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(57) Abréegée/Abstract:

A combustor with a burner adapted to maintain combustion stability while suppressing a quantitative increase of fueling nozzles
due to enlarging, and a remodeling method for the burner. A burner includes: an air hole member with a plurality of air holes, each
of which Is provided at an upstream side of combustion gases generated by a combustion chamber; a first fueling nozzle for jetting
a fuel In a direction crossing a central axis of the burner towards at least two air holes; a plurality of second fueling nozzles each
provided for one of the remaining air holes and formed for jetting the fuel in a direction routed along the burner axis towards the
corresponding air hole; a fuel header for distributing the fuel to the first fueling nozzle and each of the second fueling nozzles; and a
fuel header storage unit that shrouds the fuel header, the first fueling nozzle, and second fueling nozzle, and having an air inflow
hole.
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ABSTRACT OF THE DISCLOSURE

A combustor with a burner adapted to maintain
combustion stability while suppressing a quantitative increase
of fueling nozzles due to enlarging, and a remodeling method
for the burner. A burner includes: an air hole member with a
plurality of air holes, each of which is provided at an
upstream side of combustion gases generated by a combustion
chamber;: a first fueling nozzle for jetting a fuel 1in a
direction crossing a central axis of the burner towards at
least two air holes; a plurality of second fueling nozzles
each provided for one of the remaining air holes and formed
for jetting the fuel in a direction routed along the burner
axis towards the corresponding air hole; a fuel header for
distributing the fuel to the first fueling nozzle and each ot
the second fueling nozzles; and a fuel header storage unit
that shrouds the fuel header, the first fueling nozzle, and

second fueling nozzle, and having an air inflow hole.
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TITLE OF THE INVENTION

BURNER, COMBUSTOR AND REMODELING METHOD FOR BURNER

BACKGROUND OF THE INVENTION

F

1. Field of the Invention

The present 1nvention relates to a burner, a
combustor, and a method for remodeling the burner which are

used for a gas turbine generator.

2. Description of the Related Art

As more attention was focused on energy resource

problems and environmental problems, a variety of approaches
have been made over long periods of time in various fields.
Related techniques concerning gas turbines have also been
developed and remarkable advancements have been achieved in

lower-NOx combustion as well as in the improvement of

combustion efficiency by temperature enhancement of the
combustion gases discharged from a combustor. With
increasingly tightened regulations relating to NOx emissions,
however, there is a urgent need to further reduce NOx
emissions.

JP-2003-148734-A, for example, discloses, as part of

the above, a gas turbine combustor configured to inject a
fuel i1nto air holes, form coaxial jet flows of the fuel and

alr, and supply the jet flows to a combustion chamber.

SUMMARY OF THE INVENTION

Gas turbine combustors have significantly decreased

1n NOx emission level by shifting from the diffusion
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combustlion type to the premixed combustion type. However,
since 1t 1s necessary to operate a gas turbine under the

wide range of conditions that spans from starting conditions
to rated load conditions, a pilot burner with high

combustion stability is disposed centrally in a combustor.
The pilot burner of the gas turbine combustor described in
JP-2003-148734-A includes two concentric arrays of air holes,
and 1n cases such as this, fuel consumption and the amount

of air supplied thereto will greatly differ according to the

object to which the burner 1s applied. In gas turbine

combustors, since the supply rate of air and the flow rate
of a fuel both increase with increases in power generator
output, the entire combustor reguires dimensional extension
and as a result, the burner also needs to be sized up.
Similar extension of the burner, however, increases air hole
diameters and is therefore liable to reduce premixing
performance because of the resulting increases in the air
hole volumes requlred for fuel-air premixing. To size up
such a burner as disclosed in JP-2003-148734-A, therefore,
1t 1is effective to increase the number of fueling nozzles
and air holes, not to adopt similar extension.

In the burner of JP-2003-148734-A, however, air holes
and combustion nozzles are in a quantitative relationship of
1:1. For example, if a burner with 18 fueling nozzles 1is

used as a pilot burner, and six more burner cans of the same

type as that of the pilot burner are arranged around it, 126
fueling nozzles will be required for one combustor can. In

this case, 1f 10 combustor cans are arranged in the gas
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turbine, the number of fueling nozzles required will exceed

1,200 and the resulting significant increase in the number of

parts required is likely to present problems associated with
fabrication and maintenance.

The present invention has been made with the above
circumstances in mind, and an object of the invention 1s to
provide: a combustor with a burner adapted to maintain
combustion stability while suppressing a quantitative increase

of fueling nozzles due to enlarging; and a remodeling method

for the burner.

Certain exemplary embodiments can provide a burner
comprising: an air hole member with a plurality of air holes,
each of which is provided at an upstream side of combustion
gases generated by a combustion chamber; a first fueling
nozzle for jetting a fuel in a direction crossing a central
axis of the burner towards at least two of the plurality of
air holes; a plurality of second fueling nozzles each provided
in association with one of the remaining air holes, each otf
the second fueling nozzles being formed for jetting the fuel
in a direction routed along the burner axis towards the
associated air hole; a fuel header for distributing the fuel
to the first fueling nozzle and each second fueling nozzle;
and a fuel header storage unit that shrouds the fuel header,
the first fueling nozzle, and each second fueling nozzle, the

storage unit including an air inflow hole, wherein each of the

first fueling nozzle and the second fueling nozzle has a

3
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distal end positioned at an upstream side relative to an
entrance of the associated air hole.

Certain exemplary embodiments can provide a burner
comprising: an air hole member with a plurality of air holes,
each of which is provided at an upstream side of combustion
gases generated by a combustion chamber; a first fueling
nozzle for jetting a fuel in a direction crossing a central
axis of the burner towards at least two of the plurality of
air holes; a plurality of second fueling nozzles each provided
in association with one of the remaining air holes, each of
the second fueling nozzles being formed for jetting the fuel
in a direction routed along the burner axis towards the
associated air hole; a fuel header for distributing the fuel
to the first fueling nozzle and each second fueling nozzle;
and a fuel header storage unit that shrouds the fuel header,
the first fueling nozzle, and each second fueling nozzle, the
storage unit including an air inflow hole.

According to the present invention, combustion
stability can be maintained while suppressing a quantitative

increase of fueling nozzles, associated with enlarging of

3a
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the fueling nozzles.

BRIEEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1C are schematic structural views of a
burner according to a first embodiment of the present
invention;

Fig. 2 1s a sectional view of the burner, taken along
line Z-7Z in Fig. 1B;

Fig. 3 1s a schematic structural view of an entire
gas turbine according to a second embodiment of the present
invention;

Fig. 4 1s a combustor sectional view taken from a
combustion chamber side of the combustor equipped in the gas
turbine of Fig. 3;

Fig. 5 1s a schematic structural view, shown for

comparison as a structural example, of a premixed-type gas

turbine combustor with a pilot burner different from that of
Fig. 3;

Fig. 6 1s a front view, taken from a combustion
chamber, of an air hole member formed in a burner eguipped
in a third embodiment of the present invention;

Fig. 7 1s a front view, taken from a combustion
chamber, of an air hole member formed in a burner equipped
in a fourth embodiment of the present invention;

Fig. 8 1s a front view, taken from a combustion

chamber, of an air hole member formed in a burner equipped

in a fifth embodiment of the present invention;

Fig. 9 1s a front view, taken from a combustion
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chamber, of an air hole member formed in a burner eguipped

in a seventh embodiment of the present invention;

Fig. 10 1s a front view, taken from a combustion
chamber, of an air hole member formed in a burner equipped
1n an eighth embodiment of the present invention;

Fig. 11 1s a schematic diagram of flames formed by
the burner in the eighth embodiment of the present
invention;

Fig. 12 is a front view, taken from a combustion
chamber, of an alir hole member formed in a burner equipped
in a ninth embodiment of the present invention;

Fig. 13 is a front view, taken from a combustion'
chamber, of an air hole member formed in a burner equipped
1n a tenth embodiment of the present invention;

Fig. 14 is a front view, taken from a combustion
chamber, of an air hole member formed in a burner equipped
in an eleventh embodiment of the present invention;

Fig. 15 is a lateral sectional view of a gas turbine
combustor according to a twelfth embodiment of the present
invention;

Fig. 16 is a front view, taken from a combustion

chamber, of an alr hole member formed in a burner equipped

in the twelfth embodiment of the present invention;

Fig. 17 i1s a front view, taken from a combustion
chamber, of an air hole member formed in a burner equipped
in a thirteenth embodiment of the present invention; and

Fig. 18 1s a lateral sectional view showing a

schematic structure of a fueling nozzle equipped in a burner
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according to a fourteenth embodiment of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereunder, embodiments of the present invention will
be described with reference to the accompanying drawings.

A burner according to the present embodiment
includes: an air hole member with a plurality of air holes;
a first fueling nozzle for jJetting a fuel towards at least

two of the ailir holes; a plurality of second fueling nozzles

each for jetting the fuel towards one of the corresponding

alr holes; a fuel header for distributing the fuel to the
first fueling nozzle and each of the second fueling nozzles;
and a fuel header storage unit that shrouds the fuel header,
the first fueling nozzle, and each second fueling nozzle,
and having an air inflow hole. The air hole member is
provided at an upstream side of combustion gases generated
by a combustion chamber, with the air holes in the air hole
member being inclined ih a cilrcumferential direction with
respect to a central axilis of the burner. The first fueling
nozzle jets the fuel in a direction crossing the burner axis
towards at least two of the air holes at the same time. The
second fueling nozzle provided for each of the remaining air
holes jets the fuel in a direction routed along the burner
axis towards the corresponding air hole.

The number of fueling nozzles required can be
minimized because of jetting the fuel from the first fueling

nozzle towards at least two air holes in this manner. In
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addition, in order to enable the first fueling nozzle to jet
the fuel towards at least two air holes, the first fueling
nozzle 1s disposed at an offset position with respect to a
central portion of an entrance of each corresponding air
hole, so that the entrance of the corresponding air hole 1s
kept clear of an obstruction (fueling nozzle) and thus kept
wlidely open. This suppresses a disturbance in a flow of air
into the air holes corresponding to the first fueling nozzle,
and hence suppresses mixing of the fuel and the air in the
alr holes. The suppression of fuel-air mixing, 1n turn,
forms diffusively combusting flames in downstream regions of
the air holes corresponding to the first fueling nozzle, and
ensures stable combustion characteristics under a wide range
of operating conditions. 1In addition, after the fuel has
been fully premixed with the air in corresponding air holes,
each second fueling nozzle around the first fueling nozzle
jets the premixed fuel towards the combustion chamber, so
that a premixed combustion region occupies a large portion
of a combustion region within the combustion chamber and so
that NOx emissions are also suppressed. Combustion
stability can therefore be maintained while suppressing an
increase in the number of fueling nozzles, associated with
enlarging of the fueling nozzles.

Next, more specific examples of the present invention
will be described in order.
(First embodiment)

Figs. 1A to 1C are schematic structural views of a

burner according to a first embodiment, Fig. 1A being a
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lateral sectional view of the burner, Fig. 1B being a front
view of the burner existing when an air hole member 31 1is
viewed from a combustion chamber 1, and Fig. 1C being a
sectional view of the burner, taken along line Y-Y in Fig.
1B. Fig. 1A i1s equivalent to a sectional view taken along
line X-X in Fig. 1B.

The burner 100 according to the present embodiment

includes: the air hole member 31 inclusive of an air hole

array 51 formed by a plurality of annularly arrayed air
holes 35, and of an air hole array 52 formed by a plurality

of air holes 34 concentrically arrayed at an outer-surface

side of the air hole array 51; fueling nozzles 32 and 33 for
jetting a fuel (in the present embodiment, a gaseous fuel)
towards the air holes 34 and 35, respectively; a fuel header
30 for distributing the fuel to the fueling nozzles 32 and
33; and a fuel header storage unit 70 of a cylindrical shape,
adapted for storage of the fuel header 30 and each fueling
nozzle 32, 33, and having an air inflow hole 71 at an

—

upstream side thereof relative to the fuel header 30.

The air hole member 31 is disposed on an upstream-
side wall surface of the combustion chamber 1. A central
axis of an air flow channel in each air hole 34 and 35 is
inclined towards one circumferential direction with respect
to a central axis of the burner 100. Fig. 1C that is the
sectional view taken along line Y-Y in Fig. 1B shows the
circumferentially inclined air hole 34. The same also
applies to the air hole 35. Each of the air hole 34 and 35

has no radial inclination, so in the lateral view of Fig. 1A
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that 1s the sectional view taken along line X-X 1in Fig. 1B,
the air hole looks as 1f 1t extends in an axial direction of
the burner.

Hereinafter, an opening of each air hole 34 and 35 on
a face (left face in Fig. 1A) of the air hole member 31 that
1s oriented towards a side opposite to the combustion
chamber 1 1s defined as an entrance of the air hole 34, 35,
and an axis extending centrally through the entrance of the
alr hole and formed perpendicularly to the air hole member
31 (1.e., an axils extending along the burner axis) 1is
defined as a "central axis of the air hole entrance”. In
addition, since the air hole member 31 in the present
embodiment has a disc shape, a central point of the air hole
member 31 1s defined as the burner surface center.

The fueling nozzles 32 and 33 differ in fuel-jetting
form with each other. The fueling nozzle 32 for jetting the
fuel towards the air hole 34 positioned at the outer-array
jets the fuel from a distal end of the nozzle, towards the
burner axis direction, and the fueling nozzle 33 for jetting
the fuel towards the air hole 35 positioned at an inner-

array jets the fuel from a plurality of jetting ports, in a
radially outward inclined direction relative to the

direction of the burner axis.

The fueling nozzle 32 forms a palir with the
corresponding air hole 34, and one fueling nozzle 33 forms a
palr with at least two air holes 35. In the combination of
the fueling nozzle 32 and the air hole 34, a central axis of

the fueling nozzle 32 is essentially in agreement with the
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central axis of the entrance of each air hole 34. 1In the
combination of the fueling nozzle 33 and the air holes 35,
the central axis of the fueling nozzle 33 1is essentially in
agreement with the burner central axis (equivalent to the
central axils of the air hole member 31).

Alr 45 that has flown into the air inflow hole 71 of
the fuel header storage unit 70 1s jetted 1into the

combustion chamber 1 through the air holes 34 and 35 and

forms a rotational flow 41 1In a downstream region of the
purner 100. Also, fuel 42 that has flown into the fuel
header 30 1s distributed to the plurality of fueling nozzles
32 and 33. The jet flow of the fuel that has been jetted
from each fueling nozzle 32 and 33 passes through the air
holes 34 and 35 respectively, and flows with the air into
the combustion chamber 1. Since a circulation flow 50
occurs centrally i1n the rotational flow 41 and a low-
velocity region 1is created, flames can be retained with the
low-velocity region as 1ts starting point. The rotational
flow 41 reduces NOX emissions.

Fig. 2 is a sectional view of the burner, taken along
line Z-7Z in Fig. 1B, and represents the air holes of the
inner air hole array 51 and outer air hole array 52 together
with the corresponding fueling nozzles 32, 33, in a
circumferentially developed form.

As shown in Fig. 2, the distal end of the fueling
nozzle 32 1s opposed to the entrance of the air hole 34 and
positioned upstream (at the side opposite to the combustion

chamber 1) wilith respect to an air hole entrance face of the

10
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alir hole member 31. Because of this, a space between the

fueling nozzle 32 and the air hole 34 is narrower than that

between the fueling nozzle 33 and the air holes 35, and the
fuel jet flow 43 that has jetted from the fueling nozzle 372
and flown into the air hole 34 further flows while being
surrounded 1in the air hole 34 by a turbulent flow of the air
45 which has flown into the air hole 34. Accordingly, the
fuel jet flow 43 and the air 45 are jetted into the
combustion chamber 1 while being mixed. By the time the
fuel-air mixture 1s thus jetted from the air hole 34 into
the combustion chamber 1, the mixing of the fuel jet flow 43
and the air 45 has already progressed, so the flame formed
in a downstream region 46 of the air hole 34 will be a
premixed flame and thus, NOx emissions will be suppressed.
Meanwhile, the fueling nozzle 33 has its distal end
opposed nearly to a central point of the disc-shaped air
hole member 31 and positioned upstream (at the side opposite
to the combustion chamber 1) with respect to the air hole
entrance face of the air hole member 31. Thus, a fuel jet
flow 44 divergently jets from a plurality of injection ports
provided on an outer surface of the fueling nozzle 33, and
after colliding against an inner wall surface of the air
hole 35, flows towards the downstream side, along the inner
wall surface. The fueling nozzle 33 is offset from the
entrance center of the ailr hole 35, and an opposed region of
the air hole 35 is more widely open than that of the air
hole 34. Therefore, although the amount of air flowing into

the alr hole 35 increases relatively in comparison with the

11
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case of the combination of the fueling nozzle 32 and the air

hole 34, but since a disturbance does not easily occur 1in
the air hole 34, the fuel jet flow 44 1s jetted into the
combustion chamber 1 without being mixed with the air 45 too
much. In other words, since the fueling nozzle 33 1s not
opposed to the entrance of the ailr hole 35, an obstruction
that disturbs the flow of the air 45 1s absent and thus the
mixing of the fuel jet flow 44 and the air 45 1s suppressed.

The schematic view of Fig. 2 represents a state 1in
which the fuel jet flow 44 is in collision against an

inclined face of the air hole 35. During actual operation,

however, the fuel jet flow 44 collides against the face of
the air hole 35 that extends in the axial direction of the
burner, because the fuel jet flow 44 i1s jetted radially from

a central position of the burner and because the air hole 35

inclines 1n a circumferential direction of the burner.

In this case, when an inclination angle or inclining
direction of the air hole 35 is changed from the form shown
in Fig. 2, adjustments are desirably conducted in a range
such that the fuel jet flow 44 jetted from the fueling
nozzle 33 will collide against at least the inner wall
surface of the air hole 35. In addition, the air hole
member 31 requires moderate thickness considering that the
fuel jet flow 44 jetted from the fueling nozzle 33 will
collide against the inner wall surface of the air hole 35.
For example, 1f a central axis of an air flow channel of the

alr hole 35 and a central axis of the fuel jet flow 44

approach parallelism, the air hole member 31 may need to be

12
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thicker, and 1f the central axis of the air flow channel of
the air hole 35 and the central axis of the fuel jet flow 44
approach perpendicularity, the air hole member 31 may need
only to be thinner.

For the above reasons, the fuel jet flow 44 jetted
from the fueling nozzle 33 jets 1nto the combustion chamber
1 almost without mixing with the air 45 during passage
through the air hole 35, and a diffusively combusting flame
1s formed in a downstream region 47 of the air hole 35.
Thus, very stable combustion characteristics can be ensured
and the flames stabilized under a wide range of operating
conditions can be maintained.

-' a

F'or these reasons, since the pair of the fueling

nozzle 33 and at least two air holes 35 in the inner air
hole array 51 of the air hole member 31, and the pair of the
fueling nozzle 32 and one air hole 34 in the outer air hole
array 252 are parallely arranged to each other as shown in
Figs. 1B and 2, combustion flames are formed so that as

shown 1n Fig. 2, the premixedly combusting flames in

downstream regions 46 surround the diffusively combusting
flames 1n downstream regions 47 of the air hole member 31.
High stability of the regions in which the flames
diffusively combusts allows continued stable combustion
under the wide range of conditions. The air holes 35 in the
inner alr hole array 51 have an inclination angle with
respect to the central axis of the burner, so the fuel jet
flow 44 jetted from each air hole 35, and the air 45 are

spirally blown out into the combustion chamber 1.

13
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Accordingly, the premixture jetting from the air hole 34 in
the air hole array 52 combusts in that premixed form while
being supplied with heat and a chemical revitalization
material from the diffusively combusting flames formed
centrally in the burner, and the combustion of the
premixture 1s stable, even under low combustion temperature
conditions. That 1s to say, NOxXx emissions can be controlled
to a low level since very stable flames are formed in the
downstream direction relative to the diffusive combustion
regions formed in the downstream regions 47 of the air holes
35, and since the premixed combustion regions predominate
cach entire flame.

Also, forming a diffusive combustion region of a
rotational flow by inclining the air hole 35 with respect to

the central axis of the burner strengthens the combustion

stability of the entire flame, thus allowing an under-load
operating range of the gas turbine to be extended. Further,
flame stability can also be obtained, even if a low-
reactivity fuel heavily laden with nitrogen is used. 1In
addition, even though only the air holes 35 in the inner air

hole array 51 are inclined, a sufficient amount of heat and

a chemical revitalization material can be supplied to a
surrounding region of the burner, such that the burner can
sufficiently function as a pilot burner. What requires
precaution 1s that the fuel jet flow 44 from the fueling
nozzle 33 collides with the inner wall surface of each

inclined air hole 35.

As shown 1n Figs. 1A and 2, the fueling nozzle 32 is

14
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not tapered at its distal end and has a cylindrical shape.
For the fueling nozzle 33, although 1ts outer
circumferential surface needs to have a plurality of fuel-

=

jetting ports, a distal-end shape of the nozzle 1s not

limited to the form shown in the figures. Omilission of

tapering leads to a decrease in the number of manufacturing

man-hours required, and hence minimizes manufacturing costs.

If the distal end of the fueling nozzle 32 is tapered, this

reduces a magnitude of the disturbance occurring i1n the flow

g

of air into the air hole 34, and allows the distal end ot

the fueling nozzle 32 to be brought closer to the entrance

of the air hole 34 than that shown in Fig. 2. Additionally,

the flow channel of the air flowing into the air hole 34 can

then maintain a sufficilient area and provide large enough an
amount of air.

It i1s possible that a fuel jet flow guide extendlng

towards the air hole 35 will be installed at each fuel-
jetting port of the fueling nozzle 33. The installation of
the guide 1s estimated to cause a disturbance or fluid

whirlpool in the flow of the air, accelerate the mixing of

the fuel jet flow 44 and the air 45, and slightly change the

combustion characteristics from diffusive combustion to

premixed combustion. In this case, 1t 1s considered that

although combustion stability will decrease, NOX emlissions
will also decrease.
It can be seen from the above that the number of

fueling nozzles required can be minimized because of jetting

the fuel from the fueling nozzle 33 towards at least two air

15
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holes 35. In addition, since the fueling nozzle 33 1s

a s

disposed at a position offset from the center of the

entrance of the air hole 35 in order to enabple the nozzle 33

to jet the fuel i1nto each air hole 35, the entrance of the

A

air hole 35 1is kept clear of an obstruction (fueling nozzle)

and thus kept widely open. This suppresses a disturbance 1n

the flow of the air 45 into the air hole 35, and hence, the

mixing of the fuel and alr i1n the air hole 35. This, 1n

turn, forms a diffusively combusting flame in a downstream

F

region 47 of the ailr hole 35, ensuring stable combustion

characteristics under a wide range of operating conditions.
Additionally, since the fueling nozzles 32 around of the
fueling nozzle 33 jet into the combustion chamber 1 the fuel

that has been sufficiently premixed with air in the air

B

holes 34, each entire flame 1s predominated by a premixed
combustion region and NOx emissions are also suppressed.
Combustion stability can therefore be maintained while
suppressing an 1increase 1n the number of fueling nozzles,
assocliated with enlarging of the fueling nozzles. That is

ﬁ

to say, a burner capable of maintaining combustion stability

and a low NOx emission level, even with a reduced number of
fueling nozzles, can be supplied when the number of fueling
nozzles 32 to be used and positions thereof are
appropriately selected according to particular operating

conditions of the gas turbine.

(Second embodiment)

The present embodiment is that in which a burner

16
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according to the present invention 1s applied as a pilot

burner for a combustor. A premixed-type gas turbilne
combustor is described and shown as the present embodiment.

Fig. 3 is a schematic structural view of an entire
gas turbine according to the second embodiment of the

present invention. Fig. 4 is a combustor sectional view

taken from a combustion chamber side of the combustor
equipped 1n the gas turbine of Fig. 3.

During operation of an air supply system, compressed

air 10 from a compressor 5 flows from a diffuser 7 into the

combustor and then passes through between an outer casing 2

and a combustor liner 3. Part of the air 11 flows 1nto the
combustion chamber 1 as cooling air 12 for the combustor
liner 3. Remaining portions of the air 11 pass through a
premlixing channel 22 and an air hole member 31 as combustion
alrflows 13 and 45, respectively, and flow into the
combustion chamber 1. The air 1s mixed and combusted with a
fuel in the combustion chamber 1 1n which combustion gases

are then generated. The combustion gases are discharged

-l

from the combustor liner 3 and supplied to the turbine 6.

In a fuel supply system, the fuel supply system 14

with a control valve 1l4a 1s branched into fuel supply lines
15 and 16 having control valves 1l6a and 16b, respectively.
The control valves 15a and 1l6a are controllable
independently of each other. Cutoff valves 15b and 16b are

arranged downstream with respect to the control valves 1l5a

and 1l6ba, respectively. The fuel supply line 15 is connected

to a fuel header 30 that supplies the fuel to the pilot

17
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burner, and the fuel supply line 16 1s connected to a

fueling nozzle 20 of a premixing burner.

In the present embodiment, the burner of the present
invention 1s set up as the pilot burner 1n a central section
of the combustor, and surrounded by the annular premixing

burner. The pilot burner and premixing burner as viewed

from the combustion chamber 1 have diameters nearly of 220

mm, for example. The burner in the center, as with that of

the first embodiment, includes a fuel header 30, a plurality

of fueling nozzles 32 and 33 each connected to the fuel
header 30, and an air hole member 31 with a plurality of air
holes 34 and 35. The air hole member 31 is positioned on an
upstream-side wall surface of the combustion chamber 1. The
alr holes are concentrically disposed 1in two arrays, the air
holes 35 being disposed 1n the 1nner air hole array 51. The
ailr hole 34 is pailred with the fuelling nozzle 32 having a
distal end positioned upstream with respect to an entrance
of the air hole 34. The air holes 35 are paired with the
fueling nozzle 33 having a distal end positioned upstream
with respect to entrances of the ailir holes 35.

The premixing burner disposed 1n an outer peripheral

i~

portion of the combustor includes fueling nozzles 20, a

premixing channel 22, and flame stabilizers 21 arranged at
an exit of the burner. In this premixing burner, a fuel

that has been jetted from the fueling nozzle 20 1s mixed
with combustion air 13 in the premixing channel 22, and then
jetted towards the combustion chamber 1 in the form of

premlixed combustion air. Since the flame stabilizers 21
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each for bifurcating a flow pathway of each premixing
channel 22 1in a radial direction are arranged at the burner

exit, a circulation flow 23 1s formed at an 1mmediate

downstream position relative to the flame stabilizer 21,

thereby to hold a flame.

A premixed-type gas turbine combustor using a pilot

F
—

burner different from that of Fig. 3 is shown as a

comparative example in Fig. 5.

In the premixed-type gas turbine combustor as the

comparatlive example in Fig. 5, a diffusion burner 25

disposed as a pilot burner centrally i1n the combustor forms

a diffusive flame 26 1n the combustion chamber 1. The

diffusive flame 26 emanates heat and a chemical

revitalization material, and transfer thereof to an outer

peripheral portion aids stable combustion of a flame formed
downstream with respect to the flame stabilizer 21. 1In
order for a function of the pilot burner to be maintained,
however, a flame formed by the pilot burner needs to have a

definite size. For this reason, diffusive combustion

occuples a definite ratio in the entire combustor and

reduction 1n the NOx emissions 1n the entire combustor 1S

limited.

P

The gas turbine of the present embodiment shown in

FFig. 3 includes the pilot burner of the present invention,

so a flame 24 formed downstream with respect to the burner
becomes a premixed flame stabilized with a limited diffusive
combustion region as 1ts starting point. Accordingly, the

combustor in the present embodiment can reduce NOx emissions
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significantly, compared with the premixed-type gas turbine

combustor using the diffusion burner as the pilot burner.

In addition, since each air hole 34 and 35 in the air

hole member 31 has a rotation angle with respect to a

central axis of the burner, the flame jetted from the pilot

burner becomes a stable flame of a rotational flow. Heat

and a chemical revitalization material can therefore be
stably supplied to the circulation flow 23 jetted from the
premixing burner, and thus the flame by the premixing burner
can be stably retained.

As described above, in comparison with the premixed-

P

type gas turbine combustor of Fig. 5 that employs a

diffusion burner as the pilot burner, the gas turbine
combustor in the present embodiment can be operated under a

wide range of operating conditions similarly to the

diffusion burner, without significantly deteriorating

combustion stability, and can also reduce NOX emlssions.

(Third embodiment)

In recent years, with the problem of energy resources

being exhausted, gas turbines have been required to be

versatile for a wider range of fuels. For a fuel with a

greater hydrogen content, gas turbilnes i1ncrease 1n
combustion rate, whereas, for a fuel with a greater nitrogen
content, they decrease i1n flame temperature and 1n
combustion rate. In this way, combustion characteristics
significantly change with the composition of the fuel, so

the arrangement, number, etc. of alr holes need to be made
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——

appropriate for the fuel composition. n addition, a
maximum permissible NOx emission level, an applicable
operating range, and the like differ according to a

particular usage area of the gas turbine, and these

differences require flexible response. In the present
invention, NOx emissions and combustion stability can be
controlled by changing a layout variation in the
comblnations between the fueling nozzle 32 and the air hole
34 and between the fueling nozzle 33 and the air holes 35,
from the configuration of the first embodiment.

Fig. 6 1s a front view, taken from a combustion

chamber, of an air hole member formed in a burner equipped
in the third embodiment of the present invention, this front
view being keyed to Fig. 1B of the first embodiment.

In the present embodiment, all air holes 34 and 35
arranged concentrically in two arrays have a rotation angle,
and sixX air holes 35 arranged in the inner air hole array 51
are divided into two groups, 35a and 35b, each having three
holes. The air holes 35 of the group 35a in Fig. 6 are
shown by hatching, and the air holes 35 of the group 35b, by

masking. The three air holes 35 of the group 35a are

arranged next to one another on one circumference, and the
three air holes 35 of the group 35b are likewise arranged

next to one another on one circumference. Two first fueling
nozzles 33 (see Fig. 2) jet a fuel towards the air holes 35
of the groups 35a and 35b, respectively. In the first

embodiment, one fueling nozzle 33 has jetted a fuel towards

six alr holes 35, but in the present embodiment, one fueling
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nozzle 33 jets a fuel towards three air holes 35. Although
not shown, the two fueling nozzles 33 are each arranged at a

middle position among the three air holes 35 of each group

35a and 35b, and each nozzle 33 has three fuel-jetting ports

on 1ts circumferential surface so as to jet the fuel from
that position, towards each air hole 35. Other
configurational factors are substantially the same as 1n the
first embodiment.

In the present embodiment, the number of air holes 35

for supplying a fuel from one fueling nozzle 33 1s reduced

and the fuel jet flow from each air hole 35 1nto the

combustion chamber 1 correspondingly increases 1n fuel

-

concentration, compared with that of the first embodiment.

In this case, premixed regions do not change from those of

F

the first embodiment and the fuel concentration of the jet

flow from the air hole 35 increases, which in turn 1s likely

to i1ncrease the NOX emissions from the entire combustor. At

the same time, however, the diffusive combustion occupyilng

the entire flame will be strengthened and combustion

stabilility in a base of the flame is likely to improve. 1In

addition, there 1s an advantage of flame stability being

easlily maintainable, even 1f the fuel 1s such a low-calorie

fuel or slow-combustion fuel as heavily laden with nitrogen.

(Fourth embodiment)

Fig. 7 is a front view, taken from a combustion

chamber, of an air hole member formed in a burner equipped

in a fourth embodiment of the present invention, this front
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view being keyed to Fig. 6 of the third embodiment.

In the present embodiment, similarly to the third
empodiment, six air holes 35 in an inner air hole array 51
are divided i1nto two groups, 35a and 35b, each having three
holes. However, the three air holes 35 of each group 35a
and 35b are not arranged next to one another, as in the
third embodiment, and the air holes 35 of the groups 35a and
33b are arranged at alternate positions on one circumference.
Other configurational factors are substantially the same as
in the third embodiment.

In the present embodiment, as with the third
empbodiment, since the fuel concentration of the fuel jet
flow from each air hole 35 increases, an increase in the NOX
emissions from the entire combustor is likely to occur,
compared with that of the first embodiment. At the same
time, however, the diffusive combustion occupying the entire
flame will be strengthened in comparison with that of the
first embodiment, and combustion stability in the flame base
1s therefore likely to improve. Additionally in the present
embodiment, since each air hole 35 of the group 35a and 35b

1s disposed at equal angle intervals of 120 degrees,

combustion stability in the entire combustor can be

maintained, even if the fuel jet flow from either one of the
two groups 35a and 35b including the air holes 35 is stopped
for fuel control or NOx emissions control according to the
particular fuel composition, operating range, or the like.
For this reason, flame stability can be easily maintained,

even when a low-calorie fuel or a fuel of a low combustion

23



CA 02693042 2010-02-10

rate is used or the operating range is extended.

(Fi1fth embodiment)

Fig. 8 1s a front view, taken from a combustion

chamber, of an alr hole member formed in a burner equipped

1n a fifth embodiment of the present invention, this front
view being keyed to Fig. 7 of the fourth embodiment.
In the present embodiment, six air holes 34 and 35,

each having three holes, are arranged in an inner air hole

array 51. The air holes 34 and 35 are arranged at alternate
positions 1n the air hole array 51. FEach air hole 35 1is
therefore disposed at 120-degree angle intervals. A fuel 1is

supplied from one fueling nozzle 33 (see Fig. 2) to the

three air holes 35, and the fuel is supplied from a fueling
nozzle 32 installed for one air hole 34 to each of the three

alr holes 34 in the air hole array 51 likewise the

combination between an air hole 34 in an outer air hole

array 52 and a fueling nozzle 32. The air holes 35 in the
present embodliment are arranged at 120-degree angle
intervals. Of all six air holes in the air hole array 51,

however, any three ones next to one another, for example,

may be useable as air holes 35, with all remaining ones

)

being useable as air holes 34, or a manner of arranging each

alr hole 35 can be freely changed. Other configurational
factors are substantially the same as in the first
embodiment.

In the present embodiment, since alr holes 34 also

exlst in mixed form in the inner air hole array 51, a rate
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of premixed combustion increases, which, 1in turn,
correspondingly reduces NOx emissions 1n comparison with a
reduction rate achievable in the first embodiment.

=
p—

Conversely, a decrease in a rate of diffusive combustion due

to the decrease in the number of air holes 35 1s likely to
reduce combustion stability, compared that of the first
embodiment, but because of all air holes 34 and 35 being
provided with a rotation angle, flames can maintaln a stable
combustion state while being supplied with heat and a

chemical revitalization material from a diffusive combustion

region formed centrally 1n the burner.

(Sixth embodiment)

A configuration with a rotation angle assigned only
to air holes in an inner air hole array 51 and not assigned

to those of an outer air hole array 52 1s possible as a

variant of the first embodiment. In this wvariant, machining
costs can be reduced since the air holes 34 in the alr hole

array 52 can be formed by drilling an air hole member 31

vertically. In addition, although a rotational flow formed

at a downstream side of the burner will be dimensionally

smaller, this will present no problem, provided that the
burner is used independently. Furthermore, even when the
burner is used as a pilot burner, if its distance from
surrounding burners 1s short enough, a flame formed by that
burner will supply sufficient deals of heat and chemical
revitalization material to the surrounding burners so as to

enable the burner to sufficiently function as the pilot
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burner. A configuration with a flow channel formed
vertically to the air hole member 31 without providing a
rotation angle to the air holes in the outer air hole array
52 1s effectively applicable to other examples including
those described hereinafter.

A configuration with a rotation angle assigned only
to air holes in an outer air hole array 52 and not assigned
to those of an inner alir hole array 51 is also possible as
another variant of the first embodiment. In this variant,
machining costs can be reduced and even when a rotational

flow formed at a downstream side of the burner dimensionally

decreases, the burner can be used independently. 1In

addition, even when the burner is used as a pilot burner, if

1ts distance from surrounding burners is short enough,

sufficient deals of heat and chemical revitalization

material can be supplied to a flame region formed by the
surrounding burners so as to enable the burner to

sufficiently function as the pilot burner.

It 1s further conceivable that the air hole member 31
wlll have all i1its alr holes formed in an axial direction of

the burner (i.e., vertically to the air hole member 31).
Although machining costs can be further reduced in this case,
forming such an air hole member is likely to be unfavorable
in terms of supply of heat and a chemical revitalization

material and 1n perspective of combustion stability.

(Seventh embodiment)

Fig. 9 1s a front view, taken from a combustion
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chamber, of an air hole member formed in a burner equipped

in a seventh embodiment of the present invention, thils front

P

view being keyed to Fig. 1B of the first embodiment.

In the present embodiment, all air holes 34 and 35
are provided with a rotation angle for circumferential
inclination to a central axis of the burner, and the air
holes 34 and 35 are present in both an inner air hole array
51 and an outer air hole array 52. As with the first or
third embodiments, each air holes 34 i1is paired with an
independent fueling nozzle 32, and the air holes 35 are
paired with a fueling nozzle 33. Also, the air holes 35 are

divided into two groups, 35%5a and 35b. The group 35a

includes five air holes in which two holes are in the air
hole array 51 and three holes are in the air hole array 52.

The five air holes 35 in the group 35a are aggregated 1n one

fan-shaped region, and a fuel i1is supplied from the same

fueling nozzle 33 to each air hole 35. The group 35b also
includes five air holes in which two holes are in the air

hole array 51 and three holes are i1n the air hole array 5Z2.

The five air holes 35 in the group 35b are aggregated 1n one

fan-shaped region which 1s 180 degrees opposed to the group

35a, and the fuel is likewise supplied from the same fueliling
nozzle 33 to each air hole 35. 1In both ailr hole arrays 51
and 52, regions between the groups 35a and 35b are occupied

P

by air holes 34 each of which 1s supplied with the fuel from

the corresponding fueling nozzle. The air holes 34 are
constituted by a total of eight air holes including two

holes in the air hole array 51 and six holes in the air hole
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array 52. Other configurational factors are substantially

the same as in the first embodiment.

The fueling nozzles 32 and 33 are each inserted 1n a
downstream position relative to an entrance of the air hole
34 and entrances of the air holes 35 respectively. In the
present embodiment, the number of air holes 35 is slightly

greater than that of air holes 34, and thus an occupancy

rate of a diffusive combustion region increases above that

of a premixed combustion region. Therefore, a reduction

effect against NOx emissions from a diffusive burner 1is

likely to slightly decrease, whereas combustion stability 1s

likely to improve over that obtainable in the first

embodiment. Accordingly, flame stability can be malntained,

even 1f the fuel is such a low—-calorie fuel or slow-

combustion fuel as heavily laden with nitrogen.
Although the number of air holes 35 in the present
embodiment is slightly larger than that air holes 34, 1f the

g——

number of air holes 34 is increased above that of air holes

F

35, the occupancy rate of the premixed combustion reglon

increases above that of the diffusive combustion region and

the reduction effect against NOx emissions from the

diffusive burner is likely to increase. Combustion

stability is also likely to improve over that obtainable 1n
the first embodiment. Irrespective of whether the number of
elther air holes 34 or air holes 35 1is larger, since each

air hole 34 and 35 has a rotation angle, heat and a chemical

revitalization material are sufficiently supplied from a

rotational flow 1in a downstream region of combustion and
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flame stability can therefore be maintained in the entire

burner.

(Eighth embodiment)
The burners in the first to seventh embodiments have
each included two concentric air hole arrays. Fuel

consumption and a flow rate of air significantly differ

g

according to the type of object to which the burner 1is

applied. For combustor and/or burner sizing-up accompanying
with an increase in power—-generating output, it is effective,
as described in the above examples, to increase the number

of fueling nozzles and that of air holes in the air hole

P

member 31, not to adopt similar extension of the burner, 1n

response to increases in the flow rates of air and fuel.

g—

In addition, when the burner of the present invention

is used as a pilot burner for the gas turbine combustor,

using a kind of fuel may or will make 1t necessary that the
flame formed by the pilot burner be enlarged to improve

combustion stability of the flame.

Fig. 10 is a front view, taken from a combustion
chamber, of an air hole member formed in a burner equipped
in an eighth embodiment of the present invention, this front
view being keyed to Fig. 1B of the first embodiment.

In the present embodiment, the number of air hole
arrays 1s 1increased from two 1n the first embodiment to
three. The added outermost alr hole array 53 1ncludes ailr

holes 54. As described above, the present embodiment 1is

effective for forming larger flames particularly in a case
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where air and a fuel need to be supplied 1n greater

quantities than in the first embodiment. The number of air

hole arrays can also be further increased to four, depending

P F
p—

upon the supply rates of air and fuel and upon a size of a

flame to be formed.

In the present embodiment, among three air hole

arrays from 51 to 53, only the innermost air hole array 51

is formed with air holes 35. All air holes 1n the air hole

array 51 are the air holes 35. Each of the ailir holes 53 and

54 has a rotation angle. That 1s to say, although a

diffusive combustion region formed 1n the combustion chamber

1 is substantially the same as i1n the first embodiment,
since the addition of the air hole array 53 dimensionally

extends a premixed combustion region, a rate of the

diffusive combustion region to the entire flame becomes
correspondingly smaller than in the first embodiment, so NOX
emlssions from the entire combustor are suppressed. When
sizing up the burner 1n this way, comblning the
configuration for jetting the fuel from one fueling nozzle
33 towards the plurality of air holes 35 yields a great

F

advantage in that an increase 1n the number of nozzles 1s

suppressed.

Fig. 11 1s a schematic diagram of the flames formed
by the burner of the present embodiment, this diagram also
being a lateral sectional view taken along a central line 54
in Fig. 10.

As with the first embodiment, the present embodiment

forms a diffusive combustion region at a downstream section
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relative to the air holes 35. While being supplied with

both heat and a chemical revitalization material from the

diffusive combustion region 55, a surrounding premixture

expands towards a downstream side and a circumferential side,
thus forming premixed flames 56. The air holes 35 in the
inner air hole array 51 are paired with a fueling nozzle 33
having a distal end disposed at the downstream side relative

yi—u
p—

to the entrance of the air hole, and dif

fusive combustion

alr 1s therefore jetted from the air hole 35. Additionally,

in each air hole 34 of the air hole arrays 52 and 53, heat

P
o

S

ficient for the premixture can be supplied from the

diffusive combustion region, and thus a premixed flame 1s
stably retained at nearly an exit of each air hole 35 in the
alr hole array 51. Furthermore, since each air hole 35 1n
the innermost air hole array 51 has a rotation angle with

respect to a central axis of the burner, the premixed flame

56 1s formed downstream while expanding towards the

circumferential side. The diffusive combustion region 55
present at a base of the premixed conical flame 56 expanding
towards the downstream side retains the flame 1n the stable
state. Even when the number of concentric alir hole arrays
1s 1ncreased from two to three, combustion stability can be
malntained without the diffusive combustion region 55 being
dimensionally increased. Naturally, if all air holes 34 in
the air hole arrays 52 and 53, except for the air holes in
the 1nnermost air hole array 51, have rotation angle as in

the first embodiment, further combustion stability can be

obtained interactively with effectiveness of the present
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invention.

(Ninth embodiment)

As described in the eighth embodiment, the entire

flame can be stably combusted by diffusively combusting a

- -

part of the flame base. When the burner of the present

invention 1s used as a pilot burner, however, the burner 1is

required to stably combust a flame under a wide range of
operating conditions and would also be required to
complement combustion stability by supplying heat to
surrounding adjacent premixing burners and igniting each of

these premixing burners to provide further combustion

stability. In addition, if a material of a low calorie and
a low combustion rate 1s used, unburnt hydrocarbons and/or
carbon monoxide i1s usually liable to be discharged as a

result of the premixed flame becoming extinguished midway

and thus the fuel failing to completely react.

Fig. 12 is a front view, taken from a combustion

chamber, of an air hole member formed 1n a burner equilipped
in a ninth embodiment of the present invention, this front

view being keved to Fig. 1B of the first embodiment.

In the ninth embodiment of Fig. 12, air holes 34 and
35 are mixedly present in three air hole arrays from 51 to
53. As with each above example, air holes 34 are each
paired with a fueling nozzle 32, and air holes 35 are paired
with a fueling nozzle 33, and similarly to the seventh
embodiment, the air holes 35 are divided into groups 35a and

35b spanning all arrays. The groups 35a and 35b face each

32



CA 02693042 2010-02-10

other with a central axis of the burner as their boundary,

and are each formed into a fan-like shape by nine air holes
35 in which two holes are 1n an air hole array 51, three

holes are in an air hole array 52, and four holes are in an

air hole array 53. A fuel 1s jetted from one fueling nozzle

33 towards each air hole 35 of the groups 35a and 35b. In

addition, two groups of air holes 34 are 1interposed between

the groups 35a and 35b, and one of the two groups of air

holes 34 1s formed into a fan-like shape by nine ailr holes
34 in which one hole 1s in the air hole array 51, three

holes are 1n the air hole array 52, and five holes are 1in

the air hole array 53. Other configurational factors are

substantially the same as 1n the first embodiment.

In the present embodiment, since the number of the

griw

alr holes 34 1s as same as that of the air holes 35, a

F
e

premixed combustion region and a diffusive combustion region
are likely to be nearly of the same occupancy rate.
Accordingly, an NOx reduction effect 1n the entire combustor,

compared with the reduction effect i1n each above example, 1is

likely to decrease according to a particular increase 1n the

occupancy rate of the diffusive combustion region.
Combustion stability, however, 1mproves. Adopting the above

configuration with air holes 35 mixedly present in the

outermost array as well, enables another diffusive

combustion region to be formed at a position external to the

flame formed 1n the burner, and thus, heat and a chemical
revitalization material to be sufficiently supplied to an

outer peripheral side of the flame. Therefore, even if the
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fuel is such a low-calorie and/or slow-combustion fuel as
heavily laden with nitrogen, generation of unburnt
hydrocarbons and/or carbon monoxide can be suppressed and

flame stability maintained.

In addition, when the burner of the present

embodiment is used as a pilot burner for the gas turbilne
combustor, combustion stability improves, which in turn
extends a loaded-operation range of the gas turbine. When
the number of pairs of fueling nozzle 33 and air holes 35

and the arrangements thereof are properly adjusted according

to the kind of fuel to be used and operating conditions to

be set, NOx emissions can be minimized 1n satisfying

performance requirements relating to combustion stability.

(Tenth embodiment)

P

While examples of adding air hole arrays to

accommodate increases in the flow rates of the air and fuel
supplied have been described as the examples of Figs. 10 and
12, the number of air holes per array, for example, 1s not
limited to the number described 1n these examples and can be

increased as an alternative. Although the i1nnermost air
hole array 51 in each above example has included si1x air
holes, this number can be increased to, for example, eight

or ten. When the number of ailir holes in the i1nnermost ailr

P

hole array 51 is increased, that of air holes in each air

hole array external to the innermost one will also be

correspondingly increased and radial burner upsizing will be

1ncreasable.
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Fig. 13 is a front view, taken from a combustion

chamber, of an air hole member formed in the burner equilipped

in the tenth embodiment of the present invention, this front

view being keyed to Fig. 1B of the first embodiment.

As shown in Fig. 13, the innermost air hole array 5l

1)

in the present embodiment has eight air holes, the number of

which is greater than that in each example described above.

The air holes 35 paired with the fueling nozzle 33 are

arranged in the innermost air hole array 51, as in the first

embodiment, and the fuel is jetted from the same fueling

nozzle 33, towards the eight air holes 35.

(Eleventh embodiment)

Although the tenth embodiment has included three azir
hole arrays, there naturally is an advantage 1n changing the
number of air holes per array, whether the number of air

hole arrays be two or less or four or more.

Fig. 14 is a front view, taken from a combustion
chamber, of an air hole member formed 1n a burner equilpped
in an eleventh embodiment of the present i1nvention, this
front view being keyed to Fig. 1B of the first embodiment.

In the present embodiment, the number of air holes 1n
the innermost air hole array 51 1s eight, as with the tenth
embodiment. While the number of air holes per array 1S
greater than that in up to the seventh embodiment, the
number of air hole arrays 1s limited to two. Other
configurational factors are substantially the same as in the

tenth embodiment.
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gri=u

For example, even if increasing the number of air

hole arrays oversizes the burner, the number of air holes in

the entire burner can be increased whille suppressing the

grieben.

oversizing of the burner, by maintaining an 1nitial number

of air hole arrays and i1ncreasing only the number of
innermost air holes. In addition, since increasing the

number of air holes per array expands the arrangement of

these air holes as a whole outward, a circulation flow

region formed at a downstream position centrally 1n the

P~
-

burner 1s also enlarged. Even an increase in the number of

air holes 35 in the innermost air hole array 51, therefore,

supplying a fuel from one fueling nozzle 33 to the alr holes

35 is possible, and thus maintaining combustion stability 1s

F
—

possible while suppressing a quantitative increase of

fueling nozzles.

(Twelfth embodiment)

Fig. 15 is a lateral, sectional view of a gas turbine

combustor according to a twelfth embodiment of the present

=

16 1s a front view, taken from a

invention, and Fig.

combustion chamber, of an air hole member formed 1n a burner

equipped 1n the twelfth embodiment of the present invention,

this front view being keyed to Fig. 1B of the first

embodiment.

The gas turbine combustor according to the present
embodiment includes a plurality of burners each having an
alr hole member, at an upétream side of the combustion

chamber 1, and the present i1nvention (e.g., any one of the
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first to eleventh embodiments) 1s applied to a burner 57

provided centrally 1n the combustor. The burner 57 has a

plurality of (in the present embodiment, six) burners 58

arranged at 1ts outer peripheral side. Each burner 58

includes a fuel header 60, fueling nozzles 61, and air holes

62, and fuel jJet flows supplied to each of these elements
can each be independently controlled. The plurality of air
holes 62 are provided 1n the ailr hole member, and the same

P

number of fueling nozzles 61 as the air holes 62 are

arranged 1n assoclation with each air hole 62. In each

burner 58, the fuel that has been sent to the fuel header 60

1s distributed to the fueling nozzles 61 connected to the

fuel header 60, and after being i1njected from each fueling

P

nozzle 6l towards each of the associated air holes 62, the

fuel 1s premixed with air during passage through the air

iy

holes 62 and then jetted into the combustion chamber

In each outer burner 58, all fueling nozzles have
respective distal ends arranged at an upstream side relative
to an entrance of each air hole. This arrangement forms an
alrflow at an outer peripheral side of the fuel flow 1n the

alr hole, thus premixing the fuel and the air. At this time,

p—

since an internal volume of the air hole is small in

comparison with that of the combustion chamber 1, the fuel
and the alr can be sufficiently mixed at a short distance
and a premixed flame 27 is formed at a downstream section of
the burner 58.

Gas turbines need to be operated under a wide range

of conditions from starting conditions to rated-load
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conditions. In particular, under the starting conditions

and under new conditions established after fuel system
switching, since fuel-air ratios decrease locally 1in the
burner, 1t 1s very important to maintain combustion

stability of flames. Applying the present invention to the

central burner 57 in the combustor i1mproves combustion

stability of the burner 57, thus making high reliability
obtainable according to particular speed-increasing
conditions of the gas turbine, even from the start of 1ts
operation. The premixed flame 27 formed at a downstream

side of each outer burner 58 1s also supplied with heat and

a chemical rewvitalization material from a flame 24 formed at

p—

a downstream side of the central burner 57. Combustion

stability can therefore be maintained while suppressing an

increase 1n the number of fueling nozzles.

(Thirteenth embodiment)

Fig. 17 is a front view, taken from a combustion
chamber, of an air hole member formed in a burner equipped

in a thirteenth embodiment of the present invention, this

front view being keyed to Fig. 1B of the first embodiment.
In the present embodiment, burners 57 applying the
present 1nvention are arranged instead of the outer burners

in the twelfth embodiment. In the present embodiment, since

a diffusive combustion region is present for the flames

formed by the individual burners 57, NOx emissions are

therefore likely to increase, but the flames formed by each

burner 57 i1mprove 1n combustion stability. Accordingly,
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even 1f a low-calorie fuel or any other fuel that is low 1n
combustion rate and highly flame-retardant is used as a fuel
for the gas turbine, a diffusive combustion region will Dbe
formed at bases of the flames formed by the plurality of
burners 57. Flame stability can therefore be retained and

high operational reliability obtained. The gas turbine can

also have 1ts loaded operating range extendible at the same

time.

(Fourteenth embodiment)

Fig. 18 1s a lateral sectional view showing a
schematic structure of a fueling nozzle 33 eqguipped in a
burner according to a fourteenth embodiment of the present
invention.

Unlike the fueling nozzle 33 in the first embodiment,
the fueling nozzle 33 of the burner in Fig. 18 has a distal
end disposed at a downstream position relative to entrances
of alr holes 35, and the distal end is inserted centrally in
an air hole member 31. On a circumferential surface of the
fueling nozzle 33 are perforated a plurality of injection

ports each of which directly communicates with a lateral

side of each air hole 35 in the innermost air hole array 51,

via respective pass-through pores. The pass-through pores

radially extend from a central portion of the air hole

member 31, penetrating to plate thickness thereof. The air

holes 35 are provided with a rotational angle for

circumferential inclination to a central axis of the burner,

as in other examples including the first embodiment. Other
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structural factors of the burner are substantially the same

as 1n the above-described examples.

In the present embodiment, a fuel jet flow 44 jetted

from the fueling nozzle 33 collides against an inner wall

surface of each air hole 35 and flows i1nto a downstream side

along the inner wall surface of the air hole 35. Compared

with a combination of a fueling nozzle 32 and air holes 34,

therefore, the amount of air flowing into the air hole 35
increases in a relative fashion and the fuel jet flow 44 1s

jetted into a combustion chamber 1 without making no

progress in mixing with air 45. Direct fuel jetting by the

v

fueling nozzle 33 into the air hole 35 through the inside of

the air hole member 31 makes mixing between the fuel jet
flow 44 and the air 45 more efficiently suppressible,
because of no obstruction disturbing the flow of the air 45

into the air hole 35.
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WHAT 1S CLAIMED IS:

1. A burner comprising:

an alr hole member with a plurality of ailr holes, each ot
which is provided at an upstream side of combustion gases
generated by a combustion chamber;

a first fueling nozzle for jetting a fuel in a direction
crossing a central axis of the burner towards at least two of
the plurality of air holes;

a plurality of second fueling nozzles each provided 1n
association with one of the remaining air holes, each of the
second fueling nozzles being formed for jetting the fuel in a
direction routed along the burner axis towards the associated
alr hole;

a fuel header for distributing the fuel to the first
fueling nozzle and each second fueling nozzle; and

a fuel header storage unit that shrouds the fuel header,
the first fueling nozzle, and each second fueling nozzle, the
storage unit including an ailr inflow hole, wherein each of the
first fueling nozzle and the second fueling nozzle has a
distal end positioned at an upstream side relative to an

entrance of the associated air hole.
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2. The burner according to claim 1,

wherein the plurality of air holes are provided
concentrically i1n a plurality of arrays, each of the air holes
being inclined in a circumferential direction with respect to
the burner axis,

the first fueling nozzle 1s disposed on a central axis of
the air hole member, the first fueling nozzle being formed for
jetting the fuel towards an inner wall surface of each air
hole 1n the innermost array, and

each of the second fueling nozzles 1s provided at a
position opposed to the center of an entrance of the
associated air hole in an axial direction of the burner, the
second fueling nozzle being formed for jetting the fuel
towards one of the air holes except the air hole in the

innermost array.

3. The burner according to claim 1,

wherein the plurality of air holes are provided
concentrically in a plurality of arrays, each of the air holes
being inclined in a circumferential direction with respect to
the burner axis,

the air holes in the innermost array are divided 1nto two
groups such that each of two first fuéling nozzles jets the

fuel towards the inner wall surfaces of the air holes of the

respective groups, and
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each of the second fueling nozzles 1s provided at a

position opposed to the center of an entrance of the

associated air hole in an axial direction of the burner, the
second fueling nozzle being formed for jetting the fuel
towards one of all air holes except the ailir hole in the

innermost array.

4, The burner according to claim 3,
wherein each air hole in each of the two groups 1is

adjacent to the other on a circumference.

5. The burner according to claim 3,
wherein the air holes in the two groups are disposed at

alternate positions on a circumference.

6. The burner according to claim 1,

wherein the plurality of air holes are provided
concentrically in a plurality of arrays, each of the air holes
being inclined in a circumferential direction with respect to
the burner axis,

the first fueling nozzle is disposed on a central axis of
the air hole member, the first fueling nozzle being formed for
jetting the fuel towards inner wall surfaces of a plurality of

alr holes in the innermost array, and
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each of the second fueling nozzles is provided at a
position opposed to the center of an entrance of the
asgsocilated air hole in an axial direction of the burner, the
second fueling nozzle being formed for jetting the fuel
towards one of all the air holes except the air hole in the
innermost array that are subjected to fuel jetting from the

first fueling nozzle, as well as towards one of all other air

holes except the air hole 1in the i1nnermost array.

7. A burner comprising:

an alir hole member with a plurality of air holes, each of
which is provided at an upstream side of combustion gases
generated by a combustion chamber;

a first fueling nozzle for jetting a fuel in a direction
crossing a central axis of the burner towards at least two of
the plurality of air holes;

a plurality of second fueling nozzles each provided 1in
association with one of the remalining air holes, each of the

second fueling nozzles being formed for jetting the fuel 1in a

direction routed along the burner axis towards the associated

alr hole;

a fuel header for distributing the fuel to the first
fueling nozzle and each second fueling nozzle; and

a fuel header storage unit that shrouds the fuel header,
the first fueling nozzle, and each second fueling nozzle, the

storage unit including an air inflow hole.
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8. A combustor comprising:
a pilot burner including the burner of claim 1 or 7 that

1s disposed at an upstream side of a combustor liner in a flow
direction of combustion gases; and

a premixing burner provided at an outer peripheral side
of the pilot burner, the premixing burner being inclusive of a
premixing channel for mixing the fuel and air, and of a flame

stabilizer provided at an exit of the premixing channel.

9. A combustor comprising:

a pilot burner including the burner of claim 1 or 7 that
is disposed at an upstream side of a combustor liner i1n a flow

direction of combustion gases; and

a plurality of outer burners each provided at an outer
peripheral side of the pilot burner, each of the outer burners
being inclusive of an air hole member having a plurality of
air holes, and of fueling nozzles as many as there actually
are the air holes, and each outer burner being further adapted
to jet the fuel from each of the fueling nozzles via

associliated air holes towards the combustion chamber.

10. A combustor comprising:

a plurality of pilot burners each i1ncluding the burner of
claim 1 or 7 that is disposed at an upstream side of a

combustor liner in a flow direction of combustion gases.
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