferentially in the same line. In this case,
since the turbulence of the flow velocities caused by the
fuel discharge member interacts with the turbulence of
the flow velocities caused by the swirler, the turbulence
of the flow velocities caused by the fuel discharge mem-
ber downstream thereof can be prevented.

[0028] Alternatively, the swirlers may be disposed so
that the swirler and the fuel discharge member are cir-
cumferentially staggered with respect to each other. In
this case, since the turbulence of the flow velocities are
generated respectively downstream of the fuel dis-
charge member and the swirler, the turbulence of the
flow velocities are made approximately uniform down-
stream of the swirler.

[0029] The fuel supply conduit may further comprise
a liquid fuel passage which communicates with a liquid
fuel supply source, and fuel discharge holes which com-
municate with the liquid fuel passage substantially at the
tip end portions of the fuel supply conduit.

[0030] This burner suppresses the generation of
swirls downstream of the fuel discharge member, so that
the concentration distribution of the fuel can be made
uniform. Thus, since the amount of fuel burned at a high
fuel/air ratio, which causes an increase in the amount of
NOx exhaust, is reduced, the amount of NOx exhaust
can be reduced.

[0031] A premixing nozzle of the combustor according
to the present invention has a pilot burner which is dis-
posed on the central axis of the premixing nozzle, and
also has the burners described above which are dis-
posed as main burners surrounding the pilot burner.
[0032] Since the premixing nozzle of the combustor
is provided with the burners which suppress the gener-
ation of swirls downstream of the fuel discharge mem-
ber, it is possible to make the concentration distribution
of the fuel uniform. Therefore, the amount of fuel burned
at a high fuel/air ratio, which causes an increase in the
amount of NOx, exhaust is reduced, and the amount of
NOx exhaust is reduced.

[0033] A combustor of the present invention has the
premixing nozzle described above, and a cylinder which
holds the premixing nozzle therein.

[0034] Since this combustor includes the premixing
nozzle which can suppress the generation of swirls
downstream of the fuel discharge member, it is possible
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to make the concentration distribution of the fuel uni-
form. Thereby, the amount of fuel burned at a high fuel/
air ratio, which causes anincrease in the amount of NOx
exhaust, is reduced, and the amount of NOx exhaust is
reduced.

[0035] A gas turbine of the presentinvention compris-
es a compressor which compresses air to generate a
high-pressure gas; the combustor described above,
which is connected to the compressor so as to be sup-
plied with the high-pressure gas from the compressor,
and which heats the high-pressure gas to generate a
high-temperature and high-pressure gas; and a turbine
which is connected to the combustor so as to be sup-
plied with the high-temperature and high-pressure gas
from the combustor, and which rotates an out shaft by
expanding the high-temperature and high-pressure gas
to generate a shaft output.

[0036] Since this gas turbine includes the combustor
which can suppress the generation of swirls down-
stream of the fuel discharge member, it is possible to
make the concentration distribution of the fuel uniform.
Thereby, the amount of fuel burned at a high fuel/air ra-
tio, which causes an increase in the amount of NOx ex-
haust, is reduced, and the amount of NOx exhaust is
reduced.

[0037] A jet engine of this present invention compris-
es a compressor which compresses air to generate a
high-pressure gas, the combustor described above,
which is connected to the compressor so as to be sup-
plied with the high-pressure gas from the compressor,
and which heats the high-pressure gas to generate a
high-temperature and high-pressure gas, and the tur-
bine which is connected to the combustor so as to be
supplied with the high-temperature and high-pressure
gas from the combustor.

[0038] Since this jet engine includes the combustor
which can suppress the generation of swirls down-
stream of the fuel discharge member, it is possible to
make the concentration distribution of the fuel uniform.
Thereby, the amount of fuel burned at a high fuel/air ra-
tio, which causes an increase in the amount of NOx ex-
haust, is reduced, and the amount of NOx exhaust is
reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0039]

FIGS. 1A to 1C show a burner comprising a fuel dis-
charge member of a first embodiment according to
the present invention: FIG. 1A is a cross-sectional
view of a key portion of the burner; FIG. 1B is a
cross-sectional view of the fuel discharge member
taken along the line A-A of FIG. 1A; and FIG. 1C is
a cross-sectional view of the burner taken along the
line B-B of FIG. 1A.

FIG. 2 is a graph which shows the relationship be-
tween the flow passage block ratio of a fuel dis-
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charge member and the NOx concentration.

FIGS. 3A to 3E show respective modified cross-
sectional shapes of the fuel discharge member of a
first embodiment according to the present inven-
tion: FIG. 3A is a cross-sectional view of a first mod-
ification; FIG. 3B is a cross-sectional view of a sec-
ond moadification; FIG. 3C is a cross-sectional view
of a third modification; FIG. 3D is a cross-sectional
view of a fourth modification, and FIG. 3E is a cross-
sectional view of a fifth modification.

FIG. 4A is a cross-sectional view of a key portion of
a burner comprising a fuel discharge member of a
second embodiment according to the present in-
vention. FIG. 4B is a cross-sectional view of the fuel
discharge member, which is taken along the line
C-C of FIG. 4A.

FIGS. 5A and 5B show a modified fuel discharge
member according to the presentinvention: FIG. 5A
is a cross-sectional view, and FIG. 5B is a cross-
sectional view taken along the line D-D of FIG. 5A.
FIG. 6 is a schematic representation which illus-
trates the action of the second embodiment shown
in FIG. 4A.

FIGS. 7A and 7B show a fuel discharge member of
a third embodiment according to the present inven-
tion: FIG. 7A is a cross-sectional view of a key por-
tion of the fuel discharge member, and FIG. 7B is a
cross-sectional view taken along the line E-E of
FIG. 7A.

FIGS. 8A and 8B show the relationship between the
fuel discharge member and swirlers of a fourth em-
bodiment according to the present invention: FIG.
8A is a schematic representation which illustrates
the relationship between the fuel discharge mem-
ber and the main swirlers, wherein the fuel dis-
charge member and the main swirlers are stag-
gered; and FIG. 8B is a schematic representation
which illustrates the relationship between the fuel
discharge member and the main swirlers, wherein
the fuel discharge member and one main swirler are
arranged in the same line.

FIG. 9is a cross-sectional view which shows a burn-
er according to a fifth embodiment of the present
invention.

FIGS. 10A and 10B show a combustor including a
fuel discharge member of the present invention:
FIG. 10A is a cross-sectional view of a key portion
of the combustor, and FIG. 10B is a cross-sectional
view of FIG. 10A.

FIG. 11 is a cross-sectional view which shows a
combustor according to the prior art.

DETAILED DESCRIPTION OF THE INVENTION
[0040] In the following, embodiments according to the

present invention will be explained with reference to the
drawings.
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FIRST EMBODIMENT

[0041] A gas turbine expands a high-temperature and
high-pressure gas in the turbine and rotates the main
shaft to generate a shaft output which is used as a driv-
ing force for an electric power generator and the like. A
jet engine expands the high-temperature and high-pres-
sure gas in the turbine and rotates the main shaft to exert
kinetic energy of a high-velocity jet (exhaust), dis-
charged from an outlet of the turbine, as a propelling
force of an aircraft.

[0042] The main components of the gas turbine and
the jet engine are a compressor, a combustor, and a tur-
bine.

[0043] The compressor compresses a gas, that is air,
which is introduced from an inlet thereof, as a working
fluid in order to supply a high-pressure gas to the com-
bustor that is connected to the outlet of the compressor.
This compressor used is an axial compressor which is
connected to the turbine through the main shaft. In the
combustor, the high-pressure gas is burned to generate
a high-temperature and high-pressure. Then, the high-
temperature and high-pressure gas is supplied to the
turbine.

[0044] In the following, the combustor according to a
first embodiment is described with reference to FIGS.
10A and 10B.

[0045] A combustor 10 is equipped with a premixing
nozzle 12 along a central axis of an internal cylinder 11.
The internal cylinder 11 is a circular cylinder of which
both ends open. The premixing nozzle 12 includes a pi-
lot burner 13 and a plurality of main burners 14. The pilot
burner 13 is provided at the central position which coin-
cides with the central axis of the premixing nozzle 12.
The plurality of main burners 14 are disposed at even
intervals so as to surround the pilot burner 13. There-
fore, the central axis of the pilot burner 13 is the central
axis of the internal cylinder 11. In FIG. 10B, eight main
burners 14 are disposed so as to surround the pilot burn-
er 13, wherein the main burners 14 each have the same
form.

[0046] The pilot burner 13 of the premixing nozzle 12
includes a pilot fuel tube 15 and pilot swirlers 16. The
pilot fuel tube 15 is a circular cylinder of which one end
is connected to a fuel supply source which is not shown,
so that pilot fuel is supplied to the pilot fuel tube 15 from
the fuel supply source. At the other end of the pilot fuel
tube 15, a pilot fuel nozzle 15a is formed so as to open
toward a combustion chamber 10a of the combustor 10
which is formed on the internal cylinder 11. Thus, the
pilot fuel is supplied to the combustion chamber 10a
from the pilot fuel nozzle 15a. The pilot swirlers 16 have
a twisted shape, and are fixed on the pilot fuel tube 15
at even intervals in the circumferential direction. In FIG.
10B, the pilot swirlers 16 are disposed on the pilot fuel
tube 15 at intervals of 45° in the circumferential direc-
tion. The pilot swirlers 16 give a swirling motion to the
air flow (shown by an arrow) which passes through the
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pilot swirlers 16. Thereby, the air flow is emitted to the
surroundings of the pilot fuel nozzle 15a.

[0047] The pilot fuel supplied from the pilot fuel nozzle
15a burns the swirled flow of air as combustion gas to
generate flames in the combustion chamber 10a. Thus,
flames generated by the pilot burners 13 are used to
generate flames at the main burner 14.

[0048] The main burner 14 of the premixing nozzle 12
includes a fuel supply conduit 17, fuel discharge mem-
bers 20, and swirlers 18. The fuel supply conduit 17 is
a circular cylinder in which a fuel passage is formed.
One end of the fuel supply conduit 17 is connected to a
fuel supply source, which is not shown, in order to supply
main fuel to the fuel supply conduit 17. The other end of
the fuel supply conduit 17 is closed. The fuel discharge
members 20 are fixed on the fuel supply conduit 17 at
even intervals in the circumferential direction. The fuel
discharge member 20 includes a main body having an
internal space which communicates with the fuel supply
conduit 17, and fuel discharge outlets 21 which commu-
nicate with the internal space, so as to discharge the
main fuel into the air flow. The swirlers 18 have a twisted
shape, and are fixed on the fuel supply conduit 17 at
even intervals in the circumferential direction. In FIG.
10B, the swirlers 18 are disposed on the fuel supply con-
duit 17 atintervals of 45° in the circumferential direction.
The swirlers 18 are disposed downstream of the fuel dis-
charge members 20. The swirlers 18 give a swirling mo-
tion to the air flow passing at the peripheral portion of
the fuel supply conduit 17. In FIG. 10B, eight main burn-
ers 14 contact each other and surround the pilot burner
13.

[0049] Thus, the main burners 14 discharge the main
fuel gas, which is introduced through the fuel supply
conduit 17 to a fuel discharge outlet 21, into the air flow
from the fuel discharge outlet 21. Thereby, the fuel gas
and the air are premixed, so that a premixed gas is gen-
erated. When the premixed gas passes through the
swirlers 18, the premixed gas is swirled by the swirlers
18, and subsequently emitted to the combustion cham-
ber 10a of the combustor 10. The premixed gas is led
to the surroundings of the pilot burner 13 from the eight
main burners 14 in the combustion chamber 10a. The
premixed gas is ignited by the flames generated by the
pilot burner 13 described above, so that a high-temper-
ature gas is generated. The generated gas is emitted
from an aperture which is disposed at one end of the
internal cylinder 11.

[0050] An external cylinder 19 is disposed on the out-
er side of the internal cylinder 11. The external cylinder
19 is a circular cylinder of which one end is opened. At
the other end of the external cylinder 19, an introductory
passage of the air flow is formed so as to reverse the
air flow direction.

[0051] In the following, the burner used as the main
burner 14 according to the first embodiment will be ex-
plained in further detail.

[0052] FIG. 1A shows the burner including the fuel
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supply conduit 17, the fuel discharge members 20, and
the swirlers 18. The fuel discharge member 20 includes
the main burner 14, the fuel supply conduit 17, the swirl-
ers 18, and the fuel discharge outlets 21.

[0053] As shownin FIG. 1A, the fuel discharge mem-
bers 20 are fixed on the fuel supply conduit 17 and ra-
dially protrude into the air flow passage (shown by an
arrow). The fuel discharge member 20 includes a main
body 23 having an internal space 22, fuel discharge out-
lets 21, and a trailing edge 23a. The tip end of the main
body 23 is closed, and the base end of the main body
23 communicates with the fuel passage in the fuel sup-
ply conduit 17 through the internal space 22. The inter-
nal space 22 is formed so as to communicate with the
fuel passage in the fuel supply conduit 17 at the base
end of the internal space 22. In FIG. 1A, two fuel dis-
charge outlets 21 are centrally aligned at opposite sides
of the main body 23, respectively. The fuel discharge
outlets 21 open toward a perpendicular or almost per-
pendicular direction to the air flow passage. The fuel dis-
charge outlets 21 are formed so as to communicate with
the internal space 22. However, the number of fuel dis-
charge outlets 21 formed in the main body 23 is not lim-
ited to two, and the relationship between the fuel dis-
charge outlets 21 is also not limited such that they are
aligned.

[0054] InFIG. 1B, the main body 23 used is a flat tube
of which the cross-sectional shape is a flat oval shape.
The flat oval shape has two opposite linear portions dis-
posed parallel to each other and both tip ends of the
opposite linear portions are connected to each other
forming semicircular portions, as shown in FIG. 1B. The
thickness t of the main body 23 in a direction perpendic-
ular to the air flow passage is set to be no more than 5
mm or to be thin enough such that the flow passage
block ratio thereof (the ratio of the cross-sectional area,
wherein the trailing edge 23a of the fuel discharge mem-
ber 23 occupies the air flow passage, to the total cross-
sectional area of the air flow passage) is no more than
10%. As a result, the thickness of the trailing edge 23a
of the main body 23 becomes thin.

[0055] InFIG. 1C, fourfuel discharge members 20 are
disposed at intervals of 90° in the circumferential direc-
tion. The swirlers 18 are disposed at intervals of 45° in
the circumferential direction downstream of the fuel dis-
charge members 20, with respect to the flow of the air.
The swirlers 18 have a twisted shape.

[0056] As described above, since the thickness t of
the trailing edge 23a of the main body 23 is set to be no
more than 5 mm or to be thin enough such that the flow
passage block ratio thereof is no more than 10%, an in-
terrupted effective area of the air flow passage, wherein
the air flow is interrupted by the fuel discharge member
20 fixed on the fuel supply conduit, is decreased, so that
the flow of the premixed gas is made uniform. Thus, a
negative pressure area, caused by the interruption of
the flow of the premixed gas by the fuel discharge mem-
ber 20 and formed downstream of the trailing edge 23a,
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is decreased, so that the generation of swirls caused by
the negative pressure area, wherein the air flow is en-
trained, is reduced.

[0057] Thereby, the turbulence of the velocity distri-
bution of the air flow is decreased at the downstream
side of the fuel discharge member 20. Thus, since the
penetration force of the fuel gas discharged from the fuel
discharge outlet 21 can be maintained approximately
constantly, the concentration distribution of the fuel gas
in the premixed gas can be constantly maintained in
spite of the quality or the quantity of the fuel gas in the
premixed gas.

[0058] Since four fuel discharge members 20 are dis-
posed at intervals of 90° in the circumferential direction
and the plurality of fuel discharge outlets 21 are dis-
posed respectively on both sides of the fuel discharge
members 20, the circumferential concentration distribu-
tion of the fuel gas is made uniform. Moreover, since two
fuel discharge outlets 21 are disposed radially in a line
on the opposite sides of the fuel discharge member 20,
the radial concentration distribution of the fuel gas is
made uniform. The number of fuel discharge members
20 and the arrangement of the fuel discharge members
20 may be suitably decided.

[0059] In FIG. 2, experimental results show the rela-
tionship between the flow passage block ratio of the fuel
discharge members 20 and the concentration of NOx
exhausted. When the flow passage block ratio of the fuel
discharge members 20 is increased, the concentration
of NOx exhausted is also increased.

[0060] In the United States, the concentration of NOx
exhausted is restricted to be no greater than 25 ppm.
According to the experimental results shown in FIG. 2,
the flow passage block ratio of the fuel discharge mem-
bers 20 may be set to no more than 10 % to satisfy the
restriction of the concentration described above. When
the flow passage block ratio of the fuel discharge mem-
bers 20 is set to 7%, the concentration of NOx exhaust-
ed is 9 ppm.

[0061] The cross-sectional shape of the main body 23
described above may be another modified shape other
than the flat oval shape shown in FIG. 1B.

[0062] In a first modification shown in FIG. 3A, a flat
tube, wherein the cross-sectional shape is a flat oval
shape, is used, and two fuel discharge outlets 21 are
disposed on both sides and staggered with respect to
each other in the direction of the air flow, that is, in the
axial direction of the fuel supply conduit 17. Thus, inter-
action between the fuel discharge outlets 21 can be re-
duced, so that the fuel gas is constantly supplied.
[0063] In a second modification shown in FIG. 3B, a
flat tube, wherein the cross-sectional shape is an ellip-
tical shape, is used, and the opposite sides in which the
fuel discharge outlets 21 are disposed, are curved.
[0064] In a third modification shown in FIG. 3C, the
trailing edge 23a is formed with a protruding portion 24
disposed on the end of the trailing edge side of the first
modification. In this case, the protruding portion 24 may
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be formed into a semicircle of which the radius R is small
enough so that the thickness t of the trailing edge 23a
is no more than 5 mm or the flow passage block ratio of
the fuel discharge member is no more than 10% with
respect to the cross-sectional area of the air flow pas-
sage in which the fuel discharge member 20 is to be
placed. Thereby, the internal space 22 of the main body
23 has a large cross-sectional shape, so that a large
flow of the fuel gas can be easily maintained. Moreover,
the generation of swirls at the downstream side is pre-
vented, so that the fuel concentration distribution can be
made uniform.

[0065] In a fourth modification shown in FIG. 3D, pro-
truding portions 24 and 25 are disposed at opposite
sides to form the trailing edge 23a and a leading edge
of the fuel discharge member 20 according to the sec-
ond modification, and thereby, the generation of swirls
downstream of the fuel discharge member 20 is satis-
factorily prevented. These protruding portions 24 and 25
may be disposed in another type of fuel discharge mem-
ber of which the cross-sectional shape is a flat oval
shape or a circular shape, for example.

[0066] In a fifth modification shown in FIG. 3E, the
trailing edge 23a is thin enough such that the thickness
of the trailing edge 23a is no more than 5 mm or the flow
passage block ratio of the fuel discharge member 20 is
no more than 10% (R < 2.5 mm). The cross-sectional
shape of the main body 23 is a wing shape, and the
cross-sectional shape of the internal space 22 is an el-
liptical shape. In this case, the generation of swirls is
suppressed as described above.

[0067] The cross-sectional shape of the internal
space 22 is not limited to an elliptical shape, and may
be a flat oval shape or an annular shape.

SECOND EMBODIMENT

[0068] In the following, a burner including a fuel sup-
ply conduit 17, a fuel discharge member 30, and swirlers
18 of the second embodiment will be explained with ref-
erence to FIGS. 4A. and 4B. In this case, the same
members as those of the first embodiment are indicated
by the same reference numbers, and descriptions of the
same members are omitted.

[0069] In FIG. 4A, fuel discharge members 30 and
swirlers 18 are fixed on the fuel supply conduit 17.
[0070] The fuel discharge member 30 including a
main body 33 having fuel discharge outlets 31, an inter-
nal space 32, and a trailing edge 33a is shown. In this
embodiment, the trailing edge 33ais inclined so that the
base end of the trailing edge 33a extends further down-
stream from the tip end of the trailing edge 33a with re-
spect to the air flow which is to be formed in the air flow
passage. That is, the shape of the fuel discharge mem-
ber 30 as viewed from the side is a tail assembly shape.
[0071] The internal space 32 communicates with the
fuel passage in the fuel supply conduit 17 at the base
end of the internal space 32. In the main body 33, the
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fuel discharge outlets 31 open toward a direction per-
pendicular to the air flow passage and communicate
with the internal space 32. In FIG. 4A, on the opposite
sides of the main body 33, two fuel discharge outlets 31
are arranged along an angular line with respect to the
air flow and are staggered axially with respect to each
other. Thus, four fuel discharge outlets 31 are disposed
on the respective main bodies 33 so as to be axially dis-
placed in relation to one another.

[0072] In this case, the main body 33 used is a flat
tube wherein the cross-sectional shape is a flat oval
shape of which both opposite sides are parallel to each
other and both tip ends are connected to each other
forming a curve, as shown in FIG. 4B. The thickness t
of the main body 33 in a direction perpendicular to the
air flow passage is set to be no more than 5 mm or to
be thin enough such that the flow passage block ratio of
the fuel discharge member is no more than 10% with
respect to the cross-sectional area of the air flow pas-
sage in which the fuel discharge member 20 is to be
placed. In this case, the thickness of the trailing edge
33a of the main body 33 becomes thin.

[0073] InFIG.4A, fourfuel discharge members 30 are
disposed at intervals of 90° in the circumferential direc-
tion and protrude radially, and swirlers 18 are disposed
at intervals of 45° in the circumferential direction down-
stream of the fuel discharge members 30 with respect
to the air flow.

[0074] The cross-sectional shape of the main body 33
is not limited to the flat oval shape described above, and
may be the cross-sectional shapes shown in FIGS. 3A
to 3E, respectively.

[0075] AsshowninFIG.5A, the trailing edge 33a may
be formed with a detachable inclined member 34 of
which the lateral shape is a triangle, so that the trailing
edge 33a is inclined. This construction makes it easy to
manufacture the fuel discharge member 30 of which the
trailing edge 33a is inclined.

[0076] In the following, the effects of the fuel dis-
charge member 30, of which trailing edge 33a is in-
clined, will be explained with reference to FIG. 6.
[0077] In general, a negative pressure area is formed
downstream of the fuel discharge member 33, and
thereby, the air flow is swirled. In contrast, when the trail-
ing edge 33a of the fuel discharge member 30 is inclined
as shown in FIG. 6, the air flows from the base end of
the fuel discharge member 30 along the incline of the
trailing edge 33a, so that the air flow is prevented from
being swirled. Thus, the concentration distribution of the
fuel gas can be made uniform.

[0078] Since the fuel discharge member 30 is a flat
tube, the fuel discharge outlets 31 are staggered axially.
That is, one of the fuel discharge outlets 31, positioned
axially upstream with respect to the air flow, is disposed
near the tip end of the fuel discharge member 30. The
other of the fuel discharge outlets 31, positioned axially
downstream with respect to the air flow, is arranged near
the base end of the fuel discharge member 30. The fuel
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gas can be uniformly discharged from both fuel dis-
charge outlets 31 which are axially staggered. There-
fore, even if the number of fuel discharge outlets 31 is
increased, the radial penetration force is made uniform.
Moreover, the radial concentration distribution of the fuel
gas can be made uniform by inclining the trailing edge
33a as described above. The circumferential concentra-
tion distribution can be easily made uniform by increas-
ing the number of fuel discharge members 30 and fuel
discharge outlets 31.

THIRD EMBODIMENT

[0079] In the third embodiment, the fuel discharge
members 30 are disposed on the fuel supply conduit 17
in a plurality of lines along the axial direction of the fuel
supply conduit 17 (along the flow direction of the air). In
FIG. 7A, the fuel discharge members 30 are axially ar-
ranged in two lines.

[0080] In this case, a fuel discharge member 30A lo-
cated upstream and a fuel discharge member 30B lo-
cated downstream may be arranged at the same posi-
tion circumferentially and protrude radially. Alternatively,
the fuel discharge members 30A and 30B may be stag-
gered circumferentially as shown in FIG. 7B.

[0081] When the plurality of fuel discharge members
30 are respectively arranged at the same positions cir-
cumferentially as described above, the effective area of
the air flow passage in which the plurality of fuel dis-
charge members 30 are to be placed hardly changes
compared to the effective area in which only one fuel
discharge member 30 is to be placed. Therefore, the
number of fuel discharge outlets 31 to be disposed can
be increased while maintaining the effective area of the
air flow passage, and the circumferential concentration
distribution of the fuel gas can be made uniform.
[0082] When the plurality of fuel discharge members
30 are staggered circumferentially, the interval which
circumferentially separates the fuel discharge outlets 31
from each other becomes small, in accordance with the
increase in the number of fuel discharge outlets 31.
Therefore, the circumferential concentration distribution
of the fuel gas can be made more uniform.

FOURTH EMBODIMENT

[0083] In the fourth embodiment shown in FIGS. 8A
and 8B, the relationship between the fuel discharge
member 30 and the swirlers 18 is described.

[0084] InFIG. 8A, the fuel discharge member 30 and
the swirlers 18 are staggered circumferentially. That is,
the fuel discharge member 30 is disposed upstream of
a position which is located between the adjacent swirl-
ers 18. In this case, the intensity of the turbulence of
flow velocity v' is enlarged in accordance with the prox-
imity to the fuel discharge member 30, as shown in FIG.
8A. The fuel gas is engulfed in swirls generated at down-
stream of the fuel discharge member 30, so that the fuel
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gas becomes concentrated. In contrast, the intensity of
the turbulence of flow velocity v" is generated down-
stream of the swirlers 18, as shown in FIG. 8A. The tur-
bulence of flow velocity v" interacts with the turbulence
of flow velocity V', so that the distribution of the turbu-
lence of the flow velocity becomes uniform at down-
stream of the swirlers 18. Then, a premixed gas, where-
in the fuel gas is discharged into the air, is mixed by this
uniform turbulence of the flow velocity, so that the con-
centration distribution of the fuel gas becomes uniform.
[0085] In FIG. 8B, the fuel discharge member 30 and
one of the swirlers 18 are aligned circumferentially. That
is, the fuel discharge member 30 is located circumfer-
entially upstream of the swirlers 18. In this case, posi-
tions of the turbulence of flow velocity v' caused by the
fuel discharge member 30 and the turbulence of flow
velocity v" caused by the swirlers 18 are circumferen-
tially consistent with each other, so that effects caused
by the fuel discharge member 30 at the downstream
side can be suppressed. That is, the turbulence of the
flow velocity caused by the fuel discharge member 30
is substantially negligible.

FIFTH EMBODIMENT

[0086] InFIG. 9, a burner 14A including a fuel supply
conduit 40, fuel discharge members 30, and swirlers 18
according to the fifth embodiment is shown. In the fuel
supply conduit 40, a fuel passage (not shown), a liquid
fuel passage (not shown), and fuel discharge outlets 41
are formed. The fuel passage is formed so as to com-
municate with a fuel gas supply source to supply the fuel
gas to the fuel discharge members 30. The liquid fuel
passage is formed so as to communicate with a liquid
fuel supply source to supply liquid fuel to the fuel dis-
charge outlets 41. The fuel discharge outlets 41 are
formed so as to communicate with the liquid fuel pas-
sage substantially at the tip end portions of the fuel sup-
ply conduit 40. The fuel discharge outlets 41 open to-
ward the downstream direction of the swirlers 18 with
respect to the air flow.

[0087] By the use of this burner 14A, premixed gas,
wherein the concentration of the fuel gas is uniform, can
be formed in the same manner as described above.
[0088] As described above, by using the fuel dis-
charge member 20 or 30, the concentration distribution
of the fuel gas in the premixed gas, wherein air and fuel
gas are mixed, can be made circumferentially and radi-
ally uniform, so that the area, wherein the concentration
of the fuel gas is high, that is, the fuel/air ratio is over 1,
can be reduced.

[0089] When the concentration distribution of the fuel
gas is made uniform, even if the temperature for the
combustion is raised to near 1600°C, the amount of NOx
generated during the combustion can be reduced. Thus,
by using a burner having a fuel discharge member, a
premixing nozzle having a burner, and a combustor hav-
ing a premixing nozzle, the total amount of NOx gener-
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ated can be reduced. Moreover, a gas turbine and a jet
engine, which include a burner, a premixing nozzle, and
a combustor, can reduce the amount of NOx generated,
even if the temperature for the combustion is raised to
operate with high effectiveness. Particularly, when the
trailing edge of the fuel discharge member 20 or 30 is
set to be thin enough such that the thickness thereof is
no more than 5 mm or the flow passage block ratio of
the fuel discharge member is no more than 10% with
respect to the cross-sectional area of the air flow pas-
sage in which the fuel discharge member is to be placed,
the generation of NOx can be considerably reduced.
[0090] Although the fuel discharge outlets 21 and 31
are respectively disposed in the fuel discharge mem-
bers 20 and 30 perpendicular or approximately perpen-
dicular to the air flow passage, the fuel discharge outlets
according to the present invention may be disposed
downstream of the fuel discharge members with respect
to the direction of the air flow.

[0091] Although the swirlers 18 are preferably dis-
posed downstream of the fuel discharge members 20 or
30, the swirlers may be disposed upstream of the fuel
discharge members.

[0092] Although the fuel discharge members are dis-
posed in the main burner of the premixing nozzle in the
respective embodiments described above, the fuel dis-
charge members may be disposed in a pilot burner.
[0093] Although the combustor 10, the premixing noz-
zle 12, the main burner 14, the gas turbine, and the jet
engine include the fuel discharge member according to
the present invention, configurations of the combustor
10, the premixing nozzle 12, the main burner 14, the gas
turbine, and the jet engine are not limited to the config-
urations described in the respective embodiments. That
is, the number of pilot burners 13 and main burners 14
disposed in the premixing nozzle 12 or the number of
fuel discharge members protruding from the main burn-
er 14 may be suitably selected, for example.

[0094] Itis understood, by those skilled in the art, that
the foregoing description is a preferred embodiment of
the disclosed configurations and that various changes
and modifications may be made to the invention without
departing from the spirit and scope thereof.

[0095] The following effects can be obtained by the
present invention.

[0096] By using the fuel discharge member of which
the thickness at the trailing edge is no more than 5 mm
or the flow passage block ratio of the fuel discharge
member is no more than 10% with respect to the cross-
sectional area of the air flow passage in which the fuel
discharge member is to be placed, the generation of
swirls downstream of the fuel discharge member is re-
duced, so that the concentration distribution of the
premixed gas including air and fuel is made uniform.
Therefore, the total amount of NOx exhaust can be re-
duced, even if the temperature for the combustion is
raised.

[0097] By using aflattube as the fuel discharge mem-
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ber, the generation of swirls downstream of the fuel dis-
charge member is reduced, so that the concentration
distribution of the premixed gas including air and fuel is
made unifrom. Moreover, the number of fuel discharge
outlets can be increased, and the fuel discharge outlets
can be suitably disposed. Thereby, the concentration
distribution can be made radially and circumferentially
uniform.

[0098] By using the burner, the premixing nozzle, and
the combustor, the concentration distribution of the
premixed gas including air and fuel is made uniform.
Therefore, the total amount of NOx exhaust can be re-
duced, even if the temperature for the combustion is
raised.

[0099] By usingthe gasturbine orthe jetengine, since
the concentration distribution of the premixed gas is uni-
formly maintained, the total amount of NOx exhaust can
be reduced, even if the temperature for the combustion
is raised. Thus, highly effective operation and the reduc-
tion of the amount of NOx exhaust can be achieved at
the same time.

Claims

1. Afueldischarge member to be fixed on a fuel supply
conduit (17), comprising:
a main body (23) having an internal space (22)
which communicates with a fuel passage in the fuel
supply conduit; fuel discharge outlets (21) which
communicates with the internal space; and a trailing
edge (23a),

wherein the thickness (t) of the trailing edge

(23a) is no more than 5 mm, or a flow passage block
ratio of the fuel discharge member is no more than
10% with respect to the cross-sectional area of the
air flow passage in which the fuel discharge mem-
ber is to be placed.

2. A fuel discharge member according to claim 1,
wherein the fuel discharge outlets (21) open toward
a substantially perpendicular direction to the air flow
passage.

3. A fuel discharge member according to claim 1,
wherein the trailing edge (23a) of the main body (23)
is inclined so that the base end of the trailing edge
extends further downstream from the tip end of the
trailing edge with respect to the air flow which is to
be formed in the air flow passage.

4. A fuel discharge member according to claim 3, fur-
ther comprising a detachable inclined member,
which forms the trailing edge.

5. A fuel discharge member according to claim 1,
wherein the fuel discharge outlets (21) are axially
arranged in a plurality of lines and radially stag-
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10

10.

11.

12.

13.

14.

15.

gered on the main body (23).

A fuel discharge member according to claim 1,
wherein the fuel discharge outlets (21) open toward
the downstream direction with respect to the air
flow.

A fuel discharge member according to claim 1,
wherein the cross-sectional shape of the main body
(23) is a flat oval shape, an elliptical shape, or an
annular shape, and the trailing edge (23a) is formed
with a protruding portion (24, 25) at the downstream
side with respect to the air flow.

Afuel discharge member to be fixed on a fuel supply
conduit (17), comprising:

a main body (33) having an internal space (32)
which communicates with a fuel passage in the fuel
supply conduit; fuel discharge outlets (31) which
communicate with the internal space; and a trailing
edge (33a),

wherein the main body is a flat tube.

A fuel discharge member according to claim 8,
wherein the fuel discharge outlets (31) open toward
a substantially perpendicular direction to the air flow
passage.

A fuel discharge member according to claim 8,
wherein the trailing edge (33a) of the main body (33)
is inclined so that the base end of the trailing edge
extends further downstream from the tip end of the
trailing edge with respect to the air flow which is to
be formed in the air flow passage.

A fuel discharge member according to claim 10, fur-
ther comprising a detachable inclined member,
which forms the trailing edge.

A fuel discharge member according to claim 8,
wherein the fuel discharge outlets (31) are axially
arranged in a plurality of lines and radially stag-
gered on the main body.

A fuel discharge member according to claim 8,
wherein the fuel discharge outlets (31) open toward
the downstream direction with respect to the air
flow.

A fuel discharge member according to claim 8,
wherein the flat tube has a cross-sectional shape of
a flat oval shape or an elliptical shape.

A burner comprising:
a fuel supply conduit (17) in which a fuel pas-

sage is formed which communicates with a fuel
supply source;
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17.

18.

19.

20.

21.

22,

23.

24,

19

a fuel discharge member (20) according to
claim 1; and

swirlers (18) which are fixed on the fuel supply
conduit (17) so as to rotate an air flow or a
premixed gas flow containing air and fuel.

A burner according to claim 15, wherein the fuel dis-
charge members (20) are arranged axially in a plu-
rality of lines.

A burner according to claim 16, wherein the fuel dis-
charge members (20) are so disposed so as to be
circumferentially displaced with respect to each oth-
er.

Aburner according to claim 15, wherein the swirlers
are disposed downstream of the fuel discharge
members (20) with respect to the air flow, and are
circumferentially aligned with the fuel discharge
members.

Aburner according to claim 15, wherein the swirlers
(18) are disposed downstream of the fuel discharge
members (20) with respect to the air flow, and the
swirlers and the fuel discharge members are cir-
cumferentially staggered with respect to each other.

A burner according to claim 15, wherein the fuel
supply conduit (17) further comprises: a liquid fuel
passage which communicates with a liquid fuel sup-
ply source; and fuel discharge outlets which com-
municate with the liquid fuel passage substantially
at the tip end portions of the fuel supply conduit.

A burner comprising:

a fuel supply conduit (17) in which a fuel pas-
sage is formed which communicates with a fuel
supply source;

a fuel discharge member (30) according to
claim 8; and

swirlers (18) which are fixed on the fuel supply
conduit so as to rotate an air flow or a premixed
gas flow containing a air and fuel.

Aburner according to claim 21, wherein the fuel dis-
charge members (30) are arranged axially in a plu-
rality of lines.

A burner according to claim 22, wherein the fuel dis-
charge members (30) are so disposed so as to cir-
cumferentially displaced with respect to each other.

A burner according to claim 21, wherein the swirlers
(18) are disposed downstream of the fuel discharge
members (30) with respect to the air flow, and are
circumferentially aligned with the fuel discharge
members.
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25.

26.

27.

28.

29.

30.

20

A burner according to claim 21, wherein the swirlers
(18) are disposed at downstream of the fuel dis-
charge members (30) with respect to the air flow,
and the swirlers and the fuel discharge members
are circumferentially staggered with respect to each
other.

A burner according to claim 21, wherein the fuel
supply conduit (17) further comprises: a liquid fuel
passage which communicates with a liquid fuel sup-
ply source; and fuel discharge outlets (31) which
communicate with the liquid fuel passage substan-
tially at the tip end portions of the fuel supply con-
duit.

A premixing nozzle of a combustor, comprising:

a pilot burner (13) disposed on a central axis of
the premixing nozzle; and

a plurality of burners (14) according to claim 15
or 20, which are disposed as main burners sur-
rounding the pilot burner (13).

A combustor comprising:

a premixing nozzle (12) according to claim 27;
and

a cylinder which holds the premixing nozzle
therein.

A gas turbine comprising:

a compressor which compresses an air to gen-
erate a high-pressure gas;

a combustor (10) according to claim 28, which
is connected to the compressor so as to be sup-
plied with the high-pressure gas from the com-
pressor, and which heats the high-pressure gas
to generate a high-temperature and high-pres-
sure gas; and

a turbine which is connected to the combustor
(10) so as to be supplied with the high-temper-
ature and high-pressure gas from the combus-
tor, and which rotates an out shaft by expanding
the high-temperature and high-pressure gas to
generate a shaft output.

A jet engine comprising:

a compressor which compresses an air to gen-
erate a high-pressure gas;

the combustor (10) according to claim 28,
which is connected to the compressor so as to
be supplied with the high-pressure gas from the
compressor, and which heats the high-pres-
sure gas to generate a high-temperature and
high-pressure gas; and

a turbine which is connected to the combustor
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(10) so as to be supplied with the high-temper-
ature and high-pressure gas from the combus-
tor.
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