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Description

The present invention relates to a gas turbine
combustor according to the first portion of claim 1, in
which a fuel and the air are mixed together prior to be-
ing burned.

Thermal NOx formed by the oxidation of nitrogen
in the air for combustion in a high-temperature atmos-
phere occupy a majority proportion of nitrogen oxides
(NOx) that generate when a gaseous fuel containing
small amounts of nitrogen such as liquefied natural
gas (LNG) burns. It has been known that formation of
thermal NOx varies greatly depending upon the tem-
perature; i.e., the amount of its formation increases
with the increase in the flame temperature, and in-
creases abruptly when the temperature exceeds
1500°C. The flame temperature changes depending
upon the mixing ratio of the fuel and the air, and be-
comes the highest when the fuel is burned with the air
of a quantity that is not too great or is not insufficient
for completely burning the fuel, i.e., becomes the
highest when the fuel is burned near a theoretical air
requirement. To suppress the generation of NOx, the
flame temperature must be lowered. The flame tem-
perature can be lowered by a method according to
which water or vapor is blown into the combustion
chamber to forcibly lower the temperature, or by a
method according to which the fuel is burned under
the condition where the mixing ratio of the fuel and
the air is extremely increased to be greater than the
theoretical air requirement or, conversely, is de-
creased.

The method of blowing water or vapor involves a
new problem, i.e., decrease in the turbine efficiency.

In an ordinary combustion apparatus, a so-called
diffused flame takes place in which the fuel and the
air are injected from separate nozzles, and are mixed
together in the combustor and are burned, in order to
stabilize the flame and to prevent backfire. In a step
of mixing the fuel and the air together, however, there
exists a region where the air ratio (ratio of the air flow
rate to the theoretical air requirement) becomes close
to 1 and where the flame temperature becomes local-
ly high. That is, a region is formed where NOx are gen-
erated in large amounts; i.e., NOx are emitted in large
amounts.

In contrast with the combustion apparatus which
utilizes the diffused flame, there is a combustion ap-
paratus which uses pre-mix flame in which the air in
excess of the theoretical air requirement and the fuel
are mixed together in advance and are injected into
the combustor. In the pre-mix flame having a high air
ratio, the region where the temperature becomes lo-
cally high is prevented from taking place and NOx are
emitted in reduced amounts. The pre-mix flame re-
mains most stable when the air ratio is close to 1, but
tends to be blown out when the injection speed in-
creases. When the injection speed is low, further-
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more, flame enters into the nozzle to cause backfire.
In the combustor of a gas turbine, the pre-mix gas
consisting of the fuel and the air must be injected at
a high speed of, usually, 40 m/s to 70 m/s, but the
flame is not easily formed under such high injection
speed conditions. In the JP-A-22127/1986 is descri-
bed a combustor in which the fuel is supplied in a div-
ided manner, part of it being used for forming diffused
flame and the remainder being used for forming pre-
mix flame, and relatively stable diffused flame or
combustion gas of a high temperature formed by the
diffused flame is used for igniting the pre-mix flame.
The above combustor makes it possible to decrease
the amount of NOx compared with the conventional
combustor that utilizes the diffused flame. The
amount of NOx can be decreased if the flow rate of
the fuel used for the diffused flame is decreased and
the fuel flow rate of pre-mixed flame is increased.
However, the flame loses stability if the rate of pre-
mixing increases, and limitation is imposed on de-
creasing the amount of NOx emission.

The amount of NOx generated from the gas tur-
bine combustor can be decreased if unstable pre-mix
flame is stabilized and if the gas turbine combustion
system is of the type of completely pre-mixed com-
bustion.

When the gas turbine combustion system is of
the type of completely pre-mixed combustion, the air
for combustion is supplied in large amounts com-
pared with the fuel flow rate during the small-load op-
eration conditions, whereby the fuel becomes lean
and is difficultly ignited. During the high-load opera-
tion conditions, on the other hand, both the fuel sup-
ply and the air flow rate are increased, whereby the
flow rate of the pre-mixed gas is further increased
causing the pre-mix flame to be blown out.

The US-A-4 237 694 discloses a gas turbine com-
bustor comprising a substantially cylindrical combus-
tion chamber and a single main gas nozzle centrically
disposed in the end wall of said combustion chamber.
In front of the main gas nozzle is arranged a cylindri-
cal mixing chamber, which is connected with a ring
channel via a plurality of radial directed gas supply
ports. An auxiliary gas nozzle concentrical surround-
ing the main nozzle is connected with a ring chamber
for mixing air with an amount of fuel gas to a pre-mi-
xed auxiliary gas flowing out from the single auxiliary
nozzle. The end wall of the combustion chamber and
the auxiliary nozzle are so formed that the auxiliary
gas flow will generate a vortex ring around the main
nozzle. The fuel gas supply to the main nozzle and to
the auxiliary nozzle can be controlled in dependence
with a parameter of the gas turbine, so that at low
power a majority of the fuel gas is supplied to the aux-
iliary nozzle while at a higher power operation the ma-
jority of fuel gas will be injected through the centrally
disposed main nozzle.

From the US-A-3 919 840 it is known a device for
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mixing dissimilar swirling flow fluids in the combus-
tion zone of an annular combustion chamber. To ac-
celerate the combustion the mixing rate between the
cool fuel air mixture and hot combustion products will
be increased in the dilution zone of the annular com-
bustion chamber. The hot vitiated gas flows with low-
er energy in the circumferential direction in an outer
ring channel, while the cold combustible gas mixture
flows with higher energy in an inner ring channel. Be-
tween the inner and outer both ring channels a divid-
ing wall is provided.

In EP-A-0 095 788 there is disclosed a combus-
tion chamber of a gas turbine in which a separate air
distributing chamber is connected with the combus-
tion room by a plurality of spaced pipe elements for
pre-mixing the separately supplied fuel with com-
pressed air. At the inner end of each of said pipe ele-
ments there is provided a whirling chamber, in which
the fuel supplied by said pipe and an amount of air is
mixed and immediately injected in the combustion
chamber through a specially designed main nozzle of
the diffusion type. Between the fuel pipe and the out-
er pipe element there is provided a ring-shaped mix-
ing chamber in which an amount of air is mixed with
a part of the fuel of the fuel pipe. This mixture is sup-
plied to an annular auxiliary nozzle formed at the in-
ner end of the pipe element around each of the main
nozzles. During the load operation of the turbine
about 90 to 95 % of the fuel amount should be injected
as auxiliary gas mixture through the annular auxiliary
nozzles and only 5 to 10 % as main gas mixture
through the central main nozzles. The plurality of
main and auxiliary nozzles are classified in several
groups which are separately controlled in a predeter-
mined order according to the turbine load.

The object of the present invention is to provide
a gas turbine combustor which is capable of stably
burning a lean pre-mixed gas having an air ratio of
greater than 1 from low load through up to high load
of the gas turbine, and a method of combustion.

This object will be solved according to the inven-
tion by the features of claim 1 (combustor) and claim
12 (method of combustion), respectively.

According to the present invention, stable auxili-
ary flame is formed at all times at the root of the com-
bustion flame of a high air ratio in order to maintain
the main flame that burns at high speeds. Therefore,
the gas turbine combustion system is of the complete-
ly pre-mixed combustion type. Hence, if lean com-
bustion is carried out while setting the air ratio of the
fuel-air mixture gas for main flame to be greater than
1.0, it is allowed to decrease the amounts of NOx and
CO that are polluting substances generated from the
gas turbine combustor.

Brief Description of the Drawings:

Fig. 1 is a section view illustrating part of a gas
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turbine combustor embodying the present inven-
tion;

Fig. 2 is a section view along the line lI-l of Fig.
1;
Fig. 3 is a section view illustrating in detail a noz-
zle portion of Fig. 1;

Fig. 4 is a graph illustrating a relationship be-
tween the turbine load and the opening degree of
valves shown in Fig. 1;

Figs. 5(a) and 5(b) are graphs showing relation-
ships between the amount of NOx generated and
the amount of CO generated when the pre-mixed
gas is burned while changing the air ratio;

Figs. 6(a) and 6(b) are graphs showing exhaust
gas compositions from the combustor of the pres-
ent invention up to a region of an air ratio of as
high as 3.6;

Fig. 7 is a graph showing combustion exhaust gas
composition of flame in the radial direction of the
nozzle;

Fig. 8 is a section view illustrating part of the gas
turbine combustor according to another embodi-
ment of the present invention;

Fig. 9 is a section view along the line IX-IX of Fig.
8; and

Fig. 10 is a diagram of characteristics showing re-
lationships between the change of load and the
fuel supply system in the gas turbine combustor
of Fig. 8.

Best Mode for Carrying Out the Invention

Fig. 1 is a section view of a gas turbine combustor
embodying the presentinvention. An inner cylinder 20
is arranged concentrically in an outer cylinder 10, and
annular space defined between the outer cylinder 10
and the inner cylinder 20 constitutes an air path 12 for
guiding the air blown from the compressor to the head
portion of the inner cylinder. Double end walls 11 and
12 are provided at the head of the inner cylinder 20,
and in the inner end wall 11 are formed main nozzles
14 and surrounding auxiliary nozzles 15 over the en-
tire surface thereof as shown in Fig. 2. The main noz-
zles 14 are formed at the right end of pre-mixing cy-
linders 16 that extend on the side of the outer end wall
12 penetrating therethrough. The pre-mixing cylin-
ders 16 introduce the air from an air chamber 17
formed on the left side of the end wall 12. Fuel supply
pipes 18 are inserted in the pre-mixing cylinders 186,
and the fuel injected from the ends of the fuel supply
pipes 18 is mixed with the air as it flows through the
cylinders 16 thereby to form a pre-mixed gas. Auxili-
ary nozzles 15 are communicated with auxiliary pre-
mixing chambers 30 formed between the end walls 11
and 12. The chambers 30 are served with a uniformly
pre-mixed gas from a venturi-type mixer 31. The air
of a high pressure is introduced into the mixer 31 by
an introduction board 26 via an air adjusting valve 40,
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and the fuel adjusted under the atmospheric pressure
is sucked to form a uniformly pre-mixed gas. The fuel
supply pipes 18 are communicated with a main fuel
adjusting valve 60 via stop valves 50 provided for
each of the pipes 18. The valves 50 and 60 are con-
trolled according to instructions from a controller 70
which receive load of the gas turbine and rotational
speed signals.

The stop valves 50 are fully opened upon receipt
of an open signal from the controller 70 and are fully
closed in other cases. Fig. 1 illustrates only four stop
valves. The stop valves, however, are provided for all
fuel supply pipes 18. In this embodiment, there are
provided 19 stop valves. The number of stop valves
that open increases with the increase in the load of
the turbine as shown in Fig. 4. On the other hand, the
opening degree of the adjusting valve 60 varies near-
ly in proportion to the turbine load. The adjusting
valve 40 maintains nearly a constant opening degree
(about 10%) irrespective of the turbine load. The pre-
mixed air to be introduced into the auxiliary pre-mix-
ing chambers 30 is uniformly pre-mixed in the mixer
31 so as to have an air ratio over a range of from 0.8
to 1.2. Further, the air adjusting valve 40 is so adjust-
ed that the speed of injection from the auxiliary noz-
zles 15 will become nearly equal to the speed of com-
bustion.

In operating the gas turbine, first, the air adjust-
ing valve 40 for auxiliary flame is opened to form the
auxiliary pre-mixed gas through the mixer 31. Next,
the pre-mixed gas injected from the auxiliary nozzles
15 is ignited by ignition plugs that are not shown. The
auxiliary pre-mixed gas has an air ratio which is close
to 1, i.e., which lies from 0.8 to 1.2, and the speed of
injection is nearly equal to the speed of combustion,
i.e., 0.4 m/s. Therefore, the auxiliary pre-mixed gas is
reliably ignited and stably sustains the combustion af-
ter it is ignited.

In this case, the stop valves 50 are mostly closed,
and the air only is injected from the main nozzles 14.
The opening degree of the adjusting valve 60 gradu-
ally increases in response to load signals of the tur-
bine, and the stop valves 50 are opened according to
a predetermined order. Then, a pre-mixed gas is
formed in the pre-mixing cylinders 16 and is injected
at high speeds from the main nozzles 14. The pre-mi-
xed gas injected from the main nozzles 14 is ignited
by auxiliary flame 80 (Fig. 3) formed around thereof
thereby to establish a main flame 90.

As the stop valves 50 are opened successively,
the number of flames formed by the main nozzles 14
increases gradually, and the flames are formed by all
main nozzles 14 under the rated load condition. In a
gas turbine for generating electricity, in general, the
turbine rotates at a constant speed from 0% to 100%s
of load, and the air supplied to the combustor flows
nearly at a constant rate. Therefore, the air flows
nearly at a constant rate from the air chamber 17 into
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the pre-mixing cylinders 16.

The amount of fuel that flows through the adjust-
ing valve 60, on the other hand, varies nearly in pro-
portion to the turbine load. However, since the num-
ber of stop valves 50 that open varies depending upon
the amount of fuel, the amount of fuel supplied to the
pre-mixing cylinders remains nearly the same per a
stop valve that is open, and the air ratio of the mixture
gas formed in the pre-mixing cylinders 16 does noit
much change. In this embodiment, therefore, the air
ratio is set to lie from 1.2 to 2.5.

In this embodiment in which the air ratio of the
pre-mixed gas in the auxiliary nozzles 15 is set near
to 1 to favorably maintain the flame, there is no like-
lihood that the flame is blown out even when the pre-
mixed gas is injected from the main nozzles 14 at a
speed greater than 20 m/s and, preferably, at a speed
of 40 m/s to 70 m/s. Further, since the air is constantly
injected from the main nozzles 14 ata speed of 20 m/s
to 70 m/s, there takes place no backfire, either.

Moreover, even though the pre-mixed gas from
the main nozzles 14 is so lean as to have an air ratio
of 1.5 or more, the combustion is stably sustained ow-
ing to the auxiliary flame.

Figs. 5(a), 5(b) and 6(a), 6(b) illustrate relation-
ships between the amount of NOx generated and the
amounts of H, and CO generated when the pre-mixed
gas is burned while changing its air ratio. Fig. 5 (a),
(b) shows the analyzed results of exhaust gas from
the combustion cylinder of when the pre-mix flame is
formed in the combustion cylinder having an inner di-
ameter of 90 mm and a height of 346 mm, and Fig.
6(a), (b) shows the analyzed results of exhaust gas
from the combustion cylinder of when the pre-mix
flame is formed in the combustion cylinder having an
inner diameter of 208 mm and a height of 624 mm,
both under the same combustion conditions.

Fig. 6(a), (b) shows the analysis of exhaust gas
of up to the region of an air ratio of as high as 3.6. In
Figs. 6(a) and 5(b) where the main flame is formed
with the air ratio from 1.3 to 1.8, the amount of NOx
is less than 100 ppm as indicated by a curve 221, and
CO and H, are not almost formed as indicated by
curves 231 and 241. Oxygen exhibits behaviour as
represented by a curve 251, as a matter of course.

Looking from these behaviours, it appears that
NOx are generated in large amounts since the air ra-
tio of the pre-mixed gas in the auxiliary nozzles is
close to 1. As a whole, however, NOx are generated
in small amounts since the fuel ratio of auxiliary flame
is about 10% under the rated load condition.

In Fig. 7, the fuel gas is sampled and is analyzed
at a point 5 mm away from the main nozzle (having
an inner diameter of about 26 mm) in the direction of
downstream by moving the sampling probe in the ra-
dial direction from the center of the nozzle, to exam-
ine the combustion condition in the main flame and
near the auxiliary flame. As will be understood from
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Fig. 7, CH, is not almost burned in the main flame but
burns toward the auxiliary flame and burns by 100%
over the auxiliary flame nozzle. This fact indicates
that the flame is reliably transferred from the auxiliary
flame of auxiliary nozzle to the pre-mixed gas of the
main nozzle. The size of the burner used in this em-
bodiment is as follows: i.e., the main nozzle has an in-
ner diameter of 26 mm, the spacer surrounding the
main nozzle has a thickness of 2 mm, and the auxili-
ary nozzle has a width of 2 mm.

Fig. 8 illustrates a gas turbine combustor in which
a plurality of main nozzles provided in the end wall on
the head side of the inner cylinder of the combustor
are classified into three groups, and the amounts of
fuel supplied to the nozzle groups are independently
increased or decreased such that the air ratio of the
fuel-air mixture injected from the main nozzles will lie
from 1.2 to 2.5 when the turbine load is varied over a
range of 20% to 100%, in order to suppress the
amounts of NOx and CO generated from the combus-
tor. Numerals on the main nozzles in the front view of
the combustor of Fig. 9 represent classification num-
bers of the main nozzles grouped into three. Each
nozzle group has four main nozzles. Reference nu-
merals 61, 62 and 63 denote flow-rate adjust valves;
i.e., 61 denotes the adjust valve for increasing or de-
creasing the amount of fuel supplied to the second
nozzle group, 62 denotes the adjust valve for the first
nozzle group and 63 denotes the adjust valve for the
third nozzle group. Reference numeral 19 denotes a
burner for diffused flame for igniting the pilot flame
formed by the auxiliary nozzles. After the pilot flame
is formed for the auxiliary nozzles, the fuel is no more
supplied to the burner 19 and its flame is extinguish-
ed.

Fig. 10 shows changes in the amounts of fuel
supplied to the nozzle groups when the load of the gas
turbine combustor of Fig. 8 is changed. The fuel is
supplied to the first nozzle group only over the turbine
load of from 0% to 39%. At a moment when the air ra-
tio of the fuel-air mixture injected from the main noz-
zles has reached 1.25, the supply of fuel is decreased
such that the air ratio becomes 2.5. At the same time,
the fuel is supplied to the second nozzle group so that
the air ratio becomes 2.5, and the amount of fuel sup-
plied to the first nozzle group is increased under the
condition where the amount of fuel supplied to the
second nozzle group is maintained constant, in order
to increase the turbine load from 39% to 60%. Then,
at a moment the air ratio of the fuel-air mixture of the
first nozzle group has reached 1.25, the supply of fuel
is decreased such that the air ratio of the first nozzle
group becomes 2.5. At the same time, the fuel is sup-
plied to the third nozzle group such that the air ratio
becomes 2.5, and the amounts of fuel supplied to the
first, second and third nozzle groups are increased
proportionally from 60% to 100% of the turbine load.
At 100% of the turbine load, the gas turbine combus-
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tor is so operated that the air ratio of the fuel-air mix-
ture injected from the first, second and third nozzles
will be 1.5.

Under the gas turbine operation conditions
shown in Fig. 10, the air ratio of the fuel-air mixture
injected from the first, second and third nozzle groups
lies from 1.25 to 2.50 over the turbine load range of
from 20% to 100%. As will be understood from Figs.
6(a) and 6(b), the amount of NOx generated is smaller
than about 100 ppm over the air ratio range of from
1.25 to 2.50, and unburned components that include
CO, Hy and CH,4 are generated in very small amounts.
It can therefore be said that the method of operating
the gas turbine combustor can be effectively em-
ployed for the gas turbine combustion system that
permits NOx to generate little.

According to the present invention as described
above, the auxiliary flame injected at a low speed is
used for igniting the pre-mixed flame (main flame)
that is injected at high speeds and for maintaining the
flame. Therefore, the pre-mixed gas for forming the
pilot flame that works to maintain the flame is injected
at a speed which is the same as the speed of combus-
tion, i.e., injected at a speed of about 0.4 m/s. Further-
more, the air ratio is set to lie from 0.8 to 1.2 to sup-
press the generation of NOx and to prevent the blow
out. The entire circumference of the pre-mixed gas in-
jected at high speeds is surrounded by the auxiliary
flame for maintaining the flame, so that the heat gen-
erated by the flame for maintaining the flame is effi-
ciently transferred to the main flame. Moreover, a
spacer is provided between the burner for main flame
and the burner for auxiliary flame, so that vortex cur-
rent is stably formed between the burner injecting the
pre-mixed gas for main flame and the burner injecting
the pre-mixed gas for auxiliary flame due to a differ-
ence in the speed of injection between them. This
helps promote the mixing of the pre-mixed gas of a
high air ratio for main flame and the combustion gas
from the auxiliary flame of a high temperature, ena-
bling the main flame to be ignited more easily. When
the main flame is to be separated from the auxiliary
flame using a thin partition wall such as a knife edge
instead of providing the spacer, it has been clarified
through experiments by the inventors that the auxili-
ary flame is blown out too under the condition where
the flow of auxiliary flame is seriously affected by the
ejection of the main flame and where the main flame
is blown out. With the spacer being provided, how-
ever, the main flame and the auxiliary flame do not
directly mix with each other near the burner outlet, but
the two are only partly mixed with each other in the
vortex current formed on the spacer portion. Accord-
ingly, the auxiliary flame is stably formed at all times
without being affected by the main flame, contribut-
ing to increasing the range of flow speed or air ratio
in which the main flame can be stably formed.
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Claims

1.

A gas turbine combustor comprising

- a cylindrical combustion chamber (20),

- a plurality of spaced main nozzles (14) dis-
posed in an end wall on the upstream side
of said combustion chamber (20) for inject-
ing a main gas mixture into the combustion
chamber (20),

- an annular auxiliary nozzle (15) formed
around each of said main nozzles (14) for
injecting an auxiliary gas mixture in the
combustion chamber,

- means (70) for controlling the operation
time of the plurality of nozzles (14) in a pre-
determined order according to the turbine
load,

characterized in that

- each of said main nozzles (14) is provided
with first means (16, 17, 18) for premixing
the separately supplied fuel with air to a
main gas mixture having a first air ratio ()
larger than the stoichiometric air ratio (\)
and for supplying said main gas mixture to
said main nozzle (14) and

- the auxiliary nozzles (15) are provided with
second means (30, 31, 40) for premixing
fuel with air to a uniform auxiliary gas mix-
ture having a smaller air ratio (\,) than the
first air ratio (A1) and for supplying said uni-
form gas mixture to all of said auxiliary noz-
zles (15).

Gas turbine combustor according to claim 1,
wherein the second air ratio (1,) is 0.8 to 1.2 pre-
ferably close to 1.0 and the injection speed of the
auxiliary gas mixture is almost equal to its flame
propagation speed.

Gas turbine combustor according to claim 1 or 2,
wherein the first air ratio is 1.25 to 2.5, preferably
1.5 or more and the injection speed of the main
gas mixture is substantially greater than its flame
propagation speed.

Gas turbine combustor according to anyone of
the claims 1 to 3, wherein the total flow rate of air
in the auxiliary nozzles (15) is about 10 % of the
total flow rate in the combustor at the rated load.

Gas turbine combustor according to anyone of
claims 1 to 4, wherein each main nozzle (14) is
formed on the inner end of a pre-mixing cylinder
(16) into which the open end portion of a fuel sup-
ply pipe (18) is inserted.

Gas turbine combustor according to anyone of
the claims 1 to 5, wherein the means (30, 31, 40)
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10.

1.

12.

10

for premixing the auxiliary gas mixture includes a
mixer (30) supplied with an air flow and the fuel,
an adjusting valve (40) disposed in the air flow
path and auxiliary pre-mixing chambers (30)
communicated with the auxiliary nozzles (15)
and served with the uniformly pre-mixed gas
from the mixer (30).

Gas turbine combustor according to anyone of
the claims 1 to 6, wherein the fuel supply means
(18) of the main nozzles (14) are controlled by
separate stop valves (50) and by a common ad-
justing valve (60).

Gas turbine combustor according to anyone of
the claims 1 to 7, wherein the main nozzles (14)
are classified into at least three groups each
group being independently controlled by a sepa-
rate flow-rate adjusting valve (61, 62, 63).

Gas turbine combustor according to claim 8,
wherein, when the first air ratio (A,) of the main
gas mixture supplied to the first group of the main
nozzles (14) reaches about 1.25, the operation of
the second group of the main nozzles (14) will be
started.

Gas turbine combustor according to claim 8 or 9,
wherein, when the first air ratio (A,) of the main
gas mixture supplied to the second group of the
main nozzles 14 reaches about 1.25, the opera-
tion of the third group of the main nozzles (14) will
be started.

Gas turbine combustor according to claims 9, 10,
wherein the first air ratio () of the main gas mix-
ture successively supplied to the first and second
group of the main nozzles (14) is about 2.5 in the
beginning.

Combustion method for a gas turbine combustor
including a plurality of main nozzles (14) provided
in an end wall of a combustion chamber and an
annular auxiliary nozzle (15) formed around each
of the main nozzles (14),

comprising the steps of:

- injecting a pre-mixed auxiliary fuel-air gas
mixture having an air ratio ().) of substantial-
ly 1 through the auxiliary nozzles (15) into
the combustion chamber;

- igniting the injected auxiliary gas mixture;

- injecting a pre-mixed fuel-air gas mixture
having an air ratio larger than 1 through a
predetermined number of the main nozzles
(14) into the combustion chamber, while
only air is supplied to the remaining main
nozzles (14);

- igniting the injected gas mixture of the pre-
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determined number of the main nozzles
(14);

- injecting the pre-mixed fuel-air gas mixture
having an air ratio larger than 1 through an-
other predetermined number of the main
nozzles (14), while only air is supplied to the
remaining main nozzles (14), after the igni-
tion of the first number of the main nozzles
(14);

- igniting the injected pre-mixed gas of the
second predetermined number of the main
nozzles (14);

- injecting a pre-mixed fuel-air gas having an
air ratio larger than 1 into a third predeter-
mined number of the main nozzles (14) af-
ter the ignition of the second predetermined
number of the main nozzles (14); and

- igniting the injected pre-mixed gas of the
third predetermined number of the main
nozzles (14).

Combustion method according to claim 12,
wherein the air ratio () of the main gas mixture
injected into the main nozzles is 1.25 to 2.5, pre-
ferably 1.5 or more, and the injection speed of the
main gas mixture is substantially greater than its
flame propagation speed.

Combustion method according to claim 12 or 13,
wherein the second air ratio (\,) is 0.8 to 1.2, pre-
ferably close to 1.0, and the injection speed of the
auxiliary gas mixture is almost equal to its flame
propagation speed.

Combustion method according to claims 12 to 14,
wherein fuel and a controlled rate of air will be
premixed to the uniform auxiliary gas mixture
and supplied to all of the auxiliary nozzles (15).

Combustion method according to anyone of the
claims 12 to 14, wherein the total flow rate of air
in the auxiliary nozzles (15) is about 10 % of the
total flow rate in the combustor at the rated load.

Combustion method according to anyone of the
claims 12 to 16, wherein the main nozzles (14)
are classified into at least three independently
controlled groups and when the air ratio (A,) of
the main gas mixture injected into the first group
of the main nozzles (14) reaches about 1.25, the
operation of the second group of the main noz-
zles (14) will be started.

Combustion method according to claim 17,
wherein, when the air ratio (A,) of the main gas
mixture injected into the second group of the
main nozzles (14) reaches about 1.25, the oper-
ation of the third group of the main nozzles (14)
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will be started.

Combustion method according to claim 17,
wherein the air ratio of the main gas mixture in-
jected into the first group of the main nozzles (14)
is about 2.5 in the beginning.

Combustion method according to claim 18,
wherein the air ratio () of the main gas mixture
injected into the second group of the main noz-
zles (14) is about 2.5 in the beginning.

Patentanspriiche

1.

Gasturbinenbrenner mit

- einer zylindrischen Brennkammer (20),

- mehreren beabstandeten Hauptdiisen (14),
die in einer Endwand an der stromauf gele-
genen Seite der Brennkammer (20) zum
Einspritzen eines Haupt-Gasgemisches in
die Brennkammer (20) angeordnet sind,

- einer ringférmigen Zusatzdiise (15), die um
jede der Hauptdiisen (14) zum Einspritzen
eines Zusatz-Gasgemisches in die Brenn-
kammer gebildet ist, und

- einer Einrichtung (70) zur Steuerung der
Betriebsdauer der mehreren Diisen (14) in
einer vorbestimmten Ordnung gemaR der
Turbinenlast,

dadurch gekennzeichnet, daf®

- jede der Hauptdiisen (14) eine erste Ein-
richtung (16, 17, 18) zum Vormischen des
getrennt zugefiihrten Brennstoffs mit Luft
zu einem Haupt-Gasgemisch mit einem er-
sten Luftverhéltnis (1) gréRer als das
stoichometrische Luftverhaltnis (A) und zur
Zufuhr des Haupt-Gasgemisches zu der
Hauptdiise (14) aufweist und

- die Zusatzdiisen (15) eine zweite Einrich-
tung (30, 31, 40) zum Vormischen von
Brennstoff mit Luft zu einem gleichmafigen
Zusatz-Gasgemisch mit einem kleineren
Luftverhdltnis (A,) als das erste Luftver-
héltnis (A1) und zur Zufuhr des gleichmaRi-
gen Gasgemischs zu allen Zusatzdiisen
(15) aufweisen.

Gasturbinenbrenner nach Anspruch 1, bei dem
das zweite Luftverhaltnis (A,) 0,8 bis 1,2, vor-
zugsweise in der Ndhe von 1,0, und die Zufuhr-
geschwindigkeit des Zusatz-Gasgemischs nahe-
zu gleich seiner Flammenausbreitungsgeschwin-
digkeit ist.

Gasturbinenbrenner nach Anspruch 1 oder 2, bei
dem das erste Luftverhéaltnis 1,25 bis 2,5, vor-
zugsweise 1,5 oder mehr, und die Zufuhrge-



10.

1.

13 EP 0 335 978 B1

schwindigkeit des Haupt-Gasgemischs wesent-
lich gréRer als seine Flammenausbreitungsge-
schwindigkeit ist.

Gasturbinenbrenner nach einem der Anspriiche
1 bis 3, bei dem der gesamte Luftdurchsatz in
den Zusatzdiisen (15) in etwa 10 % des gesam-
ten Luftdurchsatzes in dem Brenner bei Nennlast
ist.

Gasturbinenbrenner nach einem der Anspriiche
1 bis 4, bei dem jede Hauptdiise (14) an dem in-
neren Ende eines Vormischzylinders (16) ausge-
bildet ist, in den das offene Endteil einer Kraft-
stoffzufuhrleitung (18) eingesetzt ist.

Gasturbinenbrenner nach einem der Anspriiche
1 bis 5, bei dem die Einrichtung (30, 31, 40) zur
Vormischung des Zusatz-Gasgemischs einen mit
einem Luftstrom und Brennstoff versorgten Mi-
scher (30), ein in dem Luftstromkanal angeord-
netes Stellventil (40) und zusétzliche Vormisch-
kammern (30) enthalt, die mit den Zusatzdiisen
(15) verbunden und mit dem gleichmaRig vorge-
mischten Gas von dem Mischer (30) versorgt
werden.

Gasturbinenbrenner nach einem der Anspriiche
1 bis 6, bei dem die Brennstoffzufuhreinrichtung
(18) der Hauptdiisen (14) durch getrennte Ab-
schaltventile (50) und durch ein gemeinsames
Stellventil (60) gesteuert wird.

Gasturbinenbrenner nach einem der Anspriiche
1 bis 7, bei dem die Hauptdiisen (14) in wenig-
stens drei Gruppen unterteilt sind, wobei jede
Gruppe durch ein getrenntes Strédmungsraten-
Einstellventil (61, 62, 63) unabhéngig gesteuert
wird.

Gasturbinenbrenner nach Anspruch 8, bei dem
der Betrieb der zweiten Gruppen von Hauptdi-
sen (14) gestartet wird, wenn das erste Luftver-
héltnis (1) des der ersten Gruppe von Hauptdii-
sen (14) zugefiihrten Haupt-Gasgemischs etwa
den Wert 1,25 erreicht.

Gasturbinenbrenner nach Anspruch 8 oder 9, bei
dem der Betrieb der dritten Gruppe von Hauptdi-
sen (14) gestartet wird, wenn das erste Luftver-
héltnis (1) des der zweiten Gruppe von Hauptdii-
sen (14) zugefiihrten Haupt-Gasgemischs etwa
den Wert 1,25 erreicht.

Gasturbinenbrenner nach Anspruch 9, 10, bei
dem das erste Luftverhaltnis () des der ersten
und zweiten Gruppe von Hauptdiisen (14) nach-
einander zugefiihrten Haupt-Gasgemischs am
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Anfang etwa 2,5 ist.

Brennverfahren fiir einen Gasturbinenbrenner
mit mehreren Hauptdiisen (14) in einer Endwand
einer Brennkammer und einer ringférmigen Zu-
satzdiise (15) die um jede der Hauptdiisen (14)
gebildet ist, mit folgenden Schritten:

- Zufilhren eines vorgemischten Zusatz-
Kraftstoff-Luft-Gasgemischs mit einem
Luftverhdltnis (L) von im wesentlichen 1
durch die Zusatzdiisen (15) in die Brenn-
kammer;

- Zinden des zugefiihrten Zusatz-Gasge-
mischs;

- Zufiihren eines vorgemischten Kraftstoff-
Luft-Gasgemischs mit einem Luftverhalt-
nis groRer als 1 durch eine vorbestimmte
Anzahl von Hauptdiisen (14) in die Brenn-
kammer, wahrend den verbleibenden
Hauptdiisen (14) nur Luft zugefiihrt wird;

- Zinden des zugefiihrten Gasgemischs der
vorbestimmten Anzahl von Hauptdiisen
(14);

- Zufilhren des vorgemischten Kraftstoff-
Luft-Gemischs mit einem Luftverhéltnis
groBer als 1 durch eine weitere vorbe-
stimmte Anzahl von Hauptdiisen (14), wéh-
rend den verbleibenden Hauptdisen (14)
nach der Ziindung der ersten Anzahl von
Hauptdiisen (14) nur Luft zugefiihrt wird;

- Zinden des zugefiihrten Vorgemischs der
zweiten vorbestimmten Anzahl von Haupt-
diisen (14);

- Zufiihren eines vorgemischten Kraftstoff-
Luft-Gemischs mit einem Luftverhéltnis
groBer als 1 in eine dritte vorbestimmte An-
zahl von Hauptdiisen (14) nach der Ziin-
dung der zweiten vorbestimmten Anzahl
von Hauptdiisen (14); und

- Zinden des zugefiihrten Vorgemischs der
dritten vorbestimmten Anzahl von Hauptdii-
sen (14).

Brennverfahren nach Anspruch 12, bei dem das
Luftverhéltnis (1) des den Hauptdiisen zuge-
fiihrten Haupt-Gasgemischs 1,25 bis 2,5, vor-
zugsweise 1,5 oder mehr, und die Zufuhrge-
schwindigkeit des Haupt-Gasgemischs wesent-
lich gréRer als dessen Flammenausbreitungsge-
schwindigkeit ist.

Brennverfahren nach Anspruch 12 oder 13, bei
dem das zweite Luftverhaltnis (1,) 0,8 bis 1,2,
vorzugsweise in der Nadhe von 1,0, und die Zu-
fuhrgeschwindigkeit des Zusatz-Gasgemischs
nahezu gleich seiner Flammenausbreitungsge-
schwindigkeit ist.
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Brennverfahren nach den Anspriichen 12 bis 14,
bei dem der Brennstoff und eine gesteuerte Luft-
menge zu dem gleichméRigen Zusatz-Gasge-
misch vorgemischt und samtlichen Zusatzdiisen
(15) zugefiihrt wird.

Brennverfahren nach einem der Anspriiche 12
bis 14, bei dem der gesamte Luftdurchsatz in den
Zusatzdisen (15) etwa 10 % des gesamten Luft-
durchsatzes in dem Brenner bei Nennlast ist.

Brennverfahren nach einem der Anspriiche 12
bis 16, bei dem die Hauptdiisen (14) in wenig-
stens drei unabhangig gesteuerte Gruppen unter-
teilt sind und der Betrieb der zweiten Gruppe von
Hauptdiisen (14) gestartet wird, wenn das Luftver-
héltnis (A,) des der ersten Gruppe von Hauptdiisen
(14) zugefiihrten Haupt-Gasgemischs etwa den
Wert 1,25 erreicht.

Brennverfahren nach Anspruch 17, bei dem der
Betrieb der dritten Gruppe von Hauptdiisen (14)
gestartet wird, wenn das Luftverhaltnis (1) des
der zweiten Gruppe von Hauptdiisen (14) zuge-
fiihrten Haupt-Gasgemischs etwa den Wert 1,25
erreicht.

Brennverfahren nach Anspruch 17, bei dem das
Luftverhéltnis des der ersten Gruppe von Haupt-
diisen (14) zugefiihrten Haupt-Gasgemischs am
Anfang etwa 2,5 ist.

Brennverfahren nach Anspruch 18, bei dem das
Luftverhéltnis () des der zweiten Gruppe der
Hauptdiisen (14) zugefihrten Haupt-Gasgemischs
am Anfang etwa 2,5 ist.

Revendications

1.

Dispositif de combustion de turbine a gaz
comprenant :

- une chambre de combustion cylindrique
(20),

- une pluralité de buses principales espacées
(14) disposées dans une paroi d’extrémité
sur le c6té, amont de ladite chambre de
combustion (20) pour injecter un mélange
gazeux principal dans la chambre de
combustion (20),

- une buse annulaire auxiliaire (15) formée
autour de chacune desdites buses principa-
les (14) pour injecter un mélange gazeux
auxiliaire dans la chambre de combustion,

- des moyens (70) pour commander la durée
de fonctionnement de la pluralité de buses
(14) dans un ordre prédéterminé en fonc-
tion de la charge de la turbine,
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caractérisé en ce que

- chacune desdites buses principales (14)
est équipée de premiers moyens (16,17,18)
pour prémélanger le combustible envoyé
séparément avec de I'air pour former un
mélange de gaz principal possédant un pre-
mier rapport d’air (A1) supérieur au rapport
d’air stoechiométrique () et pour envoyer
ledit mélange de gaz principal a ladite buse
principale (14), et

- les buses auxiliaires (15) sont équipées de
seconds moyens (30,31,40) pour prémé-
langer du combustible a de I'air pour former
un mélange de gaz auxiliaire uniforme pos-
sédant un rapport d’air (A2) inférieur au pre-
mier rapport d’air (A1) et envoyer ledit mé-
lange de gaz uniforme a toutes lesdites bu-
ses auxiliaires (15).

Dispositif de combustion de turbine & gaz selon
la revendication 1, dans lequel le second rapport
d’air (A2) est compris entre 0,8 et 1,2 et de préfé-
rence est proche de 1,0 etla vitesse d’injection du
mélange de gaz auxiliaire est presque égale a sa
vitesse de propagation de sa flamme.

Dispositif de combustion de turbine & gaz selon
la revendication 1 ou 2, dans lequel le premier
rapport d’'air est compris entre 1,25 et 2,5 et de
préférence est égal a 1,5 ou plus et la vitesse d’in-
jection du mélange de gaz principal est sensible-
ment supérieure a sa vitesse de propagation de
flamme.

Dispositif de combustion de turbine & gaz selon
I'une quelconque des revendications 1 a 3, dans
lequel le débit total d’air dans les buses auxiliai-
res (15) est égal a environ 10 % du débit total
dans la chambre de combustion, pour la charge
nominale.

Dispositif de combustion de turbine & gaz selon
I'une quelconque des revendications 1 a 4, dans
lequel chaque buse principale (14) est formée sur
I'extrémité intérieure d’un cylindre de prémélan-
ge (16), dans lequel est insérée la partie d’extré-
mité ouverte d’'une canalisation d’alimentation en
combustible (18).

Dispositif de combustion de turbine & gaz selon
I'une quelconque des revendications 1 a4 5, dans
lequel les moyens (30,31,40) pour prémélanger
le mélange de gaz auxiliaire incluent un mélan-
geur (30) alimenté par un écoulement d’air et par
le combustible, une soupape de réglage (40) dis-
posée dans le trajet d’écoulement d’air, et des
chambres de prémélange auxiliaires (30)
communiquant avec les buses aucxiliaires (15) et
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alimentées par le gaz uniformément prémélangé
délivré par le mélangeur (30).

Dispositif de combustion de turbine & gaz selon
I'une quelconque des revendications 1 a 6, dans
lequel les moyens d’alimentation en combustible
(18) des buses principales (14) sont commandé
par des soupapes d’arrét séparées (50) et par
une soupape de réglage commune (60).

Dispositif de combustion de turbine & gaz selon
I'une quelconque des revendications 1 4 7, dans
lequel les buses principales (14) sontclassées en
au moins trois groupes, dont chacun est
commandé de fagon indépendante par une sou-
pape séparée de réglage de débit (61,62,63).

Dispositif de combustion de turbine & gaz selon
larevendication 8, dans lequel lorsque le premier
rapport d’air (A1) du mélange de gaz principal en-
voyé au premier groupe des buses principales
(14) atteint environ 1,25, le fonctionnement du
second groupe des buses principales (14) est dé-
clenché.

Dispositif de combustion de turbine & gaz selon
la revendication 8 ou 9, dans lequel, lorsque le
premier rapport d’air (A1) du mélange de gaz prin-
cipal envoyé au second groupe des buses princi-
pales (14) atteint environ 1,25, le fonctionnement
du troisiéme groupe des buses principales (14)
est déclenché.

Dispositif de combustion de turbine & gaz selon
les revendications 9, 10, dans lequel le premier
rapport d’air (A1) du mélange de gaz principal en-
voyé successivement aux premier et second
groupes des buses principales (14) est égal, au
début, a environ 2,5.

Procédé de combustion pour un dispositif de
combustion de turbine & gaz comprenant une plu-
ralité de buses principales (14) prévues dans une
paroi d’'une chambre de combustion et une buse
auxiliaire (15) formée autour de chacune des bu-
ses principales (14),

comprenant les étapes consistant a :

- injecter un mélange de gaz auxiliaire
combustible-air prémélangé présentant un
rapport d’air (\) égal sensiblement a 1 par
l'intermédiaire des buses auxiliaires (15),
dans la chambre de combustion;

- allumer le mélange de gaz auxiliaire injecté

- injecter le mélange de gaz combustible-air
prémélangé, possédant un rapport d’air su-
périeur a 1 par I'intermédiaire d’'un nombre
prédéterminé des buses principales (14),
dans la chambre de combustion, alors que

10

15

20

25

30

35

40

45

50

55

10

13.

14.

15.

16.

17.

18

seul de I'air est envoyé aux autres buses
principales (14);

- allumer le mélange de gaz injecté du nom-
bre prédéterminé des buses principales
(14);

- injecter le mélange de gaz carburant-air
prémélangé possédant un rapport d’'air su-
périeur 2 1 par I'intermédiaire d’'un autre
nombre prédéterminé des buses principa-
les (14), alors que seul de l'air est envoyé
aux autres buses principales (14), aprés
l'allumage du premier nombre des buses
principales (14);

- allumer le gaz prémélangé injecté du se-
cond nombre prédéterminé des buses prin-
cipales (14);

- injecter un gaz combustible-air prémélangé
possédant un rapport d’air supérieur a 1,
dans un troisieme nombre prédéterminé
des buses principales (14) aprés I'allumage
du second nombre prédéterminé des buses
principales (14); et

- allumer le gaz prémélangé injecté du troi-
siéme nombre prédéterminé des buses
principales (14).

Procédé de combustion selon la revendication
12, dans lequel le rapport d’air (A1) du mélange
de gaz principal injecté dans les buses principa-
les est compris entre 1,25 et 2,5 et de préférence
égal a4 1,5 ou plus, et la vitesse d’injection du mé-
lange de gaz principal est sensiblement supérieu-
re a sa vitesse de propagation de flamme.

Procédé de combustion selon la revendication 12
ou 13, dans lequel le second rapport d’air (A2) est
compris entre 0,8 et 1,2 et de préférence est pro-
che de 1,0, et la vitesse d’injection du mélange de
gaz auxiliaire est presque égale a sa vitesse de
propagation de flamme.

Procédé de combustion selon les revendications
12 a 14, dans lequel du combustible et un débit
d’air commandé sont prémélangés au mélange
de gaz auxiliaire uniforme et envoyés a toutesles
buses auxiliaires (15).

Procédé de combustion selon I'une quelconque
des revendications 12 a 14, dans lequel le débit
total d’air dans les buses auxiliaires (15) est égal
a environ 10 % du débit total dans le dispositif de
combustion, pour la charge nominale.

Procédé de combustion selon I'une quelconque
desrevendications 12 & 16, dans lequel les buses
principales (14) sont classées en trois groupes
commandés de fagon indépendante, et lorsque le
rapport d’air (A1) du mélange de gaz principal in-
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jecté dans le premier groupe des buses principa-
les (14) atteint environ 1,25, le fonctionnement du
second groupe des buses principales (14) est dé-
clenché.

Procédé de combustion selon la revendication
17, dans lequel lorsque le rapport d’air (A1) du
mélange de gaz principal injecté dans le second
groupe des buses principales (24) atteint environ
1,25, le fonctionnement du troisiéme groupe des
buses principales (14) est déclenché.

Procédé de combustion selon la revendication
17, dans lequel le rapport d’air du mélange de gaz
principal injecté dans le premier groupe des bu-
ses principales (14) est égal au départ a environ
2,5.

Procédé de combustion selon la revendication
18, dans lequel le rapport d’air (A1) du mélange
de gaz principal injecté dans le second groupe
des buses principales (14) est égal au départ a
environ 2,5.
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