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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a gas turbine
combustor for combusting premixed fuel in a fuel lean
state which is obtained by adding air to fuel and an op-
erating method thereof, and more specifically, to a gas
turbine combustor capable of effectively lowering con-
centration of NOx contained in the exhaust gas from a
gas turbine and an operating method thereof.
[0002] In general, a gas turbine power generation
plant has a plurality of gas turbine combustors inter-
posed between an air compressor and a gas turbine and
creates a combustion gas by the gas turbine combus-
tors by adding a fuel to a compressed air guided from
the air compressor. The combustion gas is guided into
the gas turbine and an expansion work is executed and
a generator is driven by making use of the rotational
torque obtained by the expansion work.
[0003] Incidentally, recent gas turbine power genera-
tion plants are required to increase a generated power
in addition to the increase of a fuel efficiency and, for
this purpose, the combustion gas temperature at a gas
turbine inlet is increased so as to increase the power of
the gas turbine by increasing the temperature of the
combustion gas created by the gas turbine combustor.
[0004] However, various restrictions are imposed on
the gas turbine combustor by the increase of the com-
bustion gas temperature at the gas turbine inlet and one
of them is an environment problem relating to a NOx
concentration.
[0005] The NOx concentration directly depends on
the temperature increase of the combustion gas, and as
the temperature of the combustion gas is more in-
creased, the concentration thereof is more increased.
That is, when the combustion gas is created by the mix-
ture of fuel and air, as an equivalent ratio (ratio of a fuel
flow rate to an air flow rate) approaches a value of 1, the
temperature of the combustion gas is more increased
and the nitrogen contained in the air is bonded to a larger
amount of oxygen by the action of the reaction heat re-
sulting from the temperature increase to thereby in-
crease the NOx concentration.
[0006] There is available a lean premixing combus-
tion system in the gas turbine combustor as a method
of lowering the generation of NOx which burns fuel in a
fuel lean state by previously mixing air with the fuel. Ac-
cording to such combustion system, since the fuel itself
has been already made to the lean state, when a com-
bustion gas is created, the peak temperature of the com-
bustion gas can be suppressed as compared with a con-
ventional diffusing combustion system and a NOx re-
duction ratio of about 20% can be ordinarily achieved.
[0007] However, as shown in FIG. 19, it is difficult for
the lean premixing combustion system to control the
equivalent ratio when the combustion gas is created.
When the equivalent ratio is low, a combustion efficiency

is lowered and the generation of uncombusted compo-
nents such as CO, UHC (uncombusted hydrocarbon)
etc. is increased, and sometimes, a flame blow out phe-
nomenon rises, whereas when the equivalent ratio is
high, the amount of NOx generated is abruptly in-
creased. As a result, the range of combustion operation
in which a low NOx state can be stably maintained for
a long time is very narrow.
[0008] Recently, there have been proposed many
combustion systems which use diffusing combustion
and premixing combustion simultaneously as a technol-
ogy which further develops the lean premixing combus-
tion system, the systems being arranged such that a dif-
fusing combustion zone is formed to the head portion of
a combustion chamber, a premixing combustion zone is
formed downstream side the diffusing combustion zone,
a diffused combustion gas is created by charging the
fuel into the diffusing combustion zone and a premixed
combustion gas is created by charging the premixed fuel
into the premixing combustion zone. One of the diffus-
ing/premixing combustion systems is disclosed in Jap-
anese Patent Laid-open Publication No. HEI 7-19482.
[0009] The prior art technology further reduces NOx
by partially premixing pilot fuel for maintaining flame to
thereby reduce diffused combustion by which a lot of
NOx is generated, in addition to a matter that the main
fuel for creating the combustion gas for driving the gas
turbine is premixed.
[0010] As shown in FIG. 18, a gas turbine combustor
according to the prior art technology is arranged such
that a diffusing combustion zone 2 is formed to the head
portion in a combustor inner cylinder 1, a premixing
combustion zone 3 is formed downstream of the diffus-
ing combustion zone 2, and a pilot fuel injection unit 6
for charging a pilot fuel A is disposed to the diffusing
combustion zone 2 and a main fuel injection unit 16 for
charging a main fuel C is disposed to the premixing com-
bustion zone 3, respectively.
[0011] The pilot fuel injection unit 6 includes a diffus-
ing combustion nozzle unit 4 at the center of the com-
bustor inner cylinder 1 and a premixing combustion noz-
zle unit 5 to the outside of it.
[0012] The diffusing combustion nozzle unit 4 is par-
titioned into a first diffusing combustion nozzle unit 7 for
charging a fuel a1 into the diffusing combustion zone 2
to maintain flame until a low load is imposed on the gas
turbine and a second diffusing combustion nozzle unit
8 for charging a fuel a2 into the diffusing combustion
zone 2 to maintain the flame in place of the first diffusing
combustion nozzle unit 7 when an intermediate load is
imposed on the gas turbine. Further, an air passage 9
is formed to the diffusing combustion nozzle unit 4 so
as to concentrically surround the first and second diffus-
ing combustion nozzle units 7 and 8, and a swirler 10 is
disposed to the outlet end of the air passage 9 to thereby
apply a swirling flow to the fuels a1 and a2 which are
injected from the first and second diffusing combustion
nozzle units 7, so that a circulating flow is formed in the
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diffusing combustion zone 2 to more securely maintain
the flame.
[0013] The premixing/diffusing combustion nozzle
unit 5 disposed outwardly of the diffusing combustion
nozzle unit 4 is arranged such that when a fuel b which
is used as a combustion gas for driving the gas turbine
as well as a combustion gas for maintaining the flame
is charged into the diffusing combustion zone 2 through
a header 11, the nozzle unit 5 mixes the fuel b with the
swirling air supplied from a swirler 12 in a premixing
zone 13 and injects it into the diffusing combustion zone
2 as the premixed fuel in a lean fuel state and when the
premixed fuel is injected, it is made to a circulating flow
which is larger than the circulating flow in the first and
second diffusing combustion nozzle units 7 and 8.
[0014] On the other hand, the main fuel injection unit
16 for charging a fuel c into the premixing combustion
zone 3 is composed of a main fuel nozzle unit 14 and a
premixing duct 15 and when the fuel c is injected from
the main fuel nozzle unit 14 through a header 18, the
main fuel injection unit 16 mixes the fuel c with the com-
pressed air 17 from an air compressor, not shown, in the
premixing duct 15 and injects the fuel c as a premixed
fuel in a lean fuel state into the premixing combustion
zone 3 to thereby create a combustion gas for driving
the gas turbine using the combustion gas of the pilot fuel
injection unit 6 as a pilot flame.
[0015] As shown in FIG. 19, a method of charging and
distributing the fuel injected from the pilot fuel injection
unit 6 into the diffusing combustion zone 2 and the fuel
injected from the main fuel injection unit 16 into the
premixing combustion zone 3 is performed in a manner
such that while the load on the gas turbine, which is in
start-up operation, is zero, the fuel a1 of the first diffusing
combustion nozzle unit 7 is charged into the diffusing
combustion zone 2. When the gas turbine is rotated
100% in a no load state, the fuel a2 of the second dif-
fusing combustion nozzle unit 8 and the fuel b of the
premixing/diffusing combustion nozzle unit 5 are simul-
taneously charged into the diffusing combustion zone 2.
When the gas turbine is in an intermediate load state,
the charge of the fuel a1 of the first diffusing combustion
nozzle unit 7 is stopped and the fuel c of the main fuel
injection unit 16 is charged into the premixing combus-
tion zone 3 in place of it. When the load on the gas tur-
bine is made to 100%, the ratio of the fuel c to the entire
fuel flow rate is set to 70% - 80%. Further, it is to be
noted that the fuel a2 of the second diffusing combustion
nozzle unit 8 at the time is as small as 2 - 5% which is
set to the entire fuel flow rate and it is secured to main-
tain the flame.
[0016] As described above, the conventional gas tur-
bine combustors suppress the generation of the NOx by
partially premixing the fuel injected from the pilot fuel
injection unit 6 into the diffusing combustion zone 2 as
the flame maintaining combustion gas by paying atten-
tion to the diffusing combustion by which a large amount
of the NOx is generated.

[0017] However, since the recent gas turbine power
generation plants search for the power and thermal ef-
ficiency of the gas turbine which are higher than those
achieved at present, a countermeasure for reducing the
NOx is more required to cope with the increase of a com-
bustion gas temperature. To maintain the NOx concen-
tration which is lower than that regulated by the present
law over the entire operating range from the low load
operation to the 100% load operation of the gas turbine,
it is required to develop a gas turbine combustor which
further reduces the concentration of the NOx generated
in the diffusing combustion.
[0018] Although the conventional gas turbine com-
bustor shown in FIG. 18 partly executes the premixing
of the pilot fuel injection unit 6, it is encountered with
difficulty in the development of the premixing of the first
diffusing combustion nozzle unit 7 and the second dif-
fusing combustion nozzle unit 8. This is because that
since the first diffusing combustion nozzle unit 7 and the
second diffusing combustion nozzle unit 8 are provided
to stably secure the combustion gas for the flame, when
the premixing is executed to these units, there is caused
a great factor by which the flame is blown out. When a
diffused fuel is supplied into a single large combustion
chamber in a small flow rate, a diffusing combustion
zone is disturbed by the great disturbance of the premix-
ing combustion zone 3 for the pilot premixed flame and
the main premixed flame, by which the flames are made
unstable and blown out.
[0019] It will be necessary to carry out a control such
that when a load is shut off, the premixed fuel is shut off
and the diffused fuel restricted to a small amount is in-
creased accordingly. However, since the flow rate of the
diffused fuel is not immediately increased due to the vol-
ume of a piping from a control valve to a diffusing nozzle
injection valve, a premixed flame is misfired by the re-
duction of the premixed fuel before the flow rate of it
increased, an amount of air being supplied increases
instantaneously and the air/fuel ratio in the diffusing
combustion unit is reduced. At the same time, the dis-
turbance of a cold gas is caused also in the diffusing
combustion unit by the misfire of the premixed flame and
the diffused flame is blown out. As a result, when the
diffused fuel is reduced to lower the NOx, blowing out is
liable to be caused in ordinary operation as well as when
the load is shut off.
[0020] Although a plurality of the gas turbine combus-
tors, for example, eight sets are interposed between the
air compressor and the gas turbine, an igniter is provid-
ed with one or two of them and the flame generated by
the ignition of the igniter is sequentially propagated to
the other gas turbine combustors. In this case, even if
a combustion chamber is partitioned to a small size at
the center of the gas turbine and fuel is supplied there-
into and ignited, only the center of the gas turbine is
made to a high temperature by a resulting flame and the
flame is not sufficiently propagated to a flame propaga-
tion pipe and thus the propagation thereof to the other
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gas turbine combustors is delayed.
[0021] From US 5,054,280 there is known a gas-tur-
bine combustor comprising a second-stage combustion
chamber disposed substantially in the center of the en-
tire combustor, and a first-stage combustion chamber
which is disposed around the inner periphery of an up-
stream end portion of the second-stage combustion
chamber. A liner cap is disposed around the periphery
of an upstream end portion of a combustion liner and an
auxiliary liner cap is provided within the circumference
of the liner cap in a coaxial relationship. The auxiliary
liner cap extends in the downward direction and a sec-
ond-stage premixer sleeve extends into the second-
stage combustion chamber in the downstream direction
thereof. A second-stage fuel supply pipe extends
through the second-stage premixer sleeve and a plural-
ity of second-stage fuel nozzles are attached to an in-
termediate portion of the second-stage fuel supplier
pipe, while a swirling device is attached to a downstream
end portion of the same. A plurality of first-stage fuel
nozzles extend into an annular air passage formed by
the liner cap and the auxiliary-burner cap and a plurality
of auxiliary burners are secured to the junction between
the auxiliary-burner cap and the second-stage premixer
sleeve. With such structure, when the auxiliary burner
is fired, first-stage combustion flame is formed in the
first-stage combustion chamber and second-stage
premixture flame is held in this swirling device, thereby
forming a flame in the second-stage combustion cham-
ber. In such a stage, when the auxiliary-burner flame is
extinguished, the flame-holding effect within the first-
stage combustion chamber is lost and the first-stage
combustion flame flows in the downstream direction.
This flame is held in the second-stage combustion
chamber flowing to the second-stage combustion flame
and thus undergoes premixed combustion.
[0022] EP-A 0 399 336 discloses a combustor which
includes a first premixture supply device provided in a
central portion of a combustion chamber disposed gen-
erally concentric with a combustion cylinder and a sec-
ond premixture supply means provided adjacent to an
outer periphery of the first premixture supply device. The
first premixture supply device is operable when the com-
bustor is under a high load and the second premixture
supply device is operable when the combustor is under
low load. The method of operating the combustor is such
that the outer premixture supply device is operable in a
low-load range while the inner and outer premixture sup-
ply devices are operable in a high-load range at above
a predetermined load.

SUMMARY OF THE INVENTION

[0023] A primary object of the present invention is to
provide a gas turbine combustor and an operating meth-
od thereof which premix a fuel by minimizing the diffused
combustion through which the NOx of a high concentra-
tion is generated and certainly secure a flame by the

premixing so that the NOx is sufficiently reduced even
if the temperature of a combustion gas is increased by
the increase of the power of a gas turbine.
[0024] Another object of the present invention is to
provide a gas turbine combustor and an operating meth-
od thereof capable of promptly propagating a flame to
all the gas turbine combustors when fuel is ignited and
securing the flame created from a pilot fuel injection unit
only by premixing combustion by eliminating the diffus-
ing combustion having a high NOx generation ratio
when a 100% load is imposed or when a load is shut off.
[0025] These and other objects can be achieved ac-
cording to the present invention by providing a gas tur-
bine combustor comprising:

an outer cylinder;
a combustor inner cylinder disposed inside the out-
er cylinder;
a combustion chamber formed in the combustor in-
ner cylinder;
a pilot fuel injection unit disposed to a head side por-
tion of the combustion chamber,
the pilot fuel injection unit comprising a first premix-
ing combustion nozzle unit, a diffusing combustion
nozzle unit and a second premixing combustion
nozzle unit, the first premixing combustion nozzle
unit being arranged at a central portion of the head
side portion of the combustion chamber, the diffus-
ing combustion nozzle unit being arranged so as to
coaxially surround an outside of the first premixing
combustion nozzle unit and the second premixing
combustion nozzle unit being arranged so as to co-
axially surround an outside of the diffusing combus-
tion nozzle unit, respectively; and
a premixing combustion chamber disposed to an
outlet side of the first premixing combustion nozzle
unit so as to be communicated with the combustion
chamber

wherein said remixing combustion chamber is situated
upstream of said combustion chamber such that only
fuel and air from said first premixing combustion nozzle
unit is combusted therein.
[0026] In preferred embodiments of the present in-
vention of the above aspect, a main premixing fuel in-
jection unit may be further disposed to an outside of the
second premixing combustion nozzle unit.
[0027] At least two sets of the pilot fuel injection units
will be disposed to the head side portion of the combus-
tion chamber, each of these pilot fuel injection units be-
ing composed of the first premixing combustion nozzle
unit, the diffusing combustion nozzle unit and the sec-
ond premixing combustion nozzle unit and being provid-
ed with the premixing combustion chamber disposed to
the outlet side of the first premixing combustion nozzle
unit.
[0028] The premixing combustion chamber disposed
to the outlet side of the first premixing combustion noz-
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zle unit is formed to provide either one of a concave
shape and a conical shape. The premixing combustion
chamber has a step-shaped cutout.
[0029] The premixing combustion chamber has injec-
tion holes communicated with a compressed air pas-
sage surrounding the premixing combustion chamber.
The premixing combustion chamber has a wall surface
which is composed of either one of ceramics and a ce-
ramic-fiber-reinforced composite material. The premix-
ing combustion chamber has projecting pieces formed
integrally with the wall surface. The premixing combus-
tion chamber is provided with a catalyst.
[0030] The diffusing combustion nozzle unit coaxially
surrounding the outside of the first premixing combus-
tion nozzle unit has a fuel injection hole arranged in a
direction facing a flame propagation pipe disposed in the
combustion chamber.
[0031] The first premixing combustion nozzle unit has
a drive unit for moving a first fuel nozzle accommodated
in a first premixing premixed gas passage formed to sur-
round the first premixing combustion nozzle so as to per-
mit it to freely advance and retract in an axial direction
thereof. The drive unit is either one of a motor, a manual
handle and a hydraulic mechanism.
[0032] According to another aspect of the present in-
vention, there is provided a method of operating an in-
ventive gas turbine combustor for driving a gas turbine
by a premixed flame created from at least one or more
of a first premixing combustion nozzle unit, a second
premixing combustion nozzle unit and a main fuel noz-
zle unit while the gas turbine is in rated load operation,
the method comprising the steps of:

driving the gas turbine only by the premixed flame
created from the first premixing combustion nozzle
unit when a load of the gas turbine is shut off; and
restarting, thereafter, the gas turbine by adding
flames created from a diffusing combustion nozzle
unit and the second premixing combustion nozzle
unit.

[0033] According to the structures and characters of
the present invention mentioned above, since the pilot
fuel injection unit disposed to the head side portion
(header) of the combustion chamber is composed of the
first premixing combustion nozzle unit, the diffusing
combustion nozzle unit and the second premixing com-
bustion nozzle unit in the coaxial arrangement thereof
on the header side, the first premixed flame created from
the first premixing combustion nozzle unit can be stably
combusted and the concentration of the NOx can be
suppressed to the low level.
[0034] Since the diffusing combustion nozzle unit is
disposed outwardly of the first premixing combustion
nozzle unit in the gas turbine combustor, when the dif-
fused flame created from the diffusing combustion noz-
zle unit is propagated to the other gas turbine combus-
tors through the flame propagation pipe, it can be

promptly and certainly propagated.
[0035] Since the temperature of the combustion gas
as the flame is increased by combining the main premix-
ing fuel injection unit with the pilot fuel injection unit, the
power of the gas turbine can be increased.
[0036] Since the plurality of pilot fuel injection units
may be disposed to the head side portion of the com-
bustion chamber, the temperature distribution of the
combustion gas as the flame in the combustion chamber
can be made uniform and the occurrence of the vibration
due to the combustion can be suppressed.
[0037] Since the cutout is formed to the premixing
combustion chamber at the outlet of the first premixing
combustion nozzle unit and suppresses the occurrence
of the vibration due to the combustion by making use of
the adhering force of the swirls generated by the cutout,
the premixed flame can be stably secured.
[0038] Since the premixing combustion chamber is
formed to the outlet of the first premixing combustion
nozzle unit so as to provide the conical shape and the
pressure of the premixed flame created in the premixing
combustion chamber is restored, the staggering move-
ment of the premixed flame can be surely prevented.
[0039] Since the injection holes are formed to the wall
surface of the premixing combustion chamber at the out-
let of the first premixing combustion nozzle unit and the
wall surface is cooled by the compressed air from the
compressed air passage, the wall surface can be pre-
vented from being burnt by the premixed flame.
[0040] Since the wall surface of the premixing com-
bustion chamber formed to the outlet of the first premix-
ing combustion nozzle unit is formed of the ceramics or
ceramics-fiber-reinforced composite material to cope
with the high temperature, the generation of the uncom-
busted fuel can be reduced.
[0041] Since the drive unit is provided for the first fuel
nozzle of the first premixing combustion nozzle unit and
the volume of the premixing combustion chamber can
be adjusted in correspondence to the operating states
by advancing or retracting the first fuel nozzle in the axial
direction by the drive force of the drive unit, the vibration
due to the combustion generated on the basis of the in-
crease or decrease of the fuels when the operating state
changes can be suppressed.
[0042] Since the catalyst is provided for the combus-
tion chamber formed to the outlet of the first premixing
combustion nozzle unit, the combustible limit value of
the premixed gas and the limit value at which no CO is
generated can be lowered, whereby the concentration
of generated NOx can be suppressed to the low level.
[0043] Furthermore, according to the operating meth-
od of the gas turbine combustor of the present invention
the premixed flame created from the premixing combus-
tion chamber of the first premixing combustion nozzle
unit can be continuously secured even if the load on the
gas turbine is shut off, so that the rated load operation
can be restored more promptly than the conventional
method by shortening the restating time of the gas tur-
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bine.
[0044] The nature and further characteristic features
of the present invention will be made more clear from
the following descriptions made with reference to the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] In the accompanying drawings:

FIG. 1 is a schematic sectional view, partly cut away,
showing a first embodiment of a gas turbine com-
bustor according to the present invention;
FIG. 2 is a partially enlarged view of FIG. 1;
FIG. 3 is a graph describing stability of a flame from
the relationship between a flow rate of a diffused
fuel and a flow velocity of the flame in a rated load;
FIG. 4 is a graph describing a temperature distribu-
tion of the flame from the relationship between the
position of a fuel injection hole of a diffusing fuel
nozzle unit and a flame propagation pipe;
FIG. 5 is a schematic sectional view, partly cut away,
showing a second embodiment of a gas turbine
combustor according to the present invention;
FIG. 6 is a schematic sectional view, partly cut away,
showing a third embodiment of a gas turbine com-
bustor according to the present invention;
FIG. 7 is a partial schematic sectional view showing
a first example of a gas turbine combustor accord-
ing to each of the above embodiments of the
present invention;
FIG. 8 is a partial schematic sectional view showing
a second example of a gas turbine combustor ac-
cording to the above embodiments;
FIG. 9 is a partial schematic sectional view showing
a third example of a gas turbine combustor accord-
ing to the above embodiments;
FIG. 10 is a schematic sectional view partly showing
a fourth example of a gas turbine combustor ac-
cording to the above embodiments;
FIG. 11 is a graph showing the relationship among
a load, an equivalent ratio of a premixed gas and
an unburnt fuel concentration;
FIG. 12 is a graph showing the relationship among
the load, an equivalent ratio of a mixed gas, an
equivalent ratio of a diffused fuel, an unburnt fuel
concentration and a NOx concentration;
FIG. 13 is a schematic sectional view partly showing
a fifth example of a gas turbine combustor accord-
ing to the above embodiments;
FIG. 14 is a front elevational view observed from
the direction of the arrow shown by the line XIV-XIV
in FIG. 13;
FIG. 15 is a schematic sectional view partly showing
a sixth example of a gas turbine combustor accord-
ing to the above embodiments;
FIG. 16 is a schematic sectional view partly showing
a seventh example of a gas turbine combustor ac-

cording to the above embodiments;
FIG. 17 is a view describing charge and distribution
of a fuel in an operating method of a gas turbine
combustor according to the present invention;
FIG. 18 is a schematic sectional view, partly cut
away, showing an embodiment of a conventional
gas turbine combustor;
FIG. 19 is a graph showing the relationship among
an equivalent ratio, an NOx concentration and a CO
concentration; and
FIG. 20 is a view describing the charge and distri-
bution of a fuel in a conventional gas turbine com-
bustor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0046] Embodiments of a gas turbine combustor and
an operating method thereof according to the present
invention will be described hereunder with reference to
the accompanying drawings.
[0047] FIG. 1 is a schematic sectional view, partly cut
away, showing a first embodiment of a gas turbine com-
bustor according to the present invention.
[0048] The gas turbine combustor whose entire ar-
rangement is denoted by reference numeral 20 is
formed to a multi-cylindrical structure having a combus-
tor inner cylinder 22 surrounded by a combustor outer
cylinder 21.
[0049] The combustor inner cylinder 22 extends in an
axial direction and has a cylindrical combustion cham-
ber 23 formed therein with a pilot fuel injection unit 24
disposed to the head portion thereof and a combustor
tail cylinder 26 which communicates with a gas turbine
blade 25 and is disposed downstream of the pilot fuel
injection unit 24.
[0050] The combustor inner cylinder 22 and the com-
bustor tail cylinder 26 are formed by being surrounded
by a flow sleeve 27 around the outside thereof and an
air passage 28 is formed by the flow sleeve 27.
[0051] The air passage 28 guides the compressed air
30a from an air compressor 30 through air holes 29 de-
fined to the flow sleeve 27, the surfaces of the combus-
tor inner cylinder 22 and the combustor tail cylinder 26
are cooled by a portion of the compressed air 30a, the
temperature of a combustion gas 31 is diluted by anoth-
er portion of the compressed air 30a and the rest of the
compressed air 30a is guided to the pilot fuel injection
unit 24.
[0052] The pilot fuel injection unit 24 is accommodat-
ed in a casing 35 and extends up to the head portion of
the combustion chamber 23 in the axial direction. The
pilot fuel injection unit 24 includes a first premixing com-
bustion nozzle unit 33 disposed at the center of the cas-
ing 35, a diffusing combustion nozzle unit 32 formed by
coaxially surrounding the first premixing combustion
nozzle unit 33 and a second premixing combustion noz-
zle unit 34 formed by coaxially surrounding the diffusing
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combustion nozzle unit 32 and executes premixing by
previously adding the compressed air 30a to the remain-
ing fuels b, c which flow in the first premixing combustion
nozzle unit 33 and the second premixing combustion
nozzle unit 34 except the fuel a which flows in the dif-
fusing combustion nozzle unit 32.
[0053] Further, the first premixing combustion nozzle
unit 33 coaxially surrounded by the diffusing combustion
nozzle unit 32 and the second premixing combustion
nozzle unit 34 is provided with a premixing combustion
chamber 36 whose outlet is formed to a concave shape.
[0054] In the pilot fuel injection unit 24 arranged as
described above, when the diffusing combustion nozzle
unit 32 creates a diffused flame 31a by the fuel a, it dif-
fuses the fuel a in the direction of the lateral sectional
surface of the combustion chamber 23. As a result,
when the fuel a is ignited, the diffused flame 31a reaches
a flame propagation pipe 60 which communicates a plu-
rality of gas turbine combustors with each other to there-
by propagate the diffused flame 31a to the other gas
turbine combustors. The flow rate of the fuel a is grad-
ually reduced while the load on the gas turbine increas-
es and finally made to zero.
[0055] The fuel b injected from the first premixing
combustion nozzle unit 33 is premixed by being added
with the compressed air 30a and creates a first premixed
flame 31b accompanied with a circulating flow in the
premixing combustion chamber 36. In addition, the fuel
c injected from the second premixing combustion nozzle
unit 34 is premixed by being added with the compressed
air 30a and creates a second premixed flame 31c in the
combustion chamber 23 using the diffused flame 31a as
a pilot flame.
[0056] The diffused flame 31a, the first premixed
flame 31b and the second premixed flame 31c are guid-
ed to the gas turbine blade 25 through the combustor
tail cylinder 26 as the combustion gas 31 for driving the
gas turbine after they are joined. Further, the supply of
the fuel a, which is injected from the diffusing combus-
tion nozzle unit 32, is stopped in the gas turbine load
increasing process. The first premixed flame 31b as the
pilot flame, the second premixed flame 31c and the com-
bustion gas 31 for driving the gas turbine are covered
by the fuels b, c which are injected from the first premix-
ing combustion nozzle unit 33 and the second premixing
combustion nozzle unit 34.
[0057] FIG. 2 is a partially enlarged view of the pilot
fuel injection unit 24 shown in FIG. 1. The arrangement
of the pilot fuel injection unit 24 will be described some-
what in detail herein.
[0058] As shown in FIG. 2, the pilot fuel injection unit
24 is constructed by aggregating the individual diffusing
combustion nozzle unit 32, first premixing combustion
nozzle unit 33, second premixing combustion nozzle
unit 34 and premixing combustion chamber 36 as a sin-
gle unit.
[0059] The second premixing combustion nozzle unit
34 which is located farthest from the axial center of the

pilot fuel injection unit 24 is provided with a second fuel
nozzle 49, a swirler 48 and a second premixing
premixed gas passage 47, respectively. In addition, the
second premixing premixed gas passage 47 is formed
to a narrowing passage by gradually narrowing its open
area from the swirler 48 to a second premixing outlet 50.
As a result, the fuel c injected from the second fuel noz-
zle 49 is made to a second premixed gas by being added
with the air compressor 30 when it is injected and further
applied with a swirling flow by the swirler 48. Thus, when
the second premixed gas passes through the second
premixing outlet 50 of the second premixing premixed
gas passage 47, since it is injected into the combustion
chamber 23 as the second premixed flame 31c at a fast-
est flow velocity, a stable combustion gas which does
not flow reversely can be created.
[0060] Further, the diffusing combustion nozzle unit
32 coaxially surrounded by the second premixing com-
bustion nozzle unit 34 is provided with an axially extend-
ing diffusing combustion fuel passage 38 as well as fuel
injection holes 39 which are radially defined at the outlet
of the diffusing combustion fuel passage 38 in the lateral
sectional direction of the combustion chamber 23. As a
result, the fuel a injected from the fuel injection holes 39
creates the diffused flame 31a using an igniter, not
shown, when it is diffused and injected in the lateral sec-
tional direction of the combustion chamber 23 and the
diffused flame 31a reaches the flame propagation pipe
60 and is used as the pilot flame to the other gas turbine
combustors.
[0061] On the other hand, the first premixing combus-
tion nozzle unit 33 disposed at the center of the pilot fuel
injection unit 24 is arranged as a first fuel nozzle 43 in-
cluding an axially extending first premixing fuel passage
40. A first premixing premixed gas passage 41 is formed
outwardly of the first fuel nozzle 43 so as to coaxially
surround the same and a swirler 42 is disposed to the
first premixing premixed gas passage 41. A premixed
fuel injection unit 44 which laterally projects, in a cross-
ing manner, toward the first premixing premixed gas
passage 41 is disposed to the intermediate portion of
the first fuel nozzle 43. In addition, the concave premix-
ing combustion chamber 36 formed to be surrounded
by the diffusing combustion nozzle unit 32, and the sec-
ond premixing combustion nozzle unit 34 is disposed to
the outlet of the first premixing premixed gas passage
41 so as to premix the fuel b injected from the first
premixing fuel passage 40 through the premixed fuel in-
jection unit 44 by adding it with the compressed air 30a
to which the swirling flow is applied by the swirler 42 and
then creates the first premixed flame 31b through the
guidance of the premixed gas into the premixing com-
bustion chamber 36.
[0062] The first premixing premixed gas passage 41
is formed to a throttling passage having an open area
gradually narrowed from the premixed fuel injection unit
44 into the premixing combustion chamber 36 to set the
flow velocity of the fuel b to 100m/sec. - 120m/sec. As
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a result, since the flow velocity of the first premixed
flame 31b created in the premixing combustion chamber
36 is made tow or three times of that of a turbulent flame
propagating velocity, it does not reversely flow to the first
premixing premixed gas passage 41.
[0063] On the other hand, since the premixing com-
bustion chamber 36 is formed to the concave shape
formed by being surrounded by the diffusing combustion
nozzle unit 32 and the second premixing combustion
nozzle unit 34, and the diameter thereof is greatly re-
duced as compared with that of the combustion cham-
ber 23. Accordingly, the premixing combustion chamber
36 is affected by the great turbulence of the combustion
gas flow in the combustion chamber 23 and the com-
pressed air flow. Therefore, the stability of the first
premixed flame 31b created in the premixing combus-
tion chamber 36 depends only on the degree of dilution
of the fuel b itself and its flow velocity and does not re-
ceive the effect of the disturbance at all.
[0064] Further, since the volume of the premixing
combustion chamber 36 is greatly smaller than that of
the combustion chamber 23, the ratio of the fuel b which
is combusted per unit volume of the combustion cham-
ber and per unit time (fuel load ratio) is increased. As a
result, since the stability of the first premixed flame 31b
can be certainly secured, even if the premixed combus-
tion is carried out by simultaneously using the first
premixing combustion nozzle unit 33 and the second
premixing combustion nozzle unit 34 during the 100%
load operation, the first premixed flame 31b can main-
tain its state as the pilot flame.
[0065] FIG. 3 is a characteristic graph showing how
the presence and absence of a diffused fuel affect the
stability of a flame. In FIG. 3, a solid line shows whether
the flame in the premixing combustion chamber 36 ac-
cording to this embodiment is stable or not and a broken
line shows whether a flame in the conventional gas tur-
bine combustor shown in FIG. 17 (provided with no
premixing combustion chamber) is stable or not.
[0066] In general, the flow velocity of a combustion
gas is unconditionally determined with respect to the
loads in a gas turbine plant, and the flow velocity of the
combustion gas does not change to the same load.
However, when the total pressure loss of the gas turbine
combustor is intentionally changed in the state of a rated
load, and more specifically, when the premixing com-
bustion chamber 36 is provided as in the case of the
described embodiment, there will be caused a problem
of the stability of flame to diffused fuel.
[0067] That is, in the conventional gas turbine com-
bustor shown in FIG. 18, when the flow rate of a diffused
fuel is represented by a value A, the flow velocity of a
combustion gas is represented by a1 in a rated load op-
eration, whereas the flow velocity of the combustion gas
is represented by a2 when a load is shut off and the sta-
bility of a flame is secured in both the cases.
[0068] However, when the flow rate of the diffused fuel
is shifted to a value B, even if the flow velocity of the

combustion gas is made to b1 in the rated load opera-
tion, the stability of the flame can be ensured, whereas,
in the load shut-off operation, the flow velocity of the
combustion gas is made to b2, entering a flame gas un-
stable region.
[0069] Further, when the flow rate of the diffused fuel
is zero, that is, when rated load operation is carried out
and when the load is shut off at a position D, since the
respective flow velocities d1 and d2 of the combustion
gas exceed the broken line, the flame is made unstable
and there may cause a possibility of blow-out phenom-
enon.
[0070] As described above, in the conventional gas
turbine combustor shown in FIG. 18, the stability of the
flame is secured only when the flow rate of the diffused
fuel is set to the value A, taking the rated load operation
and the shut-off of the load into consideration as a
whole.
[0071] However, in the gas turbine combustor accord-
ing to the described embodiment, since the respective
flow velocities d1 and d2 of the combustion gas is locat-
ed below the solid line in the rated load operation and
when the load is shut off by the provision of the premix-
ing combustion chamber 36, the stability of a flame is
secured.
[0072] As described above, it is considered that the
reason why the stability of the flame can be ensured
even in no diffused fuel resides in that the premixing
combustion chamber 36 is formed to provide a concave
shape at the central portion of the pilot fuel injection unit
24 affected so that the chamber 36 is not affected by the
disturbance of the flow of the combustion gas 31 in the
combustion chamber 23 and the compressed air 30a.
[0073] FIG. 4 is a graph for showing a temperature
distribution characteristics for comparing the tempera-
ture distribution B of the flame when the fuel injection
holes 39 of the diffusing combustion nozzle unit 32 ac-
cording to the embodiment are located at positions B1,
B2 spaced apart from the center O of the gas turbine
combustor with the temperature distribution A of the
flame when the fuel injection holes 39 of the convention-
al first diffusing combustion nozzle unit 7 are located at
positions A1 and A2 spaced apart from the center O of
the gas turbine combustor.
[0074] As shown in the broken line in FIG. 4, the con-
ventional flame temperature distribution A has a peak
temperature value in the vicinity of the center O of the
gas turbine combustor, whereas it has a value near to
a flame propagation lower limit temperature on the wall
surface of the combustion chamber at the inlet of the
flame propagation pipe and, accordingly, the tempera-
ture distribution is in an unstable state.
[0075] On the other hand, as shown by the solid line
in FIG. 4, the temperature distribution according to the
present embodiment has a peak value outside of the po-
sitions B1 and B2 and a temperature value above the
flame propagation lower limit temperature even on the
wall surface of the combustion chamber.
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[0076] As described above, since the fuel injection
holes 39 of the diffusing combustion nozzle unit 32 are
disposed at the positions B which are spaced apart from
the center O of the gas turbine combustor as well as
defined in the direction toward the wall surface of the
combustion chamber 23 in this embodiment, the flame
can be surely propagated to the other gas turbine com-
bustors.
[0077] FIG. 5 is a schematic sectional view, partly cut
away, showing a second embodiment of a gas turbine
combustor according to the present invention, in which
the same components as those in the first embodiment
are denoted by the same reference numerals and only
different components will be described hereunder.
[0078] The second embodiment is provided with a
main premixing fuel injection unit 51 disposed outwardly
of the pilot fuel injection unit 24 to cope with the temper-
ature increase of the gas turbine combustor 20.
[0079] The main premixing fuel injection unit 51 in-
cludes a main fuel nozzle unit 52 and a premixing duct
53 and serves to add the compressed air 30a to the fuel
d injected from the main fuel nozzle unit 52. The the fuel
d becomes to a premixed gas in a lean fuel state in the
premixing duct 53.
[0080] The premixing duct 53 includes a plurality of
main premixing fuel outlets 54 on the downstream side
thereof and serves to inject the fuel d made to the
premixed gas through the plurality of main premixing fu-
el outlets 54 rearwardly of the diffused flame 31a, first
premixed flame 31b and second premixed flame 31c
which are created by the respective ones of the diffusing
combustion nozzle unit 32, first premixing combustion
nozzle unit 33 and second premixing combustion nozzle
unit 34 of the above pilot fuel injection unit 24. Then, a
third premixed flame 31d as the combustion gas 31 is
created for driving the gas turbine by using these flames
31a, 31b, 31c as pilot flames.
[0081] As described above, in this embodiment, since
the third premixed flame 31d as the combustion gas 31
for driving the gas turbine which is created by the main
premixing fuel injection unit 51 is added to the respective
flames 31a, 31b, 31c as the combustion gas 31 for driv-
ing the gas turbine which are created by the pilot fuel
injection unit 24, the power of the gas turbine can be
increased by the increase of temperature of the gas tur-
bine combustor 20.
[0082] FIG. 6 is a schematic sectional view, partly cut
away, showing a third embodiment of a gas turbine com-
bustor according to the present invention.
[0083] This third embodiment is provided with a plu-
rality of the pilot fuel injection units 24 which are dis-
posed to the head portion of the combustion chamber
23 formed in the combustor inner cylinder 22 in the first
embodiment or the second embodiment, in which the
same components as those in the first embodiment or
the second embodiment are denoted by the same ref-
erence numerals.
[0084] In this embodiment, there is provided with the

plurality of pilot fuel injection units 24 each having the
respective ones of the diffusing combustion nozzle unit
32, the first premixing combustion nozzle unit 33 and
the second premixing combustion nozzle unit 34, and
accordingly, the unevenness of the temperature distri-
bution of the diffused flame 31a, first premixed flame
31b and second premixed flame 31c is eliminated by the
increase of the number of the respective nozzle units,
so that thermal stability can be increased.
[0085] Therefore, the vibration due to the combustion
which is caused when the respective flames 31a, 31b
and 31c are created can be suppressed to a lower level
according to this third embodiment.
[0086] FIG. 7 is a partial schematic sectional view
showing a first example for carrying out the first embod-
iment, second embodiment or third embodiment of a gas
turbine combustor according to the present invention.
[0087] In the first example, injection holes 62a is
formed to the premixing combustion chamber 36 of the
first premixing combustion nozzle unit 33 so that the in-
jection holes 62a communicate with a compressed air
passage 62, and a cutout 45 is formed to the outlet of
the premixing combustion chamber 36 of the first, sec-
ond or third embodiment. Further, the same compo-
nents as those of the respective embodiments are de-
noted by the same reference numerals.
[0088] Since the volume of the premixing combustion
chamber 36 is smaller than that of the combustion
chamber 23, the fuel load ratio per unit time and per unit
volume is increased. As a result, when the gas turbine
is in rated operation, since the premixing combustion
chamber 36 is exposed to a severe state by the first
premixed flame 31b, there is a possibility that the wall
surface which forms the compressed air passage 62
may be burnt.
[0089] Further, the flow velocity of the first premixed
flame 31b created in the premixing combustion chamber
36 is increased by the increase of rotation (increase of
velocity) of the gas turbine. At the time, there is a case
that the first premixed flame 31 moves from the premix-
ing combustion chamber 36 into the combustion cham-
ber 23 by the increase of the flow velocity or, on the con-
trary, from the combustion chamber 23 into the premix-
ing combustion chamber 36. Accordingly, there is a pos-
sibility that the vibration due to the combustion is in-
duced to the premixing combustion chamber 36 by the
first premixed flame 31b.
[0090] To cope with the above problem, in this exam-
ple the injection holes 62a are formed to the wall surface
of the compressed air passage 62 which forms the
premixing combustion chamber 36 by surrounding it and
the wall surface is cooled. The step-like cutout 45 is also
formed to the outlet of the premixing combustion cham-
ber 36 to thereby prevent the staggering movement of
the first premixed flame 31b by making use of the ad-
hering force of swirls 46 generated there.
[0091] Therefore, according to this first example,
since the injection holes 62a are defined to the premix-
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ing combustion chamber 36 so as to communicate with
the compressed air passage 62 and the wall surface
which forms the premixing combustion chamber 36 is
cooled by the compressed air 30a, the wall surface can
be prevented from being burnt by the first premixed
flame 31b.
[0092] Further, according to this example, since the
cutout 45 is formed to the outlet of the premixing com-
bustion chamber 36 and the staggering movement of
the first premixed flame 31b is prevented by making use
of the adhering force of the swirls 46 generated by the
cutout 45, the vibration in the premixing combustion
chamber 36 generated by the first premixed flame 31b
can be prevented.
[0093] FIG. 8 is a partial schematic sectional view
showing a second example for carrying out the first em-
bodiment, second embodiment or third embodiment of
the gas turbine combustor according to the present in-
vention.
[0094] In this second example, the premixing com-
bustion chamber 36 is formed of the first premixing com-
bustion nozzle unit 33 to a conical shape so that it is
expanded toward the combustion chamber 23 of the
first, second or third embodiment. Further, the same
components as those of the respective embodiments
are denoted by the same reference numerals.
[0095] According to this example, since a swirling
combustion gas flow 67 smoothly flows along a conical
wall surface even if the compressed air 30a varies, the
size of the reverse flow region of the first premixed flame
31b at the central portion can be made constant.
[0096] Further, even if the pressure in the reverse flow
region of the first premixed flame 31b is increased by
the variation of the combustion gas in the combustion
chamber 23 and an external force for expanding the
swirling combustion gas flow 67 outwardly is applied
thereto by the pressure increase, the swirling combus-
tion gas flow 67 is not almost affected by this force due
to the conical shape, so that the reverse flow region of
the first premixed flame 31b is not almost changed
though its position is slightly moved rearwardly.
[0097] On the contrary, even if a force for drawing the
swirling combustion gas flow 67 inwardly is applied
thereto by decreasing the pressure of the first premixed
flame 31b in the reverse flow region, since the swirling
combustion gas flow 67 flows while adhering to the wall
surface, it is not simply exfoliated therefrom and the re-
verse flow region of the first premixed flame 31b is not
almost changed.
[0098] As a result, the combustion can be stably con-
tinued and the occurrence of the vibration due to the
combustion can be suppressed.
[0099] FIG. 9 is a partial schematic sectional view
showing a third example for carrying out the first embod-
iment, second embodiment or third embodiment of the
gas turbine combustor according to the present inven-
tion.
[0100] In this example, a step-like cutout 63 is formed

to the outlet of the first premixing premixed gas passage
41 of the first premixing combustion nozzle unit 33 in the
first, second or third embodiment. Further, the same
components as those of the respective embodiments
are denoted by the same reference numerals.
[0101] Generally, since the flow velocity of the fuel b
passing through the first premixing premixed gas pas-
sage 41 is increased by the increase of velocity of the
gas turbine, the first premixed flame 31b created in the
premixing combustion chamber 36 is injected into the
combustion chamber 23 while also increasing its flow
velocity. In this case, the first premixed flame 31b is ad-
hered to or exfoliated from the wall surface of the outlet
of the first premixing premixed gas passage 41 to there-
by disturb the flow thereof in the process where the fuel
b is created to the first premixed flame 31b, by which
the vibration due to the combustion may be caused.
[0102] To cope with this problem, in the third example,
the cutout 63 is formed to the outlet of the first premixing
premixed gas passage 41 and small swirls 64 are gen-
erated there to thereby prevent the behavior of the first
premixed flame 31b for adhering it to or exfoliating it
from the wall surface of the outlet of the first premixing
premixed gas passage 41 by making use of the adhering
force of the swirls 64.
[0103] Therefore, according to this example, since the
staggering movement of the first premixed flame 31b is
prevented by forming the step-like cutout 63 to the outlet
of the first premixing premixed gas passage 41 and
making use of the adhering force of the swirls 64 gen-
erated at the cutout 63, the vibration at the outlet of the
first premixing premixed gas passage 41 caused by the
first premixed flame 31b can be prevented.
[0104] FIG. 10 is a partial schematic sectional view
showing a fourth example for carrying out the first em-
bodiment, second embodiment or third embodiment of
the gas turbine combustor according to the present in-
vention. Further, the same components as those of the
respective embodiments are denoted by the same ref-
erence numerals.
[0105] In this fourth example, a wall surface 65 form-
ing the premixing combustion chamber 36 is formed of
the first premixing combustion nozzle unit 33 of ceram-
ics or a ceramics-fiber-reinforced composite material of
the first second or third embodiment.
[0106] In general, although the compressed air 30a
used to premix the fuel of the gas turbine combustor to
the lean fuel state is supplied from the air compressor,
the flow rate thereof is limited. Furthermore, when it is
taken into consideration that the compressed air 30a
supplied from the compressor is supplied to cool the
components such as the combustor inner cylinder 22,
combustor tail cylinder 26, gas turbine blade 25 and so
on in addition to the premixing of the fuel, it is desired
to minimize the flow rate of the compressed air used to
cool the combustor inner cylinder. This is because that
the flow rate of the compressed air used to premix the
fuel can be increased accordingly and the gas turbine
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can be operated in a leaner fuel state. Further, in a meth-
od of cooling the metal wall surface of the inner cylinder
by injecting cooling air into the inner cylinder, the tem-
perature of the wall surface of inner cylinder is lowered
and an uncombusted premixed gas is made leaner by
the cooling air and exhausted as it is as uncombusted
fuel without making reaction.
[0107] Taking the above matters into consideration, in
this fourth example, the wall surface 65 forming the
premixing combustion chamber 36 is formed of the ce-
ramics or the ceramics-fiber-reinforced composite ma-
terial to thereby increase the temperature of the wall sur-
face 65, so that the fuel uncombusted state is more re-
duced by the increase of the temperature of the wall sur-
face 65. That is, since the temperature of the wall sur-
face 65 is increased by making it of the ceramics or the
ceramics-fiber-reinforced composite material in this ex-
ample, the uncombusted fuel generation limit equivalent
ratio of the premixed gas which is injected from the first
premixing combustion nozzle unit 33 into the premixing
combustion chamber 36 can be lowered from the con-
ventional limit equivalent ratio shown by a dot-dash-line
to the limit equivalent ratio shown by a two-dot-and-
dash-line in FIG. 11. The uncombusted fuel generation
range A in the start-up operation of the gas turbine can
be narrowed as compared with a conventional uncom-
busted fuel generation range B by the decrease of the
uncombusted fuel generation limit equivalent ratio. Fur-
ther, the concentration of the uncombusted fuel can be
decreased as shown by a solid line as compared with
the conventional concentration shown by a broken line.
[0108] Therefore, since the wall surface 65 is formed
of the ceramics or the ceramics-fiber-reinforced com-
posite material and the temperature thereof is increased
in this example, the generation of the uncombusted fuel
in the premixed gas which flows along the wall surface
65 can be decreased and the compressed air 30a used
otherwise to cool the portion can be used for premixing,
whereby the NOx to be generated can be more reduced.
[0109] Further, according to this fourth example, since
the uncombusted fuel generation limit equivalent ratio
can be more decreased than the conventional one, the
timing at which the fuel b is injected from the first premix-
ing combustion nozzle unit 33 into the premixing com-
bustion chamber 36 is advanced, and the flow rate of
the fuel a which is injected from the diffusing combustion
nozzle unit 32 into the combustion chamber 23 can be
therefore reduced than the conventional one. That is,
the injection of the fuel b from the first premixing com-
bustion nozzle unit 33 is started at a time tl during the
start-up operation of the gas turbine as shown in FIG.
12. However, since the wall surface 65 forming the
premixing combustion chamber 36 is formed of the ce-
ramic or the ceramics-fiber-reinforced composite mate-
rial to thereby reduce the generation of the uncombust-
ed fuel in the premixed gas flowing along the wall sur-
face 65 by the increase of the temperature of the wall
surface 65, the time t1 can be advanced to a time t2. As

a result, the fuel a injected from the diffusing combustion
nozzle unit 33, which is formed by concentrically sur-
rounding the first premixing combustion nozzle unit 33,
can be reduced from the conventional flow rate shown
by a broken line to the flow rate shown by a solid line in
FIG. 12, and the peak value of the concentration of the
uncombusted fuel can advance from the time shown by
a broken line to that shown by a solid line. Furthermore,
the peak value of the NOx concentration can be sup-
pressed to be lower from the value shown by a broken
line to the value shown by a solid line.
[0110] As described above, in this example, since the
wall surface 65 is formed of the ceramics or the ceram-
ics-fiber-reinforced composite material and the temper-
ature thereof is increased, the timing at which the fuel b
is injected from the first premixing combustion nozzle
unit 33 into the premixing combustion chamber 36 is ad-
vanced from the conventional timing and the flow rate
of the fuel a injected from the diffusing combustion noz-
zle unit 32 into the combustion chamber 23 is reduced,
whereby the NOx concentration can be more reduced
than the conventional one even during the start-up op-
eration.
[0111] FIG. 13 is a partial schematic sectional view
showing a fifth example for carrying out the first embod-
iment, second embodiment or third embodiment of the
gas turbine combustor according to the present inven-
tion.
[0112] In this fifth example, the wall surface 65 form-
ing the premixing combustion chamber 36 is formed of
the first premixing combustion nozzle unit 33 of the ce-
ramics or the ceramics-fiber-reinforced composite ma-
terial and projecting pieces 65a are formed to the wall
surface 65 integrally therewith as in the first, second or
third embodiment. Further, the same components as
those of the respective embodiments are denoted by the
same reference numerals.
[0113] As shown in FIG. 14, the projecting pieces 65a
formed to the wall surface 65 integrally therewith are dis-
posed in annular shape along the peripheral direction of
the wall surface 65 and extend in the axial direction of
the wall surface 65.
[0114] As described above, according to this exam-
ple, a heat transfer area is increased by forming the pro-
jecting pieces 65a to the wall surface 65 formed of the
ceramics or the ceramics-fiber-reinforced composite
material integrally therewith, whereas a disturbance is
applied to the flow of the premixed gas injected from the
first premixing premixed gas passage 41 into the
premixing combustion chamber 36 in order that a com-
bustion reaction is effectively promoted.
[0115] Therefore, since the temperature of the wall
surface 65 can be more increased by the increase of the
heat transfer area and the combusting reaction is pro-
moted by applying the disturbance to the flow of the
premixed gas by the projecting pieces 65a, the creation
of the uncombusted fuel in the premixed gas can be
more reduced.
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[0116] FIG. 15 is a partial schematic sectional view
showing a sixth example for carrying out the first em-
bodiment, second embodiment or third embodiment of
the gas turbine combustor according to the present in-
vention.
[0117] This sixth example is provided with a drive unit
66 such as, for example, a motor, a hydraulic mecha-
nism, a manual handle or the like to move the first fuel
nozzle 43 of the first premixing combustion nozzle unit
33 so as to permit it to freely advance and retract as in
the first, second or third embodiment. Further, the same
components as those of the respective embodiments
are denoted by the same reference numerals.
[0118] Since in this example, the drive unit 66 is dis-
posed to the first fuel nozzle 43, the volume of the
premixing combustion chamber 36 can be adjusted so
as to be expanded or narrowed by advancing or retract-
ing the first fuel nozzle 43 in the axial direction by the
drive force of the drive unit 66.
[0119] The fuel b, which is injected from the first
premixing fuel passage 40 of the first fuel nozzle 43 into
the first premixing premixed gas passage 41 through the
premixed fuel injection unit 44, is premixed with the com-
pressed air 30a by the addition thereof, and the first
premixed flame 31b is created in the premixing combus-
tion chamber 36 by using the premixed gas. In this case,
the flow rate of the fuel b varies depending upon the fact
whether the gas turbine is in the start-up operation, in
the partial load operation or the rated load operation,
and there may be caused the vibration due to the com-
bustion when the first premixed flame 31b is created at
the transient time of the increase or decrease of the flow
rate. It is known that since the frequency of the vibration
due to the combustion often relates to the air/column
vibration frequency of the combustion chamber, the vi-
bration due to the combustion can be suppressed by
changing the air/column vibration frequency of the com-
bustion chamber when the flow rate of the fuel b is in-
creased or decreased.
[0120] Thus, according to this example, the first
premixed flame 31b is stably burnt by adjusting the vol-
ume of the premixing combustion chamber 36 so as to
be expanded or narrowed by the advance or retraction
of the first fuel nozzle 43 in the axial direction which is
effected by the drive force of the drive unit 66.
[0121] Therefore, since the volume of the premixing
combustion chamber 36 can be adjusted so that it is ex-
panded or narrowed in this example, the occurrence of
the vibration due to combustion can be suppressed.
[0122] FIG. 16 is a partial schematic sectional view
showing a seventh example for carrying out the first em-
bodiment, second embodiment or third embodiment of
the gas turbine combustor according to the present in-
vention.
[0123] In this seventh example, a catalyst 61 is dis-
posed to the outlet of the first premixing premixed gas
passage 41 of the first premixing combustion nozzle unit
33 in the first, second or third embodiment. Further, the

same components as those of the respective embodi-
ments are denoted by the same reference numerals.
[0124] In this example, since the catalyst 61 is dis-
posed to the outlet of the first premixing premixed gas
passage 41, when the first premixed flame 31b is cre-
ated, the combustible limit value of the premixed gas
based on the fuel b and the limit value at which no CO
is generated can be lowered, and the concentration of
the generated NOx can be suppressed to a low level.
[0125] Next, a method of operating the gas turbine
combustor according to the present invention will be de-
scribed.
[0126] The gas turbine combustor 20 controls the fuel
to be supplied in accordance with respective operating
states.
[0127] During the start-up operation of the gas turbine
from the ignition of the fuel to the initial load thereof, the
gas turbine combustor 20 first supplies the fuel a only
to the diffusing combustion fuel passage 38 of the dif-
fusing combustion nozzle unit 32 and creates the dif-
fused flame 31a as shown in FIG. 17.
[0128] When the diffused flame 31a is stabilized, the
gas turbine combustor 20 supplies the fuel b to the first
premixing fuel passage 40 of the first fuel nozzle 43 in
the first premixing combustion nozzle unit 33 and cre-
ates the first premixed flame 31b. Further, the fuel a is
restricted simultaneously with the charge of the fuel b.
[0129] Next, the operation of the gas turbine is shifted
from the initial load operation to the intermediate load
operation, the gas turbine combustor 20 shuts off the
supply of the fuel a into the diffusing combustion nozzle
unit 32, supplies the fuel c into the second premixing
combustion nozzle unit 34 and creates the second
premixed flame 31c.
[0130] Further, when the load on the gas turbine in-
creases, the gas turbine combustor 20 supplies the fuel
d into the main premixing fuel injection unit 51 and cre-
ates the third premixed flame 31d.
[0131] As described above, the operating method of
the gas turbine combustor 20 is such that the gas turbine
is driven by using, as the combustion gas 31, the total
mount of the first premixed flame 31b created from the
first premixing combustion nozzle unit 33, the second
premixed flame 31c created from the second premixing
combustion nozzle unit 34 and the third premixed flame
31d created from the main premixing fuel injection unit
51 and then causes the gas turbine to reach the rated
load. In the gas turbine combustor 20 which is not pro-
vided with the main premixing fuel injection unit 51, the
first premixed flame 31b and the second premixed flame
31c cause the gas turbine to reach the rated load.
[0132] When a load shut-off command is issued be-
cause of, for example, an occurrence of an accident in
a power system while the gas turbine is operated in the
rated load, the gas turbine enters the no load operation.
However, the gas turbine may exceed a rated rotation
by inertia at the transient time of the load shut-off com-
mand. Thus, the gas turbine combustor 20 restricts the
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flow rate of the fuels supplied in the rated load up to 10%
at the lowest. In this case, the gas turbine combustor 20
controls the distribution of the fuels to the respective
nozzles units in such a manner that it shuts off the supply
of the fuel d to the main premixing fuel injection unit 51
and the supply of the fuel c to the second premixing com-
bustion nozzle unit 34, respectively, and continues the
supply of the fuel b to the first premixing combustion
nozzle unit 33 to thereby secure the first premixed flame
31b as shown in FIG. 17.
[0133] When the power system is restored and the
gas turbine is restarted, the gas turbine combustor 20
generates the load of the gas turbine by sequentially
adding the diffused flame 31a which is created by sup-
plying the fuel a to the diffusing combustion nozzle unit
32 and the second premixed flame 31c which is created
by supplying the fuel c to the second premixing combus-
tion nozzle unit 34 to the first premixed flame 31b which
has been continuously secured up to that time.
[0134] As described above, according to the operat-
ing method of the gas turbine combustor of the present
invention, the first premixed flame 31b can be continu-
ously secured at all times even if the gas turbine is op-
erated without the load in response to the load shut-off
command, the gas turbine can be set up to the rated
load more promptly than a conventional method by
shortening the restarting operation time thereof.

Claims

1. A gas turbine combustor comprising:

an outer casing (21);
a combustor inner cylinder (22) disposed inside
the outer casing;
a combustion chamber (23) formed in the com-
bustor inner cylinder;
a pilot fuel injection unit (24) disposed to a head
side portion of the combustion chamber,
said pilot fuel injection unit comprising a first
premixing combustion nozzle unit (33), a diffus-
ing combustion nozzle unit (32) and a second
premixing combustion nozzle unit (34), said
first premixing combustion nozzle unit (33) be-
ing arranged at a central portion of said head
side portion of the combustion chamber (23),
said diffusing combustion nozzle unit (32) being
arranged so as to coaxially surround an outside
of said first premixing combustion nozzle unit
(33) and said second premixing combustion
nozzle unit (34) being arranged so as to coax-
ially surround an outside of said diffusing com-
bustion nozzle unit (32), respectively; and
a premixing combustion chamber (36) is dis-
posed to an outlet side of said first premixing
combustion nozzle unit (33) so as to be com-
municated with said combustion chamber,

wherein said premixing combustion chamber
(36) is situated upstream of said combustion
chamber (23) such that only fuel and air from
said first premixing combustion nozzle unit (33)
is combusted therein.

2. A gas turbine combustor according to claim 1,
further comprising a main premixing fuel injection
unit (51) disposed to an outside of said second
premixing combustion nozzle unit (34).

3. A gas turbine combustor according to claim 1,
wherein at least two sets of the pilot fuel injection
units (24) are disposed to the head side portion of
the combustion chamber (23), each of said pilot fuel
injection units being composed of the first premixing
combustion nozzle unit (33), the diffusing combus-
tion nozzle unit (32) and the second premixing com-
bustion nozzle unit (34) and being provided with the
premixing combustion chamber (36) disposed to
the outlet side of said first premixing combustion
nozzle unit (33).

4. A gas turbine combustor according to claim 1,
wherein said premixing combustion chamber (36)
disposed to the outlet side of said first premixing
combustion nozzle unit (33) is formed to provide ei-
ther one of a concave shape and a conical shape.

5. A gas turbine combustor according to claim 4,
wherein the diameter of the premixing combustion
chamber (36) is greatly reduced as compared with
that of the combustion chamber (23), whereby the
stability of the first premixed flame (31b) depends
only on the degree of dilution of the fuel (b) supplied
from the first premixing combustion nozzle unit (33)
and its flow velocity.

6. A gas turbine combustor according to claim 4 or 5,
wherein said premixing combustion chamber (36)
has a step-shaped cutout (45).

7. A gas turbine combustor according to claim 4 or 5,
wherein said premixing combustion chamber (36)
has injection holes (62a) communicated with a com-
pressed air passage (62) surrounding the premixing
combustion chamber (36).

8. A gas turbine combustor according to claim 4 or 5,
wherein said premixing combustion chamber (36)
has a wall surface which is composed of either one
of ceramics and a ceramic-fiber-reinforced com-
posite material.

9. A gas turbine combustor according to claim 8,
wherein said premixing combustion chamber (36)
has projecting pieces (65a) formed integrally with
the wall surface.
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10. A gas turbine combustor according to claim 4 or 5,
wherein said premixing combustion chamber (36)
is provided with catalyst means (61).

11. A gas turbine combustor according to claim 1,
wherein said diffusing combustion nozzle unit (32)
coaxially surrounding the outside of said first
premixing combustion nozzle unit has a fuel injec-
tion hole (39) arranged in a direction facing a flame
propagation pipe (60) disposed in the combustion
chamber.

12. A gas turbine combustor according to claim 1,
wherein said first premixing combustion chamber
(33) has a drive unit (66) for moving a first fuel noz-
zle (43) accommodated in a first premixing
premixed gas passage (41) formed to surround the
first premixing combustion nozzle so as to be freely
advanced and retracted in an axial direction thereof.

13. A gas turbine combustor according to claim 12,
wherein said drive unit (66) is either one of a motor,
a manual handle and a hydraulic mechanism.

14. A method of operating a gas turbine combustor ac-
cording to claim 1 for driving a gas turbine by a
premixed flame created from at least one or more
of a first premixing combustion nozzle unit (33), a
second premixing combustion nozzle unit (34) and
a main fuel nozzle unit (51) while the gas turbine is
in rated load operation, said method comprising the
steps of:

driving the gas turbine only by the premixed
flame created from the first premixing combus-
tion nozzle unit (33) when a load of the gas tur-
bine is shut off; and
restarting, thereafter, the gas turbine by adding
flames created from a diffusing combustion
nozzle unit (32) and the second premixing com-
bustion nozzle unit (34).

Patentansprüche

1. Gasturbinenbrenner, enthaltend
ein äußeres Gehäuse (21);
einen inneren Brennerzylinder (22), der inner-

halb des äußeren Gehäuses angeordnet ist;
eine Brennkammer (23), die in dem inneren

Brennerzylinder ausgebildet ist;
eine Pilotkraftstoffeinspritzeinheit (24), die an

einem Kopfseitenbereich der Brennkammer ange-
ordnet ist,

welche Pilotkraftstoffeinspritzeinheit eine er-
ste Vormischbrenndüseneinheit (33), eine Diffusi-
onsbrenndüseneinheit (32) und eine zweite Vor-
mischbrenndüseneinheit (34) aufweist, wobei die

erste Vormischbrenndüseneinheit (33) an einem
zentralen Bereich des Kopfseitenbereiches der
Brennkammer (23) angeordnet ist, die Diffusions-
brenndüseneinheit (32) derart angeordnet ist, dass
sie eine Außenseite der ersten Vormischbrenndü-
seneinheit (33) koaxial umgibt, und die zweite Vor-
mischbrenndüseneinheit (34) derart angeordnet ist,
dass sie eine Außenseite der Diffusionsbrenndü-
seneinheit (32) koaxial umgibt, und

eine Vormischbrennkammer (36) an einer
Auslaßseite der ersten Vormischbrenndüsenein-
heit (33) derart angeordnet ist, dass sie mit der
Brennkammer verbunden ist, wobei die Vormisch-
brennkammer (36) strömungsaufwärts der Brenn-
kammer (23) angeordnet, so dass nur Kraftstoff und
Luft von der ersten Vormischbrenndüseneinheit
(33) darin verbrannt wird.

2. Gasturbinenbrenner nach Anspruch 1,
weiter enthaltend

eine Hauptvormischkraftstoffeinspritzeinheit
(51), die an einer Außenseite der zweiten Vormisch-
brenndüseneinheit (34) angeordnet ist.

3. Gasturbinenbrenner nach Anspruch 1, wobei we-
nigstens zwei Sätze der Pilotkraftstoffeinspritzein-
heiten (24) an dem Kopfseitenbereich der Brenn-
kammer (23) angeordnet sind, wobei jede der Pilot-
kraftstoffeinspritzeinheiten aus einer ersten Vor-
mischbrenndüseneinheit (33), der Diffusionsbrenn-
düseneinheit (32) und der zweiten Vormischbrenn-
düseneinheit (34) zusammengesetzt ist und mit der
Vormischbrennkammer (36) versehen ist, die an
der Auslaßseite der ersten Vormischbrenndüsen-
einheit (33) angeordnet ist.

4. Gasturbinenbrenner nach Anspruch 1, wobei die an
der Auslaßseite der ersten Vormischbrenndüsen-
einheit (33) angeordnete Vormischbrennkammer
derart ausgebildet ist, dass sie eine konvexe oder
eine konische Gestalt hat.

5. Gasturbinenbrenner nach Anspruch 4, wobei der
Durchmesser der Vormischbrennkammer (36) im
Vergleich zu dem der Brennkammer (23) deutlich
kleiner ist, wodurch die Stabilität der ersten vorge-
mischten Flamme (31b) nur von dem Maß der Ver-
dünnung des Kraftstoffes (b), der von der ersten
Vormischbrenndüseneinheit (33) geliefert wird, und
seiner Strömungsgeschwindigkeit abhängt.

6. Gasturbinenbrenner nach Anspruch 4 oder 5, wobei
die Vormischbrennkammer (36) einen stufenförmi-
gen Ausschnitt aufweist.

7. Gasturbinenbrenner nach Anspruch 4 oder 5, wobei
die Vormischbrennkammer (36) Einspritzlöcher
(62a) hat, die mit einem Durchlaß (62) für kompri-
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mierte Luft verbunden sind, der die Vormischbrenn-
kammer (36) umgibt.

8. Gasturbinenbrenner nach Anspruch 4 oder 5, wobei
die Vormischbrennkammer (36) eine Wandoberflä-
che aufweist, die aus Keramik oder keramikfaser-
verstärktem Verbundmaterial zusammengesetzt
ist.

9. Gasturbinenbrenner nach Anspruch 8, wobei die
Vormischbrennkammer (36) vorstehende Teile
(65a) aufweist, die integral mit der Wandoberfläche
ausgebildet sind.

10. Gasturbinenbrenner nach Anspruch 4 oder 5, wobei
die Vormischbrennkammer (36) mit einer Katalysa-
toreinrichtung (61) versehen ist.

11. Gasturbinenbrenner nach Anspruch 1, wobei die
Diffusionsbrenndüseneinheit (32), die die Außen-
seite der ersten Vormischbrenndüseneinheit koaxi-
al umgibt, ein Kraftstoffeinspritzloch (39) aufweist,
das in einer Richtung angeordnet ist, die einem
Flammfortschreitrohr (60) zugewandt ist, dass in
der Brennkammer angeordnet ist.

12. Gasturbinenbrenner nach Anspruch 1, wobei die
erste Vormischbrennkammer (33) eine Antriebsein-
heit (66) aufweist, zum Bewegen einer ersten Kraft-
stoffdüse (43), die in einem ersten vormischenden
Durchlaß (41) für vorgemischtes Gas aufgenom-
men ist, der derart ausgebildet ist, dass er die erste
Vormischbrenndüse umgibt, derart, dass sie in ihrer
axialen Richtung frei vor und rückbewegbar ist.

13. Gasturbinenbrenner nach Anspruch 12, wobei die
Antriebseinheit (66) ein Rotor, ein manueller Hand-
griff oder ein hydraulischer Mechanismus ist.

14. Verfahren zum Betreiben eines Gasturbinenbren-
ners nach Anspruch 1 zum Antreiben einer Gastur-
bine mittels einer vorgemischten Flamme, die von
wenigstens einer oder mehreren einer ersten Vor-
mischbrenndüseneinheit (33), einer zweiten Vor-
mischbrenndüseneinheit (34) und einer Hauptkraft-
stoffdüseneinheit (51) erzeugt wird, wobei die Gas-
turbine in einem Nennlastbetrieb ist, welches Ver-
fahren die Schritte enthält:

Antreiben der Gasturbine nur durch die vorge-
mischte Flamme, die von der ersten Vormisch-
brenndüseneinheit (33) erzeugt wird, wenn ei-
ne Last der Gasturbine abgeschaltet wird, und
nachfolgendes Wiederstarten der Gasturbine
durch Hinzufügen von Flammen, die von einer
Diffusionsbrenndüseneinheit (32) und der
zweiten Vormischbrenndüseneinheit (34) er-
zeugt werden.

Revendications

1. Dispositif de combustion de turbine à gaz
comportant :

un boîtier extérieur (21);
un cylindre intérieur de dispositif de combustion
(22) disposé à l'intérieur du boîtier extérieur;
une chambre de combustion (23) formée dans
le cylindre intérieur de dispositif de combustion;
une unité d'injection de carburant pilote (24)
disposée sur une partie du côté tête de la cham-
bre de combustion,
ladite unité d'injection de carburant pilote com-
portant une première unité de buse de combus-
tion de prémélange (33), une unité de buse de
combustion de diffusion (32) et une deuxième
unité de buse de combustion de prémélange
(34), ladite première unité de buse de combus-
tion de prémélange (33) étant disposée au ni-
veau d'une partie centrale de ladite partie du
côté tête de la chambre de combustion (23), la-
dite unité de buse de combustion de diffusion
(32) étant disposée de façon à entourer de ma-
nière coaxiale un côté extérieur de ladite pre-
mière unité de buse de combustion de prémé-
lange (33) et ladite deuxième unité de buse de
combustion de prémélange (34) étant disposée
de façon à entourer de manière coaxiale un cô-
té extérieur de ladite unité de buse de combus-
tion de diffusion (32), respectivement; et
une chambre de combustion de prémélange
(36) est disposée sur un côté de sortie de ladite
première unité de buse de combustion de pré-
mélange (33) de façon à être en communica-
tion avec ladite chambre de combustion, ladite
chambre de combustion de prémélange (36)
étant située en amont de ladite chambre de
combustion (23) de telle sorte que seuls du car-
burant et de l'air provenant de ladite première
unité de buse de combustion de prémélange
(33) y subissent une combustion.

2. Dispositif de combustion de turbine à gaz selon la
revendication 1, comportant en outre une unité d'in-
jection de carburant de prémélange principal (51)
disposée sur un côté extérieur de ladite deuxième
unité de buse de combustion de prémélange (34).

3. Dispositif de combustion de turbine à gaz selon la
revendication 1, dans lequel au moins deux ensem-
bles d'unités d'injection de carburant pilote (24) sont
disposés sur la partie du côté tête de la chambre de
combustion (23), chacune desdites unités d'injec-
tion de carburant pilote étant composée de la pre-
mière unité de buse de combustion de prémélange
(33), de l'unité de buse de combustion de diffusion
(32) et de la deuxième unité de buse de combustion
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de prémélange (34) et étant pourvue de la chambre
de combustion de prémélange (36) disposée sur le
côté de sortie de ladite première unité de buse de
combustion de prémélange (33).

4. Dispositif de combustion de turbine à gaz selon la
revendication 1, dans lequel ladite chambre de
combustion de prémélange (36) disposée sur le cô-
té de sortie de ladite première unité de buse de
combustion de prémélange (33) est formée afin de
procurer une forme concave ou bien une forme co-
nique.

5. Dispositif de combustion de turbine à gaz selon la
revendication 4, dans lequel le diamètre de la
chambre de combustion de prémélange (36) est for-
tement réduit comparé à celui de la chambre de
combustion (23), de sorte que la stabilité de la pre-
mière flamme prémélangée (31b) dépend seule-
ment du degré de dilution du carburant (b) délivré
par la première unité de buse de combustion de pré-
mélange (33) et de sa vitesse d'écoulement.

6. Dispositif de combustion de turbine à gaz selon la
revendication 4 ou 5, dans lequel ladite chambre de
combustion de prémélange (36) a une découpe en
forme de palier (45).

7. Dispositif de combustion de turbine à gaz selon la
revendication 4 ou 5, dans lequel ladite chambre de
combustion de prémélange (36) a des trous d'injec-
tion (62a) qui communiquent avec un passage d'air
comprimé (62) qui entoure la chambre de combus-
tion de prémélange (36).

8. Dispositif de combustion de turbine à gaz selon la
revendication 4 ou 5, dans lequel ladite chambre de
combustion de prémélange (36) a une surface de
paroi qui se compose de céramique ou bien d'une
matière composite renforcée de fibre de céramique.

9. Dispositif de combustion de turbine à gaz selon la
revendication 8, dans lequel ladite chambre de
combustion de prémélange (36) a des pièces
saillantes (65a) formées intégralement avec la sur-
face de paroi.

10. Dispositif de combustion de turbine à gaz selon la
revendication 4 ou 5, dans lequel ladite chambre de
combustion de prémélange (36) est pourvue de
moyens de catalyseur (61).

11. Dispositif de combustion de turbine à gaz selon la
revendication 1, dans lequel ladite unité de buse de
combustion de diffusion (32) qui entoure coaxiale-
ment le côté extérieur de ladite première unité de
buse de combustion de prémélange possède un
trou d'injection de carburant (39) disposé dans une

direction face à un tuyau de propagation de flamme
(60) disposé dans la chambre de combustion.

12. Dispositif de combustion de turbine à gaz selon la
revendication 1, dans lequel ladite première unité
de buse de combustion de prémélange (33) a une
unité d'entraînement (66) destinée à déplacer une
première buse de carburant (43) disposée dans un
premier passage de gaz prémélangé de prémélan-
ge (41) formé afin d'entourer la première buse de
combustion de prémélange de façon à être libre-
ment avancé et rétracté dans une direction axiale.

13. Dispositif de combustion de turbine à gaz selon la
revendication 12, dans lequel ladite unité d'entraî-
nement (66) est un moteur, une commande manuel-
le ou un mécanisme hydraulique.

14. Procédé de mise en oeuvre d'une chambre de com-
bustion de turbine à gaz selon la revendication 1
afin d'entraîner une turbine à gaz grâce à une flam-
me prémélangée créée depuis au moins une ou plu-
sieurs d'une première unité de buse de combustion
de prémélange (33), d'une deuxième unité de buse
de combustion de prémélange (34) et d'une unité
de buse de carburant principale (51) alors que la
turbine à gaz est en fonctionnement à charge no-
minale, ledit procédé comportant les étapes consis-
tant à :

entraîner la turbine à gaz seulement grâce à la
flamme prémélangée créée par la première
unité de buse de combustion de prémélange
(33) lorsqu'une charge de la turbine à gaz est
coupée; et
redémarrer, ensuite, la turbine à gaz en ajou-
tant des flammes créées par une unité de buse
de combustion de diffusion (32) et la deuxième
unité de buse de combustion de prémélange
(34).
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